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            Abstract

            
               
Trachyspermum ammi L. is a traditional medicinal herb that has been used to cure a variety of diseases in humans. The goal of this study was
                  to evaluate the antibacterial activity of methanolic, ethanolic, and acetonic extracts of T. ammi seeds against a bacterial species. Agar well diffusion method was used to test antibacterial activity. In comparison to methanolic
                  and acetonic extracts, ethanolic extract of T. ammi seeds showed a highest antibacterial activity against P.aeruginosa, K.pneumoniae, and B. cereus. Methanolic extract, on the other hand, effectively inhibited S. aureus and E. coli. The maximum inhibition zone in ethanolic was observed against P. aeruginosa and B. cereus (22.6 mm) and the minimum inhibition zone against E. coli (12 mm) at 100% concentration. Plant extracts contained alkaloids, flavonoids, saponins, tannins, and glycosides. 
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               Introduction

            For thousands of years, nature has provided a source of medicinal plants, from which a vast variety of life-saving pharmaceuticals
               have been developed. India has a wide variety of plants. Medicinal plants are known to have therapeutic properties and are
               used to treat a variety of human illnesses. The word "herbal drug" refers to a component or parts of a plant (leaves, flowers,
               seeds, roots, barks, stems, and so on) that are widely used to make medications. Plants were first used in India's ancient
               medicinal system in the Rig Veda, which was written between 4500 and 1600 B.C. The Ayurveda, which was written between 2800
               and 600 B.C., discussed the medicinal properties of a various drug plants.1 Natural medications are the primary source of healthcare for nearly 80% of the world's population, according to a World Health
               Organization report.
            

            The "antibiotic age" began with the discovery of penicillin. Antibiotics have the potential to treat and cure microbial illness,
               which has resulted in a significant reduction in the number of deaths, a significant improvement in the quality of life for
               many patients, a decrease in childhood mortality, an increase in life expectancy, and the saving of many lives.2 New antibiotics were developed after the discovery of penicillin. Some of the most widely used antibiotics for treatment
               are cephalosporins, aminoglycosides, glycopeptide antibiotics and quinolones.
            

            The growth of multidrug resistance (MDR) bacteria strains in recent years has occurred from the development of resistance
               in bacteria to various classes of antibiotics.3 Methicillin-resistant S. aureus (MRSA), penicillin-resistant Streptococcus pneumoniae (PRSP), vancomycin-resistant Enterococci (VRE), Salmonella, Shigella, and Klebsiella, as well as other multidrug-resistant Pseudomonas,Campylobacter, and Mycobacterium tuberculosis, are examples of MDR bacteria.4, 5, 6, 7

            A surge in multi-drug resistance microbes has prompted increased interest in the search for new pharmaceutical formulations
               from natural sources, including plants. As a result, alternative plant-based antimicrobial drugs are needed to treat infectious
               diseases.8 Medicinal plants hold a lot of potential in the fight against multidrug-resistant microorganisms. 9 Tannins, alkaloids, flavonoids, saponins, and glycosides are physiologically active secondary metabolites and have broad
               spectrum antibacterial properties.10 They offer a lot of therapeutic potential and could be the basis for novel drug development.11, 12 Therefore there is need to evaluate the crude extracts of medicinal plants for their antimicrobial properties.
            

            Trachyspermum ammi L. or T. ammi belongs to (Apiaceae family) is a traditional medicinal plant with therapeutic properties. T. ammi seeds are used to treat a variety of gastrointestinal ailments in traditional Indian medicine system. A hot and dry fomentation
               of the seeds is applied to the chest to treat asthma, and a paste of powdered seeds is used externally to relieve colic pains.13 Aqueous extract of the seeds of the ajwain plant is a common therapy for diarrhoea. T.ammi  seeds are employed as stomachic, carminative, expectorant, antiseptic, anti-amoebiasis, and antibacterial agents in medicine.
               Seeds have also been linked to the prevention of stomach cancers, aches, and piles.14 There are a variety of ajwain ayurvedic formulations available to treat worm infections.15

         

