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ABSTRACT
Essential oil and hydrosol of Trachyspermum ammi (L.) Sprague (Apiaceae) are traditionally applied for chronic pain and
neural ailments such as tremor, paralysis, and palsy. Unlike numerous studies on the chemical composition of T. ammi
essential oil, no certain report has been performed on the hydrosol chemical compositions. Current study aimed to
chemically evaluate different T. ammi hydrosols. Ten hydrosol samples collected from Fars (Iran) markets and as well as
a standard hydrosol were subjected to GC and GC/MS following recovering by a liquid extractor. Hierarchical Cluster
Analysis and Principal Component Analysis methods were performed to determine the similarity of those samples. Out of
14 constituents identified in studied sample, thymol (84.33-95.62%) was found as the main component (97.77% for the
standard hydrosol). Cluster Analysis divided the samples into two main groups. As a by-product in the extraction of plants’
essential oil, T. ammi hydrosol can be considered as an almost pure, but cheap and easy producible resource of natural
thymol. In accordance with the pharmacological properties of thymol, this preparation can be applied in numerous relevant
clinical and phytopharmaceutical approaches.
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INTRODUCTION
Herbal aromatic waters, also spoken as hydrosols or
distillates, are aqueous products usually obtained via hydro
or steam distillation of different plants parts. In regard of
the aromatic plants, respective hydrosols are yielded
during the distillation procedure and essential oil
extraction1. Generally, via water distillation, some water
soluble parts of the yielded essential oil may transfer to the
distillated aqueous phase and produce plant’s aromatic
water2,3. Physicochemically, herbal hydrosols are high
diluted and acidic liquids with pleasant to unpleasant and
dissimilar to similar odor to the respective essential oil
extracted simultaneously4.
Hydrosols are generally recognized for the commercial
and medico-pharmaceutical applications5. Medical,
pharmaceutical and cosmetic applications of plants
essential oils and respective hydrosols date back to very
long time ago6. Currently, numerous herbal hydrosols are
commercial, pharmaceutically or medically by people
throughout the world.
Trachyspermum ammi (L.) Sprague (TA) –from the family
Apiaceae- is one of the most well-known medicinal herbs
with both medical and nutraceutical properties. Clinical
aspects of TA essential oil and hydrosol in medieval
manuscripts of Persian medicine involve the application
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for chronic pain and neural ailments such as tremor,
paralysis, and palsy. Management of ophthalmic and otic
infections, gastrointestinal and respiratory complications
is other traditionally reported applications of TA7,8. With
reference to the current findings on TA essential oil,
antimicrobial and antiviral, analgesic, antitussive, antiinflammatory, antioxidant, antitumor and bronchodilatory
activities have been demonstrated9-14.
Other than the clinical and pharmaceutical applications,
numerous studies have been released on the chemical
composition of TA essential oil14-15. On the contrary, there
are no certain reports on the chemical compositions of TA
hydrosol which is generally extracted concurrent with the
essential oil. As the mentioned hydrosol is extensively
marketed and applied ethnomedically in Iran and nearby
countries, performing a practical analysis on the
composition of this pharmaceutical hydrosol could be of
interest. Accordingly, the current study aimed to evaluate
the chemical constituents of different TA hydrosols.
MATERIALS AND METHODS
Sample preparation
Ten different samples of TA hydrosols were purchased
from traditional medical markets around the Fars province
(Iran). These samples were numbered from 1 to 10. On the
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Table 1: Chemical composition of different TA hydrosol samples
Compounds

