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ABSTRACT

Objective: To evaluate the comparative Fourier Transform Infrared spectroscopic analysis and the in vitro antioxidant screening of leaf extract of 
three Cassia species. 

Methods: The 80% leaf methanol extract of all three species was tested for their total phenols, flavonoids, antioxidant screening (DPPH, ABTS, Nitric 
oxide, radical reducing power and total antioxidant capacity) and along with spectroscopic study. 

Results: The results revealed that C. uniflora had the highest total phenolic content (276.54±0.031 µg/ mg DW) followed by C. occidentalis and C. tora, 
while the highest total flavonoid content (43.71±0.086 µg /mg DW) was also recorded to C. uniflora followed by C. tora and C. occidentalis. FTIR 
screening revealed the presence of various functional groups such as aldehydes, alcohols, carboxylic acid, alkenes, aromatic compounds, esters, nitro 
compounds and alkyl halides in all the three species. Overall all the species exhibited dose dependent antioxidant activity in tested in vitro models. 
The antioxidant activity was varied to each species; the highest IC50 values for DPPH (58.55±0.213 μg/ml) were depicted in C. occidentalis followed 
by C. tora and C. uniflora. The prominent IC50 values for ABTS radical scavenging was reported in C. uniflora extract (IC50value of 0.074±0.003 μg/ml) 
followed by C. occidentalis and C. tora (with IC50 values of 24.388±0.183 and 29.388±0.368 μg/ml equivalent to ascorbic acid). 

Conclusion: The results of the present study indicate that, of the Cassia species evaluated, C. occidentalis exhibited strong activity followed by C. tora 
and C. uniflora, and can be used as a potent source of natural antioxidants.
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INTRODUCTION

The genus Cassia (family: Caesalpinaceae) represents one of the largest 
groups of flowering plants, having herbs, shrub along with tree habit 
and is widely distributed in tropical and subtropical regions of the 
world [1]. It includes 580 species throughout the world, of which only 
twenty species are reported in India [2,3].

Cassia occidentalis L. (Syn.: Senna occidentalis Roxb.) a diffuse undershrub 
is known by various names in different language, e.g.  The Negro 
Coffee (English), Kasamara (Sanskrit), Kasondi (Hindi) and Ran tarota 
(Marathi). It grows in the tropical and subtropical countries, including 
the United States, Africa, Asia, and Australia [4,5]. In India, C. occidentalis 
commonly grows along the road sides, ditches and waste dumping sites 
as a common weed [6] and reported for different ailments in indigenous 
and folk medicines [7-9]. In Ayurveda, the leaves are prescribed for 
aphrodisiac, cough, asthma, hiccup and fever [10]. Furthermore, it is used 
as cardiac tonic, ringworm, leprosy, skin disease, and constipation. In folk 
medicine, the leaf paste is externally applied on healing wounds, sores, 
itch, and cutaneous diseases [11]. In Benin, the decoctions of leaves are 
given in fever [12]. West Indian people used its decoction for drinking 
and applied leaves to the body for fever and Dominicans use leaf tea for 
colds, cuts, fevers and pregnancy [13]. In Brazilian traditional medicine, 
leaves have been widely used as a laxative, analgesic, febrifuge, diuretic, 
hepatoprotective, vermifuge and colagogo as well as for the treatment 
of tuberculosis, gonorrhea, dysmenorrhea, anemia, flu, liver and urinary 
tract diseases [14,15]. In Brazil, the preparation made of hydroalcoholic 
extract of leaf along with stem has been marketed by pharmaceutical 
laboratory (LAPERLI) with commercial name of Cassia Virgínica® and 
has been prescribed for the treatment of flu, fever, erysipelas, febrifuge, 
as an analgesic, hepatoprotective, and diuretic [16]. Previous studies on 
this species pertaining to phytochemicals have reported the alkaloids, 
flavonoids, tannins, phlobatannins, chrysophanol, emodin, physcion, 

tetrahydroanthracene derivatives, germichrysone, and occidentalins 
A and B in the leaves of C. occidentalis [17]. Furthermore, flavonoid 
such as apigenin, chrysophanol and emodin [18] bianthraquinone 
1,1-bi-4,4′,5,5′-tetrahydroxy-2,2′-dimethyl anthraquinone, flavone 
metterucinol-7-O-α-L rhamnoside [19,20]. The biological activities 
of C. occidentalis leaves demonstrated antimicrobial [21-23], 
antimalarial [24,25], anti-inflammatory [26], hepatoprotective, and 
antioxidant potential [1,27,28].