         
               Materials and Methods

            
                  Collection of plant material and preparation of plant extracts

               T. ammi seeds were obtained from a local market in Chunni Kalan, Fatehgharh Sahib. A mixer grinder was used to ground the ajwain
                  seeds into a coarse powder. Seeds powder was ground and stored in sterile polythene bags at room temperature. T. ammi seeds were extracted using several solvents (methanol, ethanol, and acetone). 40 grams of ground plant material were extracted
                  for 24-48 hours in a Soxhlet Extractor with 300 ml of extraction solvent. Finally, the extracted extract was filtered through
                  sterile Whatman No. 1 filter paper, and the solution was evaporated to dryness under controlled temperature conditions to
                  yield a final volume of 40 ml. The final extract concentration was made at level in which one gram of powdered plant material
                  was equal to 1ml of extract solution. 16 The resulted extract solution was labelled as a 100% concentrated drug solution. This 100% drug solution was further diluted
                  with sterile distilled water to obtain 75%, 50% and 25% concentrations.
               

            

            
                  Bacterial cultures

               The bacterial culture used in the present investigation includes Staphylococcus aureus (MTCC code 3160), Pseudomonasaeruginosa,  (MTCC code 3542), Escherichia coli,  (MTCC code 443) Klebsiella pneumonia, (MTCC code 9544) and Bacillus cereus (MTCC code 430). All the culture were collected from Microbial Type Culture Collection (MTCC), IMTECH Chandigarh, India.
               

            

            
                  Method

               
                     Test for antibacterial activity

                  The antibacterial activity of plant extracts was tested using the agar well diffusion method.17 Inoculums (nutrient broth culture of test organism) was added in nutrient agar medium.2 ml bacterial suspension was added
                     to 100 ml of nutrient agar medium. The flask was gently rotated to ensure that the test organisms were distributed evenly.
                     The inoculated culture media was then poured into sterile petri plates and allowed to solidify completely in a laminar air
                     flow. Sterile cork borer of 6mm in diameter was used to make 5 wells in the set of each petridishes with 4 well in the periphery
                     and one well in the center. 0.1ml (100µm) solution from each differ concentration i.e. (100%, 75%, 50% and 25%) of plant extract
                     was added to four peripheral wells. Central wells were filled with 0.1ml solution of control. Methanol, ethanol and acetone
                     were used as control for methanolic, ethanolic and acetonic extract. These petridishes were then incubated at 37ºC for 24
                     hours. After incubation, the diameter of zones of inhibition were measured and tabulated for each test bacterial strain. Each
                     sample was assayed in triplicate and value was measured and recorded. Inhibition zone was measured in millimeters with the
                     ruler. It was measured from center of the well to the edge of the area with no growth (zero growth) and was multiplied by
                     two. Further, average value of inhibition zones was calculated. Effective inhibition zone was calculated by deducting the
                     well size (corkborer size) from average value of inhibition zone.
                  

               

               
                     Phytochemical analysis

                  
                        Tests for flavonoids

                     Alkaline Reagent Test: 2ml of 2.0 percent NaOH was added to the crude extract. The presence of flavonoids was revealed by
                        the appearance of a yellow tint that faded to colorlessness when 2 drops of diluted acid were added.18 
                     

                  

                  
                        Test for tannins

                     Ferric chloride test: To 2 mL of extract, a few drops of 10% ferric chloride solution were added. The presence of gallic tannins
                        was indicated by the emergence of a blackish blue colour, whereas the presence of catechol tannins was indicated by the appearance
                        of a green-blackish colour.19

                  

                  
                        Test for alkaloids

                     Mayer’s test: To 1 mL of extract, add 1 mL of Mayer's reagent. The presence of alkaloids is indicated by the presence of a
                        white yellow or cream coloured precipitate.20 
                     

                  

                  
                        Test for saponins

                     Foam test: 1 mL extract solution was diluted to 20 mL with distilled water and agitated for 15 minutes in a graduated cylinder.
                        The presence of saponins is indicated by the appearance of foam. 21

                  

                  
                        Test for glycosides

                     Keller-Kiliani test: The crude extract was mixed with 2 mL of glacial acetic acid containing 1-2 drops of 2% FeCl3solution. After that, the extract was poured into a second test tube containing 2ml of concentrated H2SO4. The presence of cardiac glycosides was shown by the formation of a brown ring at the interface.22

