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A B S T R A C T 
Pancratium zeylanicum L. belonging to Amaryllidaceae, an endemic plant of Indian sub-continent. The present works was 
designed to identifying the bioactive compounds and determines the in-vitro antioxidant activity of the ethanol and 
methanol extracts of Pancratium zeylanicum bulb. Phytochemical analysis was performed using qualitative and 
quantitative phytochemical screening with standard procedures. FTIR with JASCO IRT-7000 Intron Infrared Microscope 
using transmittance mode with a resolution of 4 cm−1. In GC-MS the interpretation of mass spectrum was conducted 
using database of National Institute Standard and Technology (NIST), library 2008. The antioxidant activity was evaluated 
by DPPH (Diphenylpicryl Hydrazyl radical scavenging method), nitric oxide, hydrogen peroxide, ABTS (2,2′-azino-bis (3-
ethylbenzothiazoline-6-sulfonate) radical cation) radical scavenging, and FRAP (Ferric reducing ability of plasma) assays. 
The result reveals that some of the phytochemicals constituents such as alkaloids, flavonoids, tannins, steroids and 
triterpenoids were present in both the extracts; whereas glycosides and fixed oils are present in PZBM extract, and 
saponins and gum and mucilage were present in PZBE extract. The anthraquinone is absent in both the extracts. The total 
phenol, flavonoids and alkaloids presents in ethanol and methanol extracts is 25.67±1.43 mg/g and 29.41±1.80 mg/g, 
27.20±1.15 mg/g and 31.26±0.39 mg/g, 24.16±0.38 mg/g and 26.52±0.67 mg/g. In FTIR analysis the ethanol and 
methanol extracts of P. Zeylanicum bulb have active functional groups like secondary amine, alkene, aldehyde, alkyl aryl 
ether, ester, aliphatic ether, halo compound, etc. GCMS analysis of ethanol and methanol extracts showed the presence 
of 90 and 90 components with 22 and 20 known bioactive compounds respectively. The antioxidant activity was found 
to be increased with increasing concentration of ethanol and methanol extracts. The IC50 value of DPPH, Nitric oxide, 
Hydrogen peroxide, ABTS+ and FRAP in ethanol extract is 163.92±1.88, 349.37±1.2, 147.64±2.19, 98.65±1.29, 194.22±1.74 
and in methanol extract is 147.29±2.46, 194.84±0.78, 228.74±0.99, 206.43±1.55, 117.39±2.61 respectively. Ethanol and 
methanol extracts of P. zeylanicum bulb is a potential source of natural antioxidants and serves as an effective free radical 
scavenger and inhibitor. Hence, P. Zeylanicum might be a good plant-based pharmaceutical product for several diseases 
caused by free radicals. 
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Plants have been used as medicines for thousands of 

years around the world for the prevention and treatment of 

different diseases, as well as a natural source of therapeutically 

active compounds [1]. Compared to modern synthetic drugs, 

herbal remedies from medicinal plants are more compatible, 

effective, cheaper, and safer to the human body [2]. To 

overcome the lack of coverage provided by the conventional 

health care system, rural communities use herbal medicines for 

primary health care. In the whole World approximately 90% of 

people in rural areas depend on the medicinal plants to meet 

primary health needs [3]. Compared to synthesized medicines, 

natural products offer a safer alternative. Only 15% of the 

known sources in the World have been screened for their 

therapeutic purpose. 

A variety of infections can be cured using herbal 

medicines, due to their bioactive molecules. Compared to 

commercial antibiotics, herbal products are many times more 

effective with minimal side effects. Spices play a crucial role in 

enhancing the taste and aroma of food. It is also finding its place 

in traditional folklore medicine which is used to reduce the pain, 

gives protection to cells from damage, helps in detoxification 
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[4]. Phytochemicals in plant materials are biologically active 

compounds that play a crucial role in the body's metabolic 

process. Biologically active components are abundant in plants 

[5]. Flavonoids, tannins and phenols are natural antioxidants 

that help keep the body healthy. 

Plants are potential sources of natural antioxidants. It 

produces various antioxidative compounds to counteract 

reactive oxygen species in order to survive. Natural 

antioxidants have drawn a lot of attention in recent years 

because of their potential health benefits [6-7]. Researchers 

have been screening medicinal and food plants for antioxidant 

properties for the past few decades in an effort to find effective 

remedies for a variety of diseases [8]. Multiple diseases are 

caused by oxidative stress, including atherosclerosis, arthritis, 

cardiovascular disorders, Alzheimer's disease, and cancer [9]. It 

is necessary to replace synthetic antioxidants with natural 

antioxidants since synthetic antioxidants can have many side 

effects. Phenolic compounds are among the most important 

secondary metabolites in numerous medicinal plants. In human 

life, phenolic compounds have beneficial effects due to their 

antioxidant activity, which is largely due to their redox 

properties, which allow them to act as reducing agents, 

hydrogen donors and radical scavengers [10]. 

The Amaryllidaceae family has attracted attention as a 

source of valuable biologically active alkaloids. There are about 

15 species of Pancratium in the Mediterranean, Africa, and 

Asia [11]. Amaryllidaceae contain a wide range of alkaloids 

that exhibit antitumor, antiviral, antibacterial, antifungal, 

antimalarial, analgesic, and cytotoxic activities [12]. Bulbous 

plants have been shown to contain unique, biologically active 

compounds that could be used to develop pharmaceutical 

products. Among Amaryllidaceae, there are numerous 

bioactive compounds with different structures that are specific 

to the species. Pancratium zeylanicum A herbaceous, bulbous 

plant, used as a substitute and adulterant of Indian Squill, a drug 

used as a cardiotonic, diuretic, and expectorant, prescribed also 

for bronchial troubles. Only few reports are available for 

antioxidant and anticancer activity of P.  zeylanicum [13]. 

In this study the chemical compositions, FTIR, GCMS 

and antioxidant activity (DPPH radical scavenging activity, 

ABTS radical scavenging activity, nitric oxide, hydrogen 

peroxide and FRAP) of P. zeylanicum bulb ethanol and 

methanol extracts were reported. To our best knowledge, there 

is no research on the phytochemical compounds, FTIR, GCMS 

activities of P. zeylanicum bulb. 

 

MATERIALS AND METHODS 
 

Preparation of plant extract 

P. zeylanicum dried bulbs (100 grams) were subjected to 

Soxhlet extraction using the adjusted methodology of Elwekeel 

et al. 2013. Ethanol and methanol solvents were used for this 

extraction. After extraction, the solvent was evaporated by 

vacuum solvent evaporator. Then, the extracts were stored at 

4°C for investigation of phytochemical analysis and 

pharmacological studies. 

 

Preliminary phytochemical screening  

Presence of bioactive phytochemicals like alkaloids, 

anthraquinones, glycosides, saponins, phenols, tannins, 

flavonoids, steroids, terpenoids, fixed oils and gum and 

mucilages in P. zeylanicum bulb ethanol (PZBE) and P. 

zeylanicum bulb methanol (PZBM) extract was carried out by 

standard methodologies.  

 

Quantification methods 

Quantification of alkaloids 

The PZBE and PZBM extract were dissolved in 0.5 mL 

of 0.1 m mol/L HCl and 2 mL deionized water. After the solution 

was transferred to a 25 mL volumetric flask, water was added to 

the flask scale and then filtered. Following that, 2 mL of 

deionized water and 2 mL of bromocresol green were transferred 

to a dividing funnel and shaken, and then 10 mL of CHCl3was 

added and vigorously shaken for 2 minutes. The solution layer 

was collected and measured absorbance at 411 nm.  

 

Quantification of total phenolics 

In this method 150 µL of PZBE and PZBM extracts were 

taken into a series of test tubes and made up to 1 mL with 

distilled water. The blank was a test tube containing 1 mL of 

distilled water. All the test tubes, including the blank, were then 

added 500 µL Folin-Ciocalteau Phenol reagent (1 N). All test 

tubes were added 2.5 mL of sodium carbonate solution (20%) 

after five minutes. Vortexing was performed to mix the contents 

well and incubation was performed for 40 minutes in the dark. 

The presence of phenolics was indicated by the blue colour 

formed on the test tubes during incubation. Following 

incubation, the absorbance was measured at 725 nm against a 

reagent blank. A gallic acid standard was prepared and the 

results were expressed as Gallic acid equivalents (GAE). The 

analyses were performed in triplicates. 

