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Genetic Variation in Essential Oil Constituents of Ajwain (Trachyspermum
ammi L. Sprague) Varieties at Varying Nitrogen Levels under

Semiarid Tropics of Northern Karnataka, India

H. Asangi 1, S.N. Saxena 2 *, K.N. Kattimani 3, M.S. Kulkarni 1, Y.K. Kotikal 1,
A.B. Mastiholi 1, M.D. Jameel Jhalegar 1 and R. Siddappa 1

1 University of Horticultural Sciences, Bagalkot, Karnataka, India
2 ICAR-National Research Centre on Seed Spices, Ajmer, India
3 University of Agricultural Sciences, Raichur, Karnataka, India

Abstract: Essential oil of five varieties of ajwain was extracted and their constituents were analyzed by
GC-MS. All the varieties showed a significant difference in essential oil content which ranged from 4.17 % in
variety Ajmer Ajwain-1 to 5.17 % in Local cultivar. In all the varieties five major compounds including thymol,
cymene, γ-terpinene, α-pinene, and β-pinene were detected. Thymol was the most abundant compound in all
the varieties, the content of which varied from 53.79 % in variety Ajmer Ajwain-93 to 67.79 % in variety Ajmer
Ajwain-1. The γ-terpinene content was the second most important constituent recorded 25.39 % in variety
Ajmer Ajwain-93. Cymene was the other important content that showed large variation from 14.77 % in variety
Ajmer Ajwain-1 to 21.61 % in Local cultivar. α-Pinene and β-pinene were other constituents that showed
significant variation in varieties. Studied varieties showed significant genetic variation in essential oil
constituents. However, no significant effect on essential oil constituents was observed due to varying levels of
nitrogen.

Key words: Thymol, essential oil, genetic variation, nitrogen levels, Trachyspermum ammi.
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Introduction
The seed spices have been known for ages as

effective therapeutic foods. The capacity of spices
to impart biological activity is now slowly
reemerging as an area of interest for human health.
The seed spices are mostly used in pulverized form,
primarily for seasoning or garnishing food and
beverages. They are characterized by pungency,
strong odour, sweet or bitter taste. Among all the
seed spices being used in human life, ajwain is an
important and potential seed spice. Ajwain
(Trachyspermum ammi L. Sprague) is also known
as Bishop’s weed or Carom seed, a member of
the family Apiaceae is said to have originated from

Eastern Mediterranean country, Egypt. It is widely
distributed and cultivated in various countries such
as Iran, Egypt, Pakistan, Afghanistan, and India
as well as in Europe. In India, ajwain is mainly
grown in the states of Rajasthan, Gujarat, Andhra
Pradesh, Madhya Pradesh, Maharashtra, and
Uttar Pradesh and is also cultivated in Tamil Nadu,
Bihar, West Bengal, and Karnataka on small scale.

Ajwain seed contains 2.5 to 5.0 percent volatile
oil which is used in many ayurvedic medi-cines
and industries 1. The oil is mainly carminative and
antiflatulent. Traditionally, the seeds have been
used in India as a folk remedy for arthritis, asthma,
coughs, diarrhea, indigestion, intestinal gas,
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influenza, and rheumatism 2. In addition to volatile
oil it contains moisture (8.9 %), protein (15.4 %),
fat or ether extract (18.1 %), fiber (11.9 %),
carbohydrates (38.6 %) and minerals (7.1 %) 3.
Apart from these major components, major
essential oil constituents thymol is well known in
commercial and pharmacological approaches. The
thymol content makes ajwain a potent fungicide.
Thymol is also a powerful antiseptic and has an
agreeable odour. Hence, it is useful in controlling
a variety of fungal infections of the skin 3. The
methanolic extracts of ajwain seed possess natural
antioxidant properties 4,5. The aqueous portion left
after the separation of essential oil from ajwain is
known as omum-water (Ajwain water), which is
used against flatulence and gripe water
preparation for children 6. Many investigations
have explored the antimicrobial and antioxidant
properties of this component 4,7-9. Thymol also
possesses anti-inflammatory 10, analgesic, and
local anesthetic 11 effects. Moreover, it is reported
that thymol can be applied for the inhibition of
food-borne pathogens 12. In addition to thymol,
other major constituents of Ajwain, para-cymene,
and γ-terpinene have shown beneficial effects in
clinical and nutritional approaches similar to those
of thymol. Although less evaluation has been done
on these components, properties such as anti-
inflammatory and analgesic 13 antioxidant 14

antimicrobial and inhibition of LDL oxidation 15-16

are considerable.
Though ajwain can be grown in diverse climatic

conditions from arid to semi-arid performance of
varieties largely depends upon nutrition and
prevailing atmospheric conditions. In the present
investigation, 4 ajwain varieties and a local cultivar
were evaluated for two consecutive years (2016
and 2017) at semi-arid tropics of Northern
Karnataka for seed essential oil yield and its consti-
tuents as a measure of seed quality. The effect of
nitrogen levels was also evaluated to assess its
influence on essential oil content and its major
constituents.

