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ABSTRACT

In this study, the aerial parts of Pimpinella puberula were collected from Ramhormoz
and Mashhad (Khuzestan and Khorasan Provinces) at the vegetative, flowering and
seeding stages. Essential oils from the whole aerial parts as well as stem/leaf,
inflorescence, unripe and ripe seeds, were isolated by hydro-distillation. The yields of
essential oil obtained from the Ramhormoz samples were 0.49%, 0.31%, 3.81%, 6.01%
and 1.80% w/w, and from those from Mashhad were 0.96%, 0.87%, 3.59%, 6.94% and
4.96% wiw, respectively. The oils from different parts of plant were also analyzed by GC
and GC/MS. Limonene was the major constituent in all the oils (21.7%-82.4% ), followed
by pregeijerene (14.6%-55.4%) and geijerene (7.2%- 11.7%). Methyl eugenol and
elemicine, however were only found in the Ramhormoz oil samples. The antimicrobial
activity of the oils was determined using the disk diffusion method against Gram positive
bacteria (Bacillus subtilis, Bacillus cereus, Micrococcus luteus and Staphylococcus aureus),
Gram negative bacteria (Yersinia entrocolitica, Klebsiella oxytoca, Serratia marcescens,
Escherichia coli and Pseudomonas aeruginosa) and yeast (Candida albicans). Results
showed a significant difference between Gram positive and Gram negative bacteria in
their susceptibility to the oil, although Gram positive bacteria were more susceptible to
the antimicrobial activity of P. puberula oil. In addition, the antimicrobial activity of
samples collected from Ramhormoz were more than of those from Mashhad.
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INTRODUCTION Anatolia (austro-orientalis), Jordan, Iraq,
Turkey, Afghanistan and Pakistan.

The increasing prevalence of antibiotic-
resistant bacteria has led to a demand for new
agents that could be used to decrease the
prevalence of bacterial disease (Lima et al.,
2005). There is evidence that essential oils
extracted from plants could be employed as
antimicrobial agents in food systems.
Recently, screening for new plants with
antibacterial activity has been the subject of
many investigations since their essential oil
with its antibacterial activity could be a
promising agent (Dorman and Deans, 2000)

The genus of Pimpinella with 23 wild species
has been found in different regions of Iran,

puberula (DC.) Boiss. grows in deserts and
steppes, stony slopes and river beds. It is an
annual and erect aromatic plant, about 65 cm
in length, with numerous umbellae, white
inflorescence and globoso-ovoideus fruits
(Mozaffarian, 1996; Rechinger, 1972).

The composition of the oil of P. anisum,
P. eriocarpa, P. aurea, P. tragium, P.
affinis and P. tragioides has been
reported, previously (Askari et al., 1998;
Askari et al., 2005 a; Askari et al., 2005;
Askari and Sefidkon, 2005 b; Askari and
Sefidkon, 2006; Askari and Sefidkon,
2007). However, to the best of our knowledge
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no biological assays of P. puberula have been
performed. It was decided to investigate the
antibacterial activity of the essential oil of P.
puberula against some bacterial species and
fungi.

The anis root oil was characterized by a high
content of [-bisabolene (52.46%) and
pregeijerene (12.78%). Main constituents of
the root oil of Pimpinella peregrina were
epoxy-pseudoisoeugenyl  2-methylbutyrate
(29.67%), [-sesquiphelandrene (19.83%),
epoxy-pseudoisoeugenyl 2-methylpropionate
(11.84%), pregeijerene (11.01%) and f-
bisabolene (10.00%). The root oil of P. major
mainly contained epoxy-pseudoisoeugenyl
tiglate (56.53%) and pregeijerene (10.36%).
Main constituents of the root oil of

Pimpinella saxifrage were epoxy-
pseudoisoeugenyl 2-methylbutyrate
(46.24%),  pregeijerene  (9.18%) and

germacrene B (5.44%) (Kubeczka et al.,
1986).