 

Quantification of total flavonoids 

About 800 µL of PZBE and PZBM extracts were taken 

in different test tubes and 2 mL of distilled water was added to 

each test tube. The blank was a test tube containing 2.5 mL of 

distilled water. All test tubes were then treated with 150 µL of 

5% NaNO2, which was then incubated at room temperature for 

six minutes. In all the test tubes, including the blank, 150 µL of 

10% AlCl3 was added after incubation. Incubation at room 

temperature for 6 minutes was performed on all test tubes. Then 

2 mL of 4% NaOH was added to all the test tubes which were 

then made up to 5 mL using distilled water. All test tubes were 

vortexed well and allowed to stand at room temperature for 15 

minutes. A spectrophotometric measurement at 510 nm 

revealed that the pink color developed as a result of flavonoids. 

The flavonoids were measured using rutin as the standard. The 

experiments were conducted in triplicate, and the results were 

expressed in rutin equivalents (RE). 

 

FTIR analysis 

The FTIR analysis of the PZBE and PZBM extracts were 

conducted using the potassium bromide (KBr) pellets (FTIR 

grade) using the Jasco FTIR-6300 Fourier transform infrared 

spectrometer equipped with a JASCO IRT-7000 Intron Infrared 

Microscope using transmittance mode with a resolution of 4 

cm−1 (JASCO, Tokyo, Japan). 

 

GCMS analysis 

GCMS analysis was carried out to identify the 

phytochemical constituents of the PZBE and PZBM extracts. 

GCMS model, Perkin Elmer, Clarus 680 and Helium (1 

mL/min) was used as a carrier gas. 1 μL of each extract was 

injected into the instrument and the injector temperature was set 

at 260°C during the chromatographic run.  The mass detector 

conditions were transfer line temperature 240°C, ion source 

temperature 240°C and ionization mode electron impact at 70 

eV, a scan time 0.2 second and scan interval of 0.1 second. The 

oven temperature was fixed in starting at 60°C for 2 min then 

the temperature was changed increased into 300 °C at the rate 

of 10 °C min−1 and this temperature was held for 6 min. The 

GCMS analysis was performed in Sophisticated Instrument 
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Facility (SIF), VIT University, Vellore and TurboMass ver 

5.4.2 software was used. The interpretation of mass spectrum 

GCMS was conducted using database of National Institute 

Standard and Technology (NIST), library 2008. 

 

Antioxidant assays 
 

Diphenylpicryl hydrazyl (DPPH) radical scavenging activity 

Antioxidant activity of PZBE and PZBM extracts was 

analyzed by Spectrophotometric method on the basis of 

determination of scavenging activity of DPPH free radical by 

[14]. DPPH, (100mM, 22 mg of DPPH) was accurately 

weighted and dissolved in 100 ml of methanol. From this stock 

solution, 10 ml was taken and diluted to 100 ml using methanol 

to obtained 100 mM DPPH solution. Microtitre plates 

containing 96 wells were used for the assay. In the microtitre 

plate, 10µl of each sample or standard solution were added 

separately to 200 µl of DPPH solution. The final concentration 

of the least and standard solution used are 1000 to1.953µg/ml. 

The plates were incubated at 37°C for 20 minutes and the 

absorbance of each well was measured at 490 nm, using ELISA 

reader against the corresponding test and standard blank and the 

remaining DPPH was calculated. IC50 (Inhibition 

Concentration) is the concentration of the sample required to 

scavenging 50% of DPPH free radicals. 

 

Percent of Inhibition = 
Control – Sample 

× 100 
Control 

 

Nitric oxide radical scavenging activity 

Nitric oxide assay of PZBE and PZBM extracts were 

carried out by following the methoddescribed by Hazra [15]. 

The reaction mixture (6 ml) containing PZBM and PZBE 

extract (10 mm, 4 ml) and 1 ml of DMSO were incubated at 

25ºC for 90 minutes. After incubation 0.5 ml of the extraction 

mixture containing nitrate was removed and 1 ml of sulphanilic 

acid reagent was added, mixed well and allowed to stand for 5 

minutes for completion of diazotization, then 1 ml of NEDD 

was added, mixture and allowed to stand for 30 minutes in 

different light at room temperature. The absorbance of this 

solution was measured at 540 nm using ELISA reader against 

corresponding blank solution. IC50 value obtained is the 

concentration of the sample required to inhibition 50% NO 

radical.  

 

Hydrogen peroxide radical scavenging activity 

The ability of an extract of PZBE and PZBM extracts to 

scavenge hydrogen peroxide was tested according to the 

method of [16]. PBS (pH 7.4) was dissolved in 20 mM 

H2O2.Various concentrations of 1 ml of the extracts or standard 

in methanol were added to 2 ml of H2O2 solution in PBS. The 

absorbance was measured at 230 nm, after 10 min against a 

blank solution that contained extracts in PBS without H2O2. 

 

ABTS+ radical scavenging activity 

Various concentrations of the PZBE and PZBM extracts 

and standards (2ml), 1 ml of distilled DMSO and 0.16 ml of 

ABTS+ solution were added to make a final volume of 1.36 ml. 

After 20 minutes at 734 nm, absorption was measured 

spectrophotometrically using an ELISA reader. Blank is 

maintained without ABTS+. IC50 value obtained is the 

concentration of the sample required to inhibit 50% ABTS+ 

radical mono cation. 

 

FRAP radical scavenging activity 

The total antioxidant potential of PZBE and PZBM 

extracts was determined using ferric reducing ability of plasma 

FRAP assay as a measure of antioxidant power by Benzie and 

Strain 1996. The FRAP reagent contains 25 ml of acetate buffer 

and 2.5 ml of ferric chloride solution. It was freshly prepared 

and warmed to 37°C before use. A mixture of 900 µl of FRAP 

reagent, 90 µl of water, and 30 µl of test sample was then 

prepared. The reaction mixture was then incubated at 37°C for 

30 minutes and the absorbance was recorded at 593 nm. An 

intense blue coloured complex were formed when ferric 

tripyridyltriazine complex were reduced to ferrous form. The 

absorption at 540 nm was recorded. The calibration was plotted 

with absorbance at 593 nm Vs concentration of ferrous sulphate 

in the range 0.1 mM both aqueous and P. zeylanicum extract. 

The concentrations of FeSO4 were in turn plotted against 

concentration of standard antioxidants L-ascorbic acid. 

 

RESULTS AND DISCUSSION 
 

Qualitative phytochemical analysis 

In this study preliminary phytochemical screening of 

PZBE and PZBM extracts was analyzed. The result reveals that 

some of the phytochemicals constituents such as alkaloids, 

flavonoids, tannins, steroids and triterpenoids were present in 

both the extracts; whereas glycosides and fixed oils are present 

in PZBM extract, and saponins and gum and mucilage were 

present in PZBE extract. The anthraquinone is absent in both 

the extracts (Table 1). 

 

Table 1 Qualitative analysis of PZBM and PZBE extract + 

indicate present of secondary metabolites - indicate absent 

of secondary metabolites 

Compounds Tests Ethanol Methanol 

Alkaloids Dragendroff’s test + + 

Mayer’s test + + 

Wagner’s test + + 

Hager’s test + + 

Flavonoids 10% HCl & 5% 

NaOH test 
+ + 

Alkaline test + + 

Tannins 5% FeCl₃ test + + 

Steroids 
Libermann - 

Burchard’s test 
+ + 

Triterpenoids Libermann - 

Burchard’s test 
+ + 

Salkowski’s test + + 

Saponins Foam test + - 

Glycosides Killer &Kilian test - + 

Gum & 

Mucilages 

Whistler & 

BeMiller test 
+ - 

Fixed oils Spot test - + 

Anthraquinones NH4OH test - - 

 

Table 2 Quantitative analysis of PZBE and PZBM extracts 

Quantification 
Yield value in mg/g 

Ethanol  Methanol  

Alkaloids 24.16±0.38 26.52±0.67 

Flavonoids 27.20±1.15 31.26±0.39 

Phenolics 25.67±1.43 29.41±1.80 

 

Quantitative analysis  

According to data depicted in (Table 2), PZBE and 

PZBM extracts contain an appreciable level of secondary 

metabolites content. The total phenol, flavonoids and alkaloid 

contents of ethanol and methanol extracts was 25.67±1.43, 

29.41±1.80, 27.20±1.15, 31.26±0.39 and 24.16±0.38, 

26.52±0.67 mg/g. All the three secondary metabolites were 

highly isolated in methanol extract. 
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FTIR analysis 