Cassia tora L. (Family-Caesalpiniaceae) in an annual fetid herb, generally 
distributed in India, Srilanka, West China and tropics. In India, it is 
commonly seen throughout the country along roadsides and in waste 
ground in rainy season. Locally, it is known by various names such as Takala 
(Marathi); Charota (Hindi). In China it called as Jui Ming Zi and Foetid 
Cassia (English) [29]. The leaves are mentioned in ayurvedic medicine as 
a laxative, antiperiodic and are useful for leprosy, ringworm, bronchitis, 
and cardiac disorders [7,30]. It is also used in fever, constipation, as a 
liver tonic, expectorant and against helminthes [10]. In Africa, the leaves 
are employed in the treatment of impetigo, ulcers, helminthiasis and as 
a purgative [31,32]. In addition to this, the powdered leaves are used for 
ulcers and parasitic skin conditions [33]. Furthermore, the fermented 
leaves are pounded and added to food as well as in “local gin” (strong 
liquor) and given orally for anthelmintic and as a purgative effects [31,32]. 
In Vietnam, the alcoholic or vinegar maceration of pounded leaves is 
applied externally to treat eczema and dermatomycosis [34]. Literature 
reveals that many scientific evaluations on leaves of C. tora have been 
carried out. These are anti-inflammatory [35], hepatoprotective [36,37], 
antinociceptive [38], cytotoxic [39],  anticancer  [30]. The leaves have 
reported many constituents such as rich in emodin, tricontan-1-ol, 
stigmasterol, β-sitosteral-β-D-glucoside, freindlen, palmitic, stearic, 
succinic and d-tartaric acids, uridine, quercitrin and iso-quercitrin [40-43].
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Cassia uniflora Mill. (Syn. Cassia senna) is an invasive, erect, fast 
growing herb, usually found along the roads sides, waste places and 
has spread everywhere as a common weed throughout India. There is 
a little literature on the therapeutic application, phytochemistry and 
antioxidant activity of this species.

There are a few reports on the antioxidant activity of C. occidentalis 
and C. tora. This study is an attempt to evaluate the comparative 
phytochemical profiles and in vitro antioxidant activities of methanolic 
leaf extracts (80%) of C. occidentalis, Cassia tora and C. uniflora growing 
in Maharashtra, India, in order to discover their potential for free 
radical scavenging activity.

METHODS

Sample collection and extraction
For this study, the fresh leaves of three Cassia species under study, 
viz., C. occidentalis, C. tora and C. uniflora were collected from different 
localities of Sangamner tehsil of Ahmednagar district (MS), India. The 
plant specimens were authenticated at the Postgraduate Department 
of Botany, Sangamner College, Sangamner, by using Floras [44,45]. 
The collected plant material was washed with tap water and air dried 
on the laboratory bench for 15 days and then ground to fine powder 
using an electric mill. Dried and coarsely powdered leaves (100 g) of 
all three species were extracted with 80% methanol by cold extraction 
method [46,47]. The mixture was kept for 24 hrs with frequent shaking 
at room temperature to allow the extraction of compounds. Extract 
obtained was passed through filter paper and respective solvent was 
removed using rotavapor (at 40°C).

Phytochemical screening
Qualitative phytochemical analysis
Extracts of all three Cassia species were analyzed to detect the 
phytoconstituents such as alkaloids, cardiac glycosides, caumarins, 
flavonoids, reducing sugar, saponins, steroids, tannins, and terpenoids 
using standard protocols [46,48].