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

St

KIC

KIR

p-Cymene

-

0.73

-

-

-

-

-

-

-

-

-

1025

1024

AlphaTerpinolene
Linalool

-

-

-

-

-

-

-

-

0.45

-

-

1100

1096

-

-

2.72

-

-

-

-

-

-

-

-

1101

1098

Terpinene-4ol
Dill ether

0.49

1.86

0.87

-

-

0.81

-

0.56

0.5

-

-

1180

1177

-

-

-

-

-

0.69

-

-

1193

1186

Dihydro
carveol-neo
Cuminaldehy
de
Carvotanacet
one
Anethole-E

-

-

1.61

-

-

-

-

-

1197

1194

-

-

-

-

-

0.68

-

-

1245

1241

-

-

3.34

-

-

0.83

0.62

-

-

1.38

-

1250

1247

-

-

1.05

-

-

-

-

-

-

1.52

-

1288

1284

Thymol

88.32

93.23

85.56

88.66

94.64

92.20

90.61

95.62

84.71

84.33

97.77

1296

1290

Carvacrol

8.78

2.34

4.85

9.84

1.82

3.47

6.52

1.68

9.38

1.67

0.91

1304

1299

Piperitenone

-

-

-

-

-

-

-

0.57

-

-

-

1345

1343

Dill apiole

-

-

-

-

-

-

0.68

-

0.74

7.76

-

1629

1620

Unknown

2.40

1.16

-

1.50

3.54

1.33

1.57

1.57

4.21

3.73

1.32

1965

-

Identification

97.60

98.84

100

98.50

96.46

98.67

98.43

98.43

95.79

96.27

98.68

-

-

-

Compounds were identified by combination of both mass spectra and retention indices. KI C represents the retention indices
which were calculated against C8-C22 n-alkanes on mentioned column (KIR). Compounds have been sorted regarding
retention indices on DB-5 MS capillary column. S1-S10: different collected samples; St: standard hydrosol
other hand, a sample of TA seed was subjected to
hydrodistillation and the yielded hydrosol was collected
and considered as a standard sample. All samples were
kept in the fridge (4ºC) for further steps.
Essential oil recovering and concentration
Using a liquid extractor, the essential oil fractions of all
collected samples were recovered in two stages. Firstly,
500 ml of each sample was mixed with 500 ml of
petroleum ether as a solvent. The solvent was then heated
to 45ºC for about 150 min to recover the essential oil from
an aqueous phase to the organic phase. The remains of
organic phase from the first step were removed and
subsequently additional amount (500 ml) of fresh
petroleum ether was added to the system. As for the first
stage, the sample was heated for 150 min. The stage
carrying out of this step was to increase the essential oil
yield in the organic phase (1). The recovered essential oil
respective to each sample was then individually
concentrated in a basic rotary evaporator equipped with a
vacuum pump. Each concentrated sample was kept in
amber glass vials for further investigation.
Gas chromatography and analysis
GC/FID analysis of the recovered volatile oil samples was
carried out on a gas chromatograph Agilent technologies

(7890A) apparatus attached to HP-5 column (25 m length
× 0.32 mm i.d.; film thickness 0.52 μm) connected to flame
ionization detector (FID). Nitrogen was used as carrier gas
(flow rate: 1 ml/min, split ratio: 1:30). The injector and
detector temperatures were adjusted at 250 and 280°C,
respectively. Column temperature was linearly
programmed from 60 to 250°C (at rate of 5°/min) and
subsequently was held at 250°C for 10 min. Essential oil
samples in dichloromethane (~1%) were consecutively
injected to the system.
The adjusted GC/FID method and condition were
employed for GC/MS analysis. The process was performed
via an Agilent technologies (7890A) gas chromatograph
equipped with a HP-5MS capillary column (coated with
phenyl methyl siloxane, 30 m × 0.25 mm i.d.) and
connected to a mass detector (Agilent technologies model
5975C). The carrier gas (Helium) flow rate was selected as
for the GC/FID. The mass spectrometer was acquired in EI
mode (70 eV) in a mass range of 30-600 m/z. The interface
temperature was 280°C. The data from GC/MS were used
to identify the samples’ constituents. This process
compared the resulting Kovats indices (KI) calculated by
using a homologous series of n-alkanes C8-C22 as well as
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Figure 1: Hierarchical Cluster Analysis (HCA) method for
different hydrosols (1-10; different collected samples, 11:
standard hydrosol derived from hydrodistillation of TA
seeds)
mass spectra data of the components with those mentioned
in the respective literatures15,16.
Samples cluster analysis
In order to cluster the 11 samples based on the composition
of essential oils, Hierarchical Cluster Analysis (HCA) and
Principal Component Analysis (PCA) methods were
carried out. For this purpose the percentage composition of
essential oil was considered as variable and a vector was
accordingly generated for each sample. The resulted
matrix was thereafter subjected to MATLAB (Mathworks
Inc.) in order to perform HCA. Cluster definition was done
by means of Euclidean distance as a measure of similarity
using unweighted pair group method (UPGMA). In
another study PCA was performed on the whole data set
using singular value decomposition as a data reduction
technique. The plot of the first two principal components
was used to represent the dataset in two dimensional
spaces.
RESULTS AND DISCUSSION
In the present study, essential oil components of ten
different TA hydrosol samples were recovered by a liquidliquid extractor and subsequently subjected to CG/FID and
GC/MS for analysis. For more evident conclusion, a
standard and pure hydrosol sample of TA seeds was also
prepared. GC and GC/MS analysis of those samples
resulted in the identification of totally 14 different
components (Table 1). Thymol was found as the main
constituent in all samples. The thymol content ranged from
84.33 to 95.62% in collected samples. The standard sample
contained thymol in highest amount (97.77%). Compared
to the major constituents of TA seeds essential oil,
aromatic water is richer in thymol. Most of the previous
studies on TA seeds essential oil have reported the
abundance of thymol up to nearly half of the total oil (15,
17-18). The very high presence of thymol in TA hydrosols
can introduce this type of preparation as an almost pure
natural, but cheap and accessible source of pure thymol for
pharmaceutical and pharmacological investigations.
In regard of the cluster analysis, two main groups (clade)
were identified for those 10 samples and the standard one
(Figure 1). These two groups involved samples 2,9,5,6 and