Material and methods
An experiment was conducted for two

consecutive years (2016 and 2017) during Kharif
season in a split-plot design with three replications
at the University of Horticultural Sciences,

Bagalkot with 75° 42' East longitude and 16° 10'
North latitude at an altitude of 542.00 m above
Mean Sea Level (MSL). The experiment
consisted of the main factor as five ajwain varieties
namely Ajmer Ajwain-1, Ajmer Ajwain-93, Lam
selection-1, and Lam selection-2 and local cultivar
along with sub-plots consisting of nitrogen levels
at 50 kg, 75 kg, 100 kg, and 125 kg of nitrogen per
hectare.

Plant material
Five hundred grams of seeds of selected ajwain

varieties were obtained from National Research
Centre on Seed Spices, Ajmer (Rajasthan), and a
Local cultivar were collected from farmers of
Bagalkot district, Karnataka. Plot size and spacing
were kept 3 x 3 m (9 sq. m) and 60 x 20 cm,
respectively. The recommended dose of P

2
O

5
 and

K
2
O (50 kg ha-1 each) was applied to all treatments

while nitrogen levels were kept 50, 75, 100, and
125 kg per hectare.

Chemicals and reagents
All chemicals and reagents (analytical HPLC

grade) used in the present study were procured
from Merck Co. (Germany) and Sigma-Aldrich
(USA). Authentic standards of major constituents
of ajwain essential oil (homologous series of C5–
C24 alkanes) were procured from Sigma-Aldrich,
USA.

Extraction of essential oil
Sixty grams of seeds of each variety were

ground in a domestic mixer-grinder. Ground sam-
ples of each variety in three replicates were sub-
jected to hydrodistillation for 6 hours using Cleven-
ger apparatus 17. After decanting and drying of
the oil over anhydrous sodium sulphate the corres-
ponding mild green coloured oil was recovered
which was calculated (V/W) and the essential oil
yield was expressed in percentage. The colour of
essential oil remained unchanged after two hours
of extraction. This essential oil was analysed to
identify its constituents using GC-MS.

GC-MS analysis of essential oil
Analyses of essential oil samples were performed
on an Agilent Technologies 7820A Series gas
chromatography coupled to Agilent 5975 C mass

H. Asangi et al., / TEOP 23 (6) 2020 1324 - 1333 1325



selective detector. One microlitre of essential oil
was mixed with hexane in the ratio 1:1000 and
injected into a HP 5 MS column (Agilent, USA,
30m, 0.250 mm film thickness 0.25 μm) with the
help of an autosampler (Agilent 7693). Helium
was used as the carrier gas at 1.0 ml min-1 flow
rate with a split ratio of 10:1. The oven tempe-
rature was programmed from 50oC for 3 min
followed by an incremental rate at 10oC min-1 to
180oC and 45oC min-1 to 280oC. The injector and
the GC-MS interface temperatures were maintai-
ned at 250oC. Mass spectra were recorded at 70
eV with a mass range from m/z 50 to 550 amu.
Authentic standards of major constituents of
ajwain essential oil were run alone and in combi-
nation to get the retention time of each constituent.
Retention indices of all the constituents were
determined by Chemstation software (Agilent
Technologies, USA). All samples were analyzed
in triplicate. Data were presented as means with
their standard deviation (SD). Values were tested
at < 0.05 and were found statistically significant.

The chromatograms were analysed for
constituent C

5
-C

24
 compounds based on their RI

(Retention Index), RT (retention time), and GC-

MS library obtained on a nonpolar HP-5 MS
column 18 and by comparison of mass spectra with
those mentioned in NIST-MS (National Institute
of Standards and Technology), a mass spectral
library of the GC-MS data system and co-injection
with authentic compounds. Quantification was
done by an external standard method using cali-
bration curves generated by running GC analysis
of representative compounds.

