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ABSTRACT

Valeriana officinalis L. is a plant from the Caprifoliaceae family, which is widely distributed in various parts of the
world, especially in Europe and Asia. All species of Valeriana are distinguished by their ability to synthesize essen-
tial oil, which has a powerful effect on the physiological and mental aspects of the human body. The aim was to
study the qualitative and quantitative composition of essential oil from valerian roots, collected in different coun-
tries, using the gas chromatography method, and to establish marker compounds for valerian species. 13 samples
of commercial roots with rhizomes of V. officinalis from nine countries of the world and a sample of Valeriana
pratensis and Valeriana stolonifera growing in Ukraine were selected for the study. The essential oil was obtained
from dried valerian roots by the distillation method described in the European Pharmacopoeia. To determine the
component composition of the essential oils of the selected samples, the methods of gas chromatography with a
mass spectrometric detector and capillary gas chromatography were used. The commercial samples of V. offici-
nalis from different countries yielded 0.21%–1.03% of essential oil. Only six of 13 samples contained essential oil
in an amount that satisfies the requirement of the European Pharmacopoeia standard (not less than 4 mL/kg).
150 compounds were identified in the essential oils of 13 samples of V. officinalis essential oils. The range and
average content and coefficients of variation of the identified compounds were determined. The principal com-
pounds of V. officinalis essential oils were bornyl acetate (1.6%–27.1%), valeranone (0.5%–17.9%), valerenal
(0%–14.7%), camphene (0%–14.6%), α-fenchene (0%–10.6%), and valerenic acid (0%–8.5%). The samples of
V. pratensis and V. stolonifera yielded rather high levels of essential oil (1.18% and 0.93%, respectively). Three
chemotypes of V. officinalis samples were determined-bornyl acetate/valerenal, valeranone, and isovaleric acid.
The composition of the three essential oils compared was rather similar. Based on the study results, we propose
the following marker compounds for V. officinalis consistently present in all 16 examined samples: bornyl acetate
(1.6%–27.1%), limonene (0.2–2.3), and valeranone (0.5%–17.9%). The study of samples from Ukraine indicates
the prospects of using these species of the genus Valeriana with the aim of expanding the raw material base
and creating potential herbal preparations with a sedative effect, which are extremely necessary for the population
of the country in the war and post-war periods.
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1 Introduction

Valerian (Valeriana officinalis L.) is the common name for a perennial herb plant belonging to the family
Caprifoliaceae, a family of herbaceous plants, that contains 13 genera and about 400 species and is native to
various regions of America, Europe, and Asia [1–4]. This plant is notable for its ability to synthesize essential
oil, which exerts a powerful influence on the physiological and mental aspects of the human body [3–5].

The roots and rhizomes of Valeriana spp. are rich in essential oil [6–8], iridoids [9,10], flavonoids,
alkaloids, lignanoids, and other bioactive compounds [11–13]. This raw material is utilized in medicine
for its diverse properties, serving as an antidepressant [10], sedative [4,14], hypnotic [15,16], and
hypotensive agent and displaying antiarrhythmic [17], antimicrobial [18] and antioxidant [19] activity
[11,20].

In Ukraine, the collective species V. officinalis L. encompasses 13 distinct species, including V. dioica L.,
V. tuberosa L., V. tripteris L., V. transsilvanika Schur, V. sambucufoliaMikan, V. rossica P.Smirn., V. tanaitica
Worosch., V. pratensis Dierb. (syn. V. collinaWallr.), V. simplicifolia (Reichenb.) Kabath, V. exaltataMikan,
V. nitida Kreyer, V. grossheimii Worosch., and V. stolonifera Czern. [3]. We focused on V. pratensis and V.
stolonifera, alongside V. officinalis, as they are widespread in Ukraine and have large reserves These
species hold promise for further exploration, offering potential expansion of the raw material base and the
development of phytomedicines.

Previous studies from Bulgaria [8,21], Romania [7], and Italy [2] revealed that V. officinalis essential oils
from specimens in Ukraine [5] were rich in bornyl acetate, spatulenol, valeranone, and valerenal. The
principal compounds of essential oil of V. officinalis roots from Estonia and several other European
[6,22–24] countries were bornyl acetate (up to 33.7%), α-fenchene (28.3%), valerianol (18.2%), valerenal
(15.6%), isovaleric acid (13.1%), camphene (11.1%) and valeranone (10.9%). The essential oil yield was
between 0.19% and 1.16%.

According to the European Pharmacopoeia, the minimum essential oil concentration should be 4 mL/kg,
and valerenic acid should be at a minimum of 0.17% (m/m) [25]. Among the most prevalent constituents in
the essential oil of V. officinalis L. s.l. are monoterpenes [2], specifically borneol and its esters bornyl acetate
and bornyl isovalerate. These compounds interact with various receptors in the central nervous system,
inducing changes in neurotransmitter activity and other biochemical processes that influence the mental
and physiological state of an individual [11,17].

Using the gas chromatography method, our research aims to study the qualitative and quantitative
composition of essential oil from valerian underground parts collected in different countries. The aim is
to establish marker compounds to further develop standardization parameters for medicinal plant raw
materials, specifically V. pratensis and V. stolonifera. This will not only help reveal the features of the
plant’s chemical profile depending on the conditions of its growth but also expand our understanding of
the possibilities and limitations of valerian as a powerful therapeutic agent. To the best of our knowledge,
we have investigated the essential oil composition of V. stolonifera for the first time.

