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Abstract  Medicinal plants have many bioactive 

components that hold numerous activities against diseases 

and beneficial effects on human metabolism. The 

knowledge of these Phytochemical constituents had not yet 

been explored for many plants which are traditionally used 

in household treatments. Crotalaria paniculata Willd. is 

one such medicinal plant that belongs to the family 

Fabaceae used for skincare diseases by tribal people. The 

present research work is undertaken to identify the 

phytochemicals and antioxidant activity of methanol leaf 

extract of C. paniculate Willd. The ion chromatogram of 

GC – MS analyses showed that the plant accounts for 20 

bioactive compounds and among these compounds 

Cyclohexasiloxane, dodecamethyl contribute 21.98% and 

14-Acetyl-13-methoxypodocarpa-8,11,13-Triene with 

15.63 % area percentage. Most of the identified compounds 

are medicinally important that are used in skincare 

ointments. The antioxidant assay by DPPH, H2O2 and Ion 

Chelating assay showed a higher percentage of free radical 

scavenging activity with IC50 value of 39.28 µg/ml (DPPH 

assay); 72.68 µg/ml (H2O2 assay) and 54.74 µg /ml (Ion 

Chelating Assay). On compared with the standard Ascorbic 

acid the result indicates that the plant compounds have 

potential as antioxidants and further can be investigated for 

medicinal application. 

Keywords  Phytoconstituents, Antioxidant, Crotalaria 

paniculata, Ion Chelation 

1.Introduction 

Medicinal plants are used by humans since ancient times 

in traditional medicine due to their therapeutic potential. 

The World Health Organization (WHO) reported that more 

than 80% of the world’s population relies on traditional 

medicinal systems and plants-based medicines for their 

primary healthcare needs [1]. Higher plants play a 

dominant role as a rich source of bioactive compounds that 

are generally used in maintenance of human health. The 

various reports on the medicinal value of plants represent a 

huge reservoir of effective chemotherapeutants and these 

compounds are non-phytotoxic, more systemic, and easily 

biodegradable [2]. Plants that have medicinal properties are 

a rich source of secondary metabolites with interesting 

bioactive compounds. The secondary metabolites are the 

major source of medicines and drugs with a variety of 

medicinal properties and structural arrangements [3]. 

Knowledge of plant chemical constituents is very much 

important for the identification of therapeutic agents and 

such knowledge reveals the value of new sources of 

phytochemicals for the synthesis of different medicinal 

chemical compounds with the actual significance of folk 

remedies [4]. Validation and documentation of such herbal 

drugs had be emerged as separate branches of science with 
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the prime objective of standardization of natural drugs as 

these phytochemicals have several complementary and 

overlapping mechanisms of action. 

Phytochemicals are also considered to be potent free 

radical quenching compounds that prevent many human 

physiological disorders and degenerative diseases. 

Generally, human physiological system develops a self-

defense mechanism to combat the free radicals developed 

during metabolism [5]. Under certain circumstances, the 

overproduction of oxidative free radicals due to stress leads 

to accumulation of ROS. This leads to a high risk of cancer, 

cardiovascular diseases, neurological disorders, 

rheumatoid arthritis, liver damage and aging [6]. Plant-

derived chemical compounds are getting more important in 

the field of medicine and research for the prevention of 

ROS formation, DNA mutations and Lipid peroxidation 

researches [7]. It has also been reported in several studies 

that plant-based phytocompounds such as phenols, 

flavonoids and other secondary metabolites are having high 

antioxidant potential and are suggested to be an alternative 

source against synthetic antioxidants [5,8]. 

The genus Crotalaria L. commonly called rattle pods is 

one of the largest genera in the Fabaceae family. It includes 

more than 700 species that are distributed mostly in tropics 

and subtropics [9] of Africa, America and Southern Asia. 

In India, the genus was reported with 93 species with 38 

endemics that are confined to Southern Peninsular India 

[10]. These plants generally exhibit great diversity in their 

habitat from hill slopes to open grasslands. The species of 

Crotalaria L. had a wide medicinal application that plays a 

significant role in bioremediation, ethnomedicine 

formulation and in agriculture. From ancient times, various 

species of this genus have been used traditionally as 

medicine for various diseases in India [11]. The 

phytochemical studies on different species of this genus 

such as Crotalaria juncea [12]; C. burhia [13], C. 

lachnosema [14] and C. pallida [15] revealed the presence 

of alkaloids, steroids, phenols, saponins, glycosides, 

tannins and volatile oils. Further the antioxidant assay on 

the methanolic leaf extracts of several Crotalaria species 

has shown a higher percentage of free radical scavenging 

activity [16]. 