Quantification of total flavonoids
The total flavonoid content of the extracts was determined using 
prescribed method [49]. In brief; 0.1 ml of sample solution (1 mg/ml) 
was mixed with 2 ml of distilled water and subsequently with 0.15 ml of 
5% NaNO2 solution. After 6 minutes of incubation, 0.15 ml of 10% AlCl3 
solution was added and then allowed to stand for 6 minutes, followed 
by adding 2  ml of 4% NaOH solution to the mixture. Immediately 
after this, water was added to the sample to bring the final volume 
to 5  ml, the mixture was thoroughly mixed and allowed to stand for 
another 15  minutes. The absorbance of the mixture was determined 
at wavelength 510  nm. The total flavonoid content was expressed in 
microgram of rutin equivalents (RE) per milligrams of extract.

Quantification of total phenolics
The total phenol content of the extracts was analyzed using Folin–
Ciocalteu method [50]. In brief, the extracts (0.2 ml of 1 mg/ml) were 
mixed with 2.5 ml of distilled water, 0.5 ml of the Folin–Ciocalteu reagent 
and 1.0  ml of Na2CO3 reagent were added to the mixture. They were 
then incubated at room temperature for 30 minutes. The absorbance 
of the mixture was measured spectrophotometrically (Systronic UV-VIS 
India) at wavelength 765 nm. The total phenol content was expressed 
in microgram gallic acid equivalents per milligram of extract. Triplicate 
measurements were taken and data were presented as mean ± standard 
deviation (mean±SD).

Fourier transform infrared spectroscopy (FTIR) analysis
FTIR analysis of methanol extract was performed using Chemito 410 
spectrophotometer. The extracts was ground into a fine powder using 
an agate mortar along with a standard KBr pellet and examined with 
the FTIR spectrometer in the region 4000-400 cm−1 and the peak values 
were recorded [51,52].

In vitro antioxidant activity
2, 2 diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay
The DPPH free radical scavenging capacity of extract was measured 
by using standard protocol [53] with slight modifications. Briefly, the 
reaction mixture contained 300 μl of extract of varying concentrations 
(10-300 μg/ml) and 2  ml of DPPH solution. After 10  minutes, the 
change in absorbance was recorded at 517 nm in a spectrophotometer 
against a blank. L-ascorbic acid was used as a positive control. The 
DPPH radical scavenging capacities were expressed as ascorbic acid 
equivalent antioxidant capacity in m mol/g of extract. The % DPPH 
scavenging activity was calculated by the equation:

% DPPH scavenging activity = Acontrol − Asample/Acontrol × 100

Where Acontrol is the absorbance of the control (DPPH + methanol) and 
Asample is the absorbance of the sample (DPPH + methanol + sample).

2,2-azinobis [3, ethyl-benzothiazoline-6s-sulphonic acid] (ABTS) 
radical scavenging assay
ABTS radical scavenging activity was determined by using standard 
method [54]. The ABTS radical cations are produced when ABTS 
(7 mM) reacts with potassium persulfate (2.45 mM) when incubated 
at room temperature in the dark for 16 hrs. The solution thus obtained 
was further diluted with phosphate buffer saline (PBS) to give an 
absorbance of 1.000. Different concentrations of the test sample in 50 μl 
were added to 950 μl of ABTS working solution to give a final volume 
of 1 ml. The absorbance was recorded immediately at 734 nm. Ascorbic 
acid was used as a reference standard and inhibiting concentrations 
of extracts were tested at 10, 20, 40, 60, 80, and 100 μg/ml. Reference 
standard (ascorbic acid) was also tested with similar concentrations 
and percent inhibition was calculated by following equation:

% inhibition = ([Absorbance of control – Absorbance of test sample]/
Absorbance) x 100).

Nitric oxide radical scavenging assay
The nitric oxide scavenging activity of extracts on nitric oxide radical 
was measured according to the prescribed method [55]. Sodium 
nitroprusside (5 mM, 1 ml) in PBS (0.1 M, 7.4 pH) was mixed with 3 ml 
of different conc. of the extract and incubated at 25°C for 150 minutes. 
0.5  ml of the samples was mixed with 0.5  ml of Griess reagent 
(1% sulfanilamide, 2% H3PO4 and 0.1% napthylethylenediamine 
dihydrochloride) and absorbance was measured at 546 nm.