2 Material and Methods

2.1 Materials
To study the composition of the essential oil, we selected 13 samples of raw materials (roots with

rhizomes) of V. officinalis from different countries worldwide: Armenia (1), Austria (2), Belgium (3),
England (4), Estonia (5–8), France (9), Georgia (10 and 11), Hungary (12) and Netherlands (13).
Commercial valerian samples were obtained from various countries’ community pharmacies or grocery
and health stores. As well in Ukraine the raw materials were collected in such locations: V. stolonifera
(Kantserivska balka, Zaporizhsky District, Zaporizhzhia Region, near the village of Baburka, 47.8383330,
34.9733330), V. pratensis (the right bank of the Dnipro River, Zaporizhzhia, 47.8239122, 35.0622869), V.
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officinalis (v. Shiroke, Vasylivskyi District, Zaporizhzhia Region, 47.4240243, 35.4110803). The
preliminary identification of the species V. pratensis and V. stolonifera was carried out using the Identifier
of Plants of Ukraine [26], and after that confirmation of the species was provided by the Research Station
of Medicinal Plants of the Institute of Agroecology and Nature Management of the National Academy of
Agrarian Sciences of Ukraine.

2.2 Extraction of Essential Oil
The essential oil of V. officinalis, V. stolonifera and V. pratensis was obtained from dried valerian roots

using the distillation method described in the European Pharmacopoeia [25]. The process involved 150 g of
crushed roots, a 3000 mL round-bottom flask, and 1000 mL of water as the distillation. Additionally, 0.5 mL
of xylene was added (in a graduated tube). Distillation was carried out for 4 h at a rate of 3–4 mL/min.

2.3 Gas Chromatography/Mass Spectrometry (Samples 1–13)
GC/MS analysis was conducted using a Chrom-5 chromatograph (Laboratorni Pristroe, Prague, Czech

Republic) with FID on two fused silica capillary columns with a bonded stationary phase: poly (5%-
diphenyl-95%-dimethyl) siloxane SPB-5 (30 m × 0.25 mm, Supelco) and polyethyleneglycol SW-10
(30 m × 0.25 mm, Supelco). The film thickness of both stationary phases was 0.25 µm. Carrier gas was
He with a split ratio of 1:150, and the flow rate 35–40 (SPB-5) and 30–35 (SW-10) cm/s was applied.
The temperature program was 50°C–250°C at 2 °C/min; Oven and transfer line temperatures were 50°C–
250°C; the injector temperature was 200°C. A Hewlett-Packard Model 3390A integrator was used for
data processing [6,27].

The essential oil components were identified by comparing their retention indices (RI) using n-alkanes C6–
C24 as standards on two columns with the RI values of reference standards, our RI data bank and literature data
[27,28]. GC/MS confirmed the results obtained. The percentage composition of the EOs was calculated in peak
areas using normalization method without correction factors. The relative standard deviation of percentages of
oil components of three repeated GC analyses of a single EO sample did not exceed 5%.

2.4 Gas Chromatography/Mass Spectrometry (Samples V. officinalis, V. pratensis and V. stolonifera from
Ukraine)
GC/MS analysis was conducted using an Agilent 7890B with a 5977Bmass spectrometric detector and a

Gerstel CIS 4 cooled injection system. The chromatography column used was DB-5ms ((5%-phenyl)-
methylpolysiloxane), with dimensions 30 m × 250 µm × 0.25 µm. Helium was used as the carrier gas
with a 1.3 mL/min speed. The injection volume was 0.5 μl, and a standard injection with a flow split
ratio of 1:10 was applied. The temperature of the sample input unit was 270°C. The thermostat
temperature followed a programmed sequence: 45°C (1 min delay) → 5 °C/min → 200°C (10 min
delay), then from 200°C to 250°C at 5 °C/min with a 10 min delay. The total chromatography time was
57 min. The GC/MS interface temperature was 275°C, ion sources were set at 230°C, and the quadrupole
mass analyzer at 150°C. Electron impact ionization at an electron energy of 70 eV was employed, and
the mass number range scanned was 30–700 m/z. Components were identified using the NIST14 mass
spectrum library [29].

3 Results and Discussion
The V. officinalis commercial samples from different countries yield 0.21%–1.03% of essential oil; some of

them (from Armenia (1), Estonia (5), and Georgia (10)) contained less oil than was possible to detect (Table 1).
The highest oil level has been found in two samples (4 and 5) from Estonia (1.02% and 1.03%, respectively).
Only six of 13 samples contained essential oil in an amount that satisfies the requirement of the European
Pharmacopoeia [25] standard (a maximum of 4 mL/kg). According to the literature, the oil concentration of
V. officinalis ranges from 0.1% to 2% [11,22,28,30].
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In total 150 compounds were identified in the essential oils of 13 samples of valerian essential oils. Eight
compounds were identified solely from mass spectrum data, utilizing the [M+] value and haracteristic m/z
peak values. The range and mean concentrations (%) and coefficients of variation of compounds found in
the 13 V. officinalis samples are presented in Table 2. High coefficients of variation for most compounds
(>1) indicate that the concentrations of these compounds varied from sample to sample. Low coefficients
of variation (0.52–1.00) are observed for myrtenyl isovaleriate, kessyl alcohol, bornyl acetate, terpinen-4-
ol, valerenal, terpinyl acetate, (Е)-β-caryophyllene, spathylenol, borneol, viridiflorol, germacrene D,
tricyclene, p-cymene, kessane, β-pinene, valencene ketone, limonene, α-pinene.