The root oil of Pimpinella major had also
reported by Bohn er al. from two habitats
near Wurzburg (Germany) and near Riva Del
Garda (Italy). The main component of both
root oils was trans-epoxyseudoisoeugenyl
tiglate (19.54% and 37.34% respectively).
The other main components of the root oil
from the German sample were &-elemene
(12.05%), Pregeijerene (9.75%), n-octanal
(7.94%) and germacrene C (7.83%); while
those of sample from Italy were germacrone
915.16%) and y-elemene (9.79%) (Bohn et
al., 1989).

The aim of this study was to determine
essential oil compositions of different parts of
Pimpinella puberula and their antimicrobial
activities.

MATERIALS AND METHODS
Plant Materials

Plant materials were collected from
Ramhormoz (Khuzestan Province, South of
Iran) and Mashhad (Khorasan Province,
North East of Iran) in the vegetative
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(begining of June) flowering (middle of
June) and seed stages (middle of July to late
September 2005). Seeds were collected in
two stages: unripe seeds were collected as
soon as their inflorescence formation, and
ripe seeds were collected after their color
changed to brown. All plant
materials/sections were dried at room
temperature. The herbarium specimen of
Ramhormoz (No. 72144) and the Mashhad
sample (No. 88419) have been deposited in
the Herbarium of Research Institute of
Forests and Rangelands (TARI).

Oil Isolation

Essential oils were separately extracted by
hydro-distillation from the aerial parts
(vegetative stage), stem/leaf and
inflorescence (flowering stage) and unripe
and ripe seeds (seeding stage). The dried
parts of the plants were crushed to small
particles.  The samples were then
hydrodistilled for 2 to 2.5 hours in a
Clevenger type apparatus to obtain the oils.
Three distillations were performed for each
oil and then for all samples the replications
were pooled for analysis. The oils were
dehydrated over anhydrous sodium sulfate
and stored in sealed vials at 4°C before
analysis.

GC Analysis

The oils were analyzed using a Shimadzu
GC-9A gas chromatograph equipped with a
DB-5 fused silica column (30 mXx0.25 mm,
film thickness 0.25 wm, J and W Scientific
Corporation). Oven temperature was 40°C
for 5 minutes and then set to 260°C at a rate
of 4°C min™. The injector and detector (FID)
temperature were 270°C; helium was used
as carrier gas with a linear velocity of 32 cm
s'. The percentages were calculated using
the area normalization method without the
use of response factor correction. The
retention indices were calculated for all
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compounds using a homologous series of n-
alkanes.

GC-MS Analysis

GC/MS analyses were carried out on a
Varian 3400 GC/MS system equipped with a
DB-5 fused silica column (30 mXx0.25mm,
film thickness 0.25 pm, J and W Scientific
Corporation); oven temperature was 50°-260
°C at a rate of 4°C min™'. The transfer line
temperature was 270°C, carrier gas helium
with a linear velocity of 31.5 cm s, split
ratio 1/60, ionization energy 70 ev, scan
time 1 sec, mass range 40-300 amu.

Identification of Compounds

The constituents were identified by
comparison of their mass spectra with those
in a computer library (LIBR-TR and Wiley-
5 lib.) or with authentic compounds. The
identifications =~ were  confirmed by
comparison of their Retention indices, either
with those of authentic compounds or with
data in the literature (Adams, 1995).

Antibacterial Analysis

The antimicrobial activity of Pimpinella
puberula was determined against five Gram
negative Dbacteria, four Gram positive
bacteria and yeast. Microorganisms included
Bacillus cereus (PTCC 1247), Bacillus
subtilis (PTCC 1023), Micrococcus luteus
(PTCC 1169), Staphylococcus aureus
(PTCC 1431), Yersinia enterocolitica
(PTCC 1151), Pseudomonas aeruginosa
(PTCC 1430), Escherichia coli (PTCC

JAST

1399), Klebsiella pneumonia (PTCC 1053),
Klebsiella oxytoca (PTCC 1402) and
Serratia marcescens (PTCC 1187) and
Candida albicans (5027). These were
obtained from the microbial collection of the
Department of Biotechnology of the Iran
Research Organization of Science and
Technology (IROST) in Tehran, Iran.