                  

               

            

         

         
               Result and Discussion

            In the present investigation, three different solvents i.e. methanol, ethanol and acetone were used to extract different phytoconstituents
               from T. ammi. Antibacterial activity was carried against all bacterial test strains i.e. S. aureus, E. coli, B. cereus, P. aeruginosa, K. pneumoniae in four different concentrations i.e. 100%, 75%, 50% and 25%. 100% concentrations means the extract without any dilutions.
               Solvent was used as control for each extract. The antibacterial activity in term of effective inhibition zone was recorded
               after deducting well size (6mm) from average value of inhibition zones. 
            

            
                  Antibacterial activity of methanol extract of seeds of Trachyspermum ammi.

               The maximum antibacterial activity at 100% concentration was recorded against Pseudomonas aeruginosa  (20.3mm) Staphylococcus aureus  (20.3mm), E.coli (19.3mm), Bacillus cereus(19mm), Klebsiella pneumoniae  (17mm) followed by. At 75% maximum inhibitory effect was found against Staphylococcus aureus  (18.6mm), P.aeruginosa  (17mm), E. coli(16.3mm), Bacillus cereus  (15mm) and minimum against K.pneumoniae (13.6mm). whereas at 50% concentration maximum inhibition was found against S.aureus (15mm), P.aeruginosa  (14.3mm), E.coli  (14mm), B.cereus  (12.3mm) and minimum against K.pneumoniae(12mm). At 25% concentration maximum inhibition was found against S.aureus  (12.6mm), E.coli (12.3mm), P.aeruginosa  (11mm), K. pneumoniae  (10.3mm) and minimum against B.cereus  (9mm). Results have been presented in Table  1, Figure  1.
               

               
                     
                     Figure 1

                     Graphical presentation of antibacterial activity of methanol extract of Trachyspermum ammi against E.coli, P.aeruginosa, K.pneumoniae, S.aureus and B.cereus

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/bb4530f4-9fc1-4156-a380-eb2d7409ea26image1.png]

            

            
                  Antibacterial activity of ethanol extract of Trachyspermum ammi

               The maximum antibacterial activity at 100% concentration was recorded against Pseudomonas aeruginosa  (22.6mm), followed by Bacillus cereus  (22.6mm), Klebsiella pneumoniae  (21.3mm) Staphylococcusaureus(18mm) and minimum against E.coli  (12mm) followed by. At 75% maximum inhibitory effect was found against P.aeruginosa  (20mm), K.pneumoniae  (17.3mm), Bacillus cereus  (17mm), S.aureus  (15mm) and minimum against E.coli  (10mm) whereas at 50% concentration maximum inhibition was found against P.aeruginosa  (15.6mm), B.cereus  (14mm), K.pneumoniae  (13mm), S.aureus (12mm) and minimum against E.coli (7mm). At 25% concentration maximum inhibition was found against S.aureus  (9mm), K.pneumoniae(9mm), P.aeruginosa  (8.3mm), Bacillus cereus (8mm) and minimum against  E.coli  (4.3mm). Results have been presented in Table  1, Figure  2, and photoplate-1.
               

               
                     
                     Figure 2

                     Graphical presentation of antibacterial activity of ethanol extract of Trachyspermum ammi against E.coli, P.aeruginosa, K.pneumoniae, S.aureus and B.cereus

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/bb4530f4-9fc1-4156-a380-eb2d7409ea26image2.png]

            

            
                   Antibacterial activity of acetone extract of Trachyspermum ammi

               The maximum antibacterial activity at 100% concentration was recorded against Staphylococcus aureus  (20.3mm), Klebsiella pneumoniae  (13.3mm), Pseudomonas aeruginosa  (13.3mm), Bacillus cereus  (11.6mm), and minimum against E.coli  (11.3mm) followed by. At 75% maximum inhibitory effect was found against S.aureus (17mm), K.pneumoniae  (10.6mm), P. aeruginosa  (10.6mm), Bacillus cereus  (10mm), and minimum against E.coli  (9.3mm). Whereas at 50% concentration maximum inhibition was found against S.aureus (11mm) P. aeruginosa  (9mm), K. pneumoniae  (8.3mm), B.cereus  (7.6mm) and minimum against E.coli (7.6mm). At 25% concentration maximum inhibition was found against S.aureus  (6mm), E.coli  (5mm), B. cereus  (4.6mm), K. pneumoniae (4.3mm) and minimum against P. aeruginosa  (3.6mm).  Results have been presented in Table  1, Figure  3.
               