Table 2: The composition of essential oils from the roots of Valeriana officinalis

Nо. Compound Types of
components

RI Range, % Mean, %,
n = 13

Variation
coefficient

SPB-5 SW-10

1 Isovaleric acid Organic acid 840 1700 0–44.6 4.83 2.55

2 Tricyclene Monoterpenoid 920 0–0.2 0.08 0.95

3 α-Thujene Monoterpenoid 924 0–0.3 0.06 1.71

4 α-Pinene Monoterpenoid 930 1024 0–5.8 1.84 1.00

5 α-Fenchene Monoterpenoid 944 1060 0–10.6 2.75 1.14

6 Camhene Monoterpenoid 945 1067 0–14.6 3.22 1.21

7 Valeric acid Organic acid 954 0–0.2 0.02 3.61

8 Sabinene Monoterpenoid 970 0–0.2 0.05 1.44

9 β-Pinene Monoterpenoid 972 0–2.1 0.62 0.96

10 3-Methylvaleric acid Organic acid 980 1800 0–4.2 0.57 2.40

11 α-Phellandrene Monoterpenoid 1002 0–0.1 0.01 3.61

12 α-Terpinene Monoterpenoid 1010 0–0.1 0.03 1.56

13 p-Cymene Monoterpenoid 1021 1026 0–0.2 0.08 0.95

14 Limonene Monoterpenoid 1024 1203 0.2–2.3 0.69 1.00

15 β-Phellandrene Monoterpenoid 1026 0–0.7 0.11 1.90

16 γ-Terpinene Monoterpenoid 1054 1242 0–0.6 0.12 1.41

17 Fenchone Monoterpenoid 1083 0–0.1 0.02 2.44

18 Terpinolene Monoterpenoid 1084 1274 0–0.1 0.01 3.61

19 Linalool Monoterpenoid 1100 1545 0–0.7 0.20 1.27

20 Isoamyl isovalerate Monoterpenoid 1102 1285 0–0.7 0.09 2.48

21 Menthon Monoterpenoid 1134 0–0.1 0.02 2.44

22 Camphor Monoterpenoid 1135 1502 0–0.5 0.12 1.62

23 Borneol Monoterpenoid 1160 1705 0–1.7 0.72 0.90

24 Terpinen-4-ol Monoterpenoid 1176 1602 0–0.4 0.23 0.62

25 α-Terpineol Monoterpenoid 1190 1702 0–0.4 0.08 1.77

26 (Z)-Dihydrocarvone Monoterpenoid 1193 0–0.2 0.02 3.46

27 Myrtenol Monoterpenoid 1200 0–1.3 0.22 1.59

28 Pulegone Monoterpenoid 1217 0–1.7 0.19 2.41

(Continued)
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Table 2 (continued)

Nо. Compound Types of
components

RI Range, % Mean, %,
n = 13

Variation
coefficient

SPB-5 SW-10

29 Nerolidol acetate Sesquiterpenoid
ester

1227 0–0.1 0.01 3.61

30 Piperitone Monoterpenoid 1229 0–0.3 0.07 1.49

31 (E)-Carveol Monoterpenoid 1232 0–0.2 0.02 2.60

32 2-Hexenyl-2-
methylbutanoate

Ester 1237 1470 0–0.5 0.06 2.53

33 Carvone Monoterpenoid 1240 0–0.3 0.05 2.10

34 n-hexylisovalerate Ester 1240 0–0.3 0.04 2.50

35 Nonanoic acid Organic acid 1264 0–0.5 0.06 2.25

36 Menthyl acetate Ester 1281 0–0.5 0.16 1.12

37 Isobornyl acetate Monoterpenoid
ester

1280 0–0.4 0.03 3.46

38 Bornyl acetate Monoterpenoid
ester

1285 1578 1.6–27.1 13.77 0.61

39 trans-Pinocarvyl acetate Monoterpenoid
ester

1293 0–0.4 0.03 3.61

40 Isomenthyl acetate Ester 1300 0–0.1 0.01 3.61

41 2,4-Decadienal Monoterpenoid 1311 0–0.3 0.02 3.61

42 Isobutyl benzoate Ester 1324 0–3.9 0.42 2.68

43 Myrtenyl acetate Monoterpenoid
ester

1324 1689 0–6.2 1.51 1.10

1337

44 Methylphenyl Phenol 1331 0–0.4 0.03 3.61

45 γ-Elemene Sesquiterpenoid 1337 0–0.2 0.02 2.60

46 α-Cubebene Sesquiterpenoid 1348 0–0.4 0.05 2.60

47 Terpinyl acetate Monoterpenoid
ester

1349 0–1.7 0.65 0.72

48 Nerul acetate Monoterpenoid
ester

1366 0–0.1 0.01 3.61

49 trans-Carvyl acetate Monoterpenoid
ester

1366 0–0.2 0.02 3.61

50 α-Copaene Sesquiterpenoid 1375 0–0.4 0.05 2.34

51 Geranyl acetate Monoterpenoid
ester

1382 0–0.1 0.01 3.61

52 Patsiforgiadieeni isomeer Sesquiterpenoid 1384 1563 0–0.3 0.06 1.94

53 β-Bourboene Sesquiterpenoid 1390 0–0.4 0.02 3.61

54 β-Elemene Sesquiterpenoid 1394 0–0.3 0.08 1.32

55 Patsiforgiadieeni isomeer Sesquiterpenoid 1400 1551 0–0.7 0.08 2.36

56 Isolongifolene Sesquiterpenoid 1402 0–1 0.25 1.31

1408

(Continued)
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Table 2 (continued)

