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Characterization and biological screening of bioactive compounds from Trachyspermum ammi
ABSTRACT:
Background: Antimicrobial Resistance of fungal infections to drugs presently used are major problem for curing those infections. The aim of this study is to characterize the chemical composition and to analyze the potential of Trachyspermum ammi seed extract against four different fungal pathogens. 
Methods: The chemical composition of ethyl acetate extract of Trachyspermum ammi seeds sample was assessed using gas chromatography-mass spectrometry (GC-MS). Evaluation of antifungal activity of the extract was analyzed by agar well diffusion method against fungal pathogens Aspergillus fumigatus, Mucor racemosus, Penicillium chrysogenum and Candida albicans with various concentrations of extracts such as 25μg/ml, 50μg/ml, and 100μg/ml. Zone of inhibition was measured and calculated. 
Results: Thirteen monoterpene hydrocarbons (57.6%) and oxygenated monoterpenes (42.4%) compounds were identified in the Ethyl acetate extract, of which, 3 compounds, including thymol, m-cymene, and, γ-terpinene were the major components with quantities of 41.9, 33.53, and 20.42%, respectively. T. ammi extract was capable of inhibiting the growth of fungal pathogens when compared with positive control Amphotericin-B. 
Conclusions: Trachyspermum ammi extract showed highest antifungal effect against Penicillium chrysogenum while least effect against Mucor racemosus. This antifungal action was due to the secondary metabolites which are present in the extract.
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Introduction:
Fungal infections have been on rise and is becoming a global health problem which needs proper treatment and care. Fungal pathogens have started becoming resistant to present day drugs such as azole-resistant candida species [1]. Increase in drug resistance and adverse effects of currently used drugs are causing obstacles for treating fungal infections. Moreover, the recent occurrence of opportunistic fungal infections has led to the requirement for discovery of novel antifungal products of natural origin. Hence, molecules with a lesser side effects and novel mechanism of action which can escape from current mechanism of resistance against antifungals are in search [2].
The health properties of spices in cooking have been claimed for preventing food spoilage due to the antimicrobial action against microbial pathogens. Plants having medicinal properties are studied for their antimicrobial activity through the world widely [3,4, 5, 6]. Also, plants form an essential part of traditional medicinal system worldwide. Natural products extracted from plants are mostly safe and also highly effective against many microbes [7]. Plant-based antimicrobial agents have very less side effects when compared to synthetic antifungal agents [8].
Trachyspermum ammi (L.) Sprague is a perennial herb fitting in the family Apiaceae and grown worldwide [9]. It is also known as Ajwain, Ajma, omam, Bishops weed, yavaani and ajowan in different parts of India [10]. Ajwain traditionally acts as a carminative, stimulant, flatulence, diarrhea, atonic dyspepsia, piles, abdominal tumours, abdominal pains and lack of appetite, bronchial problems, galactogogue, asthma and amenorrhea. Therapeutically, it has been proven to possess various pharmacological activities like antioxidant, antimicrobial, antifungal, Hypolipidaemic, Antihypertensive, cytotoxic activity, antinociceptive, broncho-dilating actions, antispasmodic, Antilithiasis, Abortifacient, diuretic, Anthelmintic, Antitussive, Nematicidal, Antifilarial Activity [11] and Antidiabetic [12]. Owing to the much renowned use of Ajwain for longer times, the study to investigate the antifungal activity of T. ammi extract against four different fungal pathogens and add to its scientific evidence for its usage was done through this study. 
Materials and methods
Sample preparation:
Ajwain seeds were purchased from local markets in Chennai, Tamil Nadu, India. Taxonomical identification and authentication were done at Department of Medicinal Botany, National Institute of Siddha, Tambaram, Tamil Nadu, India. The voucher specimen obtained was NISMB2202016. The seeds were cleaned physically to remove foreign particles. Then the seeds were grounded in a mechanical grinder. 50 g dried and powdered seeds were mixed separately with 250 ml of ethyl acetate and continuous extraction was done for 5 to 6 h in mechanical shaker [13]. Then the mixture was filtered using Whatmann no.1 filter paper. The extract obtained was concentrated by using rotary evaporator and stored at 4 ºC for further analysis.
Gas Chromatography- Mass Spectrum Analysis
