ANTIMICROBIAL POTENTIAL AND GC-MS ANALYSIS OF ETHANOLIC ROOT EXTRACT OF PONGAMIA PINNATA L.PIERRE


ABSTRACT

The root extracts from Pongamia pinnata extracted by petroleum ether, chloroform and ethanol solvents were subjected to antimicrobial studies. Fungal and bacterial cultures were used for antimicrobial activity and they were screened through agar well diffusion method. Among them, the ethanolic extract of P. pinnata root showed maximum growth inhibition against Bacillus thuringiensis and Fusarium oxysporum. The zones of inhibition obtained for B. thuringiensis and F. oxysporum were 16 mm and 20 mm respectively. The effective  inhibition  percentage  for  the  ethanolic  extract  was  found  to  be  7.5%  against  B. thuringiensis and 10% for F. oxysporum. Among twelve bioactive components present in this ethanolic extract, two components viz., 4 - Hydroxy - N - methylpiperidine and 4 – methyl - 6  - phenyl amino - 2H -  Furol [2, 3 -  H] Chrom - 2 - one,  showed 40.17  and
17.71 peak area percentage respectively when studied by GC-MS.  The present study indicates the potential use of P. pinnata in the treatment of various pathogenic diseases.
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1.   INTRODUCTION

Medicinal plants which were used traditionally produce a variety of compounds with known therapeutic properties. Those substances, which can either inhibit or kill the pathogens and have no or least toxicity to host cells, are considered candidates for developing new antimicrobial drugs (Naccaro et al., 1996). Antimicrobial drugs are currently used in medicinal practices for treating various diseases often causing immune suppression of the host and development of resistance. Medicinal and aromatic plants and their extracts are rich in antibacterial compounds, could be an alternate way to combat against bacterial diseases (Abramowicz 1990). Plants provide the predominant ingredients of medicines in most medical traditions. The great majority of species of medicinal plants are used only in folk medicine. Medicinal plants can provide a significant source of income for rural people in developing countries especially, through the sale of wild-harvested material. The use of medicinal plants as source remedies for the treatment of many diseases dates back to prehistory and people of all constituents have this old tradition (Newmann et al., 2000; Atanasov et al., 2021).  Most of these plants are mentioned in the traditional systems of medicine as sources of aseptic agents.



Crude, ethanol and acetone extracts of 10 plants were tested for their antibacterial activity against Pseudomonas aeruginosa by a well diffusion method. Maximum antibacterial activity was found in ethanolic extracts, followed by crude and acetone extracts of all the plants tested (Amsaveni et al., 2009). In recent years, interests in the study of phytochemical constituents from plants and their activity have increased. A lot of analytical methods such as spectrophotometry, high performance liquid chromatography (HPLC),


 (
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)
high performance thin layer chromatography (HPTLC), gas chromatography (GC) and hyphenated techniques such as gas chromatography–mass spectrometry (GC–MS) are employed for phytochemical detection. The combination of an ideal separation technique (GC) with one of the best identification techniques (MS) made GC–MS an ideal technique for qualitative and quantitative determination for volatile and semivolatile compounds and gained the attention of the scientific fraternity (Vinodh et al., 2013).
Pongamia pinnata is mainly focused on their seed oil as biodiesel. It belongs to the family Leguminosae and it is considered to be a native of the Western Ghats, ascending up to an elevation of about 1200 m.  The juice of roots is used for cleaning foul ulcers and curing fistulous sores. The fresh bark is used internally in bleeding piles. The decoction of the leaves is used for medicated baths and formulations in cases of rheumatic pains. Leaves are active against Micrococcus, the bark is used for making strings and ropes and also yields a black gum that is used to treat wounds caused by poisonous fishes. The oil extracted from the seeds is used for soap making, lubrication and leather tanning. The wood ash is used in the dye industry as well as for paints manufacturing units. It is a farmer friendly and Eco-friendly tree. This present study was thus initiated to focus on the phytochemical analysis and the antimicrobial activities of the extracts of P. pinnata and to identify the presence of chemical constituents by GC-MS.
2.   MATERIALS AND METHODS