Nо. Compound Types of
components

RI Range, % Mean, %,
n = 13

Variation
coefficient

SPB-5 SW-10

57 Isocaryophyllene Sesquiterpenoid 1404 0–0.8 0.23 1.44

58 2,6-Dimethoxy-p-cymene Phenol 1405 0–0.9 0.29 1.29

59 Dihydroisolongifolene Sesquiterpenoid 1408 0–2.7 0.21 3.61

60 Sesquiterpene Sesquiterpenoid 1411 0–1.5 0.41 1.31

61 (E)-β-Caryophyllene Sesquiterpenoid 1412 1575 0.3–3.8 1.38 0.78

1419

62 α-Gurjunene Sesquiterpenoid 1414 1580 0–0.4 0.06 2.44

63 β-Gurjunene Sesquiterpenoid 1429 1618 0–2.4 0.35 2.39

64 Epibicyclosesquiphelandrene Sesquiterpenoid 1430 1614 0–1 0.36 1.14

65 Aromadendron Sesquiterpenoid 1440 1610 0–1.4 0.23 2.26

66 α-Guaiene Sesquiterpenoid 1444 1674 0–2 0.33 2.13

67 α-Humulene Sesquiterpenoid 1448 1650 0–2 0.49 1.18

68 β-Patchoulene Sesquiterpenoid 1450 0–1.9 0.15 3.61

69 (E)-β-Farnesene Sesquiterpenoid 1452 0–7.6 2.31 1.28

70 Dihydroaromadendrene Sesquiterpenoid 1454 1657 0–1.2 0.17 2.45

71 Alloaromadendrene Sesquiterpenoid 1456 0–3.1 1.01 1.67

72 Curmene Sesquiterpenoid 1468 0–0.7 0.23 1.17

73 Terpinyl isobutyrate Monoterpenoid
ester

1472 0–1.4 0.72 1.19

74 γ-Muurolene Sesquiterpenoid 1473 0–1.8 0.15 3.23

75 Linalyl isovalerate Monoterpenoid
ester

1473 1822 0–0.4 0.08 2.00

76 Germacrene D Sesquiterpenoid 1477 1695 0–0.7 0.33 0.93

77 ar-Curcumene Sesquiterpenoid 1480 1781 0–0.7 0.18 1.41

78 α-Ionone Monoterpenoid 1429 0–0.5 0.10 1.91

79 β-Ionone Monoterpenoid 1482 1937 0–3.7 0.98 1.26

80 Dicyclogermacrene Sesquiterpenoid 1488 0–1.3 0.32 1.34

81 Zingiberene Sesquiterpenoid 1490 1724 0–1.5 0.42 1.22

82 α-Farnesene Sesquiterpenoid 1493 0–2.3 0.70 1.17

83 Bornyl isovaleriate Monoterpenoid
ester

1500 0–1.4 0.35 1.12

84 Bicyclogermacrene Sesquiterpenoid 1502 0–0.4 0.08 1.90

85 Valencene Sesquiterpenoid 1507 1700 0–4.5 0.92 1.51

86 δ-Cadinene Sesquiterpenoid 1515 1746 0–2.1 0.63 1.13

87 γ-Cadinene Sesquiterpenoid 1515 1700 0–4.5 0.76 1.93

88 Vativene, α-Cadinene Sesquiterpenoid 1525 0–0.5 0.05 2.69

89 Cadina-1,4-diene Sesquiterpenoid 1526 1800 0–0.5 0.06 2.53

(Continued)
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Table 2 (continued)

