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Abstract
Trachyspermum ammi (TA) is a traditional medicinal plant which can be considered as a source of natural
antioxidants and can be used for a wide range of infectious diseases. Our objectives were to explore the
biochemical efficacies of the aqueous and acetonic extract of TA with special emphasis on antimicrobial and
antioxidant activities. Nutritional profile and phytochemical screening were performed by standard methods. The
agar well diffusion method was used to assess the antimicrobial activity against ten (10) clinical bacterial strains and
five (5) fungal stains. The free radical scavenging activity of the acetonic extract was estimated
spectrophotometrically by the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay. In seeds of TA, the crude fat, crude fiber,
vitamin C, moisture, ash contents, crude protein, TSS, total acidity, pH and total sugar were 4.6 ± 0.19%, 4.2 ±
0.1%, 13.5 ± 0.7%, 9.5 ± 0.19%, 11.5 ± 1.7%, 1.46 ± 0.2%, 1.1 ± 0.01%, 0.65 ± 0.01%, 5.75 ± 0.9% and 5.1 ± 0.9%
respectively. TA tested positive for alkaloids, carbohydrates and sugar, phenolic compounds, flavonoids, protein and
amino acid, gum and mucilage and tannins, while negative results were found for saponins. Antioxidant
assessments by DPPH assay showed that acetonic extract of TA possess high radical-scavenging activity i.e., 71.0
± 2.3%. Vitamin C was used as reference standard. Susceptibility testing of acetonic extract of TA revealed strong
antibacterial activity against Staphylococcus aureus (zone of growth inhibition 13 mm), good activity against
Salmonella typhi and Xanthomonas (with zone diameter of 12 mm), while TA was least active against Salmonella
heidelberg (inhibition zone diameter of 5 mm), Klebsiella pneumoniae and Clostridium with 6 mm zone of inhibition.
TA also exhibited maximum antifungal activity against Aspergillus niger (15 mm) and Entomola (11 mm). While least
activity was observed against A. flavus and Alternaria alternata (inhibition zone diameter of 9 mm, each). Based on
the experimental data, TA could be considered as a therapeutic agent to inhibit the free radical-mediated reactions in
biological systems. However further molecular studies and mechanistic insights are needed.
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Introduction
Currently researchers are focusing on the assessment of
phytomedicines for the detection of bioactive compounds such as
tocopherols, carotenoids, ascorbates, polyphenolics and terpenoids
which are consumed as alternative therapeutic agents for the treatment
of various pathologies [1]. Free radicals are produced as a result of
aerobic metabolic processes in cellular membrane, mitochondria,
endoplasmic reticulum, peroxisomes, nucleus, lysosomes and
cytoplasm, which causes oxidative damage to DNA, proteins, cells
(cytotoxicity), nucleic acids, lipids, enzyme inhibition and ultimately
leads to cellular death [2].
Various degenerative diseases including stomach disorders,
dysentery, scrofula, wounds, skin diseases, urinary tract infections,
asthma, piles, sensory and nervous system dysfunctions, inflammatory
diseases, rheumatism, kidney troubles, hepatitis, ageing, malarial
fevers, typhoid, cardiovascular diseases and immune deficiency
diseases, cancer [3] various psychiatric disorders like obsessivecompulsive disorder, social phobia, panic disorder, major depression,
posttraumatic stress disorder, Parkinson’s disease, autism and
Alzheimer’s disease are also associated with oxidative stress [4].
Therefore, an antioxidant supplement in daily nutrition is necessary
when defensive mechanism of human cells is disturbed.
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Trachyspermum ammi (TA) commonly known as Ajowan is an
annual herbaceous plant of Umbelliferae family, widely cultivated in
different counties such as Pakistan, Egypt, India, Afghanistan, Europe
and Iran. The fruit of and TA has approximately 5% essential oil in its
compartments which are important commercial products for food and
flavoring industry [5]. Beside these industrial applications, TA have
numerous pharmacological properties and various biological activities
like anti-inflammatory, antimicrobial, anthelmintic, antihypertensive,
antiflatulent, antilithiasis, antispasmodic, analgesic, bronchodilator,
hepatoprotective, antiplatelet, insecticidal and spermicidal activities
[6,7].
Literature revealed that the functional properties of TA are due to
the presence of phenolic compounds i.e., thymol, p-cymene, γterpinene and carvacrol. In other studies carvacrol, γ-terpinene and pcymene are reported as major components of Iranian and African
ajowan oil, while thymol (97.9%) is the main component of south India
ajowan oil. So, four chemo types, i) carvacrol, thymol; ii) γ-terpinene,
thymol; iii) thymol; iv) γ-terpinene, carvacrol for TA oil have been
studied, which are used for the treatment of lack of appetite, gastrointestinal diseases and bronchial problems. The essential oil also
exhibits detoxification of aflatoxins, antimicrobial, fungicidal,
antihypertensive and anti-aggregatory effects on humans [8-10].
Considering the vast medicinal significance of TA, phytochemical
composition and nutritional profile of aqueous extract of TA was
explored. Currently, infection rates have increased and antibiotic
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resistance has developed therapeutic problem [11], therefore the
present study was designed to determine the antimicrobial potential
of acetonic extract of TA. Furthermore, interest in the antioxidant
activity of plant extracts has increased [12] and for the purpose the
antioxidant activity of acetonic extract of TA was explored, which
would help in the development of novel candidate drugs.