2.1. Collection of plant materials

Roots from young seedlings of P. pinnata were collected during the month of December from the nursery of Department of Seed Science and Technology, Tamil Nadu Agricultural University, Coimbatore.
2.2. Preparation of extracts (Afrin et al., 2020)

The outer layer of roots from seedlings were peeled off, shade dried for 6 hrs and made into coarse powder. About 30 g of coarse powder was percolated with 150 ml of different solvents like ethanol (high polar), chloroform (medium Polar), petroleum ether (non polar) and water separately (at the ratio of 1:5) and kept for overnight digestion at room temperature. After overnight extraction, the extracts were filtered using Whatman No. 4 filter paper and concentrated using a rotary vacuum evaporator at 40°C to obtain dried extract, which was stored at refrigerated condition, and can be used for phytochemical analysis and antimicrobial studies.
2.3. Antimicrobial activity

2.3.1. Microbial culture

For the present study, three of the gram positive bacterial cultures viz., Staphylococcus aureus, Bacillus thuringiensis and Agrobacterium tumefaciens; two gram negative bacterial cultures, Eschericia coli and Vibrio cholerae; one fungal culture, Fusarium oxysporum were selected for antimicrobial activity. The microbial cultures were maintained on nutrient agar and potato dextrose plate. A 24 - 48 hours broth culture of the above species was used for antimicrobial screening. These Microorganisms were procured from PSG hospital and TNAU, Coimbatore.
2.3.2. Agar well diffusion method (Asaiya et al., 2021)

Nutrient, potato dextrose agar media were prepared and sterilized. In an aseptic condition, 20 ml of the medium is poured into each petri plate and allowed to solidify at

room temperature. After solidification, the plates were divided into four quadrants using marker pen. The agar wells were made by sterile cork borers in each quadrate with a diameter of 6 mm. In these four wells, one well was loaded with 20 µl crude plant sample extract, the second well with 20 µl of water diluted extract (1:1) using sterile micropipette. Another two wells were loaded with positive and negative control (20 µl each). Same method was used for all microbes. The plates were incubated at 37°C for 18 - 24 hours and after the  incubation  period,  inhibition  zone  observed  in  petri plates  were  measured  and  the  mean diameter of inhibition zone (DIZ) was calculated.
2.3.3. Determination of Minimum Inhibitory Concentration (MIC) (Nagalakshmi et al., 2019)

Plant extracts exhibiting effective inhibition percentage were tested at different concentrations (0, 2.5, 5.0, 7.5 and 10 per cent for ethanol extract) to find out MIC. Forty eight hours old fresh cultures of fungal pathogens and twenty four hours old bacterial pathogens were used in the study.
2.3.4. Analysis of the chemical constituents by GC-MS

GC-MS analysis of the ethanolic root extract of P. pinnata was performed using a Perkin–Elmer GC Clarus 500 system comprising Mass Spectrometer (GC-MS) equipped with Elite-1 (100% dimethylpolysiloxane) capillary column (30 × 0.25 mm × 1 μm df). Helium gas (99.999%) was used as a carrier gas at a constant flow rate of 1 mL/min and an injection volume of 2 μl was employed. The injector temperature was maintained at 250°C, the ion-source temperature was 200°C, the oven temperature was programmed from 110°C (2 min hold), with an increase of 10°C/min to 200°C (with no hold), then 5°C/min to 280°C (with 9 min hold). Mass spectra were taken at 70 eV; a scan interval of 0.5 sec and

fragments from 45 to 450 Da. The solvent delay was 0 to 2 min and the total GC/MS running time was 36 min. The mass-detector used in this analysis was Turbo-Mass Gold- Perkin–Elmer and the software adopted to handle mass spectra and chromatograms was a Turbo-Mass ver-5.2.
Identification of phyto-components and Interpretation on mass-spectrum GC-MS was conducted using the database of National Institute Standard and Technology (NIST) having more than 62,000 patterns. The spectrum of the unknown components was compared with the spectrum of known components stored in the NIST library. The name, molecular weight and structure of the components of the test materials were ascertained.
3.   RESULTS