Nо. Compound Types of
components

RI Range, % Mean, %,
n = 13

Variation
coefficient

SPB-5 SW-10

90 Selina-3,4(11)-diene Sesquiterpenoid 1541 0–0.2 0.02 3.61

91 Kessane Sesquiterpenoid 1542 0–1.5 0.75 0.96

92 Valencene ketone Sesquiterpenoid 1547 0–2.9 1.28 0.99

93 Germacrene B Sesquiterpenoid 1552 0–0.4 0.03 3.61

94 Myrtenyl isovaleriate Monoterpenoid
ester

1555 1850 0.4–2.5 1.57 0.52

95 (E)-Nerolidol Sesquiterpenoid 1557 0–0.6 0.22 1.54

96 Ledol Sesquiterpenoid 1559 0–1.2 0.14 2.44

97 Selina-diene alcohol Sesquiterpenoid 1567 2102 0–4.5 0.94 1.36

98 Spathylenol Sesquiterpenoid 1572 2112 0.3–5.8 2.29 0.87

1578

99 Caryophyllene oxide Sesquiterpenoid 1574 1958 0–4.1 0.85 1.24

1580

100 Hinesool Sesquiterpenoid 1590 2193 0–5.2 0.85 2.19

101 Neryl isovalerate Monoterpenoid
ester

1591 1870 0–2.4 0.25 2.67

102 Elemol Sesquiterpenoid 1595 0–1.8 0.44 1.12

103 Viridiflorol Sesquiterpenoid 1600 0–0.6 0.26 0.90

104 Spathylenolic structure Sesquiterpenoid 1617 0–7.6 0.58 3.61

105 Spathylenolic structure Sesquiterpenoid 1625 2249 0–7.6 3.00 1.01

106 Spathylenolic structure Sesquiterpenoid 1629 0–2.8 0.46 1.66

107 Spathylenolic structure Sesquiterpenoid 1630 0–4.6 0.47 2.79

108 T-Cadinol Sesquiterpenoid 1631 0–1.6 0.34 1.46

109 Spathylenolic structure Sesquiterpenoid 1635 0–1.1 0.12 2.74

110 β-Selinalol Sesquiterpenoid 1649 0–0.1 0.01 3.61

111 T-Muurolol Sesquiterpenoid 1642 0–0.7 0.20 1.35

112 Valerianol Sesquiterpenoid 1643 0–7.8 1.11 1.96

113 β-Eudesmol Sesquiterpenoid 1645 0–1.3 0.10 3.61

114 α-Eudesmol Sesquiterpenoid 1647 0–14.9 1.62 2.50

115 Geranil valeriate Monoterpenoid
ester

1649 0–1 0.17 1.71

116 Isospathylenol Sesquiterpenoid 1659 0–1.7 0.13 3.61

117 Valerianol Sesquiterpenoid 1652 2393 0–1.2 0.35 1.59

118 Kessyl alcohol Sesquiterpenoid 1662 2277 0–1.2 0.56 0.59

119 Elemol acetate Sesquiterpenoid
ester

1670 2167 0–0.6 0.07 2.60

(Continued)
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Table 2 (continued)

Nо. Compound Types of
components

RI Range, % Mean, %,
n = 13

Variation
coefficient

SPB-5 SW-10

120 Valeranone Sesquiterpenoid 1671 2157 0.5–17.9 4.42 1.32

121 Kessanyl alcohol Sesquiterpenoid 1680 0–0.7 0.05 3.61

122 α-Bisabolol Sesquiterpenoid 1686 2213 0–1.9 0.27 2.32

123 n-Heptadecane Hydrocarbon,
alkan

1700 0–0.4 0.05 2.60

124 Farnesol Sesquiterpenoid 1700 2250 0–0.8 0.16 1.49

125 Nerolidol acetate Monoterpenoid
ester

1711 0–0.2 0.02 3.61

126 Valerenal Sesquiterpenoid 1717 2221 0–14.7 7.91 0.65

127 Valerenol Sesquiterpenoid 1729 0–0.9 0.23 1.20

128 eugenyl isovalerate Sesquiterpenoid
ester

1735 2400 0–3.7 0.35 2.98

129 6S,7R-bisabolone Sesquiterpenoid 1748 2283 0–0.8 0.11 2.47

130 β-Bisabolen-12-al Sesquiterpenoid 1759 0–0.1 0.01 3.61

131 β-Bisabolenol Sesquiterpenoid 1760 0–0.1 0.01 3.61

132 Miristic acid Fatty acid 1772 0–0.3 0.02 3.61

133 Sesquiterpenes acetate Sesquiterpenoid
ester

1772 2241 0–1.6 0.25 2.28

134 trans-Valerenyl acetate Sesquiterpenoid
ester

1785 2230 0–1.2 0.33 1.46

135 n-Octadecane Hydrocarbon,
alkan

1800 0–0.3 0.02 3.61

136 Farnesyl acetate Sesquiterpenoid
ester

1800 2380 0–0.5 0.05 2.69

137 Kessyl acetate Sesquiterpenoid
ester

1806 0–4.3 1.36 1.07

138 cis-Valerenyl acetate Sesquiterpenoid
ester

1828 0–1.6 0.42 1.37

139 Hexahydrofarnesyl acetone Sesquiterpenoid
ester

1840 2087 0–0.3 0.04 2.50

140 Kessanyl acetate Sesquiterpenoid
ester

1856 2412 0–4.1 1.32 1.06

141 Valerenic acid Sesquiterpenoid 1865 2830 0–8.5 2.90 1.19

142 Sesquiterpenes acetate Sesquiterpenoid
ester

1900 2445 0–2.9 0.52 1.95

143 n-Nonadecane Hydrocarbon,
alkan

1900 1900 0–0.4 0.05 2.60

144 Palmitic acid Fatty acid 1970 2920 0–5.7 2.18 1.08

145 a compound with the
structure of curcumin

Sesquiterpenoid 2002 2850 0–4 0.59 2.44

(Continued)
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The main components of the essential oil in the studied samples were isovaleric acid (0%–44.6%),
bornyl acetate (1.6%–27.1%), valeranone (0.5%–17.9%), valerenal (0%–14.7%), camphene (0%–14.6%),
α-fenchene (0%–10.6%), and valerenic acid (0%–8.5%) (Table 2, Fig. 1).

