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Abstract
Caesalpinia bonducella belongs to the family Caesalpiniaceae. It has a broad range of pharmacological activities. Therefore, the present work was designed to study the antibacterial, antifungal and antioxidant activities of methanol extracts and compounds from Caesalpinia bonducella seeds.  The phytochemical analysis revealed the presence of Phenols, Saponins, Anthroquiones, Lignins, Terpenoids, Triterpenes, Flavonoids, Amino acids, Carbohydrates, Alkaloids, Glycosides, Phytosterols, and Quinones. Further, the functional groups of these phyto-compounds were confirmed by Fourier-transform infrared spectroscopy. The methanol extract was identified with 19 compounds by Gas chromatography-mass spectrometer. Among them, the major 4 compounds have the highest peak area percent. They are Terpenoid-alfa-Copaene (17.9 %), Terpenoid-à-Muurolene (11.6 %), Fatty acid- n-Hexadecanoic acid (5.76 %), poly phenol -2-Propenoic acid, 3-(2-hydroxyphenyl)-, (E) - (4.26%) which are showing biological activity such as antibacterial, antifungal activity antioxidant and anti-inflammatory respectively. The methanol extract was tested against ten bacterial and three fungal strains. Among all the bacteria and fungi tested, the highest MIC was shown by P. aeruginosa with 21.39 mm and A. favus with 28.2 mm. The antioxidant activity of methanol extracts showed LOG IC50-1.330 and IC50 -21.39. Thus, the present study proved that methanol extract has significant potential activity hence it can be used as a functional ingredient in pharmaceuticals drug preparations.
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1. Introduction	
The medicinally important plants are the potential sources to combat threatening diseases in the world. In traditional methods, the usage of plants for medicine still plays an important role in covering the basic human health needs in various countries. Plants are the endless supplies of novel active compounds for the development of new pharmaceuticals. The bioactive compounds of the species can vary depending upon the geographical region, type of soil, level of precipitation, light intensity and humidity [1, 2]. The medicinal values of these traditional plants lie in some biologically active compounds which show a definite physiological effect on the human body. These issues [3] are under active consideration and encourage scientists and researchers to investigate novel active compounds from natural resources.
The earliest forms of medicinal practices are to use traditional plants to treat human ailments [4, 5, 6], which give the knowledge and scientific interest about medicinal plants as an effective alternative to fight against pathogenic microorganisms [7]. An endangered Indian medicinal herb Caesalpinia bonducella belongs to the family Caesalpiniaceae. “Bonducella” derived from Arabic “Bonduce”, means “little ball” commonly known as fever nut. It is located in tropical and subtropical regions and in hotter parts of India [8]. It is one of the largely used commercialized medicinal plants having potential therapeutic compounds like phenols, flavonoids, terpenes, alkaloids [9,10,11,12,1], which have the property to use as antimicrobial, antioxidant, anti-inflammatory, ant diabetic, antiperiodic antitumor activities [14,15,16,17,18,19,20]. It is used to treat stomach-ache, cutaneous eruptions, cancer, malaria, tumors and prostate gland disease [21, 22, 23, 24, 25, 26].
In this current study, the methanol extract of Caesalpinia bonducella was used for the identification of bioactive compounds by FTIR and GCMS and was screened for antibacterial activity against ten bacterial strains, antifungal activity against three strains and antioxidant activity by DPPH method.
2. Materials and methods
2.1. Source of chemicals
All chemicals used to investigate bioactive compounds, antibacterial, antifungal and antioxidant activities were purchased from Merck (Darmstadt, Germany), Sigma Chemicals (St. Louis, MO, USA).
2.2. Collection of plant material
The seeds of Caesalpinia bonducella were purchased from the local market (Gudiwada Hanumanthu Rao Scientific Store, Tenali, Guntur, Andhra Pradesh, India). The collected seeds were carefully separated based on size and stored in airtight polythene bags to use them for the experimental purpose.
2.3. Collection of Microbial strains 