GC-MS technique was carried out at Sophisticated Analytical Instrumentation Facility, Indian Institute of Technology (IIT), Madras. GC-MS technique was used in this study to identify the phytocomponents present in the Trachyspermum ammi Ethyl acetate extract. GC-MS was performed with GC Clarus 500 Perkin Elmer equipment. Compounds were separated on Elite-I fused silica capillary column (100% Dimethylpolysiloxane). Samples injection volume of 2μl was employed with a split ratio of 10:1 with a flow rate of helium 1 ml/min (carrier gas). Mass detector – Turbo Mass gold – Perkin Elmer Software – Turbo Mass 5.1 was used as a detector. Other conditions were oven temperature up to 110º - 2 min. hold; up to 280º at the rate of 5 deg/min-9 minutes hold. The relative percentage amount of each component was calculated by comparing the average peak area of each component to the total area. The constituents obtained were identified by comparing the retention times with those authentic corresponding compounds available in the Computer Library (NIST ver. 2.1) attached to the GC-MS instrument and reported.
Identification of Constituents 
The relative percentage amount of each component was calculated by comparing its average peak area to the total areas. The detection employed the NIST (National Institute of Standards and Technology) library. Interpretation of GC-MS was conducted using the database of NIST having more than 62,000 patterns. The spectrum of the unknown component was compared with the spectrum of the known components stored in the NIST library. The name, molecular weight and structure of the components of the test materials were ascertained.
Antifungal Activity
Preparation of inoculum:
The pathogenic fungal cultures of Candida albicans, Aspergillus fumigatus, Penicillium chrysogenum and Mucor racemosus were obtained from the King Institute of Preventive Medicine, Guindy, Chennai, Tamil Nadu, India, and were periodically sub-cultured and maintained at 4°C on potato dextrose agar slant. Active cultures for experimentations were prepared by transferring a loop full of fungal cultures from the stock cultures to test tubes of Potato Dextrose broth for fungus and were incubated for 24 hours at 37°C. The assay was executed by agar well diffusion method.
Agar Well Diffusion Method:
Antifungal activity of ethyl acetate extract was determined by agar well diffusion method [14]. The Potato Dextrose Agar plates were swabbed with 0.5 ml of the respective 24 hours broth culture of organisms and kept for 15 minutes in laminar chamber for absorption of cultures. Wells were made in agar plates using a sterile cork borer of 5 mm. The ethyl acetate extract of various concentrations such as 500 μg/ml, 750 μg/ml, 1000 μg/ml were prepared and 20 μl from each concentration was added to each well. Distilled water was used as negative control and Amphotericin-B (100μg/ml) used as positive control. Then the plates were kept for incubation at 37°C for 24 hours. Diameters of the zone of inhibition were measured by using antibiotic zone measuring scale.
Statistical analysis
Studies were performed in triplicates. Data were expressed as mean ± SEM.
Results and Discussion
Anti-Fungal Activity:
The antifungal activity of ethyl acetate extract of T. ammi was done using agar well diffusion method. The growth inhibition zone diameters of T. ammi extract were between 8 mm and 18 mm (Table 1, Figure 1). The T. ammi extract showed significant degree of antifungal action against all four strains of fungus. Among the four strains, Penicillium chrysogenum showed highest susceptibility to T. ammi extract followed by Aspergillus fumigatus, Candida albicans and Mucor racemosus. Measurement of maximum zone of inhibition (Table 1) for each Fungus were 17.3 ± 0.4 mm, 17.1±0.4 mm, 13.9±0.3 mm and 12.7±0.2 mm against P. chrysogenum, A. fumigatus, C. albicans and M. racemosus, respectively. It was seen that there was increase in zone of inhibition with increased concentration of extract of seeds of T. ammi. The result of this study indicates that many antifungal compounds are present in T. ammi seeds. 
The antifungal efficacy of T. ammi seed extract observed in our study is supported by Singh et al. (2004), who demonstrated remarkable growth inhibition (72-90%) against ten fungal species, including Acrophialophora fusispora, Curvularia lunata, and Rhizoctonia solani [15]. This work was later validated by Ansari (1995), who specifically documented the fungicidal action of T. ammi seed extract against R. solani at 1:20 dilution, highlighting its practical application in managing rice sheath blight [16]. The comprehensive review by Narendra and Khurana (2018) further affirmed the plant's broad-spectrum efficacy against diverse pathogenic fungi including Candida, Aspergillus, and Trichophyton species, with inhibition zones ranging from 11-60 mm and potent fungicidal activity (MIC 0.3-2.5 mg/ml; MFC 0.6-5 mg/ml) [17].