Crotalaria paniculata Willd. a little-known herb species 

of the family Fabaceae. It is an endemic species distributed 

in the plants of Southern peninsular India. They generally 

habituated near streams and road side. The plant can be 

easily recognized by its panicle inflorescence consisting of 

yellow flowers with red shade in the back of standard petals. 

Unlike other Crotalaria species, C. paniculata Willd 

produce fruits as single-needed pods and it was dry 

dehiscent. The fresh plants were generally used in the folk 

medicine for the treatment of skin diseases and it was also 

reported to be used in the treatment of Eczema by the tribal 

people of Eastern Ghats [17]. Most of the Crotalaria 

species were well recognized for their medicinal properties 

whereas Crotalaria paniculata Willd. has not yet been 

analyzed for its phytochemical profile. The present study 

revealed the phytochemical profile and antioxidant 

properties of methanolic leaf extract of Crotalaria 

paniculata Willd. 

2. Materials and Methods 

2.1. Crotalaria paniculata Willd 

It is a Perennial shrub with velvety shoots that grow up 

to 1.5 m tall, hairy stem with simple leaves alternately 

arranged, oblong to inverted-lance shaped, end with a tiny 

point, not toothed, base narrowed. Yellow to reddish-

brown typical zygomorphic fab flowers borne in a cluster 

of 13-20 cm long panicles. Pods are ellipsoid, hairy, and 

horned, with 1-2 black seeds dispersed by dehiscence of a 

pod. The plant is occasionally found in forests and is native 

to southern India, particularly in the states of Tamil Nadu, 

Karnataka, and Andhra Pradesh. 

2.2. Preparation of Leaf Sample and Solvent 

Extraction 

The fresh leaves of Crotalaria paniculata Wild. were 

collected from a wild population. The healthy leaves were 

separated and shade dried under room temperature. Once 

the leaves become brittle the dried leaves were powdered 

by using an electric blender. About 50g of leaf powder was 

taken for continuous hot ex 

traction using the Soxhlet apparatus. The weighted leaf 

powder was packed in Whatman No. 1 filter paper and 

placed in the Soxhlet apparatus. The leaf compound was 

extracted with methanol by continuous hot extraction at 70 

to 80 °C for three hours. 

2.3. GC-MS Analysis of Methanol Leaf Extract 

The analysis of GC-MS for the Methanolic extract was 

performed using QP 2020 SHIMADZU equipped with SH-

Rxi 6511 MS capillary column. Inert helium gas was used 

as a carrier gas that allowed it to flow at a constant rate of 

1.20 ml/min. The Mass transfer line and injector 

temperature were set to 200 °C and 250 °C respectively. 

The oven temperature was programmed from 50 °C to 

250 °C at 6 °C/Min. A diluted sample of methanol extract 

2µl was injected in spitless mode. The phytochemical 

constituents of the sample were identified based on the GC 

retention time of SH-Rxi 6511 MS capillary column, by 

matching the Mass spectrum with standards (NIST14.LIB. 

and WILEY8. LIB.). 

2.4. Antioxidant Assay 

2.4.1. Free Radical Scavenging Activity by DPPH Assay. 

The antioxidant activity of methanolic leaf extract of 

Crotalaria paniculata Willd. were studied by analyzing the 

scavenging effect of plant samples on stable DPPH free 

radical activity [18]. For the assay 300μl of ethanolic 

solution containing DPPH was mixed with 40μl of 
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methanol leaf extract at different concentrations of 100 - 

500 μg/ml. For the assay the DPPH solution was freshly 

prepared and stored in dark at 4°C. During the assay 2.7ml 

of 96% methanol was added to each concentration and 

shaken vigorously. The prepared mixture remained 

undisturbed for 5 min to allow the activity and the 

absorbance value was measured with a spectrophotometer 

at 540nm. Methanol served as a blank to set absorbance to 

zero in a spectrophotometer. At the same time, a blank 

sample with the same amount of Methanol and DPPH 

solution was also prepared. All the test was analyzed in 

triplicate. The antioxidant activity of methanol leaf extract 

was expressed in the percentage of inhibition and 

calculated by the following equation. 

Inhibition percentage of DPPH activity  

= [(A – B) / A] x 100 

Where, A and B are the absorbance value of blank 

sample and test sample respectively. 