               
                     
                     Figure 3

                     Graphical presentation of antibacterial activity of acetone extract of Trachyspermum ammi against E.coli, P.aeruginosa, K.pneumoniae, S.aureus and B.cereus.

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/bb4530f4-9fc1-4156-a380-eb2d7409ea26image3.png]

               
                     
                     Table 1

                     Comparative table of antibacterial activity of methanol, ethanol and acetone extract of T. ammi

                  

                  
                        
                           
                              	
                                 
                              
                               Extract Type

                              
                           
                           	
                                 
                              
                               Test Organisms

                              
                           
                           	
                                 
                              
                               Effective Zone of Inhibition (mm)

                              
                           
                        

                        
                              	
                                 
                              
                               Extract conc. 100%

                              
                           
                           	
                                 
                              
                               Extract conc. 75%

                              
                           
                           	
                                 
                              
                               Extract conc. 50%

                              
                           
                           	
                                 
                              
                               Extract Conc. 25%

                              
                           
                        

                        
                              	
                                 
                              
                               Methanol

                              
                           
                           	
                                 
                              
                               E. coli 

                              
                           
                           	
                                 
                              
                               19.3 mm

                              
                           
                           	
                                 
                              
                               16.3 mm

                              
                           
                           	
                                 
                              
                               14 mm

                              
                           
                           	
                                 
                              
                               12.3 mm

                              
                           
                        

                        
                              	
                                 
                              
                               P. aeruginosa 

                              
                           
                           	
                                 
                              
                               20.3 mm

                              
                           
                           	
                                 
                              
                               17 mm

                              
                           
                           	
                                 
                              
                               14.3 mm

                              
                           
                           	
                                 
                              
                               11 mm

                              
                           
                        

                        
                              	
                                 
                              
                               K. pneumoniae 

                              
                           
                           	
                                 
                              
                               17 mm

                              
                           
                           	
                                 
                              
                               13.6 mm

                              
                           
                           	
                                 
                              
                               12 mm

                              
                           
                           	
                                 
                              
                               10.3 mm

                              
                           
                        

                        
                              	
                                 
                              
                               S. aureus 

                              
                           
                           	
                                 
                              
                               20.3 mm

                              
                           
                           	
                                 
                              
                               18.6 mm

                              
                           
                           	
                                 
                              
                               15 mm

                              
                           
                           	
                                 
                              
                               12.6 mm

                              
                           
                        

                        
                              	
                                 
                              
                               B. cereus 
                              

                              
                           
                           	
                                 
                              
                               19 mm

                              
                           
                           	
                                 
                              
                               15 mm

                              
                           
                           	
                                 
                              
                               12.3 mm

                              
                           
                           	
                                 
                              
                               9 mm

                              
                           
                        

                        
                              	
                                 
                              
                               Ethanol

                              
                           
                           	
                                 
                              
                               E. coli 

                              
                           
                           	
                                 
                              
                               12 mm

                              
                           
                           	
                                 
                              
                               10 mm

                              
                           
                           	
                                 
                              
                               7 mm

                              
                           
                           	
                                 
                              
                               4.3 mm

                              
                           
                        

                        
                              	
                                 
                              
                               P. aeruginosa 

                              
                           
                           	
                                 
                              
                               22.6 mm

                              
                           
                           	
                                 
                              
                               20 mm

                              
                           
                           	
                                 
                              
                               15.6 mm

                              
                           
                           	
                                 
                              
                               8.3 mm

                              
                           
                        

                        
                              	
                                 
                              
                               K. pneumoniae 
                              

                              
                           
                           	
                                 
                              
                               21.3 mm

                              
                           
                           	
                                 
                              
                               17.3 mm

                              
                           
                           	
                                 
                              
                               13 mm

                              
                           
                           	
                                 
                              
                               9 mm

                              
                           
                        

                        
                              	