3.1. Inhibition of microorganisms in diffusion test

The results of agar well diffusion test of aqueous, petroleum ether, chloroform and ethanolic extracts are shown in Table 1. From the table it is evident that the ethanolic extracts showed inhibitory response to 70 - 80% of the microorganisms tested. Of all the microorganisms tested for zone of inhibition, the aqueous extract of the plant P. pinnata showed limited level of antimicrobial activity. Preliminary phytochemical studies revealed the presence of phytochemical constituents such as flavonoids, alkaloids, tannins, steroids, terpenoids and saponins in the extract of P. pinnata. All the extracts such as ethanol, petroleum ether, chloroform and water were subjected for antimicrobial activity, among all  the extracts tested, crude ethanol extract showed promising results with maximum  antimicrobial activity by the presence of clear zones of inhibition around active extracts.  The diameter of the zone of inhibition ranges from 10 - 20 mm (Fig. 1).

3.2. Determination of Minimum Inhibitory Concentration (MIC)

The MIC obtained for the bacterial and fungal cultures were evaluated. Ethanol extract of P. pinnata showed MIC at 7.5 per cent (w/v) of the plant extract against B. thuringiensis and 10 per cent (W/V) against F. oxysporum. Both the MIC values are higher than fungal culture. The concentration below 5 per cent MIC did not show any visible inhibition. The highest activities were found to be potentiated by the ethanolic extract (Table 2). The antimicrobial activity of ethanolic root extract of P. pinnata was represented in Fig. 2.
3.3. GC-MS analysis of ethanolic extract (Gopinath, 2023)

The ethanolic extract of the root of P. pinnata was subjected to GC-MS analysis in order to identify the bioactive compounds present in it considering superior biological activity. The distinctive chromatogram of the ethanolic extract of root of P. pinnata is shown in Fig. 3. The analysis identified a total of 12 known compounds belonging to different chemical classes. The major compounds occurred with % peak area are 4 – hydroxyl – N – methylpiperidine (40.17%) at rt 11.47 min, 4 – methyl – 6 – phenyl amino – 2 H – furo [2, 3
– H] chrom – 2 – one (17.71%) at rt 26.35 min, sucrose (11.99%) at 10.02 min, and 3, 3, 4 – trimethyl – 2, 4 – 2 H – benzo(c)furanone (10.10%) at rt 24.84 min in descending order whereas there are few compounds present in trace amount such as (Z, Z) – 9, 12 – octadecadienoic acid (1.16%) at rt 18.61 min and 1, 1 – diethoxypentane (0.43%) at 3.12 min. The detailed account of GC-MS analysis including parameters such as rt, molecule name, molecular formula, molecular weight and peak area % of the ethanolic extract of root of P. pinnata is given in Table 3.  


