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-
The present study was to investigate the influence of the extraction methods on yield and chemical composition of the essential oil of |
Calendula arvensis L. The volatiles of C. arvensis have been isolated by hydrodistillation (HD) and microwave distillation (MD). The |
compositions of the essential oils were characterized by GC-FID and GC-MS. A total of 45 and 44 compounds were identified, constituting
over 88.3 % and 84.8 % of oil composition of C. arvensis, respectively. Sesquiterpenes (HD: 30.5 % and MD: 23.4 %) and monoterpene |
compounds (HD: 26.3 % and MD: 24.3 %) were shown to be the main group of volatiles. The major terpene constituent of the essential |
oils of C. arvensis was a-selinene (HD, 16.0 % and MD, 0.0 %), o-pinene (HD, 11.9 % and MD, 12.3 %), (Z)-a-santalol (HD, 8.2 % and |
MD, 7.4 %), 6-amorphene (HD, 0.0 % and MD, 8.0 %), (Z)-sesquilavandulol (HD, 4.8 % and MD, 0.0 %), 7-epi-silphiperfol-5-ene (HD, |
2.6 % and MD, 3.7 %), viridiflorene (HD, 2.5 % and MD, 1.7 %) and B-pinene (HD, 1.8 % and MD, 2.4 %). Comparative study showed
that the amount of total volatiles (88.3 % and 84.8 %) and the identified constituent (45 and 44) were found to be similar in both HD and |
MD of C. arvensis. The terpenoid contents (HD: 73.5 % and MD: 65.3 %) were greater in HD of C. arvensis. The antimicrobial activities |
of the isolated essential oils, hexane, ether and methanolic extracts of the plant were also investigated and only the essential oil (HD) and |
methanolic extract showed moderate antibacterial activities against Staphylococcus aureus and Bacillus cereus with in the range of 105- |
210 pg, respectively. But all the extract showed good antituberculose activity against Mycobacterium smegmatis (13.2-62.5 ug). |
|

Key Words: Calendula arvensis L., Hydrodistillation, Microwave distillation, Essential oil, Antimicrobial activity, GC-MS.

were (E)-B-caryophyllene, oi-gurjunene, oi-pinene, aromaden-
drene, guaiol and benzyl formate®®. Antimicrobial activity of
the various isolate of Calendula arvensis has mentioned” .
However, to our best of knowledge, there are no report dealing

INTRODUCTION

The genus of Calendula belongs to the Asteraceae family'.
Calendula arvensis L., the common name of which is field

marigold, is an annual herbaceous species (10-100 cm tall)
that is widespread in central and southern Europe, Northern
Africa and Southwestern Asia'. Phytochemical studies on the
C. arvensis have shown various families of phenolic acid, the
flavonoid and various natural compounds®'®. Previous studies
on the volatiles and the essential oils from Calendula included
C. arvensis'®", Calendula officinalis L."** and Calendula
micrantha®. The high concentration of sesquiterpenes (8-
cadinene and o-cadinol) were the main components in the
essential oil of C. arvensis'® in seasonal variation (winter vs.
spring) during the flowering period. C. officinalis oils are
generally characterized by a high content of sesquiterpenes
with cadinane or muurolane skeletons'®?. It should be noted
that this species is used as perfumes, pharmaceuticals and in
the food industry to add colour or flavour. The main compounds
identified in the essential oil from the flower of C. micrantha

with comparative essential oil analysis and antimicrobial activity
of the essential oil of Calendula arvensis. The first aim of this
work is to perform a compositional analysis and compare the
essential oil contents of Calendula arvensis extracted by hydro
and a microwave distillation as well as to evaluate their anti-
microbial activities. And the second aim was to characterize
the variation in the essential oil composition of Calendula
arvensis from Turkey and to identify environmental factors
associated with differences in essential oil composition.

EXPERIMENTAL

Calendula arvensis was collected in Akcaabat, Trabzon, Turkey
(at heights of 300 m) in the northeastern part of Turkey in January
15,2011. The plant was authenticated by Prof. S. Terzioglul. Voucher
specimen was deposited in the Herbarium of the Faculty of Forestry,
KATO (KATO: 8783), Karadeniz Technical University, Turkey.
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Hydrodistillation apparatus and procedure: The fresh
plant material (65 g) were grounded into small pieces and submi-
tted to hydrodistillation (HD) using a Clevenger-type apparatus
(4 h) (yield (w/w): 0.16 %). The obtained oil was extracted
with HPLC grade n-hexane (0.5 mL) and dried over anhydrous
sodium sulphate and stored at -5 °C in a sealed brown vial.

