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Investigation the chemical diversity of essential oils from different organs
of Salvia hydrangea DC. ex Benth. growing wild in Isfahan province
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Abstract

The genus Salvia is one of the largest and most valuable genera of the mint family in the world.
In Iran, 58 species of this genus grow, which have medicinal properties and are used in traditional
medicine. In this study, the percentage and components of essential oils in the aerial parts of
flowers and leaves-stems of the Salvia hydrangea were studied. For this purpose, different
ecotypes of Salvia hydrangea were collected from natural habitats located in Semirom and
Fereydounshahr counties in Isfahan province. Essential oils were extracted from the flowers,
leaves-stems of this plant using a Clevenger apparatus. The obtained essential oils were analyzed
and identified using a gas chromatography-mass spectrometer (GC/MS). The percentage of
flower essential oil in 4 ecotypes were in the range of 0.2% to 0.5% w/w and the percentage of
leaf-stem essential oils in four ecotypes were in the range of 0.04% to 0.1% w/w. The percentage
of essential oils in flower samples (0.13- 0.5 %) were higher than that in leaf-stem (0.04-0.1 %)
samples. A total of 45 compounds were identified in the essential oil of aerial parts of this species
and the main compounds in the essential oil included caryophyllene (13.61% to 30.47%) and
caryophyllene oxide (1.22% to 18.66%) among the studied ecotypes. The major part of the
essential oil of the flowers and leaves-stems of this plant was composed of hydrocarbon
sesquiterpenes, however, the number and diversity of the essential oil components of the studied
organs were somewhat different. Depending on the need and importance of each of the essential
oil components in various food and pharmaceutical industries, ecotypes with the desired essential

oil composition can be used.
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Table 1. Characteristics of Salvia hydrangea ecotypes collected from natural habitats of Isfahan province.
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Ecotype Geographical Used - . Height Average annual
Code region organ Longitude  Latitude (m) rainfall (mm) temp(;oeéa)lture
Ecol Semirom Flower 51°74'34" 31°66'43" 2531 506.2 12.8
Ecol Semirom Leaf -stem 51°74'34" 31°66'43" 2531 506.2 12.8
Eco2 Semirom Flower 51°74'43" 31°65'31" 2570 506.2 12.8
Eco2 Semirom Leaf - stem 51°74'43" 31°65'31" 2570 506.2 12.8
Darreh Bid, o ARON P —
Eco3 Fereydounshahr Flower 50°40'69 33°10'75 2683.24 561.7 105
Eco3 Darreh Bid, Leaf-stem  50°40%69"  33°1075"  2683.24 561.7 105
Fereydounshahr
Eco4 Darreh Bid, Flower 50°4072"  33°1072"  2685.07 561.7 105
Fereydounshahr
Eco4 Darreh Bid, Leaf-stem  50°4072"  33°1072" 268507 561.7 105
Fereydounshahr
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Figure 1. Percentage of essential oils in different organs (leaf- stems and flower) of Salvia hydrangea.
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Table 2. Essential oils constituents of leaf-stems in different ecotypes of Salvia hydrangea
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composition retention index retention index