2.4.2. Hydrogen Peroxide Assay 

Hydrogen peroxide is one of the well-known 

components used for the study of free radical scavenging 

activity. For the assay, a 20 mM concentration of H2O2 was 

prepared in Phosphate buffer at pH 7.4. Different 

concentrations of leaf extract and standard ascorbic acid 

(20 - 100µg/ml) in 1 ml of methanol were added to 2 ml of 

hydrogen peroxide in phosphate buffer. The set was left 

free for 10 min. and the OD value was measured at 230nm 

[19]. 

H2O2 Percentage inhibition (%)  

= [(Control-Test)/control] ×100 

2.4.3. Metal Chelating Ability on Ferrous Ions 

The reaction mixture was prepared by making different 

concentrations of extracts from 20µg/ml to 100µg/ml with 

0.05 ml of 2mM FeCl3 which makes up to 1 ml with 

Methanol. The reaction initiation was done by adding 

0.2ml of 5mM Ferrozine to the different concentrations of 

extracts. The reaction mixture was vigorously shaken and 

allowed to stand at room temperature for 10 min. The OD 

value of the reaction mixture was measured against a blank 

reagent at 526 nm [20]. High Ferrous ion chelating ability 

was indicated by lower absorbance of the reaction mixture 

and vice versa. The control was prepared by all the reagents 

without the sample and Ascorbic acid was used as standard 

to compare the Ion chelating ability of the sample. 

Percentage of Inhibition  

= [(Control-Test)/Control]×100 

3. Results 

3.1. GC-MS Analysis of Methanol Leaf Extract of 

Crotalaria paniculata Willd. 

The present study on the GC-MS analysis of methanol 

leaf extract of Crotalaria paniculata Willd. leads to the 

identification of 20 bioactive compounds. The Total Ion 

chromatogram obtained from the GC-MS analysis was 

given in Fig.1. These 20 bioactive compounds contribute to 

100% of the leaf extracts that contribute to the medicinal 

quality of Crotalaria paniculata Willd. Among the 

compound identified the maximum area percentage was 

observed for Cyclohexasiloxane, dodecamethyl which 

contribute 21.98%, 14-Acetyl-13-methoxypodocarpa-

8,11,13-Triene (15.63%), 1,3-diphenyl-1-

((trimethylsilyl)oxy)-1(z)-heptene (9.24%), Isopropenyl 

dodecanoate (6.49%) and (1s,2s)-cis-2-

phenylcyclopentanol (r)-o-acetylmandelate ester (4.36%). 

The other important compounds along with Molecular 

Formula, Molecular Weight, Retention Time, SI value and 

area percentage were listed in Table 1.
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Figure 1.  Total Ion chromatogram of Methanolic leaf extract of Crotalaria paniculata Willd. 
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Table 1.  Phytochemical Constituents of methanol leaf extract of Crotalaria paniculata Willd. 

S. 

No 
Compound name MF MW RT 

SI 

value 
Area % 

1 
Benzoic acid, 2,6-bis(trimethylsiloxy)-, 

trimethylsilyl ester 
C16H30O4Si3 370 10.4 86 2.78 

2 Cyclohexasiloxane, dodecamethyl- C12H36O6Si6 444 13.975 85 21.98 

3 1,3-diphenyl-1-((trimethylsilyl)oxy)-1(z)-heptene C22H30OSi 338 17.592 79 9.24 

4 
(1s,2s)-cis-2-phenylcyclopentanol (r)-o-

acetylmandelate ester 
C21H22O4  19.958 100 4.36 

5 
1-(3,4-ditrimethylsiloxyphenyl)-2-

isopropylaminoethanol 
C17H33NO3Si2 355 20.841 90 2.32 

6 
Phosphonous dibromide, [2,2,2-trifluoro-1-

(trifluoromethyl)-1-[(trimethylsilyl)oxy]ethyl]- 
C6H19Br2F6OPSi 428 23.642 86 2.32 