FTIR characterization studies are used to identify the 

functional groups of the phytochemicals present in the PZBE 

and PZBM extracts. Table 3and 4 shows 12 and 13 different 

intense peaks at wave numbers which are corresponds to 

functional groups of the ethanol and methanol extracts of P. 

zeylanicum bulb. The medium band was observed at 

3327.17cm-1 corresponds to N-H stretching phenols and 

alcohols. The weak band at 1678.33cm-1 indicates the presence 

of C=C stretching alkene. A strong band was observed at 

1194.26cm-1corresponds C-O stretch alkyl aryl ether. The 

bands 1167.82, 1080.50, 810.24 and 687.73cm-1 are assigned to 

C-O stretching, C=C banding and C-Br stretching ester, 

aliphatic ether, alkene and halo compound in ethanol extract, 

respectively (Fig 2). Whereas in methanol extract the strong and 

broadband’s shown at absorption peak 3378.19 and 2961.39cm-

1 are designated to O-H stretching and C-N stretched alcohol 

and amine salt. The strong peaks were observed at 1491.44, 

996.61, 698.68, 508.26 and 479.12cm-1 corresponds to N-O 

stretching, C=C banding, C-I stretching and C-Br stretching 

nitro compound, alkene, and halo compound respectively (Fig 

3). Hence this result concluded that the ethanol and methanol 

extracts of P. zeylanicum bulb have active functional groups 

like secondary amine, alkene, aldehyde, alkyl aryl ether, ester, 

aliphatic ether, halo compound, etc. These functional groups are 

associated with the bioactive phytochemicals in the bulb 

extract. 

 

Table 3 FTIR analysis of PZBE extract 

Frequency range Bond Functional groups 

3327.17(m) N-H stretching secondary amine 

3020.96(m) N-H stretching secondary amine 

2906.22(m) C-H stretching alkene 

1678.33(w) C=C stretching alkene 

1375.10(m) C-H banding aldehyde 

1194.26(s) C-O stretching alkyl aryl ether 

1167.82(s) C-O stretching ester 

1080.50(s) C-O stretching aliphatic ether 

936.21(s) C=C banding alkene 

810.24(m) C=C banding alkene 

720.19(s) C=C banding alkene 

687.73(s) C-Br stretching halo compound 

 

GCMS analysis  

GCMS analysis of PZBE and PZBM extracts showed the 

presence of 90 and 90 compounds at the different retention time 

(Fig 4). In these 90 compounds, 22 bioactive compounds are 

identified in PZBE. GCMS analysis of methanol extract of P. 

Zeylanicum has 90 phytochemical constituents with 20 

bioactive compounds. (Table 5-6) reported 22 and 20 bioactive 

compounds with molecular formula, molecular weight, CAS 

No and bioactive uses and retention time from 4.0 to 21.0 (Fig 

5). The both extracts have the bioactive uses of antimicrobial, 

anti-inflammatory, cytotoxic properties, antioxidant, 

hypocholesterolemic, nematicide, pesticide, lubricant, 

antiandrogenic, flavor, hemolytic, 5-apha reductase inhibitor, 

anti-angiogenic and anti-tumor, antifouling, antidiabetic, 

antiarthritic and herbicide properties (Table 5-6). 

 

Antioxidant activity 

 

DPPH radical scavenging activity 

The PZBE and PZBM extracts exhibited free radical 

scavenging activity by inhibiting DPPH radical, which was 

dependent on concentrations of the extracts. The well-known 

antioxidant, standard ascorbic acid and rutin, showed high 

degree of free radical-scavenging activity than that of the plant 

extracts at each concentration points. The highest inhibition 

percentage (81.00±1.53) was observed in PZBM extract at 1000 

µg/ml concentration, whereas PZBE shows less inhibition 

percentage (79.22±1.01) at the same concentration (Table 7).  

The IC50 of the crude ethanol extract of bulb was 163.92±1.88 

μg/ml and methanol extract was 147.29±2.46 μg/ml, 

respectively, whereas IC50 value for the standard ascorbic acid 

was 109.35±0.48 μg/ml and rutin 108.22±1.47 μg/ml (Table 

12). 

 

 

Fig 2 FTIR analysis of PZBE extract 
 

Table 4 FTIR analysis of PZBM extract 

Frequency range Bond Functional groups 

3378.19(s,b) O-H stretching alcohol 

2961.39(s,b) N-H stretching amine salt 

1658.19(m) C=C stretching alkene 

1491.44(s) N-O stretching nitro compound 

1320.82(m) O-H banding alcohol 

1024.44(m) C-N stretching amine 

996.61(s) C=C banding alkene 

963.74(s) C=C banding alkene 

698.68(s) C=C banding alkene 

621.07(m) C=C banding alkene 

508.26(s) C-I stretching halo compound 

486.29(s) C-I stretching halo compound 

 

 

Fig 3 FTIR analysis of PZBM extract 
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Table 5 GCMS analysis of PZBE extract 

Compound name 
Molecular 

formula 

Molecular 

weight 
CAS No Bioactive uses 

4H-Pyran-4-one, 2,3-dihydro-

3,5-dihydroxy-6-methyl- 

C6H8O4 144.12 028564-83-2 Antimicrobial, anti-inflammatory activities [17] 

2- Furancarboxaldehyde, 

5-(Hydroxymethyl)-  

C6H6O3 126.1100 67-47-0 Anti-carcinogenic [18] 

1H-Pyrrole-2,5-dione C4H3NO2 97.0721 541-59-3 Antioxidant properties [19] 

9-Eicosene, (E)- C20H40 280 42448-90-8 Anti-microbial and cytotoxic properties [20] 

1-Heptadecene C17H34 238.4519 6765-39-5  Antifungal and antibiotic properties [21] 

d-Glycero-d-galacto-heptose C7H14O7 210.18 5328-64-3 Antioxidant and antibacterial activities [22] 

Cyclotetradecane C14H28 196.3721 295-17-0 Used in cosmetic and topical medicinal preparations 

where good absorption through the skin is desired 

[18] 

Dibutyl phthalate C16H22O4 278.3435 84-74-2 Antioxidant, anticancer activities [23] 

n-Hexadecanoic acid C16H32O2 256.4241 57-10-3 

 

Anti-inflammatory, antibacterial, antioxidant, 

hypocholesterolemic nematicide, pesticide, lubricant, 

antiandrogenic, flavor, hemolytic, 

5-Alphareductase inhibitor [24] 

9,12-Octadecadienoic acid 

(Z,Z)- 

C18H32O2 280.4455 60-33-3 Anti-inflammatory, nematicide, Insectifuge, 

hypocholesterolemic, cancer preventive, 

hepatoprotective, antihistaminic, antiacne, 

antiarthritic, antieczemic [18] 

Oleic Acid C18H34O2 282.5 112-80-1 Cancer preventive, anemiagenic, insectifuge, 

antiandrogenic and dermatitigenic activities [25] 

cis-13-Octadecenoic acid C18H34O2 282.4614 13126-39-1 Anti-angiogenic effects and anticancer, insecticide, 

acaricide, herbicide, plant growth regulator 

antifoaming [23] 

Linoleic acid ethyl ester C20H36O2 308.4986 544-35-4 Hepatoprotective, antihistaminic, 

hypocholesterolemic, anti-eczemic [26] 

Z,Z-6,13-Octadecadien-1-ol 

acetate 

C20H36O2 308.499 1000131-07-0 Antioxidant, Hepatoprotective [27] 

9,12-Octadecadienoic acid 

ethyl ester 

C20H36O2 308.5 7619-08-1 Antiviral and anti-inflammatory activitiesto cure skin 

lesions Antioxidant, hypocholesterolemic 

nematicide, pesticide, anti-androgenic, flavor, 

hemolytic, 5-alpha reductase inhibitor [18] 

2-Methyl-Z,Z-3,13-

octadecadienol 

C19H36O 280.5 1000130-90-5 Antioxidant, Antimicrobial [28] 

Ethyl Oleate C20H38O2 310.5145 111-62-6 Anti-microbial [29] 

1-Nonadecene C19H38 266.5050 18435-45-5 Antifungal, Anticancer [17] 

