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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 characteristic 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 Xyloselinum 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].

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.
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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 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.

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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Table 2: Essential o1l composition (%) ot Apiaceae samples studied

RT (min.) Compounds Formula  Classification RI* RI°® 4. acutiloba A. pubescens C. japonica H. bivittatum X vietnamense X leonidii
Root Root Aerial parts  Aerial parts Root  Stem Leaf  Aerial parts Root
4.15 3,5,5-trimethyl-Cyclohexene CoHq Other 831 832 - - - - - - - - 0.9
4.66 Isononane CoHyg Alkane 861 865 — 1.4 - - - - - - -
493 (2Z)-Hexenol C¢H;,0 Other 876 867 — - - - - - - - 0.6
5.35 Nonane CoHyg Alkane 900 900 - 4.3 - - - - - - -
5.38 (2E,4E)-Hexadienal CgHgO Other 902 907 - - - - - - - - 0.8
5.95 o-Thujene CioHye MH 926 929 - - - - - 0.4 0.8 - -
6.14 o-Pinene CioHie MH 933 937 - 21.5 - 22.5 702 34 1.4 28.1 52.8
6.41 4,4-Dimethyl-2-butenolide CsHgO, Other 945 952 - - - - - - - - 1.1
6.43 4-Methyl pent-2-enolide CeHyo Other 946 945 - 0.6 - - - - - - -
6.53 Camphene CioHye MH 950 952 - 14 - 0.8 - - - 2.0 1.1
6.97 3-Methylnonane CioHaa Alkane 969 971 - 8.7 - - - - - - -
7.06 Sabinene CioHie MH 973 974 - - - 13.5 - 33.8 69.8 3.0 4.1
7.20 B-Pinene CioHye MH 979 979 - 1.7 1.7 43.2 20.0 6.5 4.0 7.9 10.3
7.42 B-Myrcene CioHie MH 988 991 - - - 1.7 1.1 0.8 1.3 0.7 0.9
7.77 Octanal CgH;O  Other 1002 1003 - - 0.6 - 0.9 - - - 1.0
7.91 0-Cymene CioHys MH 1008 1018 - 8.1 - - - - - - -
7.98 o-Terpinene CoHye MH 1010 1017 - - - - - - - - 1.1
8.18 m-Cymene CioHy4 MH 1017 1023 - - - - - 0.5 1.4 - -
8.37 p-Cymene CioHi4 MH 1025 1025 0.6 12.2 1.1 - - 1.2 1.1 0.9 0.8
8.49 Limonene CioHye MH 1029 1024 - - - 1.0 0.9 - - - -
8.50 D-Sylvestrene CoHye MH 1029 1027 - 6.2 - - - 0.5 0.8 1.7 1.7
8.56 B-Phellandrene CioHye MH 1031 1031 - 18.1 - - - 0.6 2.8 7.6 153
8.63 cis-p-Ocimene CoHye MH 1034 1038 - - - - - 14 - - -
8.90 trans-B-Ocimene CoHye MH 1044 1044 - - - 1.3 5.0 - - - -
9.27 y-Terpinene CioHye MH 1058 1060 0.9 1.0 1.0 - - 14 3.7 - -
9.74 Avlothane C,Clg Other 1076 1064 - 2.8 - - - - - - 1.5
11.11 p-Tolyl-acetaldehyde CoH10O  Other 1125 1120 - - - - - - - 0.8 -
11.17 Allo-Ocimene CioHye MH 1127 1131 - - - - - 1.2 - - -
11.59 4-Decanone C1oH00  Other 1143 1137 - - - - - - - - 0.7
12.21 (E)-non-3-en-2-one CoH;c0 Other 1165 1144 - - - - - - - - 1.0
12.69 4-Terpineol CjoHig0O OM 1182 1177 - - - - - 7.4 8.7 - -
12.87 Cryptone CoH ;4,0 Other 1189 1184 - 32 - - - - - 13.2 2.8
13.11 Myrtenal CioHis,O OM 1197 1193 - - - - - - - 0.8 -
13.84 Isothymol methyl ether CjHisO OM 1224 1230 - 0.3 - - - - - - -
14.12 Thymol methyl ether C;HigO OM 1234 1235 - 0.8 - - - 1.7 - - -
14.39 Cuminal CioH;,0 OM 1244 1239 - - - - - - - 22 -
14.65 cis-Myrtanol CioH;gO OM 1254 1250 - - - - - - - 0.5 -
14.98 trans-Carvone oxide CioH140, OM 1266 1273 - - - - - - - 0.6 -
15.47 Bornyl acetate CpHy00, OM 1282 1285 - - - 5.1 - - - - -
15.53 Isobornyl acetate Cp,Hy00, OM 1286 1286 - 1.1 - - - - - - -
15.65 Safrole CioH19O, Other 1290 1287 - - - - - - - 1.1 0.7
15.72 Thujanol acetate Cp,Hy00, OM 1293 1295 - 1.7 - - - - - - -
15.78 Cuminol CioHis,O OM 1295 1289 - - - - - - - 1.1 -
16.74 5-Elemene CysHyy SH 1331 1335 - 14 - 1.1 - - - - -
16.97 3-ox0-p-Menth-1-en-7-al CioH140, OM 1340 1333 - - - - - - - 1.0 -
17.04 Piperitenone CioHi,0 OM 1341 1340 0.2 - - - - - - - -
18.06 Daucene CysHyy SH 1379 1381 - - - - - 44 - - -
18.30 B-Elemene CysHyy SH 1389 1391 - - 1.6 3.1 - 33 3.1 0.8 -
19.08 B-Ylangene CysHyy SH 1419 1419 - - - - - 2.0 - - -
19.12 trans-Caryophyllene CysHoy SH 1422 1419 - - 33 - - - - 2.7 -
19.35 v-Elemene CysHyy SH 1429 1433 - - 0.7 - - 5.0 - - -
19.88 trans-B-Farnesene CysHoy SH 1450 1454 - - 5.4 0.6 - 2.1 - - -
20.03 o-Humulene CysHoy SH 1457 1452 - - 0.9 - - 1.2 1.1 5.8 -
20.40 Acoradien CysHyy SH 1470 1471 - - 0.5 - - - - - -
20.47 y-Muurolene CisHoy SH 1474 1477 - - - - - 1.0 - 0.7 -
20.57 trans-Cadina-1(6),4-diene CysHyy SH 1477 1475 - - - 0.8 - - - - -
20.64 Germacrene D CysHoy SH 1483 1481 - - - - - - - 1.8 -
20.67 y-Himachalene CysHyy SH 1481 1477 - - - - - 5.6 - - -
20.89 B-Selinene CysHyy SH 1490 1489 - - 23.7 - - 1.7 - - -
21.08 a-Selinene CysHyy SH 1496 1498 - - 48.7 1.2 - 5.8 - - -
21.32 (R)-Cuparene CysHy, SH 1506 1505 - - - - - 1.2 - - -
21.33 Isodaucene CysHoy SH 1506 1509 - - 1.6 - - - - - -
21.54 5-Cadinene CysHyy SH 1520 1524 - - - - - - - 0.8 -
21.58 B-Cadinene CysHoy SH 1517 1518 - - 1.6 - - - - - -
22.71 Nerolidol CisHs0O  OS 1568 1564 - - - - - - - 1.6 -
22.84 B-Copaen-4a-ol CisH40O  OS 1566 1586 — - - - - 2.8 - - -
23.21 Spathulenol CysHpyO  OS 1584 1577 - - 3.7 - - - - 2.3 -
23.83 Humulene epoxide 11 CysHp,O  Other 1613 1606 - - - - - - - 3.0 -
24.29 Muurola-4,10(14)-dien-1B-0l C;sHsO  OS 1624 1635 - - - - - 3.1 - - -
24.50 Selina-3,11-dien-6-0-o0l CisHs0O  OS 1632 1642 - - 39 - - - - - -
24.80 (-)-8-Cadinol CisHs0  OS 1653 1645 - - - - - - - 1.7 -
25.45 (Z2)-Butylidenephthalide C,H,0, Phthalide 1669 1678 2.9 - - - - - - - -
28.19 (Z)-Ligustilide C2H140, Phthalide 1766 1740 94.9 - - - - - - - -
29.30 o-Eudesmol acetate C7H30, OS 1803 1794 - - - - 1.9 - - - -
Monoterpene hydrocarbon (MH) 1.5 70.2 3.8 84.0 972 517 87.1 51.9 88.1
Oxygenated monoterpene (OM) 0.2 39 - 5.1 - 9.1 8.7 6.2 -
Sesquiterpene hydrocarbon (SH) - 14 88.0 6.8 - 33.3 4.2 12.6 -
Oxygenated sesquiterpene (OS) - - 7.6 - 1.9 59 - 5.6 -
Alkane - 14.4 - - - - - - -
Phthalide 97.8 - - - - - - - -
Other - 6.6 0.6 - 0.9 - - 18.1 11.1
Total 99.5 96.5 100.0 95.9 100.0 100.00 100.0 94.4 99.2