The antibacterial activity was determined
using disk diffusion method (European
Pharmacopia) and the bacteria were
cultivated on Triptic Soy Agar medium
(Merck, Germany). The bacteria were
suspended in a Tryptocase Soy Broth
medium (Merck, Germany) with reference
to the value 1 MacFarland standard 0.5 ml of
standardized inoclua were placed on the
surface of media and distributed uniformly.
Oils were diluted with ethanol (1:5). Sterile
paper disks (diameter 6 mm prepared from
Whatmann number 42) were impregnated
with 20 pul of diluted essential oil and placed
on the surface of each inoculated plate and
incubated for 24 hours at 37°C. Tetracycline
(30 pg) and gentamicin (10 pg) disks were
used to compare antibacterial activity of
essential oils. The zone of inhibition was
measured after 24 hours’ incubation.

RESULTS AND DISCUSSION

The yields of the oils from the aerial parts
[AP], stem/leaf [S and L], inflorescence [IF],
unripe [US] and ripe seeds [RS] of P.
puberula from both samples have been
given in Figure 1. It was proved that oil
yields of generative parts (especially unripe
seeds) were more than those of vegetative

Tablel. Percentage of volatile oils (w/w) in different parts of Pimpinella Puberula.

Arial parts (%)
Localities AP SL IF UsS RS
Ramhormoz samples 0.49 0.31 3.81 6.01 1.80
Mashhad samples 0.96 0.87 3.59 6.94 4.96
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parts. As shown in Figure 1, for all plant
parts (except IF) the yields of essential oil of
the Mashhad samples were higher than those
for the Ramhormoz samples.

The oils of [AP], [S and L] and [IF] were
green to dark green and the oils of [US] and
[RS] were pale and light yellow in color.
The oil yields of the inflorescence and seeds
of P. puberula were considerable. Yield of
P. anisum seed oil has been reported as
3.3% wl/w by steam distillation and 3.13-
10.67% by supercritical extraction (Askari et
al., 1998; Rodrigues et al., 2003). Yield of
seed oil of p. eriocarpa was 5.7%, P.
squamosa was 4.6-7.0%, P. serbica was
2.02-3.25% and P. diversifolia was 0.3-
0.85% (Askari et al., 2005; Mekhtieva,
1998; Ivanic et al., 1983; Ashraf et al.,
1979; Melkani et al., 1990).

Yields of inflorescence and seed oils of
many species of Pimpinella have been
reported as followeds: P. aurea (1.54% and
1.97%) (Askari et al., 2005), P. tragium
(0.37% and 1.33%) (Askari and Sefidkon,
2005), P. tragioides (0.79% and 2.49%)
(Askari and Sefidkon, 2006) and P. affinis
(1.74-1.98% and 4.05-5.33%) (Askari and
Sefidkon, 2007).

The oils from different parts of P. puberula
were analyzed by GC and GC/MS. 10, 14,
10, 7 and 8 constituents were identified in
the [AP], [S and L], [IF], [US] and [RS] oils
P. puberula from the Ramhormoz samples
and 9, 8, 10, 6 and 6 constituents were
identified Mashhad sample oils. Three
constituents, including limonene and
pregeijerene as two major compounds, were
common in all the oils. Limonene was the
major constituent in AP oil (21.7% and
25.3), S and L oil (46.6% and 33.8%), IF oil
(58.9% and 60.8%), US oil (78.8% and
74.1%) and RS oil (82.4% and 80.6%) from
the Ramhormoz and Mashhad samples,
respectively, and so that limonene content
increased at the growth stages. Pregeijerene
and geijerene were the major constituents in
the aerial parts and stem plus the leaf oils.
Pregeijeren was 55.4% and 14.6% in
Ramhormoz oil and 45.8% and 38.8% in
Mashhad oil. Geijerene was 10.4% and 8.5%
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in the Ramhormoz samples and 11.7% and
7.2% in the Mashhad samples.

The other major component was methyl
eugenol. Elemicine was found only in
Ramhormoz samples (Table 2) while
pregeijerene was found in other species of
Pimpinella. Major constituents of the aerial
parts of P. eriocarpa oil are: pregeijerene
(59.9%), followed by Limonene (17.6%)
and Elemicine (12.5%) (Askari et al., 2005;
Askari and Sefidkon, 2007).