                                 
                              
                               S. aureus 

                              
                           
                           	
                                 
                              
                               18 mm 

                              
                           
                           	
                                 
                              
                               15 mm 

                              
                           
                           	
                                 
                              
                               12 mm 

                              
                           
                           	
                                 
                              
                               9 mm 

                              
                           
                        

                        
                              	
                                 
                              
                               B. cereus 

                              
                           
                           	
                                 
                              
                               22.6 mm

                              
                           
                           	
                                 
                              
                               17 mm

                              
                           
                           	
                                 
                              
                               14 mm

                              
                           
                           	
                                 
                              
                               8 mm

                              
                           
                        

                        
                              	
                                 
                              
                               Acetone

                              
                           
                           	
                                 
                              
                               E. coli 

                              
                           
                           	
                                 
                              
                               11.3 mm 

                              
                           
                           	
                                 
                              
                               9.3 mm 

                              
                           
                           	
                                 
                              
                               7.6 mm 

                              
                           
                           	
                                 
                              
                               5 mm 

                              
                           
                        

                        
                              	
                                 
                              
                               P. aeruginosa 
                              

                              
                           
                           	
                                 
                              
                               13.3 mm 

                              
                           
                           	
                                 
                              
                               10.6 mm 

                              
                           
                           	
                                 
                              
                               9 mm 

                              
                           
                           	
                                 
                              
                               3.6 mm 

                              
                           
                        

                        
                              	
                                 
                              
                               K. pneumoniae 

                              
                           
                           	
                                 
                              
                               13.3 mm 

                              
                           
                           	
                                 
                              
                               10.6 mm 

                              
                           
                           	
                                 
                              
                               8.3 mm 

                              
                           
                           	
                                 
                              
                               4.3 mm

                              
                           
                        

                        
                              	
                                 
                              
                              
                                  S. aureus 
                                 
                              

                              
                           
                           	
                                 
                              
                               20.3 mm 

                              
                           
                           	
                                 
                              
                               17 mm

                              
                           
                           	
                                 
                              
                               11 mm 

                              
                           
                           	
                                 
                              
                               6 mm

                              
                           
                        

                        
                              	
                                 
                              
                               B. cereus 
                              

                              
                           
                           	
                                 
                              
                               11.6 mm

                              
                           
                           	
                                 
                              
                               10 mm

                              
                           
                           	
                                 
                              
                               7.6 mm

                              
                           
                           	
                                 
                              
                               4.6 mm

                              
                           
                        

                        
                              	
                                 
                              
                               Control

                              
                           
                           	
                                 
                              
                               --

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                     
                  

                  

               

               

               

               
                     
                     Figure 4

                     Antibacterial activity of ethanolic extract of Trachyspermum ammi against B. cereus, K. pneumoniae, E. coli, P. aeruginosa and S. aureus.

                  
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/150992bf-6cd2-4fbc-a2e9-9085b26a9784/image/b02eb29b-5c54-463d-ae6d-7f2d89277367-uimage.png]

               

            

            
                  Phytochemical analysis of Trachyspermum ammi extract
               

               The extract of seeds was subjected to phytochemical screening for identification of various plant constituents. The phytochemical
                  properties of the plant make it naturally inhibitor to the growth of various microorganisms. Alkaloids were found in methanolic
                  and acetone extract of Trachyspermum ammi seeds. Methanol, ethanol and acetone extracts of seeds were found rich in Tannins. Flavonoids were found on methanol, acetone
                  and ethanol extract of seeds. Saponins was found in ethanol but not detected in methanol and acetone extract seeds. Whereas
                  glycosides was found in acetone but not detected in methanol and ethanol extracts of Trachyspermum ammi.