phytosterols) were detected in aqueous extracts of TA as presented in
Table 2. The results of TA indicated that flavonoids, glycosides,
carbohydrate and sugar, phenolic compounds, proteins and amino
acids, phytosterols, tannins and gum and mucilage were present in the
extract while saponins were not found.
Constituents

Trachyspermum ammi (%)

Crude fats

4.6 ± 0.19

Collection of sample

Crude fiber

4.2 ± 0.1

The sample of TA was collected in March 2012 from the local
market of Peshawar, identified at the PCSIR Laboratory (Khyber
Pakhtoonkwha, Pakistan) and kept in polyethylene bags till analysis.

Crude protein

1.46 ± 0.2

Moisture

9.5 ± 0.19

Ash

11.5 ± 1.7

Total soluble solids

1.1 ± 0.01

Total acidity

0.65 ± 0.01

pH

5.75 ± 0.9

Vitamin C

13.5 ± 0.7

Total sugar

5.1 ± 0.9

Experimental

Proximate analysis
A proximate analysis (vitamin C, moisture, pH, acidity, ash, total
soluble solids (TSS), crude fiber, total sugar and protein) of aqueous
extract of TA was evaluated using the standard procedures of
Association of Official Analytical Chemist [13].

Phytochemical screening
The qualitative assessment of phytochemical compounds of aqueous
extract of TA was carried out for detection of major phytoconstituents
(proteins and amino acids, glycosides, flavonoids, phenolic
compounds, carbohydrate and sugar, tannins, gum and mucilage and
phytosterols) using the standard procedures as described by
Association of Official Analytical Chemist [14].

Antimicrobial bioassays
The antibacterial and antifungal activities of acetonic extract of TA
against four gram positive bacteria (Bacillus cereus, Staphylococcus
aureus, Clostridium, Bacillus subtilis), six gram negative bacteria
(Salmonella typhi, Klebsiella pneumonia, Escherichia coli, Escherichia
coli (human), Xanthomonas, Salmonella heidelberg and five fungal
stains (Aspergillus niger, Entomola, Aspergillus flavus, Alternaria
alternata, Penicillium) were examined by agar well diffusion method
[15-17].

Antioxidant activity (DPPH free radical scavenging activity)
The free radical scavenging activity of acetonic extract of TA was
evaluated with 1, 1-diphenyl 2-picryl hydrazyl radical (DPPH)
spectrophotometrically at 517 nm. The inhibition curve was plotted for
duplicate experiments and represented as % of mean inhibition ±
standard deviation [18].

Results
The nutritional profile (carbohydrate, fats, fiber, protein, moisture,
ash, TSS, total acidity, pH and vitamin C) of aqueous extract of TA is
given in Table 1. The crude fat, crude fiber and vitamin C observed
were 4.6 ± 0.19%, 4.2 ± 0.1% and 13.5 ± 0.7 mg/100 mL respectively.
The calculated values for moisture, ash contents and crude protein
were (9.5 ± 0.19%, 11.5 ± 1.7% and 1.46 ± 0.2%) respectively, while TA
also had TSS (1.1 ± 0.01%), total acidity (0.65 ± 0.01%), pH (5.75 ±
0.9%) and total sugar (5.1 ± 0.9%). The phytochemicals (alkaloids,
flavonoids, glycosides, carbohydrate and sugar, phenolic compound,
protein and amino acid, saponins, tannins, gum and mucilage and
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Table 1: Nutritional profile of aqueous extract of TA.
Phytoconstituents