4.   DISCUSSION

Qualitative phytochemical investigation into various extract showed presence of different compounds in it. The analysis reveals presence of alkaloids and flavonoids in petroleum ether extracts; carbohydrates, alkaloids and phenols in chloroform extracts. Ethanol extract showed all sorts of phytoconstituents which may contribute to the higher and excellent microbial activity. A report from croton variety Booplandianum Bonplandianum aerial parts also showed  the  presence  of  steroids,  alkaloids,  tannins,  flavonoids  etc.,  (Kumar  et  al., 2024) whereas the presence of secondary metabolites such as alkaloids, quaternary alkaloids, phenols etc., have been reported in the plant extracts of Callistemon lanceolatus and Acasiaarabicae (Chopra et al., 1992).
The study revealed the fact that the aqueous extract of the root sample slightly inhibited the growth of the organisms tested, which was similar to the report of Rudroju et al., (2016). This limited  activity  of  aqueous  extract  might  be  attributed  due  to  low  concentration  of  water extractable antimicrobial compounds  (Devi et al., 2020).
In the present study, among all the extracts tested, ethanolic extract of Pungam was found to be more effective in inhibiting bacterial and fungal growth compared to chloroform, petroleum ether and aqueous extract which was comparable with the same ethanolic extract showed antibacterial activity against E. coli, S. typhi and S. flexneri (Ahmad et al., 1998, Bhakuni et al., 1969, Singh et al., 2016).
Govindachari (1992; Wylie & Merrell, 2022) examined that the aqueous extract of neem leaves had a weak antimicrobial action, when compared with the crude extracts. Similarly, our study also shows aqueous extract has weak antimicrobial activity. There is no or very low inhibition zone in plates. The action may be synergistic and not due to their efficacy of single substance.
In this study, the minimum inhibitory concentration obtained from the ethanolic extract of P. pinnata for bacterial and fungal cultures were evaluated. A MIC at 7.5 per cent (w/v) of the plant extract against B. thuringiensis and MIC at 10 per cent (w/v) against F. oxysporum obtained revealed that both of the MIC values are higher than MIC values of fungal culture. The concentration below 5 per cent MIC did not show any visible inhibition. Similarly, the MIC of human pathogenic fungi was performed by Adiguzel et al. (2005) against Candida albicans by hexane, methanol and ethanol extracts of Ocimum basillicum. The minimum inhibition zone ranged from 125 to 250 µl ml-1, 62.50 to 500 µl ml-1  and 125 to 250 µl ml-1 respectively.
Likewise, Marie (2001); Rummun & Neergheen (2023)  reported that the crude methanol extract of Psiadia terbinthina and P.viscose have shown to exhibit antimicrobial properties against E. coli, B. cereus, S. aureus and P. aeroginosa at a concentration varying from 0.8 to 1.0 mg ml-1 and crude methanol extract of Gaertnera psychotrioides showed maximum activity against all the tested bacteria with an MIC of 0.5 mg ml-1. In case of formulated crude extract of Mirtrecarpus scuber leaves shows inhibition against E. coli, S. aureus, K. pneumoniae and C. albicans at MIC of 75 mg ml-1 (Abera et al., 2007).
GC-MS analysis led to the identification of a number of compounds from the ethanolic extract of the root of P. pinnata. The extract was separated into individual phytoconstituents using GC which was further fed to MS in order to have identification of the compounds. The gas chromatogram shows the relative concentrations of various

compounds getting eluted as a function of retention time whereas the peak height indicates the relative concentrations of the components present in the sample. The mass spectrometer identifies the nature and chemical structure of compounds based on a fragmentation pattern, eluted at different times. These mass spectra are fingerprints of that compound which can be identified from the data library.
From the analysis, it has been identified that a total of 12 known compounds belong to different chemical classes. The major compounds occurred with % peak area are 4 – hydroxyl – N – methylpiperidine, 4 - methyl - 6 - phenyl amino - 2 H - furo [2, 3 - H]chrom - 2 - one, sucrose and 3, 3, 4 - trimethyl - 2, 4 - 2 H - benzo (c) furanone in descending order whereas there are few compounds present in trace amount such as (Z,Z)  - 9, 12 - octadecadienoic acid and 1, 1 - diethoxypentane.

Many of these identified constituents are known to possess several pharmacological activities. 4 - Hydroxy - N - methylpiperidine  has a well established nematicidal property (Gopinath, 2023). N - Hexadecanoic acid is known to possess anticancer activity as well as antioxidant and antimicrobial property (Gobalakrishnan et al., 2014). Antioxidant, anticancer, Nematicide, Lubricant, hypocholesterolemic properties are reported for tetradecanoic acid ethyl ester (Mohan et al., 2014; Susilo & Farhan, 2023). The compound like (Z, Z) - 9, 12 - octadecadienoic acid exhibiting antioxidant, hypocholesterolemic, pesticide, hemolytic, 5-alpha reductase inhibitor properties (Rajeswari and Muthuirulappan, 2015; Perumal et al., 2021) whereas the virtual docking results showed 1 - (4 - cyclohexyl phenyl) ethanone exhibits strong binding to the kinase domain of PLK1, inferring it as a promising inhibitor of PLK1 enzyme (Rizvi et al., 2014).  In nutshell, the extract contains many bioactive compounds which contribute to the antimicrobial activity of the ethanolic extract.
5.   CONCLUSION