The phytochemical basis of this activity can be mainly attributed to phenolic compounds, especially thymol, with different effects on fungi depending on the concentration, varying from fungistatic to fungicidal effects [18]. Results from various studies in recent times have shown that the antifungal activity may be attributed to the potent synergistic effect among the complex chemical composition rather than to individual constituents. Specific fractions of thymol (95.32%) containing small amounts of carvacrol and nonadecane proved to be most effective against a range of Candida and Aspergillus species, showing superior activity compared to that of pure thymol, as demonstrated by Moein et al. (2015) [19]. The individual components of the essential oils were less active than the whole oil in support of the synergy idea and they demonstrated, at the molecular level, the stable binding of thymol to glucosamine-6-phosphate synthase, a critical fungal enzyme. The superior activity of the essential oils, as a whole, is best exemplified by the combined essential oils of Anethum sowa and T. ammi in the case of Candida albicans (MIC - 0.312 µL/mL) [20]. 
Strong activity against fluconazole resistant Candida strains has also been reported by Sharifzadeh et al. (2015), Shokri et al. (2016) and Akram et al. (2024), the latter authors proposed disruption of ergosterol biosynthesis as a possible modus of action [1, 21, 22]. Jain et al. (2018) demonstrated remarkable antidermatophytic effect with extremely low minimum inhibitory concentrations (0. 025 µl/ml against Trichophyton rubrum) and crucial information on the dermal safety of the formulations was also provided [23]. The therapeutic potential is further supported by strong in vivo evidence from Wahab et al. (2020), who showed up to 90-100% resolution in a mouse model of cutaneous candidiasis, with the highest efficacy compared to clotrimazole using a hexanes fraction that is rich in thymol [24].
The potent antifungal activity of T. ammi is consistently demonstrated across various studies and is strongly linked to its characteristic phytochemical profile, particularly thymol. Khan et al. (2019) identified thymol (50.04%), γ-terpinene, and ρ-cymene as the major constituents of the seed essential oil, with the n-hexane extract showing exceptional efficacy against Candida albicans (30.6 mm inhibition zone, MIC of 62.5 µg/mL) [25]. In line with this, Khan & Jameel 2018 proved alcoholic extracts (ethanolic and methanolic) of seeds and leaves to be the same with a noticeable lack of activity against different strains of Candida and Aspergillus and with far more activity than did aqueous extracts. The authors explained the increased activity by a better solubility of important bioactive compounds such as thymol in organic solvents, highlighting that choice of solvent is crucial factor which determines the antifungal principles that can be obtained from T. ammi. Similar results were obtained by Oueslati et al. (2016) who found that an ethanolic extract from the aerial parts was a strong inhibitor of C. albicans (22.75 mm zone) even more potent than a tetracycline control and possessed strong fungicidal activity (MIC 43.75 µg/mL; MFC 87.5 µg/mL). According to the authors, the action in the results is understood to be a synergistic effect of the various bioactive compounds present in the plant [26, 27].
In addition, the antifungal effects of T. ammi extracts are genotypic and also possess a broad-spectrum activity. Hassan et al. (2016) reported that an acetone extract of seed was active against several fungal species and highest against Aspergillus niger (15 mm zone), which was higher than that of the streptomycin standard. The broad-spectrum effect was the result of the presence a large number of flavonoids, phenolic compounds, tannins, and terpenoids [28]. The results are in accordance with Sharma et al. (2018) also noted varied activity of methanolic and hexane seed extracts of different genotypes against C. albicans and Aspergillus clavatus, and again one genotype (AA-93) was found to be the most potent. Collectively, these findings, including the proven efficacy of alcoholic extracts against opportunistic pathogens (Khan and Jameel, 2018), highlight the promise of T. ammi as a steady natural candidate for antifungal therapeutics in clinical as well as agricultural industries [29, 26].
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Figure 1 Antifungal activity of Ethyl Acetate extract using agar well diffusion method: A - Positive control, Amphotericin-B (100 µg/ml); B - 500 μg/ml of Ethyl Acetate extract; C - 750 μg/ml of Ethyl Acetate extract; D - 1000 μg/ml of Ethyl Acetate extract; E - Negative Control.








