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Abstract

Background and Objectives: Eryngium billardieri, known as “Zul” or “Boghnagh,” and
Eryngium caucasicum, known as “Chuchagh,” are two important species among the 11 known
species of the Eryngium genus in Iran. Plants of this genus are used to produce hydrosol, which
is claimed to reduce blood glucose levels. Although the essential oil content of these species is
relatively low, their diversity of volatile compounds is high. The aim of this study, consistent
with previous research, is to investigate the water-soluble and water-insoluble volatile
compounds of these two species. During hydrosol extraction from these plants, known as
"Aragh-e Boghnagh," volatile compounds are transferred into the water; therefore, identifying
water-soluble and water-insoluble volatile compounds is crucial for understanding the chemical
composition of these species.

Material and Methods: In this study, E. billardieri (Zul or Boghnagh) was collected from
three locations: Ganjname (GN, Hamedan province), Lardam (DL, Damavand, Tehran
province), and Razghan (RZ), and E. caucasicum (Chuchagh) from Bojag (BO) National Park
(Gilan province) and Abr village (RA, Semnan province) at altitudes of 2800, 2450, 1750, -11,
and 2056 m above sea level, respectively. Shade-dried plant materials were subjected to
hydrodistillation using a Clevenger-type apparatus. Essential oil content was calculated on a
weight/weight (%) basis. After essential oil extraction, 100 ml of hydrosol was collected for
fractionation using 100 ml ethyl acetate, performed in three replicates. The percentage of the
organic fraction was calculated as weight/volume (grams per 100 ml of hydrosol). Essential oil
composition was analyzed using gas chromatography/mass spectrometry (GC/MS) and
quantified by GC-FID.

Results: The essential oil yields for all samples were 0.15%, 0.11%, 0.37%, 0.10%, and
0.12% w/w for GN, DL, RZ, BO, and RA, respectively. The main components of E. billardieri
essential oils were 2,3,6-trimethylbenzaldehyde (18.8%, 16.8%, 12.3%), sesquicineole (31.3%,
28.8%, 40.5%), and B-bisabolenal (9.2%, 13.8%, 7.3%) for GN, DL, and RZ, respectively. The
main components of E. caucasicum essential oils were trans-caryophyllene (20.3% and 26.5%),
B-bisabolene (7.4% and 9.8%), B-sesquiphellandrene (30.1% and 20.2%), and cis-falcarinol
(16.6% and 23.2%) for RA and BO, respectively. The yields of ethyl acetate fractions were
0.031, 0.012, 0.023, 0.024, and 0.008 g per 100 ml of hydrosol for Of-GN, Of-DL, Of-RZ, Of-
BO, and Of-RA, respectively. The main components of these fractions were 2,3,6-
trimethylbenzaldehyde (45.5%, 30.2%, 22.9%), sesquicineole (12.0%, 8.1%, 14.6%), 3-methyl-
2(5H)-furanone (9.1%, 12.4%, 17.8%), and p-vinyl-guaiacol (11.4%, 14.6%, 12.3%) for Of-
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GN, Of-DL, and Of-RZ, respectively. For Of-RA and Of-BO, the main components were 3-
methyl-2(5H)-furanone (6.7% and 21.8%), trans-p-ocimene (7.8% and 16.8%), p-vinyl-guaiacol
(15.2% and 11.6%), and caryophyllene oxide (23.7% and 14.8%), respectively.

Conclusion: By identifying water-soluble and water-insoluble volatile compounds, the
relationships between these compounds were clarified. In the fractions of both species, p-vinyl-
guaiacol and 3-methyl-2(5H)-furanone were the main compounds, which were not detected
even in trace amounts in the essential oils. Additionally, 2,3,6-trimethylbenzaldehyde was
observed in the essential oil and organic fractions of both species, with higher content in E.
billardieri than in E. caucasicum. Moreover, 2,3,4-trimethylbenzaldehyde was in both the
essential oil and organic fraction of E. caucasicum hydrosol but only in the essential oil of E.
billardieri.

Keywords: Boghnagh accessions, volatile compounds, GC/MS, Zul, distillation.
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Table 1. Geographical characteristics of plant samples collecting regions

Average annual Average annual

Location Latitude Longitude Altitude (m) temperature ("C)  precipitation (mm)
Ganjname 3494316 48°25'59 2794 13.1 299
(Hamedan)

Lar dam (Tehran) 35°54°0.3 51°52"14 2500 19.1 345.9
Razghan (Markazi) 35°20°22 49°56'22 2450 15.1 265
Bojaq na.tlonal park 37996°09 49955701 11 17.3 969.7

(Gilan)

Abr village 36°43°49 550037 2056 19.5 94

(Semnan)

E. caucasicum o) plul :A2 5 Eryngium billardieri ol slusl AL -\ JS&

¢ &

Figure 1. Al: Eryngium billardieri aerial parts and A2: E. caucasicum aerial parts
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Table 2. ANOVA of species effects on essential oil or organic fraction content of two Eryngium species
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Figure 2. Comparison of essential oil content (A) and organic fraction of floral water (B) in Eryngium billardieri
and E. caucasicum
BO: Bojaq (Gilan province), RA: Abr village (Semnan province), RZ: Razghan (Markazi province), DL: Lar dam, and GN: Ganjname (Hamedan
province).; Essential oil percentage: W/W; Organic fraction percentage: W/V (g.100 mi-1 of sweet water).
Means with common letters are in the same statistical group at 1% probability level (Duncan test).
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Table 3. Essential oil or ethyl acetate fraction compounds in different Eryngium billardieri populations