Reducing power assay
The reducing power of extracts was evaluated according to the method 
described by Yen and Chen [53] with slight modification. Briefly, 
different amount of extracts (100 –700µg/ml) were incubated with 
2.5 ml of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium 
ferricyanide (K3Fe [CN] 6) at 50°C for 20 minutes. The reaction was 
terminated by adding 2.5 ml of 10% TCA solution and the mixture 
was centrifuged at 3000 rpm for 10 minutes. The supernatant (1.0 ml) 
was mixed with 2.5  ml of distilled water and 1.0 ml of 0.1% ferric 
chloride (FeCl3) solution and absorbance was measured at 700 nm 
after incubation at room temperature for 10 minutes. Quercetin and 
Butylated hydroxy toluene (5-50 µg/ml) were used as positive control 
and experiments were performed in triplicate.

Ferric reducing activity
The ferric reducing antioxidant power (FRAP) assay was conducted 
according to standard protocol [56]. The method is based on the 
reduction of a ferric 2, 4, 6-tripyridyl-s-triazine complex (Fe3+-TPTZ) 
by antioxidants to the ferrous form (Fe2+-TPTZ). FRAP reagent 
was prepared freshly by mixing 2.5  mL of TPTZ solution (10 mM in 
40 mM HCl) and FeCl3 (20 mM) in 25 mL of acetate buffer (300 mM 
and pH  3.6). The light blue Fe3+-TPTZ reagent changes to dark blue 
after contact with an antioxidant, due to the formation of Fe2+-TPTZ. 
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Absorbance was monitored at 593 nm for two different concentrations 
(100 and 200 µg/mL) of extracts in FRAP reagent. All the results were 
based on three separate experiments and antioxidant capacity was 
expressed as µM FeSO4/mg of dry extract. Quercetin and butylated 
hydroxy toluene were used as positive control.

Total antioxidant capacity
0.4  ml of extract (1  mg/ml) dissolved in water was combined in test 
tube with 4  ml of the reagent solution (0.6 M sulfuric acid, 28 mM 
sodium phosphate and 4 mM ammonium molybdate). The tubes 
were capped and incubated at 95°C for 90  minutes. After cooling 
to room temperature, the absorbance was measured at 695  nm. The 
antioxidant activity was expressed as the number of equivalents of 
ascorbic acid [57,58].

Statistical analysis
All assays were carried out in triplicates and results were analyzed 
statistically using one-way Analysis of Variance and expressed as mean 
± SD. Statistical analysis was performed using GraphPad (GraphPad 
prism 5.00 for Windows, San Diego California USA).

RESULTS AND DISCUSSION

Preliminary phytochemical screening
The results of preliminary qualitative phytochemical screening of 
all three Cassia species are shown in Table  1. The screening test 
demonstrated the presence of alkaloids, flavonoids, reducing sugar, 
saponins, steroids and tannins in all three species. Cardiac glycosides 
reported in C. occidentalis and C. uniflora, while terpenoids in C. tora. 
These active phytochemicals play a vital role in the treatment of 
different ailments, such as tannins possess anti-inflammatory and 
anticancer activity [59,60]; flavonoids have reported for its antioxidant, 
anti-inflammatory and anticancer property [61], alkaloids possess 
antileukemic, anticancer, antimicrobial and cytotoxic activities [62,63], 
saponin are antimicrobial agent and maintain the blood cholesterol 
level [64] and terpenoids have been reported to have anti-inflammatory, 
antioxidant, and neuroprotective activities [65].