The present study was carried out with the aim of evaluating the antimicrobial activity of P. pinnata L. Pierre against bacterial and fungal pathogens. The antimicrobial activity performed with the ethanolic extract of the root of P. pinnata showed better results. Among the organisms studied, B. thuringiensis showed the minimum diameter of inhibition zone (MDIZ) in the value of 16 mm and F. oxysporum showed the minimum diameter of inhibition zone in the value of 20 mm respectively. The minimum inhibitory concentration (MIC) effective inhibition percentage for the ethanol extract was 7.5 per cent against B. thuringiensis and 10 per cent against F. oxysporum. The GC-MS analysis of ethanolic extract of Pungam showed that the presence of around 12 bioactive components. The major bioactive components present in the extract studied through GC-MS were 4-hydroxy- N - methylpiperidine and 4 - methyl - 6 - phenyl amino - 2 H - furo [2, 3 - H]chrom - 2 - one. Hence, these compounds analyzed may be responsible for the biological activities shown by plants.
In future, the plant can be used to isolate bioactive natural products that may serve as leads for the drug formulation and the development of new pharmaceuticals that address hither to unmet therapeutic needs.
References
Abere, T. A., Onyekweli, A. O., & Ukoh, G. C. (2007). In vitro antimicrobial activity of the extract of Mitracarpus scaber leaves formulated as syrup. Tropical Journal of Pharmaceutical Research, 6(1), 679-682.
Abramowisz, M. (1990). The choice of antimicrobial drugs Med. Left. Drugs Therapeu, 32, 41-48.
Adiguzel, A., Güllüce, M., Şengül, M., Öğütcü, H., Şahin, F., & Karaman, I. (2005). Antimicrobial effects of Ocimum basilicum (Labiatae) extract. Turkish Journal of Biology, 29(3), 155-160.
Afrin, S., Muhit, M. A., Sohrab, M. H., Hasan, C. M., & Ahsan, M. (2020). Antioxidant, thrombolytic, antimicrobial and cytotoxic activities of flavonoids isolated from the root bark of pongamia pinnata. Dhaka Univ J Pharm Sci, 19(1), 1-8.
Ahmad, I., Mehmood, Z., & Mohammad, F. (1998). Screening of some Indian medicinal plants for their antimicrobial properties. Journal of ethnopharmacology, 62(2), 183-193.
Amsaveni, V., & Sudha, S. S. (2009). Antimicrobial activity of different plant extracts on Pseudomonas aeruginosa. Asian Journal of Microbiology Biotechnology Environmental Sciences, 11(4), 947-949.
Asaiya, A., Raj, D., & Prajapati, C. (2021). Antibacterial Effect of Pongamia pinnata Leaf Extract Against Some Human Pathogenic Bacteria. Journal of Plant Pathology and  Microbiology, 12, 565.
Atanasov, A. G., Zotchev, S. B., Dirsch, V. M., & Supuran, C. T. (2021). Natural products in drug discovery: advances and opportunities. Nature reviews Drug discovery, 20(3), 200-216.
Bhakuni, D. E. A. (1969). Screening of Indian plants for biological activity. Part II. Indian Journal of Experimental Biology 7: 250-262.
Chopra, R. N., Nayar, S. L., & Chopra, I. C. (1992). Glossary of Indian medicinal plants. 3rd edn.  Council of Scientific & Industrial Research, , New Delhi, pp. 7-246.
Devi, S., Singh, S., Ali, M., Singh, A., & Nishad, U. (2020). Evaluation of Antibacterial activity on some Indian Medicinal Plants (Kateli, Datura, Makoi). Journal of Pharmaceutical Sciences and Research, 12(2), 314-320.
Gobalakrishnan, R., Manikandan, P., & Bhuvaneswari, R. (2014). Antimicrobial potential and bioactive constituents from aerial parts of Vitis setosa wall. Journal of Medicinal Plants Research, 8(11), 454-460.