1,2-Benzenedicarboxylic acid, 

mono(2-ethylhexyl) ester 

C16H22O4 278.3435 4376-20-9 Antimicrobial, Antifouling [30] 

1,2-Benzenedicarboxylic acid, 

diisooctyl ester 

C24H38O4 390.5561 27554-26-3 Antimicrobial, Antifouling [31] 

4-Aminobenzoic acid C7H7NO2 137.1360 150-13-0 Antibacterial activity, antifungal activity, 

cytotoxicity, Schiff bases, synthesis, vitamin [32] 

Lycorine C16H17NO4 287.3105 476-28-8 Anti-leukemia, anti-tumor, anti-angiogenesis, anti-

virus, anti-bacteria, anti-inflammation, and 

antimalaria, but also exerts many other biological 

functions, such as inhibition of acetylcholinesterase 

and topoisomerase, suppression of ascorbic acid 

biosynthesis, and control of circadian period length 

[33] 

Table 6 GCMS analysis of PZBM extract 

Compound name 
Molecular 

formula 

Molecular 

weight 
CASNo Bio active uses 

Hexenal, 2-ethyl- C8H14O 126.20 645-62-5 Antifungal activity effective as an antimicrobial and 

acaricidal agent [34] 

Uracil, 1-methyl- C5H6N2O2 126.1133 615-77-0 Anti-inflamotory, Antineoplastic activity, 

cardiotropic, antiviral action [35] 

4H-Pyran-4-one, 2,3-dihydro-

3,5-dihydroxy-6-methyl- 

C6H8O4 144.12 28564-83-2 Antioxidant activity [17] 

2-Furancarboxaldehyde, 5-

(hydroxymethyl)- 

C6H6O3 126.1114200

0 

67-47-0 Anti-carcinogenic [18] 
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Oxirane, 

[(tetradecyloxy)methyl]- 

C17H34O2 270.5 038954-75-5 Anti-angiogenic effects and Anticancer [23] 

l-Sorbose C6H12O6 180.1559 87-79-6 Sugar moiety and Presevative([36] 

n-Hexadecanoic acid C16H32O2 256.4241 57-10-3 Antioxidant, Hypocholesterolemic 

Nematicide, Pesticide, Lubricant, 

Antiandrogenic,Flavor, Hemolytic inhibitor [18] 

Tetradecanoic acid C14H28O2 228.3709 544-63-8 Antioxidant, cancer preventive, nematicide, 

hypocholesterolemic and lubricant [37] 

9,12-Octadecadienoic acid (Z, 

Z)- 

C18H32O2 280.4455 60-33-3 Antiinflammatory, Nematicide, Insectifuge, 

Hypocholesterolemic, Cancer preventive, 

Hepatoprotective, Antihistaminic, Antiacne, 

Antiarthritic, Antieczemic [18] 

6-Octadecenoic acid, (Z)- C18H34O2 282.4614 593-39-5 Cancer preventive and insectifuge [25] 

Octadecanoic acid C18H36O2 284.4772 57-11-4 Antiviral and anti-inflammatory activities 

to cure skin lesions Antioxidant, 

hypocholesterolemicnematicide, pesticide, anti- 

androgenic, flavor, hemolytic,5-alpha reductase 

inhibitor [18] 

Tetradecanoic acid C14H28O2 228.3709 544-63-8 Cosmetic and topical medicinal preparation 

Antibacterial activity [18], [38] 

Galantamin C17H21NO3 287.3535 357-70-0 Galanthamine, a natural product for the treatment of 

Alzheimer's disease Luis Marco [39] 

Stigmasterol C29H48O 412.6908 83-48-7 ovarian, prostate, breast, and colon cancers, 

antioxidant, hypoglycemic and thyroid inhibiting 

properties inhibit the absorption of cholesterol and 

lower serumcholesterol, anti-HIV reverse 

transcriptase [18] 

1,2-Benzenedicarboxylic acid, 

mono (2-ethylhexyl) ester 

C16H22O4 278.3435 4376-20-9 Antimicrobial, Antifouling activities [31] 

1,2-Benzenedicarboxylic acid, 

diisooctyl ester 

C24H38O4 390.5561 27554-26-3 Antimicrobial, Antifouling activities [31] 

Phthalic acid, 2-ethylhexyl 

hexyl ester 

C16H22O4 278.3435 1000309-02-5 Antioxidant and anticancer activities [23] 

Gamma. -Sitosterol C29H50O 414.7078 83-47-6 Hypolipidemic property [24], Antidiabetic 

Antimicrobial [23] 

Beta.-Sitosterol C29H50O 414.7067 83-46-5 Antilipidic, anticancer prostate [40] 

Lycorine C16H17NO4 287.3105 476-28-8 Anti-leukemia, anti-tumor, anti-angiogenesis, anti-

virus, anti-bacteria, anti-inflammation, and 

antimalaria, inhibition of acetylcholinesterase and 

topoisomerase, suppression of ascorbic acid 

biosynthesis, and control of circadian period length 

[33] 

   

Fig 4 GCMS analysis of PZBE extract  Fig 5 GCMS analysis of PZBM extract 

Nitric oxide radical scavenging activity 

Nitric oxide scavenging assay is presented in (Table 8). 

In this study, PZBE and PZBM at the concentration of 15.65, 

31.25, 62.5, 125, 250, 500 and 1000 µg/ml were studied in the 

nitric oxide scavenging activity. All the concentrations of PZBE 

and PZBM extracts have excellent nitric oxide inhibition 

percentage. Among this concentration, the highest inhibition 

percentage was observed at 1000 µg/ml concentration, 

with65.40±2.05 and 76.68±2.01 µg/ml ethanol and methanol 

extracts respectively. The second-best inhibition was recorded 

56.47±0.97 and 65.15±1.58µg/ml at 500 µg/ml concentration. 

The IC50value was represented as 349.37, 194.84, 123.78 and 
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116.37µg/ml PZBE, PZBM, standard ascorbic acid and rutin, 

respectively (Table 12). In PZBE and PZBM, nitrogen 

reduction capacity was noticed as extracts concentration 

dependent manner. 

 

Table 7 DPPH radical scavenging activity of PZBE and PZBM 

Sample concentration 

(µg/ml) 

Antioxidant methods (Percentage of inhibition value* ± SD µg/ml) 
Ascorbic acid Rutin 

PZBE PZBM 

1000 79.22±1.01 81.00±1.53 87.63±1.50 83.64±1.61 

500 66.87±1.59 70.53±0.98 75.73±2.44 73.27±2.10 

250 57.25±1.01 59.57±0.98 64.03±1.66 64.71±2.69 

125 44.08±1.59 47.70±3.94 53.68±1.54 53.76±2.60 

62.5 33.28±1.51 37.08±1.44 42.73±1.71 41.59±2.01 

31.25 22.83±1.55 26.41±2.06 33.03±2.13 31.33±1.01 

15.65 12.40±1.10 15.72±0.94 22.09±2.12 20.17±1.05 

Table 8 Nitric oxide radical scavenging activity of PZBE and PZBM 

Sample concentration 

(µg/ml) 

Antioxidant methods (Percentage of inhibition value* ± SD µg/ml) 
Ascorbic acid Rutin 

PZBE PZBM 

1000 65.40±2.05 76.68±2.01 83.46±1.62 81.25±2.41 

500 56.47±0.97 65.15±1.58 71.79±1.89 70.99±1.39 

250 46.42±0.99 55.18±1.52 61.39±1.95 62.80±1.63 

125 36.30±1.12 45.29±1.70 49.90±1.56 51.21±1.35 

62.5 26.75±1.46 35.36±2.67 42.27±1.02 42.43±1.08 

31.25 18.24±1.60 24.74±1.67 32.91±1.62 33.84±1.60 

15.65 10.16±1.46 14.23±2.66 20.92±2.49 22.65±1.60 

Hydrogen peroxide radical scavenging activity 

PZBE and PZBM extracts exhibited concentration 

dependent inhibition on hydrogen peroxide (Table 9), with IC50 

values of 147.64 and 228.74 μg/ml in ethanol and methanol, 

respectively (Table 12). These inhibitions were significantly 

better than those obtained with the standard ascorbic acid and 

rutin (IC50 = 118.35 and 107.24 μg/ml). The second good 

inhibition was observed at 500 μg/ml concentration. When the 

concentration increases the percentage of inhibition also 

increased. 