The microorganisms such as Pseudomonas aeriginosa (MTCC 10636), Staphylococcus aureus (MTCC 6908), Bacillus subtilis (MTCC1305), Proteus vulgaris  (MTCC 744), Escherichia coli (MTCC 9537), Klebsiella pneumonia (MTCC 10309), Shigella boydii (ATCC 9207), Pseudomonas putida(MTCC 1194), Enterococcus feacalis (MTCC 459) aSalmonellaparatyphi (MTCC 3220), Aspergillusniger(MTCC 404), Aspergillusflavus(MTCC 871) and Candida albicans  (MTCC 227) were purchased from (MTCC) Microbial Type Culture Collection, Chandigarh, India. 
2.4. Sample preparation
The seeds were powdered and sieved. Then about 20 g of seed powder was extracted in a soxhlet apparatus with 200 ml of different solvents like aqueous, ethyl acetate, ethanol, methanol, hexane and chloroform. The liquid extracted was concentrated to dryness by subjecting to the rotary evaporator (Heidolph, Hei-VAP series) and freezed dry using lyophilizer (Verdant scientific lyophilizer- sub-zero)
2.5. Phytochemical analysis
The preliminary phytochemical analysis such as Phenols, Saponins, Anthroquiones, Lignins, Terpenoids, Diterpens, Flavonoids, Aminoacids, Carbohydrates, Alkaloids, Glycosides, Phytosterols and Quinone were carried out on seed extract of Caesalpinia bonducella to highlight the main phytochemical constituent groups by adopting the standard methods [27, 28, and 29]. 
2.7. Fourier Transform Infrared Spectrophotometer analysis 
Fourier Transform Infrared Spectrophotometer analysis was performed using (Agilent Cary 630). The detection and characterization of functional groups of phytocompounds was carried out by loading 100 µL of the methanol sample to the instrument, the compounds present in the extract interact with infrared light, the bonds of the chemicals bend, stretch and contract, in this process at a specific wavelength, the functional group of the compounds absorb the infrared radiation and the phytocompound was identified. 
2.8. Gas chromatography-mass spectrometry analysis
GC-MS were carried out on (Agilent 7890A USA). Gas chromatography system equipped with mass spectrometer (Pegasus HT TOF, LECO Corporation, USA). Separation of active compounds were carried out by a capillary column (Agilent J and W HP-5 ms, (5 %) Phenyl-methylpolysiloxane 30 m x 0.25 mm, film thickness 0.25 μm). Ultra-high pure helium (99.999 %) as carrier gas at a constant flow rate of 1mL/min in a split less mode.
To calculate the retention indices, C7 to C40 n-alkane mixture (1 μg/μL) was run prior to analysis of methanol seed extract of Caesalpinia bonducella. 1 μL of methanol seed extract was manually injected into inlet of column at 250 ºC operating in a split less mode. Retention indices of each compound were calculated according to Van den Dool. The parameters, such as the retention time, similarity and Retention Index (RI) values were matched with that of peaks and subsequently identified through a NIST/EPA/NIH Mass Spectral Library 2011 library [30]. 
2.9. Antibacterial and Antifungal assay 
The in vitro anti-microbial activity of methanol Caesalpinia bonducella seed extract was carried out against the following strains: The microorganisms such as Pseudomonas aeriginosa(MTCC 10636), Staphylococcus aureus(MTCC 6908), Bacillus subtilis(MTCC1305), Proteus vulgaris  (MTCC 744), Escherichia coli (MTCC 9537), Klebsiella pneumonia (MTCC 10309), Shigella boydii (ATCC 9207),  Pseudomonas putida(MTCC 1194), Enterococcus feacalis (MTCC 459),Salmonella paratyphi (MTCC 3220), Aspergillusniger(MTCC 404), Aspergillusflavus (MTCC 871) and Candida albicans  (MTCC 227). The antimicrobial sensitive assay was determined by agar well diffusion method according to NCCLS (National Committee for Clinical Laboratory Standards). The culture inocula containing of 106cfu/ml cells of bacterial and fungal culture were spread on Mueller Hinton agar medium as well as potato dextrose agar medium (PDAM) using sterile glass L- shaped rod subsequently wells were punched about 5mm diameter using cork borer and the samples of methanol seed extract was taken in different concentrations like, 1000 µg/ml,250 µg/ml, 125µg/ml, 62,31µg/ml, positive control as ampicillin (10 µg/mL) for bacteria and Itraconazole (10µg/mL ) for fungus different concentrations of Methanol seed extract  was taken 1000, 250, 125, 62, 31µg/mL and negative control as DMSO were loaded into the wells. Agar plates were carefully wrapped with parafilm and were incubated at 37 ºC for 24 h for bacteria and 25 ºC for 48 to 72 h for fungus. The antimicrobial activity was determined by the measurement of inhibition zone around the well. The experiment was repeated for three times and mean ± SD of the readings were calculated.