Table 2 (continued)

Nо. Compound Types of
components

RI Range, % Mean, %,
n = 13

Variation
coefficient

SPB-5 SW-10

146 Valerenyl isovaleriate Sesquiterpenoid
ester

2037 0–1.1 0.33 1.11

147 n-Heneicosane Hydrocarbon,
alkan

2100 2100 0–0.5 0.06 2.53

148 Valerenyl hexanoate Sesquiterpenoid
ester

2150 0–0.7 0.19 1.57

149 Geranyl isovaleriate Monoterpenoid
ester

1605 1900 0–0.3 0.27 2.19

1608 1912

150 Linoleic acid Fatty acid 2150 0–2.9 0.38 2.48

Figure 1: Structures of the main components (more than 5%) in the V. officinalis essential oils
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In nature, besides V. officinalis, there are also other species, which can be impurities of this raw material
or its analogues. If the composition of their main active compounds is very similar to the official specie, in
this case they can also be recommended for use in medical practice as an alternative raw material after further
research. Thus, we conducted a study of the two most common valerian species in Ukraine: V. stolonifera and
V. pratensis. The chemical composition of their essential oils is presented in the Table 3. The essential oil
concentrations of V. officinalis, V. stolonifera and V. pratensis were 0.70%, 0.93% and 1.18%,
respectively. All samples contained essential oil in an amount that satisfies the requirement of the
European Pharmacopoeia [25] standard (a maximum of 4 mL/kg).

Table 3: The composition of essential oils from the roots of valerian species collected in Ukraine

Nо. Compound Types of
components

RI V. officinalis V. pratensis V. stolonifera
DB-5

1 Toluene Phenol 333 nd 0.07 0.07

2 Butanoic acid, 3-methyl-, ethyl
ester

Ester 857 0.05 0.05

3 α-Fenchene Monoterpenoid 953 1.27 1.30 1.67

4 p-Menthatriene Monoterpenoid 989 nd nd 0.06

5 Pseudolimonene Monoterpenoid 1000 0.59 0.47 0.78

6 α-Phellandrene Monoterpenoid 1005 nd 0.14 0.07

7 3-Carene Monoterpenoid 1010 1.25 1.56 2.25

8 4-Carene Monoterpenoid 1019 nd 0.06 0.08

9 m-Cymene Monoterpenoid 1028 nd 0.50 0.37

10 Limonene Monoterpenoid 1030 0.66 0.38 0.9

11 γ-Terpinene Monoterpenoid 1048 nd 0.17 0.18

12 Terpinolene Monoterpenoid 1089 nd nd 0.07

13 trans-p-Mentha-2,8-dienol Monoterpenoid 1111 nd 0.05 nd

14 Neo-alloocimene 1132 0.21 0.11 nd

15 Borneol Monoterpenoid 1168 11.08 0.51 1.18

16 Terpinen-4-ol Monoterpenoid 1182 nd 0.32 0.66

17 Myrtenol Monoterpenoid 1192 1.90 0.45 0.93

18 β-Cyclocitral Monoterpenoid 1223 0.10 nd 0.1

19 Butanoic acid, 3-methyl-, hexyl
ester

Ester 1239 0.05 0.08 nd

20 Isothymol methyl ether Phenol ester 1281 nd 0.29 1.5

21 Bornyl acetate Monoterpenoid 1289 15.29 5.67 8.85

22 Thymol Phenol 1290 0.97 0.06 nd

23 Myrtenyl acetate Monoterpenoid 1331 0.82 2.42 2.48

24 δ-Elemene Monoterpenoid 1338 nd 0.14 0.79

25 Ethanone. 1-(6.6-dimethylbicyclo
[3.1.0]hex-2-en-2-yl)-

Monoterpenoid 1354 nd 0.25 nd

26 Cyclosativene Sesquiterpenoid 1359 0.11 0.17 0.14

(Continued)
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Table 3 (continued)

Nо. Compound Types of
components

RI V. officinalis V. pratensis V. stolonifera
DB-5

27 α-Copaene Sesquiterpenoid 1377 0.25 0.16 nd

28 β-Maaliene Sesquiterpenoid 1379 nd 0.13 0.12

29 β-Patchoulene Sesquiterpenoid 1381 nd 0.17 nd

30 Valerena-4,7(11)-diene Sesquiterpenoid 1395 0.34 0.26 0.78

31 Sesquithujene Sesquiterpenoid 1410 0.33 0.48 0.25

32 α-Gurjunene Sesquiterpenoid 1411 4.50 3.7 4.64

33 2,5-Dimethoxy-p-cymene Phenol ester 1417 0.98 0.39 0.57

34 (E)-β-Caryophyllene Sesquiterpenoid 1420 0.95 1.33 1.08

35 α-Guaiene Sesquiterpenoid 1439 nd 0.56 nd

36 α-Himachalene Sesquiterpenoid 1448 nd 0.82 0.40

37 α-Humulene Sesquiterpenoid 1455 nd nd 0.10

38 Chamigrene Sesquiterpenoid 1455 0.54 0.69 nd

39 Seychellene Sesquiterpenoid 1457 nd 0.16 nd

40 1,5,9,9-Tetramethyl-1,4,7-
cycloundeca-triene

Sesquiterpenoid 1471 3.25 3.49 2.93

41 γ-Himachalene Sesquiterpenoid 1471 0.11 0.21 nd

42 (6,6-Dimethylbicyclo[3.1.1] hept-
2-en-2-yl) methyl ethyl carbonate

Ester 1479 3.32 4.5 5.43

43 1,3-Dimethyl-5-(propen-1-yl)
adamantane

Sesquiterpenoid 1480 0.10 nd 0.15

44 Curcumene Sesquiterpenoid 1481 0.60 1.01 nd

45 β-Ionone Monoterpenoid 1485 0.24 0.34 nd

46 (3R,3aR,3bR,4S,7R,7aR)-4-
Isopropyl-3,7-dimethyloctahydro-
1H-cyclopenta[1,3]cyclopropa
[1,2]benzen-3-ol