7 (ss)- or (rr)-2,3-hexanediol C6H14O2 118 26.136 100 0.93 

8 Furo[2,3-c]pyridine, 2,3-dihydro-2,7-dimethyl- C9H11NO 149 26.573 100 1.15 

9 2-(1,1,2,3,3,3-hexafluoropropyl)oxetane C6H6F6O 208 37.056 96 1.03 

10 14-acetyl-12-methoxypodocarpa-8,11,13-triene C20H28O2 300 37.442 87 15.63 

11 

(4b.alpha.,4c.beta.,5.alpha.,8.alpha.,8a.beta.,8b.alph

a.)-2,4b,5,8,8b,11-hexamethyl-6,7-diphenyl-

4,4b,5,8,8b,9-hexahydro-4c,8a- 

C37H32N2O5 584 38.325 75 0.93 

12 
dl-valyl-dl-valine, n,n'-dimethyl-n'-(3-

chloropropoxycarbonyl)-, pentyl ester 
C21H39CIN2O5 434 38.46 81 3.61 

13 

Cyclopropanepropanoic acid, 3-[1-

(methoxycarbonyl)ethenyl]-2,2-dimethyl-, methyl 

ester, trans- 

C13H20O4 240 38.505 92 1.4 

14 3.alpha.-methylcholest-5-en-3-.beta.ol nitrite C28H47NO2 429 38.545 73 0.9 

15 

(1.alpha.,4.alpha.,4a.alpha.,10a.beta.)-

1,4,4a,5,6,7,8,9,10,10a-decahydro-'1,4,11,11-

tetramethyl-1,4-methanocycloocta[d]pyridaz 

C16H26N2 234 38.984 82 2.23 

16 

4,5,6,6a,10',11'-hexahydrospiro{5'h-

dibenzo[a,d]cycloheptene-5',3(3ah)-

[4,5,6]methenocyclopentapyrazole 

C21H18N2 298 39.045 90 1.19 

17 

(3r*,1's*,4'r*,5'r*,6'r*)-3-[6'-

[(trimethylsilyl)ethynyl]bicyclo[2.2.1]hepten-5'-

yl]cyclopentanone 

C17H24OSi 272 39.385 76 2.34 

18 Isopropenyl dodecanoate C15H28O2 240 39.475 84 6.49 

19 

(1.alpha.,4.alpha.,4a.alpha.,10a.beta.)-

1,4,4a,5,6,7,8,9,10,10a-decahydro-'1,4,11,11-

tetramethyl-1,4-methanocycloocta[d]pyridaz 

C15H26N2 234 39.602 87 1.21 

20 
5-(tert-butyldimethylsiloxy)-5'-oxo-1,1'-

bicyclooctylidene 
C22H40O2Si 364 40.287 86 1.3 

MF- Molecular Formula; MW- Molecular Weight; RT- Retention Time; SI – Soft Ionization value 
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3.2. Antioxidant Assay of Methanolic Leaf Extract of 

Crotalaria paniculata Willd. 

3.2.1. DPPH Assay 

The DPPH assay on the free radical scavenging activity 

showed that the inhibition percentage steadily increased 

with the increasing concentration of a sample. The analysis 

of the free radical scavenging activity of methanol extract 

showed a maximum of 62.50% at 100 µg/ml concentration 

which was near to the scavenging activity of Ascorbic acid 

with 72% of scavenging activity (Fig.2). The IC50 value of 

methanol leaf extract on DPPH assay is 39.28µg/ml which 

is slightly higher than the standard Ascorbic acid with IC50 

value of 23.87 µg/ml. 

3.2.2. Hydrogen Peroxide Assay 

The hydrogen peroxide test for antioxidant assay showed 

a maximum percentage of inhibition of 55.14% with a 

maximum concentration of 100µg/ml of methanol leaf 

extract. The free radical scavenging percentage was 

observed to increase with the increasing concentration of 

the sample (Fig.3). The leaf extract with Hydrogen 

peroxide assay showed a higher IC50 value of 72.68µg/ml 

than the standard Ascorbic acid IC50 value of 36.91µg/ml. 

3.2.3. Metal Chelating Assay 

The assay of metal chelating by methanol leaf extract 

showed maximum ion cheating of 70.07 % at 100 µg/ml 

concentration which was similar to the ion chelating of 

Ascorbic acid. On comparing the standard, the leaf extract 

has antioxidant activity against the selected free radicals 

that indicate C. paniculata possesses potential antioxidant 

compounds (Fig.4). The metal chelating of the leaf extract 

showed an IC50 value of 54.74 µg/ml which is slightly 

higher than the Standard Ascorbic acid with IC50 value 

41.72 µg/ml.  

 

Figure 2.  Free radical Scavenging of Crotalaria paniculata Willd. in DPPH assay. 

 

Figure 3.  Free Radical Scavenging of Crotalaria paniculata Willd. in H2O2 Assay 
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Figure 4.  Metal Chelating activity of Crotalaria paniculata Willd. on Ferrous Ion. 