2.10. DPPH radical scavenging assay
The capacity of Caesalpinia bonducella L. Roxb methanol seed extract to scavenge free radicals was spectrophotometrically determined by using Ascorbic acid as standard in DPPH free radical scavenging assay (Ak, 2008) To 15 µg/mL, 31 µg/mL, 62 µg/mL, 125 µg/mL, 250 µg/mL and 500 µg/mL of Caesalpinia bonducella L. Roxb methanol seed extracts added 3.0 ml of methanolic solution of DPPH and was incubated in a dark room (room temperature for 30 min), the absorbance read at 517 nm. The experiment was done in triplicates and mean ± SD IC50was calculated using graphpad prism-5. The (% FRSA) percentage of free radical scavenger activity was calculated by using the formula  
% of free radical scavenging assay = A˚- Asample/A˚×100
Where A˚ is the absorbance of the blank (control) and Asample is the test compound absorbance. The % of free radical scavenging assay versus concentration of the extract was plotted using graph pad prism-5.
3. Results and discussion
In the current investigation, Caesalpinia bonducella Roxb (Fig. 1) were collected from local stores in Guntur District. The seeds powder was subjected to biochemical analysis and biological assays, which are prescribed in pharmacopeias.
3.1. Phytochemical analysis of Caesalpinia bonducella seed extracts
The study of Caesalpiniabonducella seed extracts was carried out in this investigation. The phytochemical analysis revealed the presence of Phenols, Saponins, Anthroquiones, Lignins, Terpenoids, Diterpens, Flavonoids, Amino acids, Carbohydrates, Alkaloids, Glycosides, Phytosterols and Quinone in methanol seed extracts. The phytocompounds present in different solvent extract was described in Table1. The bioactive compounds like alkaloids terpenoids and glycosides play a vital role in killing the pathogens like bacteria and fungi; the compounds like phenols, flavonoids play a vital role in reducing the free radical generation [31].
3.2. Fourier Transform Infrared Spectrophotometer analysis of Caesalpinia bonducella
The elucidation of FTIR analysis for structural and functional groups revealed the presence of various characteristic functional group of Caesalpinia bonducella.The absorption spectrum of the sample showed significant changes in the functional group. The absorption spectrum of methanol seed extract showed the presence of various phyto-constituents like 3325cm-1 - Poly Hydroxy compound, 2941cm-1 - Lipids, proteins 2854cm-1- Carboxylic acid, 2077cm-1 Nitrile compound, 1645 cm-1 - Aldehyde compound,1492 cm-1 Quinoleines, -  1453 cm-1 -Aromatic compound,1392 cm-1 - Alkenes, 1108 cm-1 - Phenols, Tertiary Cyclic esters, 1020 cm-1 -Phosphate compound and  572cm-1 -Aliphatic ido compounds. The peak wavelength, bond group frequency functional group assessment of phytocompounds was clearly represented in (Fig.2, Table.2).
3.3. Gas chromatography-mass spectrometer analysis 
In GC-MS analysis 19 compounds were identified by the standard library (NIST-11) based on retention time (RT), retention index (RI). The retention Index of the compound with the difference of ± 50 of experimental values compared to library values, molecular formula and molecular weight shown in (Fig. 3, Table. 3, 4).  The bioactive compounds were 2-Propen-1-ol, 3-phenyl-, Phenol, 2-methoxy-3-(2-propenyl)-, alfa.-Copaene, trans-à-Bergamotene, 2-Propenoic acid, 3-(2-hydroxyphenyl)-, (E)-, 1,6-Cyclodecadiene, 1-methyl-5-methylene-8-(1-methylethyl)-, [S-(E,E)]-, à-Muurolene, trans-calamenene, Humulene, à-Calacorene, Caryophyllenyl alcohol, Ledene oxide-(II), Cubenol, à-Cadinol, Naphthalene, 1,6-dimethyl-4-(1-methylethyl)-, à-Bisabolol, Pentadecanoic acid, 14-methyl-, methyl ester, n-Hexadecanoic acid, 7-Hexadecenoic acid, methyl ester, (Z)- among 19 compounds 4 major bioactive compounds having highest peak area %  they areterpenoid- alfa.-Copaene (17.9 %)which acts as an antigenotoxic , antioxidant and Terpenoid-à-Muurolene  (11.6 %) show antibacterial, antioxidant activity, Fatty acid-n-Hexadecanoic acid which acts asantimicrobial, anti-inflammatory agent (5.76 %), poly phenol- 2-Propenoic acid, 3-(2-hydroxyphenyl)-, (E)- (4.26 %) having anti-inflammatory activity, all these biological activities of bioactive compounds are also reported in Dr. Duke’s phytochemical and ethnobotanical Databases-USDA[30]
3.4. DPPH free radical scavenging activity