Sesquiterpenoid 1489 nd 0.15 nd

47 γ-Selinene Sesquiterpenoid 1499 0.10 nd 0.07

48 Dihydroagarofuran Sesquiterpenoid 1500 nd 0.08 0

49 δ-Guaiene Sesquiterpenoid 1508 0.10 0.19 0.10

50 α-bisabolene Sesquiterpenoid 1510 nd 0.55 0.20

51 γ-Cadinene Sesquiterpenoid 1514 nd 0.09 nd

52 (1As-(1a.α.,4b.δ.,8as)-4a,8,8-
trimethyloctahydrocyclopropa (d)
naphthalen-2(3H)-one

Sesquiterpenoid 1518 nd 0.41 nd

53 Myrtenyl isovalerate Monoterpenoid
ester

1520 2.78 nd nd

54 α-Maaliene Sesquiterpenoid 1521 1.22 1.39 1.03

55 Kessane Sesquiterpenoid 1525 1.12 1.14 1.45

(Continued)
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Table 3 (continued)

Nо. Compound Types of
components

RI V. officinalis V. pratensis V. stolonifera
DB-5

56 γ-bisabolene Sesquiterpenoid 1534 nd 0.06 nd

57 Pacifigorgiol Sesquiterpenoid 1541 1.22 1.31 1.12

58 Maaliol Sesquiterpenoid 1560 0.3 0.59 nd

59 Spathulenol Sesquiterpenoid 1572 3.02 0.16 nd

60 1H-Cycloprop[e]azulen-7-ol,
decahydro-1,1,7-trimethy-l-4-
methylene-, [1ar-(1a.α.,4a.α.,
7.δ.,7a.δ.,7b.α.)]-

Sesquiterpenoid 1577 0.55 2.27 0.15

61 Spirojatamol Sesquiterpenoid 1577 0.44 1.18 nd

62 Viridiflorol Sesquiterpenoid 1581 0.56 0.76 0.22

63 Epiglobulol Sesquiterpenoid 1582 nd 0.06 nd

64 4a,8b,10b,11a-
Tetramethylbicyclo[6.3.0]undec-
1-en-5-one

Sesquiterpenoid 1585 0.1 nd 0.96

65 1,4-Methanoazulen-7-ol,
decahydro-1,5,5,8a-Tetramethyl-,
[1s-(1.α.,3a.δ.,4.α.,7.δ.,8a.δ.)]-

Sesquiterpenoid 1591 nd 0.09 nd

66 Longifolenaldehyde Sesquiterpenoid 1594 nd 1.06 nd

67 (1aR,3aS,7S,7aS,7bR)-1,1,3a,7-
Tetramethyl-decahydro-1H-
cyclopropa[a]naphthalen-7-ol

Sesquiterpenoid 1602 1.34 nd nd

68 Rosifoliol Sesquiterpenoid 1605 nd 0.13 nd

69 Humulene epoxide II Sesquiterpenoid 1613 nd 0.12 nd

70 Isospathulenol Sesquiterpenoid 1620 4.63 1.85 1.32

71 T-Cadinol Sesquiterpenoid 1633 0.25 0.19 nd

72 Intermedeol Sesquiterpenoid 1660 9.16 9.70 10.2

73 Valerenal Sesquiterpenoid 1660 0.12 nd 0.21

74 Valeranone Sesquiterpenoid 1672 7.95 8.30 5.46

75 trans-Valerenyl acetate Sesquiterpenoid
ester

1684 0.85 0.91 0.76

76 Ylangenal Sesquiterpenoid 1684 7.21 nd nd

77 Octanoic acid, 2-octyl ester Ester 1689 nd nd 1.38

78 Kessyl acetate Sesquiterpenoid
ester

1690 nd 1.54 nd

79 Kessanyl acetate Sesquiterpenoid
ester

1695 1.15 1.55 1.51

80 δ-delta-Stearolactone Diterpenoid 1702 0.20 nd 1.04

81 Valerenyl isovaleriate Sesquiterpenoid
ester

1710 nd 0.19 nd

(Continued)
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85 compounds were identified in three samples of valerian essential oil collected on the territory of
Ukraine. The main components of the essential oil in all studied samples were bornyl acetate (5.46%–

15.29%), borneol (0.51%–11.08%), valeranone (7.95%–8.85%), (6,6-dimethylbicyclo[3.1.1]hept-2-en-2-
yl) methyl ethyl carbonate (3.32%–5.43%), and α-gurjunene (3.7%–4.64%) (Table 3). The concentrations
of essential oils of compared three Valeriana species was rather similar; V. officinalis oil contained more
borneol, bornyl acetate, and pathulenol, other two oils do not contain ylangenal (7.21% in V. officinalis oil).

Previously, in 1970th just iridoids and flavonoids were studied in V. stolonifera [31]. Therefore, the
obtained data about essential oil composition in V. stolonifera are generally novel. The chemical
composition of the essential oil of V. pratensis has been published only in two articles. Bos et al. studied
the composition of the essential oil of V. pratensis (syn. V. officinalis ssp. collina) ‘Shipka’ cultivated in
Bulgaria in 1995 and 1998 [21]. Valeranone (12%), valeranal (9%), valerena-4,7(11)-diene (7%), and
bornyl acetate (6%) were found as the principal compounds of the oil. In the second study [32] also
valeranone and valerenal (10% and 20%, respectively) were mentioned as the main compounds of the V.
pratensis oil. In our study, the principal constituents in the essential oil of V. pratensis were intermedeol
(9.2%), valeranone (8.3%), and bornyl acetate (5.7%), but valerenal was not found.