Statistical analysis
The measured characteristics were statistically

analysed and the combined analysis of test years
was conducted. The software SPSS (16.1) and
Microsoft Excel were used to analyse the data
and draw the figures. Means were compared
using the LSD test at 5 % probability level.

Results and discussion
The results indicated the significant difference

in essential oil content (%) among the varieties of
ajwain is presented in Fig. 1. Varieties are taken
under study representing three different agro-
climatic zones i.e., Western plateau and Hills,
Southern plateau and hills, and Western dry region

Legend:
Main crop: Varieties (V) Sub plot: Nitrogen levels (N)
V

1
: Ajmer Ajwain-1 V

4
: Lam selection-2 N

1
: 50 kg N ha-1 N

3
: 100 kg N ha-1

V
2
: Ajmer Ajwain-93 V

5
: Local cultivar N

2
: 75 kg N ha-1 N

4
: 125 kg N ha-1

V
3
: Lam selection-1

Fig. 1. Essential oil content (%) of ajwain varieties as
influenced by different levels of nitrogen (pooled data)

Oil content (%)

O
il 
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nt

en
t (

%
)

Varieties Nitrogen levels
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of India. Analysis of variance was carried out for
essential oil content and major constituents (thymol,
cymene, γ-terpinene, β-pinene, and α-pinene). All
the varieties showed a significant difference for
all the traits under study whereas nitrogen levels
and interaction significantly varied for β-pinene
and α-pinene (Table 1). Essential oil content was
ranged from a minimum of 4.17 % in Ajmer
Ajwain-1 to a maximum of 5.17 % in the local
cultivar. Ajwain seeds generally contain 2.5-5 %
essential oil and up to 26 % fatty oils 19-20. The
application of different levels of nitrogen did not
show any significant changes in the essential oil
content of seeds exept nitrogen 125 kg/ha.
Production of essential oil content in seeds and
other plant parts depends upon internal and
external factors affecting the plant growth such
as genetic structures, ecological conditions, and
cultural practices have critical effects on yield and
oil composition in the essential oil-bearing plants
21-24. In the present investigation, ajwain varieties
were collected from a geographical area of India
representing significantly different climatic
conditions as well as crop production practices.
Similarly in another umbel crop like coriander
Dobos and Novak 25 reported a range of variation
of oil content between 0.2 and 1.3 % among 36
different coriander accessions from Austria while
significant variation in essential oil content of fennel
22 and cumin 26 collected from different

geographical and ecological areas of India was
also reported.

Seed essential oil constituent
The data on essential oil constituents of ajwain

seeds as influenced by different varieties and
nitrogen levels in pooled average are presented in
Table 2. The five major compounds (thymol,
cymene, γ-terpinene, β-pinene, and α-pinene)
were identified by GC-MS. All the varieties
showed significant differences in essential oil
constituents Fig. 2, 3, 4, 5, and 6). Thymol was
found as the main constituent in all the varieties
and found maximum (77.71 %) followed by γ-
terpinene, cymene, and other constituents. Among
the varieties, the highest thymol content was
recorded in Ajmer Ajwain-1 (67.79 % pooled
average of two years), which was on par with
Lam selection-1 (61.58 %). This may be due to
higher overall growth and yield of Ajmer Ajwain-
1 among all tested ajwain varieties. The lowest
thymol content was recorded in Ajmer Ajwain-93
(53.79 %) which is a short duration variety. This
variation in thymol content was statistically
significant (Fig. 2). However, no such effect was
observed due to varying nitrogen levels on thymol
content. The significance of thymol as a
medicinally important phytochemical has been
discussed in the introduction section of this
manuscript. Earlier reports also indicated the

Fig. 2. Thymol content (%) of ajwain varieties as influenced by different levels of nitrogen

Varieties
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occurrence of thymol as a major constituent in
ajwain seed imparting up to 50 % of total essential
oil 27.

After the thymol, cymene was another important
constituent identified in ajwain seeds essential oil
showed significant genotypic variation. The oil
obtained from the Local cultivar had maximum
cymene content (21.61 %) in a pooled average of
two years. While the lowest cymene content
(14.77 %) was recorded in Ajmer Ajwain-1 (Fig.
3). Similar to the thymol, cymene content was also
not influenced by varying levels of nitrogen. γ-
Terpinene was another constituent that showed
variation among the tested varieties ranged from
a minimum of 16.11 % in variety Ajmer Ajwain-1
to a maximum of 25.39 % in variety Ajmer Ajwain-
93. Varying nitrogen levels did not result in any
significant change in γ-terpinene content (Fig. 4).
Similar to the cymene content, β-pinene was also
found maximum in Local variety and minimum in
Ajmer Ajwain-1 (Fig. 5). α-Pinene was found less
than 1.0 % in all the varieties and different nitrogen
levels (Fig. 6).