Total phenolic content
Polyphenols are the major plant compounds with antioxidant activity, 
is believed to be mainly due to their redox properties [66] that play an 
important role in adsorbing and neutralizing free radicals, quenching 
singlet and triplet oxygen, as well as decomposing peroxides. The 
results of the total phenolic content of the leaf extracts of three Cassia 
sp. are presented in Table 2. The quantity of total phenolics varied 
widely among the different analyzed extracts and ranged from 146 to 
276 µg/mg of extract. Such variation could be due to the presence of 
other constituents and/or the presence of different types of phenols 
in the plant extracts. The leaf extracts of C. tora contained significantly 
lower amount (146.75±0.46  µg gallic acid equivalents (GAE)/mg dry 
weight) of total phenolics than those of C. occidentalis and C. uniflora. The 
highest total phenolic content (276.54±0.31 µg GAE/mg dry weight) was 
found in the C. uniflora followed by C. occidentalis. Arya and Yadav [67,68] 
have reported 13.15  µg/mg phenolic content in dry methanolic leaves 
extract of C. tora and C. occidentalis with 21.3  µg/mg content in dry 
methanolic leaves extract, these values are lower than those found in the 
present study. Previous research studies have shown that the amount 
of polyphenolics in plants depend on biological factors (genotype, 
organ, and ontogeny), edaphic factors and environmental (temperature, 
salinity, water stress, and light intensity) conditions. Also, the solubility of 
phenolic compounds is governed by the type of solvent (polarity) used, 
the degree of polymerization of phenolics and their interaction [69,70].

Total flavonoid contents
Flavonoids are the most common and widely distributed group of plant 
phenolic compounds, which are usually attributed to their antioxidant 
properties [71]. In the present study, the total flavonoid content of all 
three Cassia species was also varied and reported in Table 2. C. uniflora 
revealed the highest flavonoid content (43.71±0.082  µg RE/mg dried 
extract) followed by C. tora (34.19±0.043 µg RE/mg dried extract) and 

C. occidentalis (11.24±0.043 µg RE/mg dried extract). It is well known 
that both genetic and environmental factors play important roles on 
flavonoid composition of plants [72]. Therefore, these factors would be 
the key point for affecting the flavonoid content of all three Cassia species.

FTIR analysis
Published research literature reveals that many researchers employed 
the FTIR spectrum as a tool for differentiating, classifying, and 
discriminating closely related plants and other organisms [51]. The 
results confirmed the presence of various functional groups such as 
aldehydes, alcohols, carboxylic acid, alkenes, aromatic compounds, 
esters, nitro compounds, and alkyl halides are in all the three species 

Table 1: Preliminary phytochemical screening of Cassia species

Phytochemical constituents C. occidentalis C. tora C. uniflora
Alkaloid + + +
Cardenoloid + ‑ +
Caumarin ‑ ‑ ‑
Flavonoid + + +
Reducing sugar + + +
Sapponin + + +
Steroid + + +
Tannin + + +
Terpenoid ‑ + ‑

Table 2: Total phenol and flavonoid content of leaves of three 
Cassia species

Sample Mean±SD (µg/mg)

Phenols Flavonoids
Cassia ocidentalis 173.45±0.067 11.24±0.043
Cassia tora 146.75±0.046 34.19±0.043
Cassia uniflora 276.54±0.031 43.71±0.086

Fig. 1: Fourier transform infrared spectroscopic spectrum of 
Cassia species (a) Cassia occidentalis, (b) Cassia tora, (c) Cassia 

uniflora

c

b

a
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studied (Fig.  1 and Table 3). Moreover, aromatic amines, ethers are 
observed in C. occidentalis and C. uniflora and carbonyl in C. tora and 
C. uniflora while phenol reported exclusively in C. tora.

In vitro free radical quenching
Antioxidant screening of three Cassia species was determined using 
different in vitro analytical assay. Since, antioxidant activity cannot 
be evaluated using a single test [73]. All antioxidant assays provide 
considerable support to antioxidant prospective of the plant in 
comparison with standard ascorbic acid.