Based on the study results, we can propose the following V. officinalis marker compounds consistently
present in all 16 examined samples: bornyl acetate (1.6%–27.1%), limonene (0.2%–2.3%), and valeranone
(0.5%–17.9%). Thus, in both the species V. stolonifera and V. pratensis the principal constituents
(valeranone, α-gurjunen, and bornyl acetate) are similar to V. officinalis marker compounds. According to
literature data, these markers are associated with various pharmacological effects, including sedative [31],
inflammatory [32,33] antispasmodic, antidepressant [34], tranquillizer [34], and anti-ulcer properties
[11,35–37].

In previous studies, such compounds as markers were established borneol, bornyl acetate, α-terpinyl
acetate, spathulenol, ar-curcumene, β-caryophyllene, allo-aromadendrene, kessane, myrtenyl isovalerate,
sesquiterpene alcohol, viridiflorol, β-bisabolol and valerenal [6], α-pinene, α-fenchene, camphene, bornyl
acetate, myrtenyl acetate, alloaromadendrene, myrtenyl isovalerate, spathulenol, valerianol, valeranone [22].

The accumulation of the two main components, bornyl acetate and valeranone, in the underground
organs of valerian is directly influenced by the climatic conditions of the raw material’s growth [38,39].
A high concentration of bornyl acetate (1.6%–29%) requires a moderate climate typical of northern and
western Europe, with average summer temperatures ranging from +16°C to +23°C. Conversely, a high
concentration of valeranone (3.6%–17.9%) is observed in Valeriana species that thrive in the warm
climates of southern Europe, where average summer temperatures in Ukraine reach +30°C. In Armenia
and Georgia, they soar to +32°C. The influence of collection sites on the nutraceutical composition and
potential biological activity of plant products is well known [23,35,36], given that a variety of

Table 3 (continued)

Nо. Compound Types of
components

RI V. officinalis V. pratensis V. stolonifera
DB-5

82 Selin-6-en-4.α.-ol Sesquiterpenoid 1711 nd 0.63 nd

83 Guaiol acetate Sesquiterpenoid
ester

1717 0.11 0.17 0.10

84 Isovalencenol Sesquiterpenoid 1783 nd 0.12 nd

85 Erucic acid Diterpenoid 1785 0.50 nd 0.81

Note: nd = not detected.
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eco-geographical features can differentially modulate gene expression and the activity of biochemical
pathways involved in the production of secondary metabolites [40,41].

The compound of essential oil of V. officinaliswith the highest concentration was isovaleric acid (44% in
a sample from Armenia), followed by bornyl acetate (up to 29%), valerenal (14.7%), valeranone (17.9%), α-
fenchene (10.6%). In our previous work [6], where the samples of valerian from different countries were
analyzed, the concentrations of these substances were 13.1%, 33.7%, 13.1%, 10.9%, and 28.35%,
respectively. Valerenal (9.7% and 10.2%, respectively), bornyl acetate (5.7% and 8.9%), and valeranone
(5.5% and 8.3%) were also predominant in the samples of V. pratensis and V. stolonifera from Ukraine.

Several samples did not detect valerenic acid (Armenia, Estonia (5 and 7)), and isovaleric acid (Belgium,
England, Estonia (5 and 6), France, Hungary, and the Netherlands). The presence of isovaleric acid, α-pinene,
camphene, farnesene, valerianol, and valerenic acid was not detected in the essential oils of V. pratensis and
V. stolonifera. It is unclear how significantly this may affect the effects of these valerian species on the central
nervous system.

From previous studies, several valerian root oil chemotypes are known-valerianol, valeranone,
cryptofauronol and valerenal, bornyl acetate/valerenal [6,22]. According to the research results, three
chemotypes of V. officinalis species can be distinguished. The most typical, bornyl acetate/valerenal
chemotype was characteristic to samples from Austria, Belgium, England, Estonia (5–8), France,
Netherlands and the Ukraine (V. officinalis, V. pratensis and V. stolonifera); valeranone chemotype was
distinct to both samples from Georgia, and isovaleric acid chemotype in a sample from Armenia.

4 Conclusions

Analysis of the 13 commercial samples of dried valerian roots with rhizomes from different countries
shows the three main chemotypes of V. officinalis: bornyl acetate/valerenal, valeranone, and isovaleric
acid. The commercial samples of V. officinalis yield 0.21%–1.03% of essential oil. Totally
150 compounds were identified in the essential oils of V. officinalis essential oils. The principal
compounds of V. officinalis essential oils were bornyl acetate (up to 27.1%), valeranone (up to 17.9%),
valerenal (up to 14.7%), camphene (up to 14.6%), and α-fenchene (up to 10.6%). In both V. stolonifera
and V. pratensis essential oils the principal constituents (valeranone, α-gurjunen, and bornyl acetate) are
similar to V. officinalis marker compounds. Thus, analysis of V. pratensis and V. stolonifera roots with
rhizomes growing in Ukraine show the perspectives of their use for expanding the raw material base for
developing potential remedies with a sedative activity like V. officinalis ones.
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