Microwave distillation apparatus and procedure:
Microwave distillation (MD) was performed at atmospheric
pressure with a Milestone DryDIST microwave apparatus
using a fixed power of 750 W for 40 min. Temperature was
monitored by an external infrared (IR) sensor. The fresh plant
material (65 g) were grounded into small pieces, then placed
in a round bottom flask (2I) with 50 mL water and submitted
to microwave distillation using a Clevenger-type apparatus (0.5
h) (yield (w/w): 0.86 %). The obtained oil was extracted with
HPLC grade n-hexane (0.5 mL) and dried over anhydrous
sodium sulphate and stored at -5 °C in a sealed brown vial.

Gas chromatography (GC) and Gas chromatography-
mass spectrometry (GC-MS) analysis: GC-FID and GC-MS
analyses were done as described previously*.

Identification of constituents: The constituents of the
oils were identified by comparison of their mass spectra with
those of a computer library or with authentic compounds (.-
pinene, B-pinene, myrcene, Y-terpinene, eicosane, heneicosane,
docosane, tricosane, tetracosane and pentacosane) and confirmed
by comparison of their retention indices, either with those of au-
thentic compounds or with data published in the literature'®**,

Antimicrobial activity: All test microorganisms were
obtained from the Hifzissihha Institute of Refik Saydam
(Ankara, Turkey) and were as follows: Escherichia coli
ATCC35218, Yersinia pseudotuberculosis ATCCI11,
Pseudomonas aeruginosa ATCC43288, Enterococcus faecalis
ATCC29212, Staphylococcus aureus ATCC25923, Bacillus
cereus 709 Roma, Mycobacterium smegmatis ATCC607,
Saccharomyces cerevisiae RSKK 251 and Candida albicans
ATCC60193. All extracts were weighed and dissolved in
hexane, ether and methnol to prepare extract stock solution of
5.000-10.000 pg/mL. Essential oils were weighed and dissolved
in hexane to prepare extract stock solution of 33.100-186.100
pg/mL.

The antimicrobial effects of the substances were tested
quantitatively in respective broth media by using double
dilution and the minimal inhibition concentration (MIC) values
(ug/mL) were determined*'. The antibacterial and antifungal
assays were performed in Mueller-Hinton broth (MH) (Difco,
Detroit, MI) at pH.7.3 and buffered Yeast Nitrogen Base (Difco,
Detroit, MI) at pH 7.0, respectively. Brain heart infusion broth
(BHI) (Difco, Detriot, MI) was used for M. smegmatis*. The
minimal inhibition concentration was defined as the lowest
concentration that showed no growth. Ampicillin (10 pg),
streptomisin (10 pg) and fluconazole (5 pg) were used as
standard antibacterial and antifungal drugs, respectively. Hexane,
ether and methanol with dilution of 1:10 were used as solvent
controls.

RESULTS AND DISCUSSION

The essential oils obtained after hydrodistillation and
microwave distillation of the C. arvensis gave an average yields

(w/w) of 0.16 % and 0.86 %, respectively. In total, GC-MS
analyzes allowed the identification of 45 and 44 volatile comp-
ounds for both hydrodistillation and microwave distillation,
accounting for 88.3 % and 84.8 % of the detected GC peak
areas, respectively. The list of the identified volatile constituents
as well as their grouping into eight classes, namely monoterpene
hydrocarbons (26.3 % HD and 24.3 % MD), oxygenated
monoterpens (1.1 % HD and 2.1 % MD), sesquiterpene hydro-
carbons (30.5 % HD and 23.4 % MD), oxygenated sesquiterpenes
(14.1 % HD and 12.6 % MD), diterpenoids (1.5 % HD and
2.9 % MD), terpene related compounds (1.3 % HD and 1.3 %
MD), hydrocarbons (9.0 % HD and 13.4 % MD) and others
(4.5 % HD and 4.8 % MD) (Table-1)'5*,

TABLE-1
IDENTIFIED COMPONENTS IN THE OILS OF C. arvensis™®
EXTRACTED BY HYDRODISTILLATION (HD) AND
MICROWAVE DISTILLATION (MD)

HD  MD

Compounds Area®  Area® %‘fﬂ ’ I;;;
(%) (%)

Monoterpene hydrocarbons

o-Thujene 7.7 4.5 930 930
o-Pinene* 11.9 12.3 939 939
Sabinene 0.7 - 971 975
B-Pinene* 1.8 2.4 976 979
Myrcene* 0.6 0.6 988 991
a-Phellandrene 1.1 0.5 1001 1003
p-Mentha-1(7),8-diene - 0.6 1004 1004
Limonene* 1.2 1.8 1025 1029
(Z)-B-Ocimene 0.3 - 1035 1037
Y-Terpinene’ 0.4 1.1 1057 1060
p-Cymenene 0.3 0.5 1088 1091
Neo-allo-Ocimene 0.3 - 1128 1132
Oxygenated monoterpenes