DPPH assay
The DPPH has been extensively used as a free radical to evaluate 
reducing substances [70,74]. The results of DPPH free radical 
scavenging activity of methanolic extract of the three Cassia species 
and the positive control ascorbic acid are shown in Fig. 2 and Table 4. 
In DPPH assay, all extracts showed a notable radical scavenging 
activity in a dose-dependent manner within a certain range and were 
significantly different (p<0.05). Among them, C. occidentalis showed 
the highest DPPH scavenging activity with the lowest IC50 value of 
58.55±0.213  µg/ml, followed by C. tora (61.55±0.318 μg/mL) and 
C. uniflora (105.63±0.479 μg/mL). Previous studies reported that 
ethanolic and aqueous extracts of C. occidentalis exhibited modest 
antioxidant potential (IC5037 µg/ml) compared to the present study in 
aqueous methanol extract [75,76]. However, methanol extract of C. tora 
showed lower antioxidant activity [77-79].

ABTS assay
The ABTS assay is also commonly used to study antioxidant capacity 
in plants based on the capacity of the extracts to scavenge the radical 
cation ABTS•+ generated during the application of this method [80-82]. 
All the three extracts of Cassia species scavenged ABTS radical in a 

Table 3: FTIR spectral peak values and functional groups obtained for the leaf of three Cassia species

Functional groups Wave number (1/cm)

C. tora Visible intensity C. occidentalis Visible intensity C. uniflora Visible intensity
Carboxylic acid

O‑H bend 917.95 m ‑ ‑ ‑ ‑
O‑H stretch ‑ ‑ 2918.73 m 2917.77 m

Esters
C=O stretch 1717.3 s 1070.3 m 1715.37 s

Aldehydes
C=O stretch 1732.73 s 1732.73 s 1731.76 S
H–C=O: C–H stretch ‑ ‑ ‑ ‑ 2725.79 m

Nitro compounds
N‑O symmetric and asymmetric stretch 1539.88 s 1509.03 s 1538.92 s
N–O symmetric stretch ‑ ‑ 1339.32 m ‑ ‑

Aromatic compounds
C–C stretch (in–ring) 1435.74 m 1419.35 m 1455.03 m

Alkanes
C–H rock 1363.43 m ‑ ‑ ‑ ‑
C–H bend ‑ ‑ 1455.99 m 1455.03 m

Aromatic amines
C‑N stretch 1270.86 s ‑ ‑ 1296.89 s

Alkyl halide
C–H wag (–CH2X) 1270.86 m 1265.07 m ‑ ‑
C–Br stretch ‑ ‑ ‑ ‑ 547.68 m

Ethers
C–O stretch 1071.26 s ‑ ‑ 1296.89 s

Aliphatic amines
C–N stretch 1071.26 m ‑ ‑ 1093.44 m

Alkenes
=C–H bend 917.95 s 916.98 s 2917.77 s

Amine
N–H wag 894.80 s, b ‑ ‑ 889.98 s, b

Alkynes
–C≡C–H: C–H bend 668.21 b, s ‑ ‑ ‑ ‑
–C≡C– stretch ‑ ‑ ‑ ‑ 2184.95 w

Carbonyls
C=O stretch ‑ ‑ 1732.73 s 1715.37 s

Phenols
O–H stretch, H–bonded ‑ ‑ 3212.83 s, b ‑ ‑

Ketones
C=O stretch ‑ ‑ ‑ ‑ 1715.37 s

C. occidentalis: Cassia occidentalis, C. tora: Cassia tora, C. uniflora: Cassia uniflora, FTIS= Fourier transform infrared spectroscopy, m= medium; w= weak, s= strong, 
n= narrow, b= broad, sh= sharp

Fig. 2: 2, 2 diphenyl-1-picrylhydrazyl radical scavenging
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concentration dependent manner and showed significant difference 
at p<0.05. The highest activity was obtained from the C. uniflora 
extract with a IC50value of 0.074±0.003 μg/ml equivalent to ascorbic 
acid (Table 4), followed by C. occidentalis and C. tora with IC50 values 
of 24.388±0.183 and 29.388±0.183 μg/ml equivalent to ascorbic acid, 
respectively (Fig. 3).