Figure 2: Principal Component Analysis (PCA) method
for different hydrosols (1-10; different collected samples,
11: standard hydrosol derived from hydrodistillation of TA
seeds)
11 in the first and 1,4,10,7 and 3 in the second one. HCA
analysis showed that sample 8 is less similar to other
samples in regard of the components. Therefore, this
sample was not included in any of those two groups. Using
PCA, the resulted data were confirmed (Figure 2).
According to the Table 1 and cluster analysis, similarity of
samples 5 and 6 are very close to the standard sample.
There are numerous reports on commercial,
pharmacological and clinical properties of pure thymol.
Researchers have explored and proved the potent
antimicrobial19,
antioxidant20,
anti-inflammatory21,
nociceptive, and local anaesthetic activities of this
constituent as well as antileishmanial and effects on the
morphological development of oocytes22-24. It is also
revealed that thymol can be used to inhibit the growth of
food borne pathogens in nutritional preparations25.
Moreover, the effectiveness of thymol has been assessed
on the olfactory memory and gene expression levels in
honeybee brain26. As this compound is extensively applied
in food and pharmaceutical sciences, TA hydrosol with
rich amount of thymol can be considered as a natural
source of this medicament.
CONCLUSION
As a by-product in the extraction of plants’ essential oil,
TA hydrosol can be considered as a cheap and easy
producible resource for the extraction of natural thymol. In
accordance with the pharmacological properties of thymol,
the hydrosol of this herbal medicine can be applied in
numerous relevant clinical and phytopharmaceutical
approaches.
ACKNOWLEDGEMENT
Authors of this manuscript wish to express their thanks to
Shiraz University of medical Sciences, Shiraz, Iran
(Project number: 7953).
REFERENCES
1. Moein M, Zarshenas MM, Delnavaz S. Chemical
composition analysis of rose water samples from Iran.
Pharmaceutical Biology. 2014;52(10):1358-61.

IJPPR, Volume 7, Issue 3, June 2015- July 2015

Page 459

Zarshenas Mohammad M et al. / Trachyspermum ammi Hydrosol…

2. Edris AE. Identification and Absolute Quantification of
the Major Water-Soluble Aroma Components Isolated
from the Hydrosols of Some Aromatic Plants. Journal
of Essential Oil Bearing Plants. 2009;12(2):155-61.
3. Verma RS, Padalia RC, Chauhan A, Singh A, Yadav
AK. Volatile constituents of essential oil and rose water
of damask rose (Rosa damascena Mill.) cultivars from
North Indian hills. Natural Products Research.
2011;25(17):1577-84.
4. Rose J, Heart R. Hydrosols. Global cosmetic industry.
2002;170(2).
5. Baydar H, Sangun MK, Erbas S, Kara N. Comparison
of Aroma Compounds in Distilled and Extracted
Products of Sage (salvia officinalis L.). Journal of
Essential Oil Bearing Plants. 2013;16(1):39-44.
6. Bharkatiya M, Nema R, Rathore K, Panchawat S.
Aromatherapy: Short overview. International Journal
of Green Pharmacy. 2008;2(1):13-6.
7. Alavi Shirazi. Makhzan al-adviyah (The Storehouse of
Medicaments). Tehran TUoMS, 2009.
8. Moein MR, Zomorodian K, Pakshir K, Yavari F,
Motamedi M, Zarshenas MM. Trachyspermum ammi
(L.) Sprague: Chemical Composition of Essential Oil
and Antimicrobial Activities of Respective Fractions.
Journal of Evidence Based Complementary and
Alternative Medicine. 2015;20(1):50-6.
9. Kazemi Oskuee R, Behravan J, Ramezani M. Chemical
composition, antimicrobial activity and antiviral
activity of essential oil of Carum copticum from Iran.
Avicenna Journal of Phytomedicine. 2011;1(2):83-90.
10. Boskabady MH, Jandaghi P, Kiani S, Hasanzadeh L.
Antitussive effect of Carum copticum in guinea pigs.
Journal of Ethnopharmacology. 2005;97(1):79-82.
11. Dashti-Rahmatabadi MH, Hejazian SH, Morshedi A,
Rafati A. The analgesic effect of Carum copticum
extract and morphine on phasic pain in mice. Journal of
Ethnopharmacology. 2007;109(2):226-8.
12. Zahin M, Ahmad I, Aqil F. Antioxidant and
antimutagenic activity of Carum copticum fruit
extracts. Toxicology In Vitro. 2010;24(4):1243-9.
13. Alavinezhad A, Boskabady MH. Antiinflammatory,
Antioxidant, and Immunological Effects of Carum
copticum L. and Some of Its Constituents.
Phytotherapy Research. 2014;28(12):1739-48.
14. Zarshenas MM, Moein M, Samani SM, Petramfar P.
An overview on Ajwain (Trachyspermum ammi)
pharmacological effects; modern and traditional.
Journal of Natural Remedies. 2014;14(1):98-105.
15. Zarshenas MM, Samani SM, Petramfar P, Moein M.
Analysis of the essential oil components from different
Carum copticum L. samples from Iran. Pharmacognosy