 

Table 9 Hydrogen peroxide radical scavenging activity of PZBE and PZBM 

Sample concentration 

(µg/ml) 

Antioxidant methods (Percentage of inhibition value* ± SD µg/ml) 
Ascorbic acid Rutin 

PZBE PZBM 

1000 81.86±1.40 72.22±2.10 84.02±1.65 85.15±1.61 

500 70.01±1.64 61.91±1.40 72.44±1.06 74.50±1.00 

250 60.19±2.34 52.84±1.63 61.78±1.4 63.23±1.07 

125 49.15±1.53 41.02±2.52 51.80±1.55 52.98±1.56 

62.5 39.03±1.32 32.24±2.0d 41.65±1.67 43.12±2.08 

31.25 28.33±2.05 22.15±2.09 31.53±2.64 33.06±1.61 

15.65 18.01±1.45 11.12±2.15 20.11±2.47 23.75±1.53 

Table 10 ABTS+ radical scavenging activity of PZBE and PZBM 

Sample concentration 

(µg/ml) 

Antioxidant methods (Percentage of inhibition value* ± SD µg/ml) 
Ascorbic acid Rutin 

PZBE PZBM 

1000 84.86±2.18 76.30±1.65 77.80±2.09 82.51±1.00 

500 74.66±2.04 64.67±2.20 82.51±2.01 79.03±2.10 

250 65.36±2.02 55.85±1.61 73.31±1.60 72.43±1.01 

125 53.79±1.69 44.30±30 65.44±2.09 63.55±1.05 

62.5 42.87±1.57 34.25±1.17 55.89±2.08 55.21±1.60 

31.25 31.80±1.58 23.53±1.12 48.40±0.94 46.94±2.04 

15.65 20.06±1.60 14.49±1.05 39.78±2.49 38.74±1.05 

ABTS+ radical scavenging activity 

ABTS+ radical scavenging activity of PZBE and PZBM 

extracts is reported in (Table 10). It was observed that when the 

concentration increases the absorbance value also increased. 

The absorbance was represents as84.86 and 76.30 at the 

concentration of 1000 µg/ml in PZBE and PZBM extracts, 

whereas the standard ascorbic acid and rutin absorbance 

was77.80 and 82.51 µg/ml respectively. The inhibition of both 

samples is more or less equal. The second excellent inhibition 

was recorded in 500 µg/ml concentration with 74.66 and 64.67 

µg/ml, respectively against the control value ascorbic acid and 

rutin is 82.51 and 79.03 µg/ml. In this study results IC50value 

of ethanol extract is 98.65 μg/ml, IC50value of methanol extract 

is 206.43 μg/ml and IC50value of ascorbic acid and rutin 

(standard) is47.22 and 58.17 μg/ml (Table12). 

 

FRAP radical scavenging activity 

The principle of FRAP assay is that Fe2+ is reduced to 

Fe3+, and the total antioxidant capacity of the sample is 

represented by FeSO4 as the equivalent. As presented in (Table 

11), the FRAP activity of the PZBE and PZBM extracts of P. 

zeylanicum bulb recorded 79.06±2.34 and 83.39±1.00 μg/ml at 

1000 μg/ml concentration were compared to standard ascorbic 

acid and rutin. This result is followed by the 66.73±2.02, 

73.91±1.50, 76.60±1.12 and 76.53±2.03 μg/ml at 500 μg/ml 

concentration, in ethanol, methanol, standard ascorbic acid and 
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rutin respectively. The results of FRAP activity showed that the 

ethanol and methanol extracts of P. zeylanicum bulb had 

excellent antioxidant activity. 

The most prestigious groups of secondary plant 

metabolites are flavonoids and phenolic acids, which exhibit a 

series of biological activities and certainly, have antioxidant 

and anti-inflammatory properties. Alkaloids, flavonoids, 

tannins, steroids and triterpenoids were present in both the 

extracts. These findings are reliable with bioactivity of Salacia 

species [41]. However, glycosides and fixed oils are present in 

PZBM extract, and saponins and gum and mucilage were 

present in PZBE extract. The anthraquinone is absent in both 

the extracts. The results are similar with the findings of 

panawala et al. [42]. The alkaloids, saponins and tannins are 

used in treating common pathogenic strains [43]. 

The total phenolic, flavonoid and alkaloids content of 

ethanol and methanol extracts have higher levels of these 

components. It is reported that alkaloids, phenolics, and fatty 

acids are some of the secondary metabolites of this plant that 

are responsible for its numerous medicinal properties [44]. 

These compounds play an important role in the antioxidant 

activities of several plant extracts, particularly flavonoids, 

which are found in high concentrations in phenolic compounds 

with these properties act as reducing agents, free radical 

scavengers, metal chelators, or deactivators of singlet oxygen 

and perform more than one of these functions simultaneously 

[45]. There are a wide variety of plant phenolic compounds 

known as flavonoids. These compounds are usually extremely 

effective antioxidants because they are hydrophobic benzene 

rings and have hydrogen bonding potential of OH groups, 

phenolic compounds often interact strongly with proteins. They 

are also able to act as antioxidants due to their ability to inhibit 

enzymes that generate radicals, such as cytochrome P450 

isoforms, cyclooxygenase, lipoxygenase, and xanthine oxidase 

[46]. 

In FTIR analysis 12 and 13 different intense peaks at 

wave numbers which are corresponds to functional groups of 

the ethanol and methanol extracts of P. zeylanicum bulb 

respectively. Hence this result revealed that the ethanol and 

methanol extract of P. zeylanicum bulb have active functional 

groups like secondary amine, alkene, aldehyde, alkyl aryl ether, 

ester, aliphatic ether, halo compound, etc. These functional 

groups are associated with the bioactive phytochemicals in the 

bulb extract. This was related with the work done by Rajan et 

al. [47]. This may be due to N–H stretching and also reported 

to have functional groups similar to that study by 

Muruganantham et al. [48]. The presence of various essential 

function groups was confirmed in plants by FTIR [49]. 

 

Table 11 FRAP radical scavenging activity of PZBE and PZBM 

Sample concentration 

(µg/ml) 

Antioxidant methods (Percentage of inhibition value* ± SD µg/ml) 
Ascorbic acid Rutin 

PZBE PZBM 

1000 79.06±2.34 83.39±1.00 85.39±1.58 87.23±2.60 

500 66.73±2.02 73.91±1.50 76.60±1.12 76.53±2.03 

250 56.38±1.62 63.79±1.74 65.38±1.66 66.04±1.66 

125 46.63±1.00 52.63±0.99 54.70±1.12 54.30±1.64 

62.5 35.24±2.05 41.69±1.03 44.88±2.70 43.78±1.64 

31.25 26.04±1.39 29.66±2.57 33.34±2.18 23.66±2.11 

15.65 16.15±1.61 21.48±1.98 23.62±2.774 13.95±2.57 

Table 12 Inhibition concentration of fifty percentage (IC50) PZBE and PZBM 

Samples 
Inhibition Percentage (IC50) value 

DPPH Nitric oxide  Hydrogen peroxide  ABTS+ FRAP 

Ethanol 163.92±1.88 349.37±1.29 147.64±2.19 98.65±1.29 194.22±1.74 

Methanol 147.29±2.46 194.84±0.78 228.74±0.99 206.43±1.55 117.39±2.61 

Ascorbic acid           109.35±0.48 123.78±1.26 118.35±1.24 47.22±1.06 116.43±0.84 

Rutin 108.22±1.47 116.37±.1.10 107.24±2.72 58.17±2.18 98.23±1.22 

GCMS analysis of bulb of P. zeylanicum ethanol and 

methanol extracts showed the presence of 90 and 90 compounds 

at the different retention time. In both the extracts bioactive 

compounds are 22 and 20. The phytocompound found in both 

the extracts are 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-

methyl having Antimicrobial, Anti-inflammatory activity [17], 

2- Furancarboxaldehyde,5-(Hydroxymethyl) consists of anti-

carcinogenic [18]. Anti-inflammatory, Antibacterial, 

Antioxidant, Hypocholesterolemic, Nematicide, 

Pesticide,Lubricant, Antiandrogenic, Flavor, Hemolytic, are 

found in n-Hexadecanoic acid compound [24], 9,12-

Octadecadienoic acid (Z,Z) compound contain the medicinal 

values for Anti-inflammatory, Nematicide, Insectifuge, 

Hypocholesterolemic, Cancer preventive, Hepatoprotective, 

Antihistaminic, Antiacne, Antiarthritic, Antieczemic [18], 1,2-

Benzenedicarboxylic acid, mono(2-ethylhexyl) ester having 

Antimicrobial, Antifouling [30] Cytotoxic Activity.1,2-

Benzenedicarboxylic acid, diisooctyl ester consists of Antimicrobial, 

Antifouling [31], Lycorine enclose anti-leukemia, anti-tumor, 

anti-angiogenesis, anti-virus, anti-bacteria, anti-inflammation, 

and antimalaria, but also exerts many other biological functions, 

such as inhibition of acetylcholinesterase and topoisomerase, 

suppression of ascorbic acid biosynthesis, and control of 

circadian period length [33]. 