Nitric oxide assay
All the extracts caused considerable dose-dependent nitric oxide 
scavenging in comparison to the standard ascorbic acid. This may 
be due to the antioxidants present in the extract. The percentages 
of inhibition were increased with increasing concentration of the 
extracts (Fig.  4). The IC50 values (Table  4) for C. occidentalis was 
1.584±0.095 μg/ml, followed by C. tora and C. uniflora with 7.159±0.053 
and 8.23±0.034 μg/ml, respectively. The present findings of nitric oxide 
scavenging activity of C. occidentalis and C. tora are in agreement with 
those in previously published literature [67,68,77,78].

Reducing power assay
The reducing power of C. occidentalis, C. tora and C. uniflora extracts 
are shown in Fig. 3. In the reducing power assay, a stronger absorbance 
indicates a higher reducing power. Extracts of all three species of 
Cassia were able to catalyze reduction of Fe (III). C. occidentalis had 
much higher reducing potential than C. tora and C. uniflora (Fig. 5). The 
methanolic extract of C. uniflora exhibited the lowest reductive power 
values. The reducing power assay is often used to evaluate the ability of 
natural antioxidant to donate an electron or hydrogen [83], which is an 
important mechanism of phenolic antioxidant action [84].

FRAP assay
The FRAP method is commonly employed to determine the antioxidant 
activity of plant materials by measuring the capacity of the extracts to 
reduce ferric complexes to the ferrous form [82,85]. The FRAP values 
of three aqueous methanolic leaves of Cassia species analyzed ranged 
from 76.69±0.224 to 262.67±0.163 μg/mg DW (Table 5). The highest 
FRAP value was obtained in C. uniflora, while the lowest was in C. tora. 
The extracts of C. tora and C. uniflora expressed electron donating 
activity, but their power was inferior to ascorbic acid, which is known 
to be a strong reducing agent.

Total antioxidant assay
Total antioxidant capacity by ammonium molybdenum method assay is 
based on the reduction of Mo (VI) to Mo (V) by the antioxidant sample. 
This method has been routinely used to evaluate the antioxidant 
capacity of extracts [57]. Total antioxidant capacity of the studied 
Cassia species was expressed as the number of equivalents of ascorbic 
acid (Table  5). Higher activity (48.82±0.14  µg/mg of dry extract) 
was observed for C. tora followed by C. occidentalis (36.62±0.19  µg/

mg of dry extract) and C. uniflora showed the lowest activity 
(20.52±0.40 µg/mg).

CONCLUSION

The present study deals with the comparative antioxidant and 
phytochemical screening of three Cassia species. Based on the results, 

Table 4: IC50 values of Cassia species on tested radicals

Plants IC50 value (µg/ml)

DPPH ABTS Nitric oxide
C. occidentalis 58.55±0.213 24.388±0.183 1.584±0.095
C. tora 61.55±0.318 29.388±0.368 7.159±0.053
C. uniflora 105.63±0.479 0.074±0.003 8.23±0.034
Data presented as mean±SD each triplicate test. p<0.05 was considered significant

Table 5: Total antioxidant activity of three Cassia species

Sample Total antioxidant activity (µg/mg)

FRAP Ammonium molybdate
Cassia occidentalis 76.69±0.224 36.62±0.19
Cassia tora 82.16±0.103 48.82±0.14
Cassia uniflora 262.67±0.163 20.52±0.40
Data are presented as mean±SD each triplicate test. p<0.05 was considered significant

Fig. 3: 2,2-azinobis [3,ethyl-benzothiazoline-6s-sulphonic acid] 
radical scavenging

Fig. 4: Nitric oxide scavenging

Fig. 5: Reducing power assay
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it revealed that all the species of Cassia had rich in phenolic and 
flavonoid constituents (with increasing order C. occidentalis, C. tora and 
C. uniflora). FTIR results revealed the presence of various functional 
groups such as aldehydes, alcohols, carboxylic acid, alkenes, aromatic 
compounds, esters, nitro compounds, and alkyl halides are in all the three 
species. Overall, all species exhibited the dose-dependent antioxidant 
potential; it is Cassia occidentalis that showed the highest antioxidant 
activity. Further studies are needed pertaining to in vivo screening and 
identification of compounds responsible for the antioxidant activities 
that leads to potent source of natural antioxidants.
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