Trachyspermum ammi

Alkaloids

+

Saponins

-

Carbohydrate and sugar

+

Glycosides

+

Phenolic compound

+

Flavonoids

+

Protein and amino acid

+

Phytosterols

+

Tannins

+

Gum and mucilage

+

Table 2: Qualitative analysis of the phytochemicals aqueous extract of
TA.
Antioxidant activities of acetonic extracts of TA, measured at
different concentrations (1-30 mg/mL) are presented in Tables 3 and 4.
The acetonic extract of TA exhibited antioxidant activity with values of
9.28 ± 0.1%, 25.76 ± 0.9%, 35.84 ± 1.5%, 45.47 ± 1.19%, 52.09 ± 2.0%,
61.17 ± 1.78% and 71.0 ± 2.3% at 1-30 mg/ mL concentrations.
Vitamin C was used as a standard which displayed 38.08 ± 1.18, 53.58
± 1.16, 68.37 ± 1.15, 81.28 ± 2.45, 83.12 ± 2.78, 84.21 ± 2.54 and 85.0 ±
2.75 (%) antioxidant activity at different concentrations i.e., 1-30
mg/mL. The zone of inhibition of TA and standard streptomycin
activity was recorded against different pathogenic bacteria and fungi,
summarized in Table 5 and 6. Results revealed that the extract of TA
was effective against all the tested bacteria. TA showed highest zone of
inhibition against Staphylococcus aureus (13 mm), Salmonella typhi
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and Xanthomonas (12 mm). TA also exhibited good activities against
Escherichia coli (human) (11 mm), Bacillus subtilis (10 mm), Bacillus
cereus and Escherichia coli (9 mm). But TA was least active against
Salmonella heidelberg (5 mm) and Clostridium with 6 mm zone of
inhibition. The antifungal activity of acetonic extract of TA was also
evaluated against five fungal strains (Table 6). The acetonic extract of
TA disclosed maximum (15 mm) zone of inhibition against Aspergillus
niger, followed by Entomola (11 mm), Penicillium (10 mm),
Aspergillus flavus and Alternaria alternata (9 mm).

Discussion
Aqueous extract of TA has appreciable amount of basic food
nutrient as displayed in Table 1. Highest amount of vitamin C (13.5 ±
0.7%) shows that TA is a good source of vitamins. Literature exposed
that ascorbic acid facilitates the production of collagen, protein, scar
tissue, teeth, bone, gums, cartilage, blood vessels and skin. Vitamin C
can also fight against the infections and helps in the absorption of
minerals [19,20]. Moreover, the high ash content (11.5 ± 1.7%)
designates that it could be a rich source of minerals. The plant can
highly provide dietary supplements and can lower the rate of coronary
heart disease, breast cancer, serum cholesterol level, constipation,
hypertension, colon and diabetes [21,22].
Phytochemical screening of TA indicates that flavonoids, glycosides,
carbohydrate and sugar, phenolic compounds, proteins and amino
acids, phytosterols, tannins and gum and mucilage are present in the
extract. However, saponins are not identified in the seeds of TA. These
secondary metabolites are known to be biologically active and play a
beneficial role in the treatment of different diseases [23]. Moreover,
Phytocompounds are also responsible for flavor, color, smell of plants
and are important part of a plant`s defense system, protect them
against vertebrates, herbivorous insect’s fungi, parasites and pathogens
[24]. Further studies demonstrated that flavonoids are essential
bioactive polyphenolic compounds of the plants, play an effective role
in controlling various biological activities i.e., anti-angiotec, antiinflammatory, antioxidant, antimicrobial, anti-cholesterol and reduced
hypertension [25,26]. Similar to the flavonoids, tannins are also
significant phenolic compounds, acting as primary free radical
scavengers or antioxidants [27]. However, these are more effective in
treating ulcerated and inflamed tissues [28]. Literature exposed the
anti-microbial and anti-diarrheal activities of tannins. Besides,
terpenoids are also detected in aqueous extract of TA. Terpenoids have
the capability to suppress the apoptosis-inducing activity, tumor cell
proliferation and can also decreases the cholesterol level and risk of
cardiovascular diseases. So, TA has potential as a source of medicine
for inhibition and cure of cancer and heart diseases [29]. Results from
phytochemical screening confirmed that TA is a potential source of
important secondary metabolites.
Organisms have developed complex antioxidant systems against
oxidative stress, protecting the main biological membranes i.e., DNA,
lipid and proteins from oxidative damage. These antioxidants are either
generated in body or derived from nutrients. Consumption of
antioxidants rich food has played a significant part in the prevention of
neurodegenerative diseases, inﬂammation, cardiovascular diseases,
cancers and problems caused by aging. The antioxidant activity of the
plants could be attributed to the presence of phenolic compounds and
phytochemical constituents. Mechanistically, they can terminate free
radicals by the donation of hydrogen atom or electrons to the oxidized
molecule or radicals [30,31]. Therefore, it is vital to evaluate the
antioxidant activity of TA.
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DPPH is extensively used in biochemical system to explore
the antioxidant activity in a very short time compare to other
techniques. DPPH is a stable, nitrogen centered free radical, decolorize
in the presence of antioxidant at an absorbance of 517 nm. The DPPH
antioxidant assay is based on the reduction of purple colored 1,1diphenyl-2-picryl-hydrazyl (DPPH) in the presence of hydrogen
donating antioxidants by the production of yellow colored diphenylpicryl hydrazine. The more antioxidant compounds exist in the plant;
more will be the reduction of DPPH [32,33]. In addition, our results
suggested that the scavenging ability of acetonic extracts of TA also
depend on the concentration and expressed as IC50 values shown in
Tables 3 and 4, as calculated from the percent inhibition versus the
concentration of extract curves. Concentration of the sample necessary
to decrease the initial concentration of DPPH by 50% (IC50) under the
experimental condition was calculated. TA exhibited significant
antioxidant activity i.e., IC50 20 mg/mL whereas the positive control,
vitamin C, showed an IC50 value of 04 mg/mL. The high antioxidant of
plant extract may be due to the neutralization of free radicals (DPPH),
either by transfer of an electron or via transfer of hydrogen atom
[34,35]. The scavenging ability of the plant against DPPH can be
attributed to the presence of bioactive compounds.
Trachyspermum
Concentration (mg/mL) (%)