Free radicals are generated continuously in the human 

body due to metabolism and diseases [50]. They can cause 

extensive damage to tissues and biomolecules leading to 

various disease conditions, especially degenerative diseases and 

extensive lysis [51]. Several synthetic drugs can be used to 

overcome oxidative damage, but they are associated with 

adverse side effects. Alternate solution to the side effects is to 

consume natural antioxidants from food supplements and 

traditional medicine [52]. 

DPPH is thought to be affected by antioxidants because 

they donate hydrogen [53]. Radical scavenging activities are 

very important to prevent the harmful effects of free radicals in 

diseases such as cancer. A well-established method for 

screening the antioxidant activity of plant extracts is the DPPH 

free radical scavenging method. The ethanol and methanol 

extracts of P. zeylanicum bulb exhibited free radical scavenging 

activity by inhibiting DPPH radical, which was dependent on 

concentrations of the extracts. The well-known antioxidant, 

standard ascorbic acid and rutin, showed high degree of free 

radical-scavenging activity than that of the plant extracts at each 
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concentration points. Our study is comparable to Asteracantha 

longifolia extracts showed greater scavenging effects than their 

standard counterparts [54]. DPPH radical scavenging property 

of methanolic extracts of leaves of Pancratum quadrifolius has 

been studied and it has been identified that the phenolic 

compounds in the extract is responsible for the activity [55]. A 

high phenolic content has also been found in methanolic and 

acetone extracts of the leaves and flowers of P. Quadrifolius 

[56]. Consequently, antioxidant activity can be attributed to 

phenolic compounds. Multiple reports indicate that polar 

solvents are effective at extracting antioxidant compounds. 

According to recent report, successive leaf methanolic extract 

fractions of Manilkara hexandra are the most potent antioxidant 

fractions [57], while ethyl acetate fraction of crude aqueous 

extract of Ampelocissus latifolia has the highest antioxidant 

activity [58]. 

ABTS+cation radical scavenging activity decolorization 

assay associated lipophilic and hydrophilic antioxidants 

together, and carotenoids flavonoids hydroxycinnamates, as 

well as plasma antioxidants. In the present study, all the 

concentrations of ethanol and methanol extracts of P. 

zeylanicumhave excellent nitric oxide inhibition percentage. 

Among this concentration, the highest inhibition percentage 

was observed at 1000 µg/ml concentration, in ethanol 

65.40±2.05 and methanol 76.68±2.01 µg/ml respectively. The 

antioxidant activity of the phenolic compounds is substantially 

due to their redox properties [59]. Free radicals can be absorbed 

and neutralized singlet and triplet oxygen quenched, and 

peroxides decomposed by this process. Adsorption and 

neutralization of free radicals, quenching of singlet and triplet 

oxygen, or decomposition of peroxides can all be accomplished 

using this process. Whereas methanol and aqueous extract of 

Asclepiadaceae member Hemidesmus hamiltonii on 

ABTS+cation radical scavenging activity IC50 value was 1108.9 

and 2720.1 μmol/g [60]. In ethanol and methanol extracts of P. 

zeylanicum bulb, nitrogen reduction capacity was noticed as 

extracts concentration-dependent manner. The antioxidant 

activity of plant compounds against ABTS radicals appears to 

be better than that of DPPH radicals. This is due to more 

sensitivity of ABTS assay in identifying antioxidant activity 

which makes the kinetic reaction faster and hence results into 

the higher antioxidant activity [61]. 

Ethanol and methanol extracts of P. zeylanicum bulb 

exhibited concentration-dependent inhibition on hydrogen 

peroxide, with IC50 values of 147.64 and 228.74 μg/ml 

respectively. When the concentration increases the percentage 

of inhibition also increased. Hydrogen peroxide is an ROS 

(Reactive oxygen species) of great health implication because 

of its ability to attack, react with and penetrate biological 

membranes [62]. If converted to hydroxyl radical by Cu2+ and 

Fe2+ ions, hydrogen peroxide may also be toxic in the cell [63]. 

ROS such as hydrogen peroxide have the ability to penetrate 

biological membranes. It might be toxic to the cell, since it 

might be converted into other ROS, such as the hydroxyl radical 

[64]. It is similar to Helichrysum stoechas extracts are rich in 

phenolics that can donate an electron to H2O2, reducing it to 

H2O. According to Saffoona et al. [65], caffeic acid, gallic acid, 

and quercetin protect mammalian cells from hydrogen 

peroxide-induced cytotoxicity. Taskam et al. [66] found that 

methanol extracts of Helichrysum plicatum exhibited moderate 

hydrogen peroxide scavenging activity. 

It was observed that when the concentration increases the 

absorbance value also increased. The absorbance was 

represents as 84.86 and 76.30 at the concentration of 1000 

µg/ml in ethanol and methanol extracts, whereas the standard 

ascorbic acid and rutin absorbance was 77.80 and 82.51 µg/ml 

respectively. It is postulated that reactive nitrogen species such 

as NO or peroxynitrite (ONOO-) contribute to the development 

of a number of diseases [67]. The inhibition of both samples is 

more or less equal. In this study results IC50value of ethanol 

extract is 98.65 μg/ml, IC50value of methanol extract is 206.43 

μg/ml and IC50value of ascorbic acid and rutin (standard) 47.22 

and 58.17 μg/ml. These results almost similar to the result of 

radical scavenging activity in C. flava extract [68]. 

In the present study FRAP activity of the ethanol and 

methanol extracts of P. zeylanicum bulb recorded 79.06±2.34 

and 83.39±1.00μg/ml at 1000 μg/ml concentration were 

compared to standard ascorbic acid and rutin. Wojdylo et al. 

[69] reported similar results that Syzygium aromaticum, out of 

32 selected herbs, exhibited the highest antioxidant activity by 

the FRAP assay, followed by Rosmarinus 

officinalis and Tanacetum vulgare. The values observed with 

FRAP were generally low compared with related reported in 

other studies, Keles et al.[70] found that methanol extracts of 

Pleurotus dryinus have high antioxidant activity. In this results 

of FRAP activity showed that the ethanol and methanol extracts 

of P. zeylanicum bulb had excellent antioxidant activity. The 

results obtained are highly reproducible and related linearly 

with the molar concentration of the antioxidants present. 

 

CONCLUSION 
 
In conclusion, the results revealed that P. zeylanicum 

bulb ethanol and methanol extracts can provide a good source 

of phytochemical compounds and antioxidant showed 

significant effects. The activity was compared with synthetic 

drug shows greater percentage of inhibition of free radical. It 

can be used in the formulation of new drugs as well as for 

medicinal purposes.

 

LITERATURE CITED 
1. Casuga FP, Castillo AL, Corpuz, MJAT. 2016. GC–MS analysis of bioactive compounds present in different extracts of an 

endemic plant Broussonetia luzonica (Blanco) (Moraceae) leaves. Asian Pacific Journal of Tropical Biomedicine 6(11): 957-

961. 

2. Amirah I, Md MRK. 2012. Jatropha curcas: Plant of medical benefits. Journal of medicinal plants research 6(14): 2691-2699. 

3. Conde P, Figueira R, Saraiva S, Catarino L, Romeiras M, Duarte MC. 2014. The Botanic Mission to Mozambique (1942-1948): 

contributions to knowledge of the medicinal flora of Mozambique. História, Ciências, Saúde-Manguinhos 21: 539-585. 

4. Suman U, Divya Y, Ram C, Naveen A. 2018. Evaluation of antibacterial and phytochemical properties of different spice 

extracts. African Journal of Microbiology Research 12(2): 27-37. 

5. Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H. 2011. Phytochemical screening and extraction: A review. Internationale 

Pharmaceutica Sciencia 1: 98- 106. 

6. Butkutė B, Dagilytė A, Benetis R, Padarauskas A, Cesevičienė J, Olšauskaitė V. Lemežienė N. 2018. Mineral and phytochemical 

profiles and antioxidant activity of herbal material from two temperate Astragalus species. Bio. Med. Research 

International.  Volume 2018 |Article ID 6318630.  

CARAS 

1301                         Res. Jr. of Agril. Sci. (Jul-Aug) 13(4): 1293–1303 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.01099/full#B17


7. Chand RN, Gopalan RD, Christi K. 2018. Evaluation of antioxidant properties in thirteen Fijian medicinal plants used in 

Alzheimer’s disease and related illness. Free Radicals and Antioxidants 8(1): 11-17. 

8. Halliwell B. 2008. Are polyphenols antioxidants or pro-oxidants? What do we learn from cell culture and in vivo studies. Archives 

of Biochemistry and Biophysics 476(2): 107-112. 

9. Halliwell B. 1999. Establishing the significance and optimal intake of dietary antioxidants: the biomarker concept. Nutrition 

Reviews 57(4): 104-113. 

10. Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C. 1999. Antioxidant activity applying an improved ABTS 

radical cation decolorization assay. Free Radical Biology and Medicine 26(9/10): 1231-1237. 

11. Willis JC. 1973. A dictionary of the flowering plants and ferns. Cambridge: Univ. Press. 

12. Cimmino A, Masi M, Evidente M, Superchi S, Evidente A. 2017. Amaryllidaceae alkaloids: Absolute configuration and 

biological activity. Chirality 29(9): 486-499. 

13. Johnson M, Maharaja P, Janakiraman N, Raj GA, Menezes IRA, Da Costa JGM, Verde LCL, Coutinho HDM. 2018. Pancratium 

triflorum Roxb. (Amaryllidaceae) and Molineria trichocarpa (Wight) NP Balakr (Hypoxidaceae): Cytotoxic and antioxidant 

activities. Food and Chemical Toxicology 119: 290-295. 

14. Szabo M, Idiţoiu C, Chambre D, Lupea A. 2007. Improved DPPH determination for antioxidant activity spectrophotometric 

assay. Chemical Papers 61(3): 214-216. 

15. Hazra B, Biswas S, Mandal N. 2008. Antioxidant and free radical scavenging activity of Spondias pinnata. BMC complementary 

and Alternative Medicine 8(1): 1-10. 

16. Ruch RJ, Cheng SJ, Klaunig JE. 1989. Prevention of cytotoxicity and inhibition of intercellular communication by antioxidant 

catechins isolated from Chinese green tea. Carcinogenesis 10(6): 1003-1008. 

17. Premathilaka R, Silva M. 2016. Bioactive compounds and antioxidant activity of Bunchosia armenica. World Journal of 

Pharmacy and Pharmaceutical Sciences 5(10): 1237-1247. 

18. Prabakaran R, Joseph B, Pradeep PN. 2016. Phyto medicinal compounds from Urginea indica Kunth: A synthetic drugs potential 

alternative. British Journal of Pharmaceutical Research 11(5): 1-9. 

19. Subedi L, Timalsena S, Duwadi P, Thapa R, Paudel A, Parajuli K. 2014. Antioxidant activity and phenol and flavonoid contents 

of eight medicinal plants from Western Nepal. Journal of Traditional Chinese Medicine 34(5): 584-590. 

20. Mulyono N, Lay BW, Ocktreya L, Rahayu S. 2013. Antidiarrheal activity of apus bamboo (Gigantochloa apus) leaf extract and 

its bioactive compounds. American Journal of Microbiology 4(1): 1. 

21. Kotagiri D, Shaik KB, Kolluru VC. 2018. Antimicrobial and antioxidant properties of essential oil isolated from Coleus 

zeylanicus under normal and salinity stress conditions. In: Free Radicals, Antioxidants and Diseases 2018:  IntechOpen. 

22. Sebei K, Gnouma A, Herchi W, Sakouhi F, Boukhchina S. 2013. Lipids, proteins, phenolic composition, antioxidant and 

antibacterial activities of seeds of peanuts (Arachis hypogaea L) cultivated in Tunisia. Biological Research 46(3): 257-263. 

23. AlAmery SF, AlGaraawi NL. 2020. Phytochemical profile and antifungal activity of stems and leaves methanol extract from 

the Juncus maritimus Linn. Juncaceae family against some dermatophytes fungi. In: AIP Conference Proceedings 2290(1):  

020034. 

24. Jebastella J, Appavoo R. 2015. Bioactive components of Cynodon dactylon using ethanol extract. World Journal of 

Pharmaceutical Sciences 2388-2391. 

25. Vijisaral Elezabeth D,  Arumugam S. 2014. GC-MS analysis of bioactive constituents of Indigofera suffruticosa leaves. Journal 

of Chemical and Pharmaceutical Research 6(8): 294-300. 

26. Tyagi T, Agarwal M. 2017. Phytochemical screening and GC-MS analysis of bioactive constituents in the ethanolic extract of 

Pistia stratiotes L. and Eichhornia crassipes (Mart.) solms. Journal of Pharmacognosy and Phytochemistry 6(1): 195-206. 

27. Atta AH, Soufy H, Nasr SM, Soliman AM, Nassar SA, Maweri A, Abd El-Aziz TH, Desouky HM, Abdalla AM. 2017. 

Hepatoprotective and antioxidant effects of methanol extract of Moringa oleifera leaves in rats. Wulfenia 24(3): 249-268. 

28. Adegoke AS, Jerry OV, Ademola O.G. 2019. GC-MS analysis of phytochemical constituents in methanol extract of wood bark 

from Durio zibethinus Murr. Int. Jr. Med. Plants Nat. Prod. 5(3): 1-11. 

29. Akin-Osanaiye CB, Gabriel AF, Alebiosu RA. 2011. Characterization and antimicrobial screening of ethyl oleate isolated from 

Phyllanthus amarus (Schum and Thonn). Ann. Biol. Res. 2(2): 298-305. 

30. Beulah GG, Soris PT, Mohan VR. 2018. GC-MS determination of bioactive compounds of Dendrophthoe falcata (LF) Ettingsh: 

An epiphytic plant. Int. Jr. Health Sci. Research 8: 261-269. 

31. Maruthupandian A, Mohan VR. 2011. GC-MS analysis of some bioactive constituents of Pterocarpus marsupium Roxb. Int. 

Jr. Chem. Tech. Research 3(3): 1652-1657. 

32. Krátký M, Konečná K, Janoušek J, Brablíková M, Janďourek O, Trejtnar F, Stolaříková J Vinšová J. 2019. 4-Aminobenzoic 

acid derivatives: Converting folate precursor to antimicrobial and cytotoxic agents. Biomolecules 10(1): 9. 

33. Khalifa MF, Attia EZ, Fahim JR, Kamel MS. 2018. An overview on the chemical and biological aspects of lycorine 

alkaloid. Journal of Advanced Biomedical and Pharmaceutical Sciences 1(2): 41-49. 

34. Lauche A, Ribbeck R, Haupt W. 1989. Laboratory investigations of white laboratory mouse to verify effectiveness of 2-

Ethylhex-2-Enal-Emulsion on Myobia-Musculi and Myocoptes-Musculinus. Monatshefte Fur Veterinarmedizin 44(8): 280-

3. 

35. Jabbar AA, Abdullah FO, Abdulrahman KK, Galali Y, Sardar AS. 2022. GC-MS analysis of bioactive compounds in methanolic 

extracts of Papaver decaisnei and determination of its antioxidants and anticancer activities. Journal of Food Quality 2022. 

36. Saravanan P, Chandramohan G, Mariajancyrani J, Shanmugasundaram P. 2014. GC-MS analysis of phytochemical constituents 

in ethanolic bark extract of Ficus religiosa Linn. Int. Jr. Pharm. Pharm. Science 6(1): 457-460. 

37. Krishnamoorthy K, Subramaniam P. 2014. Phytochemical profiling of leaf, stem, and tuber parts of Solena amplexicaulis (Lam.) 

Gandhi using GC-MS. International Scholarly Research Notices 2014. 