The antioxidant activity of Caesalpinia bonducella methanol seed extract was explored by analysing the free radical scavenging activity of DPPH method using ascorbic acid as standard. The DPPH is considered as a model of lipophilic radicals which was initiated by the lipid auto-oxidaton. The DPPH is a stable free radical which accepts electron or hydrogen radical and become diamagnetic molecule [32]. The reduction of free radical capability was determined by decreasing the absorbance at a wavelength of 517 nm. The methanol seed extract of Caesalpinia bonducella had significant scavenger activity with increasing concentration in the range 7.5 to 500 µg/ml when compared to the standard ascorbic acid.  Whereas the antioxidant activity of methanol seed extract was found low. LOG IC50values of methanol seed extract were found to be 1.330µg/ml and the IC50 was 21.39µg/ml (Fig. 4). Shruti et al. (2009) had shown that the antioxidant activity ethanolic extract of Caesalpinia bonducella showed IC5074.73µg/ml [33]. Sachan et al. (2010) had shown that the free radical scavenger activity of chloroform extract was IC50170µg/ml. Compared to the other results the methanol extract of Caesalpinia bonducella showed potential antioxidant activity.
3.5. Antimicrobial activity of methanol seed extracts of Caesalpinia bonducella
The potential of the antibacterial activity of methanol extracts of Caesalpinia bonducella was evaluated against 13 microbial strains such as. Pseudomonas aeriginosa, Staphylococcus aureus, Bacillus subtilis, Proteus vulgaris, Escherichia coli, Klebsiella pneumonia Shigella boydii,  Pseudomonas putida, Enterococcus feacalis Salmonella paratyphi, Aspergillusniger, Aspergillusflavus and Candida albicans using agar well diffusion technique. The different concentrations of seed extract 1000µg/mL,250 µg/mL,125 µg/mL,62 µg/mL,31µg/mL were qualitatively and quantitatively assessed by the observation of zone of inhibition, the negative control DMSO did not show an inhibitory effect on any of the bacteria. Among all the organisms tested the results revealed that the bacteria P.aeriginosa shows the maximum inhibition Zone 23.1(mm), and in fungi A.flavus 28.2 (mm) shows the maximum inhibition which was shown in (Fig. 5, 6) [34]. Subramani et al (2014) had shown that the ethanol extract of Caesalpinia bonducella showed maximum inhibition zone against Ecoli 13 mm and fungi Epidermophyton floccosum11mm[35].Shukla et al. (2011) had shown that the chloroform extract of seed shows more inhibition against Aspergillus flavus 22.8 mm. With the aforementioned documented report it is suggested that the methanol extract of Caesalpinia bonducella showed a good antibacterial and antifungal activity.
4. Conclusion
The present investigation is an effort to understand the potential of bioactive compounds of Caeslpinia bonducella methanol seed extract. Successive soxhlation of Caeslpinia bonducella was carried out to identify the valuable phyto-constituents from methanol solvent extracts such as Phenols, Saponins, Anthroquiones, Lignins, Terpenoids, Diterpens, Flavonoids, Amino acids, Carbohydrates, Alkaloids, Glycosides, Phytosterols, and Quinone. Further, these bioactive compounds were confirmed by FTIR. Through GCMS analysis the major four compounds were found viz., Terpenoid- alfa.-Copaene (17.9 %), Terpenoid- à-Muurolene  (11.6 %),  Fatty acid- n-Hexadecanoic acid (5.76 %), poly phenol - 2-Propenoic acid, 3-(2-hydroxyphenyl)-, (E)- (4.26 %) which were found highly responsible for antibacterial, antifungal and antioxidant activity. The results of the current study support the further use of this plant extract in the development of novel drugs and neutracuticals.
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Fig.1. Caesalpinia bonducella L. Roxb.  Seeds 
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 Fig. 2. FTIR peak assignment of Caesalpinia bonducella seed extract.   
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Fig. 3. Chromatogram of Gas chromatography mass spectrometry of Caesalpinia bonducella seed extract. 
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Fig. 4. % inhibition of free radical scavenging activity of Caesalpinia bonducella seed extract
.
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Fig. 5. Antibacterial activity of Caesalpinia bonducella seed extract. 
[image: ]Fig. 6. Antifungal activity of Caesalpiniabonducella seed extract
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Table 1. Qualitative screening of phytochemicals of Caesalpinia bonducella seed extract
	Phytocompounds
	Water
	Ethyl acetate
	Ethanol
	Methanol
	Hexane
	Chloroform