Table 1 Antifungal activity of Ethyl Acetate extract using agar well diffusion method.
	Bacterial strain
	Zone of inhibition in mm

	
	Concentration of Ethyl acetate extract
	Negative
Control
	Standard
Chloramphenicol 100 µg/mL

	
	
500 μg/ml
	
750 μg/ml
	
1000 μg/ml
	
	

	Candida albicans
	10.82 ± 0.2
	11.47 ± 0.1
	13.9 ± 0.3
	-
	10.91 ± 0.1

	Aspergillus fumigatus
	12.61 ± 0.3
	15.44 ± 0.2
	17.1 ± 0.4
	-
	14.81 ± 0.3

	Mucor racemosus
	9.36 ± 0.1
	11.54 ± 0.4
	12.7 ± 0.2
	-
	8.48 ± 0.3

	Penicillium chrysogenum
	12.29 ± 0.2
	12.39 ± 0.5
	17.3 ± 0.4
	-
	12.44 ± 0.3


The data are expressed as mean ± SD values (n=3).












GC-MS Chromatogram of Ethyl Acetate Extract of T. ammi
GC-MS data indicated the presence of 16 compounds in the ethyl acetate extract of T. ammi. The active principles with their retention time (RT), Molecular formula, Molecular weight (MW) and peak area (%) are presented in Table 2 and Figure 2. Many studies done previously have reported the presence of thymol as the main component in different concentrations such as 38.75% [30], 50.04% [25], 58.88% [23], and 63.4% [21], which is also observed in our study with 12.41%. Other major compounds reported are Ethyl Oleate (32.01%), Hexadecanoic acid, ethyl ester (19.46%) and o-Cymene (5.82%). Arasu et al., 2021 have reported the presence of o-Cymene in their study [31]. The compounds which are reported in my study may be responsible for the potent antifungal activity observed in my study, which is also seen in other studies by Sharma et al., 2018, Hassan et al., 2016 and Sharifzadeh et al., 2015 who also states that thymol was the major responsible compound for antifungal property [29, 28, 21]. 
Further in study certain compounds were newly reported in Ethyl acetate extract of T. ammi such as 1H-Dibenzo[a.i]fluorine, eicosahydro- and 2,7-Diphenyl-1,6-dioxopyridazino[4,5;2’3’]pyrolo[4’,5’-d]pyridazine. The biological activities of phytocomponents identified from the GC-MS data’s have been reported in Table: 3, respectively. Biological activities reported were based on Dr. Duke’s Phytochemical and Ethnobotanical Databases by Dr. Jim Duke of the Agricultural Research Services. 
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Figure 2 GC-MS Chromatogram of Ethyl Acetate Extract of T. ammi








Table 2 Phytocomponents Identified in the Ethyl Acetate Extract T. ammi by GC-MS.
	S. No
	Rt
	Compound name
	Mol. Wt.
	Mol. Formula
	Peak Area %