No Compound RI calculated Essential oil (%) Organic fraction (%)
GN DL RZ GN DL RZ
1 a-pinene 933 1.2 0.2 0.1 - - -
2 thuja-2,4(10)-diene 955 0.2 0.1 - - - -
3 3-methyl-2(5h)-furanone 998 - - - 9.1 124 17.8
4 1,8-cineole 1031 0.6 0.2 0.2 - - -
5 cis-chrysanthenyl acetate 1263 55 4.7 3.2 - - -
6 unknown 1274 - - - 45 5.2 25
7 2,3,4-trimethyl benzaldehyde 1317 25 0.6 1.2 - - -
8 p-vinyl-guaiacol 1327 - - - 114 14.6 12.3
9 2,3,6-trimethyl benzaldehyde 1358 18.8 16.8 12.3 455 30.2 229
11  cis-caryophyllene 1419 1.0 0.7 3.2 - - -
11 a-humulene 1434 - - - - 0.6 -
12 B-calarene 1451 - - - - 1.2 -
13 sesquisabinene 1456 1.0 15 - - - -
14 germacrene D 1481 2.7 0.6 4.5 - - -
15  epizonarene 1502 - - - - 2.7 -
16  sesquicineole 1519 31.3 28.8 405 12.0 8.1 14.6
17 B-sesquiphellandrene 1527 8.4 4.2 4.3 - - -
18  cis-a-bisabolene 1532 4.0 8.7 3.7 - - -
19 unknown 1582 - - - 3.7 35 41
20  14-hydroxy-9-epi-(E)-caryophyllene 1660 - - - 6.5 9.2 13.0
21 cis-nerolidyl acetate 1686 3.0 4.9 5.3 - - -
22 trans-farnesol 1692 2.0 5.1 3.1 - - -
23 p-bisabolenal 1773 9.2 13.8 7.3 6.2 115 9.4
24 Total compounds 914 90.9 88.9 90.7 90.5 90.0
25  Total 91.4 90.9 88.9 98.9 99.2 96.6

RZ: Razghan (Markazi province), DL: Lar dam, and GN: Ganjname (Hamedan province).
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Table 4. Chemical groups of essential oil or ethyl acetate fraction in different Eryngium billardieri populations

Plant sample Monoterpene Sesquiterpene Non-Terpene Total
Number of
GN chemical groups 4 S 2 15
Percentage 7.5 62.6 21.3 914
. Number of 4 9 2 15
Essential oil DL chemical groups
Percentage 5.2 68.3 174 90.9
Number of
RZ chemical groups 3 8 2 13
Percentage 3.5 71.9 135 88.9
Number of
GN chemical groups i 3 3 6
Percentage - 24.7 66.0 90.7
Number of
Ethyl acetate . - 5 4 9
fraction DL chemical groups
Percentage - 32.1 58.4 90.5
Nu_mber of i 3 3 6
RZ chemical groups
Percentage - 37.0 53.0 90.0

RZ: Razghan (Markazi province), DL: Lar dam, and GN: Ganjname (Hamedan province).
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Figure 3. GC chromatograph with main components of essential oil (A) and ethyl acetate fraction (B) in
Eryngium billardieri
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Table 5. Essential oil or ethyl acetate fraction compounds in different Eryngium caucasicum populations

No. Compound calcljllate d Essential o(:)l/()():omponent Organic fraction component (%)
Of-
RA BO Of-RA
BO
1 3-methyl-2(5h)-furanone 998 - - 6.7 21.8
2 (E)- p-ocimene 1058 - - 7.8 16.8
4 2,3,4-trimethyl benzaldehyde 1317 3.2 19 1.6 35
5  p-vinyl-guaiacol 1327 - - 15.2 11.6
6  2,3,6-trimethyl benzaldehyde 1358 8.7 4.6 5.4 3.3
piperitenone oxide 1360 - - 6.2 4.0
7 unknown 1433 - - 9.8 51
8  cis-caryophyllene 1419 0.6 0.1 21 -
9  E-caryophyllene 1434 - - 0.8 -
10  o-humulene 1455 20.3 26.5 2.3 4.6
11  sesquisabinene 1456 0.9 0.2 18 -
12 B-bisabolene 1510 7.4 9.8 - -
13 p-sesquiphellandrene 1527 30.1 20.2 - -
14 Unknown 1593 - - 5.3 6.4
15 caryophyllene oxide 1617 - - 23.7 14.8
16 LATvaroxy-S-epi-(E)- 1660 - - 55 18
caryophyllene
17 unknown 1699 4.0 3.0 - -
18  ar-curcumen-15-al 1722 0.6 0.3 - -
19  cis-falcarinol 2058 16.6 23.2 - -
20  Total compounds 88.4 90.8 79.1 82.2
21  Total 92.4 93.8 94.2 93.7

RA: Abr village (Semnan province) and BO: Bojaq (Gilan province).

(Eryngium caucasicum) sl s> &S i cburer Sl e 5 wle) glans s S -5 Joux

Table 6. Chemical groups of essential oil or ethyl acetate fraction in different Eryngium caucasicum populations

Plant sample Monoterpene Sesquiterpene Non-Terpene Total
Nu_mber of i 6 3 9
RA chemical groups
Essential oil Percentage - 59.9 28.5 88.4
Number of 6 3 9
BO chemical groups
Percentage - 57.1 29.7 90.8
Number of
. 2 4 12
RA chemical groups 6
Ethyl acetate Percentage 14.0 36.2 28.9 79.1
fraction Number of
. 2 4
BO chemical groups 3 S
Percentage 20.8 21.2 40.2 82.2

RA: Abr village (Semnan province) and BO: Bojaq (Gilan province).
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