Gopinath, M. J. (2023). GC-MS Analysis of Ricinus communis, Pongamia pinnata, Datura metal, Azadirachta indica, Acalypha indica (leaf) Extract Using Methanol Extraction. Mass Spectrometry Letters, 14(3), 79-90.
Govindachari, T. R. (1992). Chemical and biological investigations on Azadirachta indica (the neem tree). Current science, 63(3), 117-122.
Kumar, I., Kumar, U., Singh, P. K., Yadav, J. S., Dwivedi, A., Singh, P., ... & Sharma, R. K. (2024). Phytochemical composition, antioxidant and antibacterial properties of methanol stem and leaf extracts of Croton bonplandianus Baill. Vegetos, 1-11.
Marie, D. E. P. (2001). The isolation and characterization of bioactive molecules from endemic medicinal plants of Mauritius, (Doctoral dissertation, Ph. D. thesis, University of Mauritius, Reduit, Mauritius).
Mohan, V.R., Rajendrakumar, N., & Vasantha, K. (2014). GC-MS Analysis of Bioactive Components of Tubers of Ruellia tuberosa L. (Acanthaceae). American Journal of Phytomedicine and Clinical Therapeutics, 2, 209-216.
Nagalakshmi, S., Saranraj, P., & Sivasakthivelan, P. (2019). Determination of minimum inhibitory concentration (MIC) and percentage bacterial growth inhibition of essential oils against gram positive bacterial pathogens. Journal of Drug Delivery and Therapeutics, 9(3), 33-35.
Navarro, V., Villarreal, M. L., Rojas, G., & Lozoya, X. (1996). Antimicrobial evaluation of some plants used in Mexican traditional medicine for the treatment of infectious diseases. Journal of ethnopharmacology, 53(3), 143-147.
Newman, D. J., Cragg, G. M., & Snader, K. M. (2000). The influence of natural products upon drug discovery. Natural product reports, 17(3), 215-234.
Perumal, G. M., Prabhu, K., Janaki, R. M., Kalaivannan, J., & Kavimani, M. (2021). The GC MS Analysis of Ethyl Acetate Extract Of ‘Flueggea Leucopyrus. NVEO-NATURAL VOLATILES & ESSENTIAL OILS Journal| NVEO, 4035-4040.
Rajeswari, B., & Srinivasan, M. (2015). GC-MS analysis of bioactive components from the ethanolic leaf extract of Flueggea leucopyrus Wild. International Journal of  Pharmaceutical Sciences Review and Research, 33(1), 270-273.
Rizvi, S. M. D., Shakil, S., Zeeshan, M., Khan, M. S., Shaikh, S., Biswas, D., ... & Kamal, M. A. (2014). An enzoinformatics study targeting polo-like kinases-1 enzyme: Comparative assessment of anticancer potential of compounds isolated from leaves of Ageratum houstonianum. Pharmacognosy magazine, 10(Suppl 1), S14.
Rudroju S, Gudikandula K, Talari S, Nanna RS (2016). Antibacterial activity of different extracts of Trichosanthes cucumerina an endangered ethnomedicinal herb. International Journal of Pharmceutical  Sciences and  Research, 7(3): 1093-1102.
Rummun, N., & Neergheen, V. S. (2023). The Readiness to Harness the Floristic Uniqueness of Mauritius in Biomedicine. Drugs and Drug Candidates, 2(2), 335-357.
Singh BM, Rajoriya CM, Dar AA, Rawat RS, Jat BL (2016). To study the antimicrobial properties of Garlic against gram positive and gram negative bacteria. World Journal of pharmaceutical Research, 6(1): 772-787.
Susilo, S., & Farhan, M. (2023). Metabolites profiling and biological activities of volatile compounds of Ruellia tuberosa L. leaves by GC-MS. Journal of Population Therapeutics and Clinical Pharmacology, 30(3), e690â.
Vinodh, K. S., Natarajan, A., Devi, K., & Senthilkumar, B. (2013). Chemical composition of aqueous leaf extract of Murraya Koenigii. International Journal of Pharmaceutical and Biological Archive, 4, 493-497.
Wylie, M. R., & Merrell, D. S. (2022). The antimicrobial potential of the neem tree Azadirachta indica. Frontiers in pharmacology, 13, 891535.