	Phenols
	+
	-
	-
	+
	+
	-

	Saponins
	+
	+
	+
	+
	+
	+

	Anthroquiones
	+
	-
	+
	-
	-
	-

	Lignins
	-
	+
	+
	+
	+
	-

	Tepenoids
	+
	--
	+
	+
	-
	-

	Diterpenes
	-
	-
	-
	+
	-
	-

	Flavonoids
	-
	+
	+
	+
	-
	+

	Amino acids
	-
	-
	+
	+
	-
	-

	Carbohydrates
	+
	-
	+
	+
	+
	+

	Alkaloids
	+
	+
	-
	+
	-
	-

	Glycosides
	-
	-
	-
	+
	-
	-

	Phytosterols
	-
	+
	+
	+
	-
	+

	Tannins
	+
	-
	+
	-
	-
	-

	Quinone
	+
	-
	-
	+
	-
	-


(+) presence,(-) Absent.
37. 

Table 2. Functional group assessment from FTIR peak analysis of Caesalpinia bonducella seed extract
	Sr. No.
	Wave number or peaks of Methanol extract
	Bond
	Group frequency Cm-1
	Functional group assignment

	1
	3325
	0-H
	3570-3200
	Poly Hydroxy compound, phenols

	2
	2941
	0-H
	2400-3500
	Lipids, protein

	3
	2845
	C-H
	2400-3500
	Carboxyilc acid

	4
	2077
	C≡C
	2300-1900
	Nitrile compound

	5
	1645
	N-H
	1650-1600
	Quinolines

	6
	1492
	C=C-C
	1510-1450
	Aromatic compound

	7
	1453
	C-H
	1340-1470
	Alkenes

	8
	1392
	O-H
	1410-1310
	Phenols, tertiary

	9
	1108
	C-O
	1140-1070
	Cyclic esters

	10
	1020
	C-O
	1100-1000
	Phosphate  compound

	11
	572
	C-I
	600-500
	Aliphatic ido compounds
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Table 3. List of bioactive compounds identified by Gas chromatography mass spectrometry in Caesalpinia bonducella seed extract	
	S. No
	Name of the compound
	Formula
	
	RT
	RI
	RI from NIST
	Area %
	Area
	Exact mass

	1
	2-Propen-1-ol, 3-phenyl-
	C9H10O
	
	05:32.5
	1259
	1277
	1.0806
	118588610
	134.0732

	2
	Phenol, 2-methoxy-3-(2-propenyl)-
	C10H12O2
	
	05:55.0
	1297
	1392
	0.30885
	33894834
	164.0837

	3
	.alfa.-Copaene
	C15H24
	
	06:06.1
	1298
	1221
	17.954
	1970308021
	204.1878

	4
	trans-à-Bergamotene
	C15H24
	
	06:31.6
	1397
	1433
	0.34018
	37332988
	204.1878

	5
	Naphthalene, 1,6-dimethyl-4-(1-methylethyl)-
	C15H18
	
	06:34.8
	1423
	1442
	0.44115
	48413850
	198.1409

	6
	1,6-Cyclodecadiene, 1-methyl-5-methylene-8-(1-methylethyl)-, [S-(E,E)]-
	C15H24
	