38. Soosairaj S, Dons T. 2016. Bio-active compounds analysis and characterization in ethanolic plant extracts of Justicia 

tranquebariensis L. (Acanthaceae)-using GC-MS. International Jr. Chem. Tech. Research 9(7): 260-265. 

CARAS 

Res. Jr. of Agril. Sci. (Jul-Aug) 13(4): 1293–1303                           1302 

https://www.researchgate.net/scientific-contributions/D-Vijisaral-Elezabeth-2046069458
https://www.researchgate.net/scientific-contributions/S-Arumugam-2088927122
https://www.researchgate.net/journal/Journal-of-Chemical-and-Pharmaceutical-Research-0975-7384
https://www.researchgate.net/journal/Journal-of-Chemical-and-Pharmaceutical-Research-0975-7384


39. Marco-Contelles J, do Carmo Carreiras M, Rodríguez C, Villarroya M, García AG. 2006. Synthesis and pharmacology of 

galantamine. Chemical Reviews 106(1): 116-133. 

40. Upgade A, Bhaskar A. 2013. Characterization and medicinal importance of phytoconstituents of C. papaya from down south 

Indian region using gas chromatography and mass spectroscopy. Asian Jr. Pharm. Clin. Research 6(4): 101-106. 

41. Surekha C. 2015. Salacia as an ayurvedic medicine with multiple targets in diabetes and obesity. Ann. Phytomed. 4: 46-53. 

42. Panawala PBC, Abeysinghe DC, Dharmadasa RM. 2016. Phytochemical distribution and bioactivity of different parts and leaf 

positions of Pimenta dioica (L.) Merr (Myrtaceae). World 4(5): 143-146. 

43. Kubmarawa D, Ajoku GA, Enwerem NM, Okorie DA. 2007. Preliminary phytochemical and antimicrobial screening of 50 

medicinal plants from Nigeria. African Journal of Biotechnology 6(14): 1690-1696. 

44. Rahman MA, Sharmin R, Uddin MN, Rana MS, Ahmed NU. 2011. Antibacterial, antioxidant and cytotoxic properties of Crinum 

asiaticum bulb extract. Bangladesh Journal of Microbiology 28(1): 1-5. 

45. Gramza A, Korczak J, Hes M, Jedrusek-Golinska A. 2004. Tea extracts influence on catalytical properties of Fe2plus in 

lipids. Polish Journal of Environmental Studies (13): 861-867. 

46. Pereira DM, Valentão P, Pereira JA, Andrade PB. 2009. Phenolics: From chemistry to biology. Molecules 14(6): 2202-2211. 

47. Rajam K, Rajendran S, Saranya R. 2013. Allium sativum (Garlic) extract as nontoxic corrosion inhibitor. Journal of Chemistry. 

Volume 2013, Article ID 743807. pp 4. 

48. Muruganantham S, Anbalagan G, Ramamurthy N. 2009. Cialis Generika 20mg, Generika viagra cialis. rom. Jr. Biophys. 19(4): 

285-294. 

49. Boyd FAH, Benkeblia N. 2013. In vitro evaluation of antimicrobial activity of crude extracts of Pimenta dioica L. (Merr.). 

In: 3rd International Conference on Postharvest and Quality Management of Horticultural Products of Interest for Tropical 

Regions 1047: 199-205. 

50. Yeum KJ, Aldini G, Chung HY, Krinsky NI, Russell RM. 2003. The activities of antioxidant nutrients in human plasma depend 

on the localization of attacking radical species. The Journal of Nutrition 133(8): 2688-2691. 

51. Halliwell B, Gutteridge JM. 2015. Free Radicals in Biology and Medicine. Oxford university press, USA. 

52. Jerome‐Morais A, Diamond AM, Wright ME. 2011. Dietary supplements and human health: for better or for worse. Molecular 

Nutrition and Food Research 55(1): 122-135. 

53. Baumann J. 1979. Prostaglandin synthetase inhibiting O_2-radical scavenging properties of some flavonoids and related 

phenolic compounds. Naunyn-Schmiedebergs Arch Pharmacol. 308: 27-32. 

54. Pawar RK, Shivani S, Singh KC, Sharma RK. 2010. HPTLC method for the determination of Plumbagin from Plumbago 

zeylanica Linn. (root). Int. Jr. Pharm. Pharm. Sciences 2: 219-223. 

55. Cheriyamundath S, Raghavan R, Madassery J. 2015. DPPH radical scavenging property of methanol leaf extract from 

Pogostemon quadrifolius (Benth.). Med. Plants Research Journal 9(7): 361-367. 

56. Jisha M, Zeinul Hukuman NH, Leena P. 2017. Proceedings of the 104th Indian Science Congress. Chem. Science 223-224. 

57. Dutta S, Ray S. 2020. Comparative assessment of total phenolic content and in vitro antioxidant activities of bark and leaf 

methanolic extracts of Manilkara hexandra (Roxb.) Dubard.  Journal of King Saud University-Science 32(1): 643-647. 

58. Chaudhuri A, Ray S. 2020. In vitro free radical scavenging activities of aerial parts’ aqueous extract and extract fractions of 

Ampelocissus latifolia (Roxb.) Planch. in relation to total phenolics and flavonoid contents. Journal of King Saud University-

Science 32(1): l732-739. 

59. Galato D, Ckless K, Susin, MF, Giacomelli C, Ribeiro-do-Valle RM, Spinelli A. 2001. Antioxidant capacity of phenolic and 

related compounds: correlation among electrochemical, visible spectroscopy methods and structure–antioxidant 

activity. Redox Report 6(4): 243-250. 

60. Kaffoor A, Muthuraj K, Arumugasamy K. 2017. Antioxidant activity of leaf extracts of Hemidesmus indicus (L.) R. Br. 

(Asclepiadaceae). Asian Journal of Pharmaceutical and Clinical Research: 200-202. 

61. Lee KJ, Oh YC, Cho WK, Ma JY. 2015. Antioxidant and anti-inflammatory activity determination of one hundred kinds of pure 

chemical compounds using offline and online screening HPLC assay. Evidence-Based Complementary and Alternative 

Medicine 2015. 

62. Halliwell B, Clement MV, Long LH. 2000. Hydrogen peroxide in the human body. FEBS Letters 486(1): 10-13. 

63. Johansen JS, Harris AK, Rychly DJ, Ergul A. 2005. Oxidative stress and the use of antioxidants in diabetes: linking basic science 

to clinical practice. Cardiovascular Diabetology 4(1):1-11. 

64. Lakshmi TM, Radha R, Jayshree N. 2014. In vitro antioxidant activity, total phenolic and total flavonoid content in extracts 

from the bark of Dalbergia sissoo roxb. International Journal of Pharma Science Research 5(5): 226-231. 

65. Saffoon N, Uddin R, Subhan N, Hossain H, Reza HM, Alam MA. 2014. In vitro anti-oxidant activity and HPLC-DAD system 

based phenolic content analysis of Codiaeum variegatum found in Bangladesh. Advanced Pharmaceutical Bulletin 4(2): 533. 

66. Taşkın T, Gezmiş T, Çam ME, Taşkın D, Çelik BÖ, Şenkardeş İ, Süzgeç-Selçuk S. 2020. The in vitro and in vivo investigation 

of biological activities and phenolic analysis of Helichrysum plicatum subsp. plicatum. Brazilian Journal of Pharmaceutical 

Sciences 56: e18345. 

67. Wang BS, Lin SS, Hsiao WC, Fan JJ, Fuh LF, Duh PD. 2006. Protective effects of an aqueous extract of Welsh onion green 

leaves on oxidative damage of reactive oxygen and nitrogen species. Food Chemistry 98(1): 149-157. 

68. Shimada K, Fujikawa K, Yahara K, Nakamura T. 1992. Antioxidative properties of xanthan on the autoxidation of soybean oil 

in cyclodextrin emulsion. Journal of Agricultural and Food Chemistry 40(6): 945-948. 

69. Wojdyło A, Oszmiański J, Czemerys R. 2007. Antioxidant activity and phenolic compounds in 32 selected herbs. Food 

Chemistry 105(3): 940-949.  
70. Keleş A, Koca I, Gençcelep H. 2011. Antioxidant properties of wild edible mushrooms. Journal of Food Process Technology 

2(6): 1-6. 

CARAS 

1303                         Res. Jr. of Agril. Sci. (Jul-Aug) 13(4): 1293–1303 