ammi Vitamin C (Standard)
(%)

1

9.28 ± 0.1

38.08 ± 1.18

5

25.76 ± 0.9

53.58 ± 1.16

10

35.84 ± 1.5

68.37 ± 1.15

15

45.47 ± 1.19

81.28 ± 2.45

20

52.09 ± 2.0

83.12 ± 2.78

25

61.17 ± 1.78

84.21 ± 2.54

30

71.0 ± 2.3

85.0 ± 2.75

Table 3: DPPH radical scavenging activity of acetonic extract of TA.
*mean ± S.D (n=3).
Medicinal plants produce large number of secondary metabolites
which act as protective agents against biotic and abiotic stresses.
Several phytochemical compounds have been investigated for their
antibacterial activities [36] and their presence in the tested extract
could explain its antibacterial effects. The contradictions in bacterial
susceptibility to the extract are due to several reasons e.g., microbial
strains, concentrations, species of herbs, extraction processes solvents
and antimicrobial assessment techniques [37].
S. No.

Acetonic Extracts

IC50 value

1

Trachyspermum ammi

20

5

Vitamin C

04

Table 4: DPPH radical scavenging activity of acetonic extract of TA
(IC50 in mg/mL).
The gram-positive bacteria do not have a periplasmic space and an
outer membrane which is found in the gram-negative bacteria.
Therefore, in gram positive bacteria the antibacterial substances
disrupt the cytoplasmic membrane and bacterial cell wall, resulting in
the cytoplasm`s leakage and coagulation. While the outer membrane
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of the gram-positive bacteria has lipopolysaccharide rich hydrophilic
surface act as a shield against several antibiotic molecules. In addition,
the enzymes in the periplasmic space can break the molecules from
outside [38]. In our study acetonic extract of TA produced strong
inhibitory zones against Staphylococcus aureus, Salmonella typhi
and Xanthomonas compared with the standard (Tables 5,6). In this
screening, acetonic extract of TA was active against all
microorganisms, e.g., gram-negative, gram-positive and fungal strains.
Inhibition
Zone Streptomycin
Diameter (mm)
(Standard)

S. No

Microorganism

1

Salmonella typhi

12

23

2

Bacillus cereus

9

15

3

Klebsiella pneumoniae

6

14

4

Escherichia coli

9

20

5

Xanthomonas

12

13

6

Salmonella heidelberg

5

15

7

Staphylococcus aureus

13

20

8

Clostridium

6

23

9

Escherichiacoli (human)

11

15

10

Bacillus subtilis

10

14

Table 5: Antibacterial activity of acetonic extract of TA.
S. No

Fungal Strains

1.

2.
3.
4.
5.
6.
7.

8.
9.
10.

Inhibition Zone

Streptomycin

Diameter (mm)

(Standard)

1

Aspergillus niger

15

9

2

Entomola

11

14

3

Aspergillus flavus

09

15

4

Alternaria alternata

09

10

5

Penicillium

10

17

Table 6: Antifungal activity of acetonic extract of TA.

Conclusion
Our data suggest that TA seeds are an excellent source of vitamins
which are essential in the human diet. They also contain significant
amounts of proteins, dietary fibers and a number of useful
phytochemicals such as alkaloids, flavonoids, glycosides, phenolic
compounds and tannins etc. which may be responsible for the majority
of its pharmacological effects. These bioactive compounds and
nutritional rich composition makes it valuable functional food and
beneficial nutritional supplements. The high scavenging activity
against DPPH suggested it as a potential source as herbal remedy for
oxidative stress induced diseases. The acetonic extract of TA also
exhibited the strong antimicrobial activity confirming the traditional
use of this plant in the treatment of various bacterial infections such as
diarrhea and skin diseases. Further studies are needed to explore the
toxicological aspects of crude extract/fractions of TA to confirm its
medicinal status against various pathological situations.
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