4. Discussion 

4.1. GC-MS Analysis on the Methanol Leaf Extract of 

Crotalaria paniculata Willd. 

GC-MS analysis is one of the first steps in understanding 

the nature of medicinal plants and is helpful in the detailed 

profiling of plant compounds. It is a direct and fast 

analytical approach for the identification of steroids, 

terpenoids and flavonoids with a minimum of a few grams 

of plant material which is required [21]. GC-MS 

chromatographic analysis reveals that methanolic extract 

composition of C. paniculata leaves contains a 

considerable quantity of phytochemical compounds, 

ranging from single molecules to those with a high 

molecular weight polymerization degree. The identified 

compounds possess various medicinal properties. Similar 

studies on other species of Crotalaria also showed the 

presence of 25 compounds in C. longipes [21] and 19 

compounds in C. verrucosa [22]. This is the first report on 

the phytochemical constituents of C. paniculate Willd. 

While analyzing the medicinal property of the identified 

compound from the previous studies showed that all the 

compounds were medicinally used in various diseases and 

skin care. Cyclohexasiloxane, dodecamethyl was also 

previously reported in the leaf extract of Toddalia asiatica 

(L.) [23] as the major compound with an area percentage of 

7.06% and it was also reported in Plantago major with an 

area percentage of 3.6% [24] whereas in the present study, 

the compound recorded higher percentage 21.93%. 

Cyclohexasiloxane, dodecamethyl is the compound 

which is mostly in the ointments applied for softening skin 

and used as a skin moisturizer. Further, it was also reported 

to be an antiviral compound present in Nostoc linckia [25]. 

14-Acetyl-13-methoxypodocarpa-8,11,13-Triene is the 

second compound with a high peak area percentage which 

was also previously reported in Neem leaf [26] and it was 

a natural medicinal compound belonging to Podocarpane 

with the properties of anti-inflammatory, antiviral and 

antibacterial properties [27]. Benzoic acid is the most 

typical compound used in the making of perfumes and dyes. 

It had also been used as an insect repellent. Other 

compounds are in trace amount that has several medicinal 

properties and is used for different industrial purposes. 

Most of the compound identified in the present study was 

not similar to the compound identified in C. longipes and 

C. verrucose. This showed that the plant has peculiar 

compounds which may be applied for different ailments 

and can be isolated for its medicinal properties. Critical 

study and isolation of the individual compounds identified 

were required for a detailed understanding of the medicinal 

properties that may reveal many medicinal uses of this 

plant as a potential medicinal herb. 

4.2. Antioxidant Assay of Methanol Leaf Extract of 

Crotalaria paniculata Willd. 

There is a lot of interest these days in measuring the 

antioxidant capacity of plants or food preparations to see if 

they have any therapeutic benefits [28]. To assess 

antioxidant activity one of the most widely used methods 

is the DPPH (2,2-diphenyl-1-picrylhydraza) technique. 

Present study on antioxidant activity showed that the plant 

has potential compounds which scavenge free radicals on 

different assays. From Fig. 2-4 it was clearly understood 

that the scavenging activity was increased along with the 

increase of concentration. Though the IC50 values were 

higher than the standard ascorbic acid the leaf extract 

showed a significant antioxidant activity against free 

radicals. Similar results were previously reported by 

several researchers on different plants such as Crotalaria 

pallida [29], C. retusa [30], C. biflora [31] and C. juncea 
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[32]. In India, the Crotalaria genus was reported with 34 

endemic species which has not yet been studied for 

antioxidant and phytochemical properties. While 

evaluating the different components and their medicinal 

properties of these medicinal plants may provide new 

significant information on the nature of these plants that 

may be useful for future medicinal prospects. 

5. Conclusions 

Analysis of the phytochemical constituents of plants is 

essential to identify their medicinal properties. Each plant 

species has numerous potential components which play a 

major role in the pharmaceutical industries. The present 

study on the identification of phytochemicals of Crotalaria 

paniculata Willd. via GC-MS analysis showed 20 bioactive 

components that are specific and unique compound 

combinations in this plant. These bioactive components 

have also been reported with different medicinal properties 

and are used in various skin care medicines. Antioxidant 

studies reveals that methanolic leaf extract had a higher 

percentage of free radical scavenging activity in all the 

assays and the scavenging activity was increased with the 

increase of sample concentration. This showed that 

Crotalaira paniculata Willd. has potential antioxidant 

activity. The study provides a basic phytochemical profile 

of Crotalaria paniculata Willd. 
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