Research. 2014;6(1):62-6. doi: 10.4103/09748490.122920.
16. Adams RP. Identification of Essential Oil Components
by Gas Chromatography/Mass Spectroscopy. Illinois,
USA: Allured Publishing Corporation.1995.
17. Kazemi M. Chemical Composition, Antimicrobial,
Antioxidant and Anti-inflammatory Activity of Carum
copticum L. Essential Oil. Journal of Essential Oil
Bearing Plants. 2014;17(5):1040-5.
18. Khajeh M, Yamini Y, Sefidkon F, Bahramifar N.
Comparison of essential oil composition of Carum
copticum obtained by supercritical carbon dioxide
extraction and hydrodistillation methods. Food
Chemistry. 2004;86(4):587-91.
19. Olasupo NA, Fitzgerald DJ, Gasson MJ, Narbad A.
Activity of natural antimicrobial compounds against
Escherichia coli and Salmonella enterica serovar
Typhimurium. Letters in Applied Microbiology.
2003;37(6):448-51.
20. Aeschbach R, Loliger J, Scott BC, Murcia A, Butler J,
Halliwell B, et al. Antioxidant actions of thymol,
carvacrol, 6-gingerol, zingerone and hydroxytyrosol.
Food and Chemical Toxicology. 1994;32(1):31-6.
21. Braga PC, Dal Sasso M, Culici M, Bianchi T, Bordoni
L, Marabini L. Anti-inflammatory activity of thymol:
inhibitory effect on the release of human neutrophil
elastase. Pharmacology. 2006;77(3):130-6.
22. Haeseler G, Maue D, Grosskreutz J, Bufler J, Nentwig
B, Piepenbrock S, et al. Voltage-dependent block of
neuronal and skeletal muscle sodium channels by
thymol and menthol. European Journal of
Anaesthesiology. 2002;19(8):571-9.
23. De Morais SM, Vila-Nova NS, Bevilaqua CML,
Rondon FC, Lobo CH, De Alencar Araripe Noronha
Moura A, et al. Thymol and eugenol derivatives as
potential antileishmanial agents. Bioorganic and
Medicinal Chemistry. 2014;22(21):6250-5.
24. Da Silva Matos R, Daemon E, Camargo-Mathias MI,
Furquim KCS, Sampieri BR, Remédio RN, et al.
Histopathological study of ovaries of Rhipicephalus
sanguineus (Acari: Ixodidae) exposed to different
thymol concentrations. Parasitology Research. 2014.
25. Karapinar M, Esen Aktuǧ Ş. Inhibition of foodborne
pathogens by thymol, eugenol, menthol and anethole.
International Journal of Food Microbiology.
1987;4(2):161-6.
26. Bonnafé E, Drouard F, Hotier L, Carayon JL, Marty P,
Treilhou M, et al. Effect of a thymol application on
olfactory memory and gene expression levels in the
brain of the honeybee Apis mellifera. Environmental
Science and Pollution Research. 2014:1-

IJPPR, Volume 7, Issue 3, June 2015- July 2015

Page 460