	1
	5.35
	Benzene, 1-methyl-2-(1-methylethyl)-
	134.218
	C10H14
	5.82

	2
	5.85
	1,4-Cyclohexadiene,1-methyl-4-(1-methylethyl)-
	136.234
	C10H16
	2.08

	3
	9.6
	Thymol
	150.22
	C10H14O
	12.41

	4
	12.62
	Benzene, (1-butylhexyl)-
	218.3776
	C16H26
	2.75

	5
	13.43
	Benzene, (1-Methylnonyl)-
	218.3776
	C16H26
	2.92

	6
	13.82
	Benzene, (1-butylheptyl)-
	232.404
	C17H28
	3.73

	7
	14.9
	Benzene, (1-pentylheptyl)-
	246.430
	C18H30
	3.69

	8
	16
	Benzene, (1-pentyloctyl)-
	260.457
	C19H32
	3.49

	9
	16.83
	1H-Dibenzo[a.i]fluorene, eicosahydro-
	286.49
	C21H34
	1.92

	10
	17.07
	Pentadecanoic acid, 13-methyl-, methyl ester
	270.450
	C17H34O2
	1.53

	11
	17.78
	Hexadecanoic acid, ethyl ester
	284.477
	C18H36O2
	19.46

	12
	18.8
	8-Octadecenoic acid, Methyl ester, (E)-
	296.4879
	C19H36O2
	3.61

	13
	19.47
	Ethyl Oleate
	310.5145
	C20H38O2
	32.01

	14
	19.7
	Octadecanoic acid, ethyl ester
	312.530
	C20H40O2
	0.11

	15
	21.1
	(Z)-9-Octadecanoic acid butyl ester,
	340.584
	C22H44O2
	2.58

	16
	23.13
	2,7-Diphenyl-1,6-dioxopyridazino[4,5;2’3’]pyrrolo[4’,5’-d]pyridazine
	355.349
	C20H13N5O2
	1.82





Table 3 Phytocomponents Identified in the Ethyl Acetate Extract T. ammi by GC-MS by GC-MS and their reported biological activities
	S. No
	Name
	Name and Nature of Compound 
	Biological activity

	1
	Benzene, 1-methyl-2-(1-methylethyl)-
	o-cymene,
Monoterpene
	Antioxidant

	2
	Thymol
	Phenolic
Compound,
Monoterpene
	Antibacterial, Antimicrobial

	3
	Pentadecanoic acid, 13-methyl-, methyl ester
	Palmitic acid methyl ester
	Antioxidant, Antimicrobial,

	4
	Hexadecanoic acid, ethyl ester
	Palmitic acid ester
Fatty acid ester
	Antioxidant, Hypocholesterolemic, Nematicide, Pesticide, Flavor, Lubricant, Antiandrogenic, Hemolytic 5-Alpha reductase inhibitor

	5
	8-Octadecenoic acid, Methyl ester, (E)-
	Fatty acid ester
	Antioxidant, Antimicrobial.

	6
	Octadecanoic acid, ethyl ester
	Stearic acid/Fatty acid ester
	Antioxidant, Antimicrobial.

	7
	(Z)-9-Octadecanoic acid butyl ester,
	Butyl Oleate/Fatty acid ester
	Antifungal
Antioxidant, anticancer

	8
	2,7-Diphenyl-1,6-dioxopyridazino[4,5;2’3’]pyrrolo[4’,5’-d]pyridazine
	
-
	Antihelminthic, Anti-Inflammatory and Anti-microbial activities and anti-cancerous activity







Conclusion
Ethyl acetate extract of T. ammi was found to exhibit excellent inhibition on growth of pathogenic fungus. Presence of different natural antifungal compounds in ethyl acetate extract of T. ammi can be observed. Maximum antifungal activity was found against Penicillium chrysogenum. Further, separation, purification and isolation of bioactive compounds and their characterization have to be done for this extract to identify antifungal agents. Seeds of T. ammi serve as suitable sources for novel antifungal agents.
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