1 Thujene 926 924 0.21 0.25 0.45 0.71
2 a-Pinene 934 932 1.61 11 2.45 4.35
3 B-Myrcene 985 988 0 0 0 0
4 a-Phellandrene 1004 1002 0 0 0.68 0.74
5 3-Terpinene 1012 1014 3.36 212 4.56 2.64
6 P-Cymene 1021 1020 1.27 1.09 0.45 0.51
7 D-Limonene 1022 1024 0.68 0.61 1.37 2.33
8 1,8-Cineole 1028 1026 3.12 6.53 0 0
9 B-Ocimene 1042 1044 1.41 1.61 0 0
10 y-Terpinene 1053 1054 1.62 0.89 0 0
11 Linalool 1093 1095 2.06 1 0 0
12 Borneol 1167 1165 2.75 1.34 0.64 33
13 a-Terpineol 1189 1186 0.97 1.23 0 0
14 Linalyl acetate 1252 1254 1.08 0 0 0
15 Isobornyl acetate 1281 1283 3.14 8.83 2.23 2.65
16 a-Terpinyl acetate 1345 1346 0.87 0 0 0
17 B-Ylangene 1372 1373 0 0 0.78 0.97
18 B-Copaene 1373 1374 0.45 0.37 0.3 0.22
19 B-Bourbonene 1386 1387 0.96 1.84 4.85 4.65
20 B-Cubebene 1388 1387 14 1.23 0.98 11
21 Longifolene 1406 1407 0 0 0 0
22 Caryophyllene 1416 1417 26.68 30.47 22.54 13.78
23 y-Elemene 1433 1434 0.25 0 0 0
24 Aromadendrene 1438 1439 0 0 1.42 1.88
25 a-Humulene 1451 1452 2.35 1.77 1.25 1.17
26 B-Farnesene 1453 1454 2.09 471 1.82 411
27 y-Muurolene 1477 1478 0.34 0.38 1.04 1.02
28 Germacrene d 1483 1484 2.14 2.45 2.23 0.85
29 Leden 1495 1496 1.43 0.65 0 0
30 B-Bisabolene 1504 1505 1.07 0.46 0.54 1.14
31 y-Cadinene 1536 1537 0 0.4 421 0
32 a-Copaenol 1538 1539 0 0 1.37 1.12
33 Spathulenol 1576 1577 8.81 0.98 3.2 6.98
34 Caryophyllene oxide 1581 1582 9.28 13.12 12.58 18.66
35 Octadecanoic acid 1583 1584 45 2.38 1.89 1.83
36 Salvialenone 1592 1594 0 2.33 0.42 0
37 Phthalate 1630 1632 0 0 0 0
38 Tau-Muurolol 1645 1644 0 0 0 0
39 Eudesmol-B 1651 1652 243 0 6.6 6.14
40 Pentadecanone 1696 1697 0.5 0.68 0 0
41 Octadecenoic acid 1788 1789 0.98 1.23 5.2 2.35
42 Farnecyl acetate 1820 1821 0 0 13 1.25
43 Phytol 1940 1942 2.03 1.12 3.6 2.54
44 Hexadecanoic acid 1960 1959 5 25 3.35 2.42
45 Oleic acid 2142 2141 0.7 2.64 13 2.38
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Table 3. Chemical groups of the essential oils of leaf-stems in different ecotypes of Salvia hydrangea

Sl gloeg 5 oS
Chemical groups Ecotypes
Ecol Eco2 Eco3 Eco4
Hydrocarbone monoterpenes 10.16 7.67 9.96 11.28
Oxygenated monoterpenes 9.77 10.1 0.64 3.3
Hydrocarbone sesquiterpenes 37.73 44.08 39.76 28.04
Oxygenated sesquiterpenes 21.95 14.75 25.95 35.75
Ester 4.22 8.83 3.53 3.9
Fatty acid 11.68 9.43 11.74 8.98
Others 2.03 3.45 4.02 2.54
Total 97.54 98.31 95.6 93.79

Heydari Hedayati et al., 2017 Saffariha et al., 2019) 15 o yo iz ;0 bl liae p g, al> o ,56

&y50 (Ghavam et al., 2020) L5 v 0 (i ol calizee o plasl s 5o Guilul slgime anslin 5 et al., 2020
S2yd (e 5 285 18 aslllas 8590 (Suigled il Sl )3 st (IS mae ol S el Ol el 88
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sls S 1S5 (F)k o Susb) b )l 5 Sote (Ko lagn Fgige rizmen ubls glis )l l3)
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Table 4. Essential oils constituents of flower in different genotypes of Salvia hydrangea

o Sy S5k a5l e
o ouw oudline Jou
Chemical Observed Reference
Number Ecol Eco2 Eco3 Eco4
composition inhibition index inhibition index