Pregeijerene exists in the root oil of
Pimpinella alpine (28.1%), P.
anagodendron (2.9%), P. anisum (16.4%),
P. anisoides (48.3%), P. cumbrae (35.4%),
P. junionae (46%), P. major (25.4%), P.
nigra (28.3%), P. peregrina (14.4%), P.
saxifrage (7.4%) and P. tragium (35.1%)
(Kubeczka and Ullmann, 1980).

Table 3 shows the results obtained in the
determining inhibitory activity of Pimpinella
puberula essential oils on the growth of
bacteria and Candida albicans that
potentially cause infections. The control disk
with ethanol showed no activity at all. Our
data showed that there was no uniform
response among tested bacteria. The Results
showed significant difference between Gram
positive and Gram negative bacteria in their
susceptibility so that Gram positive bacteria
were more susceptible to antimicrobial
activity of this genus. The higher sensitivity
of Gram positive bacteria may be explained
according to their cell wall structure. In
addition, differences in susceptibility among
the microorganisms to the antimicrobial
activity of essential oils may be explained by
inherited genes on plasmids. The
antimicrobial activity of AP essential oil was
more than that of other parts, possibly
because of the high percentage of
pregeijerene. In addition, the antimicrobial
activity of samples collected from
Ramhormoz was more than in the Mashhad
ones. The results may suggest that
Pimpinella puberula essential oils possess
compounds with antimicrobial properties
which can be used as antimicrobial agents in
new drugs for treatment of infectious
diseases. Moreover, the results of this study
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show the need for futher research addressed
at the evaluation of the antimicrobial
properties of several phytochemicals, in
particular pregeijerene.

ACKNOWLEDGEMENTS

We thank RIFR for providing financial
support. In addition, we wish to thank Dr.
Mirza for helping in GC/MS analysis and
Dr. Mozafarian for the identification of
species.

REFERENCES

1. Askari, F., Sefidkon, F. and Mirza, M. 1998.
Quantitative and Qualitative of Essential oil
Pimpinella anisum. Research and
Reconstruction, 38: 70-73.

2. Askari, F., Sefidkon and F., Meshkizadeh, S.
2005a. Essential Oil Composition of
Pimpinella eriocarpa Banks and Soland.
Iran. J. Med. Aromatic Plants Res., 21(1):
51-63

3. Askari, F., Sefidkon, F. and Mozafarian, V.
2005b. Essential Oil Composition of
Pimpinella aurea D. C. from Iran, Flavour
Fragr. J., 20 (2): 115-117.

4. Askari, F. and Sefidkon, F. 2005. Volatile
Components of Pimpinella tragium Vill.
from Iran, Iran. J. Pharma. Res., 2: 117-120

5. Askari, F. and Sefidkon, F. 2006. Essential
Oil Composition of Pimpinella affinis
Ledeb. from Two Localities in Iran. Flavour
Fragr. J., 21: 754-756

6. Askari, F. and Sefidkon, F. 2007. Essential
Oil Composition of Pimpinella tragioides
(Boiss.) Benth. et Hook. from Iran. J.
Essent. Oil Res., 19:54-56

7. Adams, R. P., 1995. Identification of
Essential Oil Components by Gas
Chromatography/  Mass  Spectroscopy.
Allured Publishing Corp., Carol Stream, IL.

8. Ashraf, M., Ahmad, R. and Bhatty M. K.
1979. Studies on the Essential Oils of the
Family Umbelliferea. Part 34. Pimpinella

JAST

437

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

diversifolia DC (Spinzakai) Seeds and Stalks
Oil. Pak. J. Sci. Ind. Res., 22 (5): 265-266.
Bohn, 1., Kubeczka, K. H. and Schultze, W.
1989. The Essential Root oil of Pimpinella
major. Planta Med., 55: 489-490.

Council of Europe, 2001. European
Pharmacopoeia. 4" Eq., Strasburg, 93-99.
Dorman, H. J. D. and Deans, S. G. 2000.
Antimicrobial ~ Agents  from  Plants:
Antibacterial Activity of Plant Volatile Oils.
J. Appl. Microbiol., 88: 308-316.