Note: MH: monoterpene hydrocarbon, OM: oxygenated monoterpene, SH: sesquiterpene hydrocarbon, OS: oxygenated sesquiterpene. RI*: retention indices of component observed on DB-5MS
column. RI®: retention indices from the library.
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Table 1: Samples of Apiaceae species studied

ID  Scientific Collecting location Voucher Plant Essential oil extraction

fame o PATS  \eight of  Volume of Oil yield
material (g) oil (mL)  (v/m)”

Aa  Angelica Lao Cai Prov., CSCL09.03/ Roots 350 0.11 0.03
acutiloba Sapa City 23-24-SP03

Ap Angelica Lao Cai Prov.,, CSCL09.03/ Roots 250 0.33 0.13
pubescens Sapa City 23-24-SP04

Cj  Cryptotaenia Ha Giang Prov., CSCL09.03/  Aerial 280 0.36 0.13
Japonica Quan Ba District ~ 23-24-HGO1  parts

HbA Heracleum Lao Cai Prov., CSCL09.03/ Aerial 320 0.09 0.03
bivittatum Sapa City 23-24-SP06  parts

HbR Roots 35 0.02 0.06

XIA Xyloselinum  Ha Giang Prov., CSCL09.03/ Aerial 250 0.3 0.12
leonidii Dong Van District  23-24-HGO03  parts

XIR Roots 200 0.16 0.08

XvS Xyloselinum  Ha Giang Prov., CSCL09.03/ Stems 300 0.26 0.09

Xy], Viethamense Quan Ba District ~ 23-24-HG02 [ egqves 200 0.54 027

Note: *calculated on dry materials.
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