Many factors including genetic and environ-
mental are responsible for the synthesis of
essential oil and bioconversion of its constituents.
In the present study also the effect of weather
conditions made a significant impact on essential
oil content as well as its constituents. A perusal of
weather data of two years (Table 3) revealed
more rains during 2017 and a little bit more mini-
mum temperature, as a result, showed higher
thymol content as compared to Kharif 2016.
However, γ-terpinene and cymene were more
during 2016. This change is realized with the fact
that the synthesis of thymol and cymene is taking
place by bioconversion of γ-terpinene 28. The
varieties that showed higher thymol content
showed less terpinene and cymeme and vice-
versa.

It is well documented that genetic constitution
and environmental conditions influence the yield
and composition of volatile oil produced by
medicinal plants 21-24,26,29. Unlike other yield
attributing characters that are quantitatively
inherited and highly affected by the environment,
essential oil composition depends upon internal and
external factors affecting the plant growth such
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Fig. 3. Cymene content (%) of ajwain varieties as influenced by different levels of nitrogen
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Fig. 4. γ-Terpinene content (%) of ajwain varieties as influenced by different levels of nitrogen
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Fig. 5. β-Pinene (%) of ajwain varieties as influenced by different levels of nitrogen
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Fig. 6. Alpha Pinene (%) of ajwain varieties as influenced by different levels of nitrogen

Table 3. Meteorological data recorded during the experimental period
(2016 and 2017) at the Main Horticultural Research and Extension

Centre, University of Horticultural Sciences, Bagalkot

Mean temperature (oC)
Months Maximum Minimum Relative humidity (%) Rainfall (mm)

2016 2017 2016 2017 2016 2017 2016 2017

January 30.30 21.47 12.30 14.00 66.00 46.00 0.00 0.00
February 35.90 31.40 16.20 17. 00 70.00 43.00 0.00 2.00
March 37.60 34.80 20.70 19.00 74.00 37.00 0.00 5.00
April 37.80 35.75 21.80 23.00 76.00 43.00 26.60 21.00
May 37.10 31.90 22.60 23.00 76.00 55.00 41.10 51.00
June 32.10 29.00 21.60 22.00 81.00 84.00 137.40 69.00
July 29.70 28.00 20.40 21.00 87.00 89.00 61.30 64.00
August 29.50 29.00 19.90 21.00 88.00 86.00 14.60 70.00
September 27.30 28.00 18.50 21.00 88.00 85.00 71.60 139.00
October 30.60 30.90 16.90 18.00 86.00 84.00 0.00 93.00
November 30.80 28.00 14.00 17.00 18.00 70.00 0.00 29.00
December 33.00 28.40 14.00 15.20 66.00 62.00 0.00 9.00

as genetic structures and ecological conditions.
The varieties taken for the study are having distinct
morphology. Ajmer Ajwain-1 and Ajmer Ajwain
93 were selected from South Rajasthan but differ
in seed size and crop duration. Ajmer Ajwain-1 is
a long-duration variety with bold seed while Ajmer
Ajwain-93 is a short-duration variety with small
seeds. Lam selection-1 and 2 are developed from
Southern India and comparatively short duration
than Ajmer Ajwain-1. Agricultural practices also

have critical effects on yield and oil composition
in the essential oil-bearing plants 30.

Conclusions
In the present study, no significant effect of

varying nitrogen levels and the interaction effect
between varieties and nitrogen levels on quality
attributes have been observed in the pooled
analysis of two years of data except α- and  β-
pinene content. However, a significant effect of
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genotypes was observed indicating more gene-
tic factors influencing intrinsic quality parameters.
Ajwain can be a good source of pharmacologically
important compound thymol which is highly depen-
dent upon genotype. Having a specific chemotype
with a high amount of major components may be
beneficial for investigational and functional
approaches in the food and pharmaceutical
industries. It should be noted that these main
components, thymol, cymene, and γ-terpinene,
exhibit different pharmacological and nutritional

properties, individually.
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