Ivanic, R., Savin, K. and Robinson, F. V.
1983. Essential Oil from Pimpinella serbica
Fruits. Planta Med., 48 (1): 60-61

Kubeczka, K. H., Bohn, 1. and Formacek, V.
1986. New Constituents from the Essential
Oils of Pimpinella Species, Progress in
Essential Oil Research. Proceeding of the
International symposium on Essential oils,
Holzminden/Neuhaus, Federal Republic of
Germany, September 18-21 1985. 279-298
Kubeczka K. H. and Ullmann, I. 1980.
Occurrence of 1,5 Dimethylcyclodeca-1,5,7-
triene (Pregeijerene) in Pimpinella Species
and Chemosystematic Implications.
Biochemical Systematics and Ecology, 8: 39-
41.

Mekhtieva, N. P. 1998. Essential Oil of
Pimpinella  squamosa. Chem. Natural
Comp., 33 (5): 595-596.

Melkani, A. B., Mathela C. S., Dev, V. and
Bottini A. T. 1990. Composition of the Root
Essential Oil from Pimpinella diversifolia.
Chemistry-analysis and Structure, PP. 83-
86.

Mozaffarian, V. 1996. A Dictionary of
Iranian Plant Names. Farhang Moaser,
Tehran, Iran. PP. 412-414

Rechinger, K. H. 1972. Flora Iranica.
No.162 (Umbelliferae Family) Akademische
Druck-u, Verlagsanstalt, Graz-Austria.
Rodrigues V., Paulo, M., Rosa Marcia, T.V.,
Marques, O. M., Ademir, J., Petenate, J.,
Angela, M., Meireles, A. 2003. Supercritical
Extraction of Essential Oil from Aniseed
(Pimpinella  anisum L) Using CO;:
Solubility, Kinetics and Composition Data.
J. Agric. Food Chem., 51:1518-1523.


https://dorl.net/dor/20.1001.1.16807073.2009.11.4.7.2
https://jast.modares.ac.ir/article-23-7757-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-28 |

[ DOR: 20.1001.1.16807073.2009.11.4.7.2 ]

Askari et al.

Pimpinella puberula (DC.) Boiss. _wils! 29 Koo O 519 bl Slaas™ 5 (w0

SR gy (2 9 (BIe0 P (o M LB (G Rus S

[ BN

soels 03 T b o g) 3l a3,k 5 2l s,y S e s Pimpinella puberula oS 1o sls ol
5 bk (3T 8 oK 5 bl ylse Pl bl ks (55T (Ol 5 5 Obj 5 slglenl) gt
Sk G55 Sleall Sl se,eals Sl 450 il o33l s 4y ST L bl g & 681 sk el
VAYAV S RGP AR VL PRP- T TP o W P AW g | O PN L EP R S PN W SO A VSN A LR RVAVZ S RVAVAR WYAYA o
G638 31 5y S 5l eslinal b be uilel suias LSa5 lnS 5 s g Sisdeo s 1F/8F 5 /8/AF N/OA L /AV
Sl bl s 5 (GCIMS) o i b 4y oo ol S sk 556 5 (Analytical GC) gl 20
el 53 e Gla S5 Ko s (INVN=TAYE) Sigad oS 5 o e sl pled 3 s g Lalis (5,135
o5 3 pmmeradl 5 i3l ite s g0 CAVIY=TNNN) O o8 5 CLNE/5-100/F) 0 5 5y 5 1 5 bl 5 olsn ol
Disk s, bl milul o5,See dd ST diis S3b e gely (b @505 uilal 53 5 oS Win g ege sbb oS 5
Micrococcus Bacillus cereus Bacillus subtilis) o 5 sl S s, xdiffusion method
Serratia marcescens, Escherichia coli, ) . ¢ S 4 ( Staphylococcus aureus s luteus
(Candida . sPseudomonas aeroginosa s Kelebsiella oxytoca Yersinia entrocolitica
5 ke (,)f GG S o il & Sl 5 51 (glali>Ye JlE OB 47 515 O g () albicans)
s 5l P puberula bl s S 4 Ol 514 Site 0 8 Glas S, sy e p S slas STl

3 et (5o 6 g 1 iy e el Sla 6 g0 il g5 Son o S o3

438


https://dorl.net/dor/20.1001.1.16807073.2009.11.4.7.2
https://jast.modares.ac.ir/article-23-7757-en.html
http://www.tcpdf.org