Terpinen-4-ol 0.3 0.7 1170 1172
Anethofuran - 0.4 1183 1187
a-Terpinen-7-al 0.8 1.0 1280 1285
Sesquiterpene hydrocarbons

7-epi-Silphiperfol-5-ene 2.6 3.7 1348 1348
Iso-Ledene 0.2 - 1371 1376
o-Copaene 0.1 0.2 1377 1377
B-Bourbonene 0.5 1.4 1382 1388
B-Elemene 0.2 - 1390 1391
a-Gurjunene 0.3 1.0 1405 1410
E-Caryophyllene 1.2 2.6 1415 1419
B-Gurjunene 0.4 - 1430 1434
o-Humulene 0.8 2.0 1450 1455
(E)-B-Farnesene - 0.3 1457 1457
a-Guaiene 0.3 - 1460 1460
Germacrene D 0.6 1.3 1482 1485
B-Selinene 0.8 0.9 1486 1490
Viridiflorene 2.5 1.7 1495 1497
a-Selinene 16.0 - 1498 1498
a-Cuprenene = 0.3 1505 1506
&-Amorphene - 8.0 1510 1512
2-Norpinene 2.9 - 1608  MSI1
Oxygenated sesquiterpenes

o-Agorofuran - 1.2 1548 1550
Ledol - 0.9 1565 1569
Viridiflorol - 0.7 1590 1593
(Z)-Sesquilavandulol 4.8 - 1605 1607
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HD MD Exp. Lit.
Compounds Area”  Area’ RI® RI
(B) (%)

a-Acerenol - 1.3 1630 1633
Epi-o-Muurolol 1.14 - 1640 1642
o-Muurolol = 1.1 1644 1646
(Z)-0-Santalol 8.2 7.4 1670 1675
Diterpenoids
E-Phytol 1.5 2.0 1823  MS2
2E-3,7,11,15-tetramethyl-2- - 0.9 2142 MS3
hexadecen-1-ol
Terpene related compounds
Z-Jasmone 0.1 - 1392 1393
Hexahydrofarnesylacetone 12 13 1840 1847
Hydrocarbons
Eicosane® 1.4 1.9 2000 2000
Heneicosane* 1.9 0.5 2100 2100
Docosane* 1.1 29 2201 2200
Tricosane* 1.6 1.3 2300 2300
Tetracosane* 1.0 14 2399 2400
Pentacosane* 2.0 54 2498 2500
Others
Benzaldehyde 1.0 - 958 960
Nonanal 1.0 1.7 1101 1101
Methyl salicylate 0.6 0.8 1188 1192
Decanal 0.5 0.7 1200 1202
Ethyl Linoleoate 1.4 1.6 1890 1893

Monoterpene hydrocarbons 26.3 243

Oxygenated monoterpenes 1.1 2.1

Sesquiterpene hydrocarbons 30.5 234
Oxygenated sesquiterpenes 14.1 12.6

Diterpenoids 1.5 29
Terpene related compounds 13 1.3
Hydrocarbons 9.0 13.4
Others 4.5 4.8
Total isolate 88.3 84.8

MS': 133(20), 119(100), 105(35), 93(95), 77(40), 69(75). MS*
123(60), 109(00), 95(90), 82(80), 68(100), 57(70). MS*: 137(10),
123(70), 109(35), 95(90), 82(95), 68(100), 57(87). “Percentages
obtained by FID peak-area normalization. °RI calculated from
retention times relative to that of n-alkanes (C¢-Cs,) on the non-polar
HP-5 column. ‘Identified by authentic samples.

Sesquiterpenes (HD: 30.5 % and MD: 23.4 %) and mono-
terpene compounds (HD: 26.3 % and MD: 24.3 %) were shown
to be the main group of volatiles, respectively. The major
terpene constituent of the essential oils of C. arvensis was
a-selinene (HD, 16.0 % and MD, 0.0 %), a-pinene (HD,
11.9 % and MD, 12.3 %), (Z)-o-santalol (HD, 8.2 % and MD,
7.4 %), 6-amorphene (HD, 0.0 % and MD, 8.0 %), (Z)-
sesquilavandulol (HD, 4.8 % and MD, 0.0 %), 7-epi-
silphiperfol-5-ene (HD, 2.6 % and MD, 3.7 %), viridiflorene
(HD, 2.5 % and MD, 1.7 %) and B-pinene (HD, 1.8 % and
MD, 2.4 %). Comparative study showed that the amount of
total volatiles (88.3 % and 84.8 %) and the identified consti-
tuent were found to be similar in both hydrodistillation and
microwave distillation of C. arvensis. But, the yield of the
essential oil is better in microwave distillation (w/w, MD: 0.86
9% and HD: 0.16 %). But, the terpenoid contents (HD: 73.5 %
and MD: 65.3 %) of the essential oils were greater in
hydrodistillation of C. arvensis.