[image: ]










Fig. 1. Average zone of inhibition of P. pinnata against microorganisms






















Fig. 2. The antimicrobial activity of ethanolic root extract of P. pinnata
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Fig.3. The distinctive chromatogram of the ethanolic extract of root of P. pinnata 




Table 1. Antimicrobial activity for different root extracts of Pungam 
	S.No.
	Microbial cultures
	
	Aqueous (mm)
	Petroleum
(mm)
	Chloroform
(mm)
	Ethanol (mm)

	1. 
	E.coli
	crude
	1
	7
	10
	10

	2. 
	S.aureus 
	crude
	3
	8
	8
	12

	3. 
	Bacillus thruingiensis 
	crude 
	1
	9
	11
	16

	4. 
	V.cholerae
	crude
	5
	5
	8
	12

	5. 
	A.tumefaciens 
	crude
	2
	5
	6
	10

	6. 
	F.oxysporum
	crude
	3
	10
	18
	20

	
	Positive control –(Ketoconazole – Fungus; Chloramphenicol – bacterial) 

	
	Negative contol (Ethanol)




Table 2. Minimum inhibitory concentration (MIC) for ethanol extract of P. pinnata root in B. thuringiensis and F. oxysporum
	Ethanol extract of P. pinnata
	Conc.1 
(10%)
	Conc. 2
(7.5%)
	Conc. 3
(5%)
	Conc. 4
(2.5%)

	B. thuringiensis
	I
	I
	G
	G

	F. oxysporum
	I
	I
	I
	G

	Control (ethanol)
	G
	G
	G
	G


Note : (I – Inhibition, G - Growth (No inhibition), Conc. – Concentration) 



Table 3. GC-MS analysis of bioactive compounds present in the ethanolic root extract
	S.No. 
	RT
	Name of the compound 
	Molecular formula
	MW
	Peak 
area (%)

	1. 
	3.12
	1,1 diethoxy-pentane 
	C9H20O2
	160
	0.43

	2. 
	6.71
	N,1- dimethyl – 4-piperidinamine
	C7H16N2
	128
	1.64

	3. 
	10.02
	Sucrose 
	C11H22O11
	342
	11.99

	4. 
	11.47
	4-Hydroxy –N – Methylpiperidine
	C6H13NO
	115
	40.17

	5. 
	16.05
	N-Hexadecanoic acid 
	C6H32O2
	256
	5.90

	6. 
	16.33
	Ethyl ester tetradecanoic acid
	C6H32O2
	256
	1.40

	7. 
	18.61
	(N,N) – 9, 12 – Octadecadienoic acid 
	C18H32O2
	280
	1.16

	8. 
	24.84
	3,3,4 trimethyl-2,4,2H – Benzo© furanone
	C11H12O2
	176
	10.10

	9. 
	25.31
	1-(4-cyclohexylphenyl)-Ethanone
	C14H18O
	202
	1.89

	10. 
	26.35
	4-methyl-6-phenylamno-2H-Furol [2,3]
	C18H13NO3
	291
	17.71

	11. 
	29.96 
	4-[(4-diethylamino)phenylimino]-2,4 dihydro-5-metyl-2-penyl -3H-Pyrazol -3-one
	C20H22N4O
	334
	4.56

	12.
	33.0
	4-Dimethyl piperazine -5 –Benzyl -2-phenyl -2, 3-Bis (4-methoxyphenyl)-1
	C27H32N2O
	416
	3.04




Postive control	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Petrlolem root extract	22	36	30	24	23	26	29	Crude extract	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Petrlolem root extract	7	8	9	5	5	8	10	Diluted extract 	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Petrlolem root extract	5	5	6	3	4	6	5	Postive control	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	choloform root extraxt 	21	38	30	24	23	26	29	Crude extract	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	choloform root extraxt 	10	8	11	8	6	14	18	Diluted extract 	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	choloform root extraxt 	8	6	9	7	4	8	6	Postive control	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Aqueous root extract	22	36	28	26	25	25	22	Crude extract	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Aqueous root extract	1	3	1	5	2	1	3	Diluted extract 	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Aqueous root extract	0	2	3	1	1	2	1	Postive control	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Ethanolic root extract	21	38	30	24	23	26	29	Crude extract	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Ethanolic root extract	10	8	11	8	6	14	18	Diluted extract 	E. coli	S. aureus	B. thuringiensis	V. cholerae	A. tumefaciens	A. niger	F. oxysporum	Ethanolic root extract	8	6	9	7	4	8	6	image1.emf
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