	06:46.7
	1454
	1480
	0.20357
	22340395
	204.1878

	7
	à-Muurolene
	C15H24
	
	07:05.9
	1468
	1440
	11.68
	1281858512
	204.1878

	8
	trans-calamenene
	C15H22
	
	07:18.1
	1487
	1537
	0.71221
	78160337
	202.1722

	9
	Humulene
	C15H24
	
	07:24.1
	1492
	1454
	0.77988
	85587353
	204.1878

	10
	à-Calacorene
	C15H20
	
	07:26.4
	1526
	1529
	0.832
	91306812
	200.1565

	11
	Caryophyllenyl alcohol
	C15H26O
	
	07:39.3
	1560
	1569
	0.51535
	56556316
	222.1984

	12
	Ledene oxide-(II)
	C15H24O
	
	08:04.5
	1602
	1682
	2.3789
	261068390
	220.1827

	13
	Cubenol
	C15H26O
	
	08:04.8
	1618
	1651
	2.3789
	261068390
	222.1984

	14
	à-Cadinol
	C15H26O
	
	08:11.6
	1626
	1637
	3.8448
	421945571
	222.1984

	15
	2-Propenoic acid, 3-(2-hydroxyphenyl)-, (E)-
	C9H8O3
	
	06:37.2
	1638
	1630
	4.2611
	467628194
	164.0473

	16
	à-Bisabolol
	C15H26O
	
	08:28.9
	1658
	1653
	1.1684
	128228952
	222.1984

	17
	Pentadecanoic acid, 14-methyl-, methyl ester
	C17H34O2
	
	10:07.9
	1802
	1814
	0.60684
	66597114
	270.2559

	18
	n-Hexadecanoic acid
	C16H32O2
	
	10:36.7
	1879
	1942
	5.7656
	632734594
	256.2402

	19
	7-Hexadecenoic acid, methyl ester, (Z)-
	C17H32O2
	
	11:35.1
	1884
	1886
	0.66884
	73400670
	268.2402


RT- Retention Time, RI- Retention Index

Table 4. Biological activity of bioactive compounds identified by Gas chromatography mass spectrometry in Caesalpinia bonducella seed extract
	[bookmark: _GoBack]S. No
	Name of the compound
	Biological activity

	1
	2-Propen-1-ol, 3-phenyl-
	Antimicrobial activity, antioxidant activity

	2
	Phenol, 2-methoxy-3-(2-propenyl)-
	Anti-inflammatory, Hepatoprotective

	3
	.alfa.-Copaene
	Anti-genotoxic , Antioxidant

	4
	trans-à-Bergamotene
	Anti-microbial activity

	5
	2-Propenoic acid, 3-(2-hydroxyphenyl)-, (E)-
	Anti-oxidant , anti-inflammatory

	6
	1,6-Cyclodecadiene, 1-methyl-5-methylene-8-(1-methylethyl)-, [S-(E,E)]-
	Anti-microbial

	7
	à-Muurolene
	Antibacterial activity , antioxidant

	8
	trans-calamenene
	Anti-microbial , anti-oxidant

	9
	Humulene
	Anti-inflammatory , analgesic , anti-tumor

	10
	à-Calacorene
	Anti-microbial

	11
	Caryophyllenyl alcohol
	Anti-microbial

	12
	Ledene oxide-(II)
	Anti-bacterial, anti-microbial

	13
	Cubenol
	Anti-inflammatory , anti-microbial

	14
	à-Cadinol
	Anti-oxidant , anti-fungal

	15
	Naphthalene, 1,6-dimethyl-4-(1-methylethyl)-
	Anti-diabetic , anti-cancer, anti-oxidant

	16
	à-Bisabolol
	Anti-inflammatory , antibiotic

	17
	Pentadecanoic acid, 14-methyl-, methyl ester
	Anti-oxidant , anti-fungal

	18
	n-Hexadecanoic acid
	Anti-microbial , anti-inflammatory

	19
	7-Hexadecenoic acid, methyl ester, (Z)-
	Anti-microbial , anti-inflammatory
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