In the literature, the major compounds in the aerial parts
of C. arvensis'® were 8-cadinene (15.1 %) and o-cadinol
(12.4 %). The main constituents in the essential oil of C.
micrantha® were (E)-B-caryophyllene, oi-gurjunene, o.-pinene,
aromadendrene, guaiol and benzyl formate. Cadinane or
muurolane skeletones were the major components in the floral
volatiles of C. officinalis"*®. Generally, the comparasion of
our data with the literature showed that the main constituents
of chemical composition of the investigated C. arvensis oils
were sesquiterpenes (HD: 30.5 % and MD: 23.4 %) and mono-
terpene compounds (HD: 26.3 % and MD: 24.3 %) and
markedly different from known Calendula species'®***. Compa-
rison of the essential oil contens of our C. arvensis with the
literature'®, (Z)-B-ocimene, y-terpinene, neo-allo-ocimene,
7-epi-silphiperfol-5-ene, -elemene, E-caryophyllene, o-
guaiene, B-selinene, viridiflorene, d-selinene, o-cuprenene,
d-amorphene, 2-norpinene, viridiflorol, (Z)-sesquilavandulol,
a-acerenol, epi-o-muurolol, a-muurolol, 2E-3,7,11,15-
tetramethyl-2-hexadecen-1-ol and hexahydrofarnesyl acetone
were present in our case. The difference of the composition of
the oils could be attributed to the geographical source, time of
collection of the plant and the specific climate there.

The analysis of variance showed that the distillation
method had significant effect on the yield (MD: 0.86 % and
HD: 0.16 %) of oil content and the components of C. arvensis.
Sabinene, (Z)-B-ocimene, neo-allo-ocimene, iso-ledene,
B-elemene, a-guaiene, o-selinene, 2-norpinene, (Z)-
sesquilavandulol, epi-ai-muurolol and Z-jasmone were present
only in the hydrodistillation oil of C. arvensis. p-Mentha-
1(7),8-diene, anethofuran, (E)-B-farnesene, a-cuprenene,
d-amorphene, a-agorofuran, ledol, viridiflorol, a-acerenol,
o-muurolol and 2E-3,7,11,15-tetramethyl-2-hexadecen-1-ol
were exist only in the oil of microwave distillation of C.
arvensis. Therefore, the result clearly showed that extraction
methods (HD vs. MD) influenced the contents of essential oils
of C. arvensis. The highest oil yield was obtained by micro-
wave distillation method. This may be due to the use of high
power (750 W) of heat of microwave distillation. But,
comparative study showed that the amount and the number of
different total volatiles and the major constituent were found
to be different in hydrodistillation and microwave distillation
of C. arvensis. Microwave distillation could be recommended
for the essential oil extraction of C. arvensis due to the high
yield. The results of this study have reinforced the fact that
there are quantitative and qualitative differences in the essential
components of hydro and microwave distillation for the plant
material.

The antimicrobial activity of the isolated essential oils,
hexane and ether extracts of the plant were tested quantita-
tively in respective broth media by using double dilution and
the minimal inhibition concentration values (ug/mL)*"** with
nine microorganisms (E. coli, Y. pseudotuberculosis, P.
aeruginosa, E. faecalis, S. aureus, B. cereus, M. smegmatis,
C. albicans and S. cerevisiae). Only the essential oil (HD) and
methanolic extract of C. arvensis showed moderate antibacte-
rial activities against Staphylococcus aureus and Bacillus
cereus with in the range of 105-210 ug, respectively. But all
the extract showed good antituberculosic activity against
Mycobacterium smegmatis (13.2-62.5 pg) (Table-2).
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TABLE-2
SCREENING RESULT FOR ANTIMICROBIAL ACTIVITIES OF C. arvensis (ug/00 uL)

Stok Sol. Microorganisms and minimal inhibition concentration
Samples

(ug/mL) Ec Yp Pa Ef Sa Bc Ms Ca Sec
Essential oil (HD) 134.600 - - - - 210.3 105.1 13.2 - -
Essential oil (MD) 136.700 - - - - - - 134 - -
Hexane extract 10.000 - - - - - - 62.5 - -
Ether extract 10.000 - - - - - - 62.5 - -
Methanol extract 5.000 - - - - 125 31.2 - -
Ampicillin 10 8 32 >128 2 2 <1
Streptomisin 10 4
Fluconazole 5 <8 <8

Ec: Escherichia coli, Yp: Yersinia pseudotuberculosis, Pa: Pseudomonas aeruginosa, Ef: Enterococcus faecalis, Sa: Staphylococcus aureus, Bc:
Bacillus cereus 702 Roma, Ms: Mycobacterium smegmatis, Ca: Candida albicans, Sc: S. cerevisiae. (-) no activity at stock solution concentration;
HD = Hydrodistillation; MD = Microwave distillation.
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