1 Thujene 926 924 0.51 0.34 9.25 0.56
2 a-Pinene 934 932 4.56 2.14 13.56 3.23
3 B-Myrcene 985 988 0.34 0.2 2.38 6.38
4 a-Phellandrene 1004 1002 0 0 0.75 0.54
5 3-Terpinene 1012 1014 1.12 1.92 1.12 2.14
6 P-Cymene 1021 1020 7.51 4.14 1.82 1.45
7 D-Limonene 1022 1024 1.81 1.12 2.65 2.55
8 1,8-Cineole 1028 1026 3 5.05 0 0
9 B-Ocimene 1042 1044 3.44 0.61 0 0
10 y-Terpinene 1053 1054 0.35 0.4 0 0
11 Linalool 1093 1095 2.71 1.05 0 0
12 Borneol 1167 1165 3.05 1.18 0.55 0.78
13 a-Terpineol 1189 1186 0.67 0.78 0 0
14 Linalyl acetate 1252 1254 1.15 0 0 0
15 Isobornyl acetate 1281 1283 1.7 4.6 1.24 1.12
16 a-Terpinyl acetate 1345 1346 1.24 0 0 0
17 B-Ylangene 1372 1373 0 0 0.45 0.67
18 B-Copaene 1373 1374 0.25 0.54 0.28 0.25
19 B-Bourbonene 1386 1387 1.46 6.65 0.4 2
20 B-Cubebene 1388 1387 0 0 0 0
21 Longifolene 1406 1407 0 0 0 1.62
22 Caryophyllene 1416 1417 27.45 23.17 13.61 23.12
23 y-Elemene 1433 1434 11 0 0 0
24 Aromadendrene 1438 1439 0 0 1.23 1.4
25 a-Humulene 1451 1452 1.95 2.75 1 23
26 B-Farnesene 1453 1454 3.57 6.8 1.63 1.07
27 y-Muurolene 1477 1478 0.25 0.61 1.12 1.3
28 Germacrene d 1483 1484 112 1 0.78 451
29 Leden 1495 1496 0.25 1.34 0 0
30 B-Bisabolene 1504 1505 0.7 0.31 0.94 0.62
31 y-Cadinene 1536 1537 0 1.02 0.25 0
32 a-Copaenol 1538 1539 0 0 0.85 0.78
33 Spathulenol 1576 1577 5.54 1.4 4.31 2.74
34 Caryophyllene oxide 1581 1582 8.87 15 14.58 1.22
35 Octadecanoic acid 1583 1584 1.42 1.63 1.23 4.38
36 Salvialenone 1592 1594 0 0 0 0
37 Phthalate 1630 1632 0 0 1.15 1.65
38 Tau-Muurolol 1645 1644 0 1.86 0 0
39 Eudesmol-f 1651 1652 1.77 0 2.34 13
40 Pentadecanone 1696 1697 1.14 0.55 0 0
41 Octadecenoic acid 1788 1789 1.07 2.82 2.94 2.17
42 Farnecyl acetate 1820 1821 0 0 1.08 1.12
43 Phytol 1940 1942 0.85 1.26 1.78 1.65
44 Hexadecanoic acid 1960 1959 2.13 43 5.64 5
45 Oleic acid 2142 2141 2.24 1.05 5.96 8.12
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Table 5. Chemical groups of the essential oils of flower in different genotypes of Salvia hydrangea

SPloods g o9 ¥ b oS
Chemical groups Ecotypes
Ecol Eco2 Eco3 Eco4
Hydrocarbone monoterpenes 19.64 10.87 31.53 16.85
Oxygenated monoterpenes 10.67 8.06 0.55 0.78
Hydrocarbone sesquiterpenes 37.85 42.85 20.01 36.79
Oxygenated sesquiterpenes 16.43 19.6 23.76 8.11
Ester 2.85 4.6 3.47 3.89
Fatty acid 8 10.35 15.77 19.67
Others 0.85 1.26 1.78 1.65
Total 96.29 97.59 96.87 87.74
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Table 6. Correlation between dominant and common chemical compounds in the essential oils of Salvia hydrangea

@ =] k]
g 2 3
a- Pinene 1
a-Thujene 0.96 1
P-Cymene 0.06 -0.08 1
D-Limonene 0.7 0.54 0.01 1
Borneol -0.24  -0.39 0.3 -0.11 1
Isobornyl acetate -0.5 -0.34 -015 -0.74 -0.03 1
-Bourbonene -041 -043 -006 -015 -0.06 0.14 1
Caryophyllene -0.7 -0.63 031 -0.75 0.07 054 -0.15 1
B-Farnesene -035 -034 035 -043 023 0.62 0.6 0.2 1
Germacrene D -041  -0.36 -0.33 0 -0.36 0 -0.21 0.4 -0.48 1
a-Humulene -058 -054 038 -044 007 0.2 0.17 0.6 037 033 1
Caryophyllene oxide 0.21 023 -0.16 -0.11 0.19 0.3 043 -046 054 -0.82 -047 1
y-Terpinene -0561 -044 -061 -039 -006 002 036 009 -025 027 -011 0.05 1
Phytol -0.03 -002 -066 009 -015 -031 033 -042 -042 005 -052 023 084 1
Hexadecanoic acid 042 053 -026 023 -052 -037 -026 -029 -044 023 019 -031 -0.05 0.05 1
Octadecanoic acid -044 038 -036 -019 004 -004 -031 036 -044 077 049 -0.7 032 003 04 1
Oleic acid 0.5 047 -014 074 -046 -038 -043 -032 -054 051 -015 -0.52 -043 -018 045 0.22
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