               
                     
                     Table 2

                     Phytochemical screening of Trachyspermum ammi extracts
                     

                  

                  
                        
                           
                              	
                                 
                              
                              Chemical Constituents

                              
                           
                           	
                                 
                              
                               Test performed

                              
                           
                           	
                                 
                              
                               Methanol extract

                              
                           
                           	
                                 
                              
                               Acetone extract

                              
                           
                           	
                                 
                              
                               Ethanol extract

                              
                           
                        

                        
                              	
                                 
                              
                              Alkaloids

                              
                           
                           	
                                 
                              
                               Mayer’s test

                              
                           
                           	
                                 
                              
                              +

                              
                           
                           	
                                 
                              
                              +

                              
                           
                           	
                                 
                              
                               -

                              
                           
                        

                        
                              	
                                 
                              
                              Tannins

                              
                           
                           	
                                 
                              
                               Ferric chloride test

                              
                           
                           	
                                 
                              
                              +

                              
                           
                           	
                                 
                              
                              +

                              
                           
                           	
                                 
                              
                              +

                              
                           
                        

                        
                              	
                                 
                              
                              Flavonoids

                              
                           
                           	
                                 
                              
                               Sulphuric acid test

                              
                           
                           	
                                 
                              
                              +

                              
                           
                           	
                                 
                              
                              +

                              
                           
                           	
                                 
                              
                              +

                              
                           
                        

                        
                              	
                                 
                              
                              Saponins

                              
                           
                           	
                                 
                              
                               Foam test

                              
                           
                           	
                                 
                              
                              -

                              
                           
                           	
                                 
                              
                              -

                              
                           
                           	
                                 
                              
                              +

                              
                           
                        

                        
                              	
                                 
                              
                              Glycosides

                              
                           
                           	
                                 
                              
                               Keller’s Killiani test

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                              +

                              
                           
                           	
                                 
                              
                              -

                              
                           
                        

                     
                  

                  

               

               

            

         

         
               Discussion

            Medicinal plants are a rich source of phytochemicals, which are therefore can be used in the treatment of a variety of illnesses.
               Many biological properties of T. ammi are reported which are due to presence of various phytoconstituents. The organic solvent (methanol, ethanol and acetone)
               extracts of T. ammi displayed broad spectrum antibacterial activity. The zone of grow inhibition bacteria correspondent to drug concentrations
               of plant material. A decline trend of inhibition zone was found with the dilution of extract. Maximum antimicrobial efficacy
               was recorded in ethanolic extract followed by methanolic and acetonic extract. In ethanolic extract maximum efficacy was recorded
               against P. aeruginosa, B.cereus and minimum against E. coli. Acetonic extract had the highest activity against S. aureus and the lowest against E. coli. Methanolic extract displayed highest inhibition against S. aureus and P. aeruginosa. Similarly Masihet al. (2012) investigated the antibacterial activity of T. ammi seeds ethanolic and acetonic extracts. They observed that Pseudomonas sp., E. coli, Bacillus subtilis, and Staphylococcus aureus were found to be more susceptible to ethanolic extract. While Pseudomonas sp., E. coli, and Bacillus subtilis were all inhibited by an acetonic extract of T. ammi.23 
            

            Shahidi (2004) reported the antibacterial activity of methanolic extract of T. ammi seeds against P.aeruginosa, Bacillus pumilus, Staphylococcus aureus, S. epidermidis, E. coli, Klebsiella pneumoniae, and Bordetellabronchiseptica.24 Furthermore, the acetonic extract displayed antibacterialefficacyagainst Enterococcus faecalis, E. coli, K. pneumoniae, P. aeruginosa, Salmonella typhi, S. Typhimurium, Shigellaflexneri,  and S. aureus. 25 As a result of this research, the traditional usage of T. ammi seeds to treat a variety of gastrointestinal diseases may
               be scientifically validated. Qualitative phytochemical examination revealed the presence of alkaloids, flavonoids, saponins,
               tannins, and glycosides, as shown in Table  2. Phytoconstituents are compounds that can have a variety of physicochemical and pharmacological effects. Therefore, their
               presence confirms the plant’s long history of usage in the treatment of infectious disorders.
            

         

         
               Conclusion

            Trachyspermum ammi has long been regarded as a valuable medicinal plant. It's been utilized for stomach problems in the past, and it's also
               used as a flavoring agent. It has a wide spectrum of phytoconstituents that are responsible for a variety of biological properties.
               Hence the antibacterial activity of T. ammi seeds provides a scientific foundation for their usage as a traditional remedy. T. ammi is a substantial natural antibacterial agent, according to our findings, and can be suggested for the treatment of a variety
               of microbiological illnesses.
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