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ABSTRACT

Objective: The main aim of this study was to evaluate the antioxidants present in Sesbania grandiflora (L.) Pers. belongs to the family Fabaceae.

Methods: Fresh samples were used for the analysis of antioxidants such as total phenol, carotenoids, Vitamin-A, Vitamin-C, Vitamin-E, peroxidase 
(POD), catalase (CAT), superoxide dismutase (SOD), ascorbate peroxidase, monodehydroascorbate reductase, and glutathione reductase by standard 
estimation methods.

Results: Present studies revealed that this wild leafy plant has numerous antioxidant factors that destroying the free radicals that damage the cells.

Conclusion: S. grandiflora contain many enzymatic and non-enzymatic antioxidants and could be a good source of dietary antioxidants which play an 
important role in the prevention of diseases associated with oxidative stress.

Keywords: Total phenol, Vitamin C, Vitamin E, Peroxidase, Superoxide dismutase, Ascorbate peroxidase, Catalase, Monodehydroascorbate reductase, 
Glutathione reductase.

INTRODUCTION

The protective action of vegetables has been attributed to the presence 
of antioxidants, especially antioxidant vitamins including ascorbic 
acid, α-tocopherol, and β-carotene [1]. However, numerous studies 
have conclusively shown that the majority of the antioxidant activity 
may be from compounds such as flavonoids, isoflavone, flavones, 
anthocyanin, catechin and isocatechin rather than from Vitamin C, E, 
and β-carotene [2]. The consumption of food and beverages rich in 
phenolics contents can reduce the risk of heart disease by slowing 
the progression of arteriosclerosis by acting as antioxidants toward 
low-density lipoproteins [3]. The antioxidant activity of phenolics 
is mainly because of their redox properties, which allow them to act 
as reducing agents, hydrogen donors, singlet oxygen quenchers, and 
metal chelators [4]. A large number of plant sources including many 
vegetables and fruits have been reported to have high antioxidant 
activities, for example, mushrooms, cabbage, cauliflowers, garlic, 
broccoli, pinto beans, beans, beet, and corn. Other vegetables such as 
kale, spinach, brussel sprouts, alfalfas sprouts, red bell pepper, onion, 
eggplants, and cucumber are also rich sources of antioxidants [5].

In traditional societies, nutrition and health care are strongly 
interconnected, and many plants have been consumed both as food and 
for medicinal purposes [6]. Free radicals are highly reactive compounds. 
They are chemical species associated with an odd or unpaired electron 
and can be formed when oxygen interacts with certain molecules. They 
are neutral, short-lived, unstable and highly reactive to pair with the 
odd electron and finally achieve a stable configuration. Once formed 
these highly reactive radicals can initiate a chain reaction they are 
capable of attacking the healthy cells of the body, causing them to lose 
their structure and function. Cells may function poorly or die if this 
occurs [7]. Antioxidant is a molecule capable of slowing or preventing 
the oxidation of other molecules and thereby reduces the possibility of 
cancer and other diseases. The major action of antioxidants in cells is 
to prevent damage due to the action of reactive oxygen species (ROS). 
Studies have indicated that antioxidant supplements have benefits for 

health. All living organisms contain complex systems of antioxidant 
enzymes and chemicals, some to combat oxidative damage to cellular 
components and others to regulate and sustain natural cellular 
processes such as oxidative phosphorylation and the formation of 
disulfide bonds [8].

Oxidative stress has been implicated in a variety of diseases such as 
cardiovascular diseases and cancer [9]. ROS, which induces the oxidative 
stress, are produced by the reaction of oxygen with radiation, various 
environmental chemicals, or produced in the course of metabolism by 
one-electron transfers to an unstable oxygen molecule. ROS respond to 
most of the biological molecules and damage membranes, enzymes and 
genes [10]. Since the generation of ROS cannot control, antioxidants and 
radical scavengers are important to suppress the oxidative stress [11]. 
Many herbal diets contain antioxidative components such as phenolics, 
terpenoids, and tocopherols [1]. The production of ROS, such as singlet 
oxygen (1O2), superoxide radical (O2

−), and hydrogen peroxide (H2O2), 
intrinsically accompanies photosynthesis [12]. Hydrogen peroxide 
(H2O2) is generated by the glycolate oxidase reaction in the process of 
photorespiration [13]. Thus, the consumption of fruits and vegetables 
could reduce the risk of chronic diseases.

Therefore, in the present investigation, an attempt has been made to 
understand the antioxidant properties of the wild leafy edible plant 
Sesbania grandiflora, which possess numerous medicinal properties 
and are consumed by the common peoples of Kerala in India. Studies 
on the antioxidant value of wild plants are of considerable significance 
since it may help to identify forgotten medicinal resources.

MATERIALS AND METHODS

Plant material collection and sample preparation
S. grandiflora were collected from different localities of 
Thiruvananthapuram district of Kerala state in India. Fresh samples 
were used for the antioxidant analysis and experiments were repeated 
thrice to confirm the result.
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Antioxidant analysis
The analysis was performed following standard methods for estimation 
of different non-enzymatic and enzymatic antioxidants such as total 
phenol, carotenoids, Vitamin-A, Vitamin-C, Vitamin-E, peroxidase (POD: 
EC 1.11.1.7), catalase (CAT: EC 1.11.1.6), superoxide dismutase (SOD) 
(SOD: EC 1.15.1.1), ascorbate peroxidase (APX) (APX: EC 1.11.1.11), 
monodehydroascorbate reductase (MDHAR) (MDHAR: EC 1.6.5.4), and 
glutathione reductase (GR) (GR: EC 1.6.4.2).

Non-enzymatic antioxidants
For the estimation of total phenol fresh samples were refluxed in 
boiling 80% methanol for 20 minutes. Total phenol present in the 
sample was estimated by the Folin–Ciocalteu method and read the 
absorbency at 650 nm against a blank [14]. Carotenoids by the method 
of Arnon [15], β-carotene (Vitamin A) was determined following the 
method of IUPAC 1987 [16], Vitamin C present in the sample by the 
method of Sadasivam and Balasubramanian [17] and Vitamin E by 
the method of Rosenberg [18].

Enzymatic antioxidants
Estimation of enzymatic antioxidants like peroxidase by Putter 
method [19], catalase by the method (extinction coefficient of 
39.4 mM−1.cm−1) of Cakmak et al., [20], superoxide dismutase by 
nitro-blue tetrazolium method [21], APX by Nakano and Asada [22] 
method (extinction coefficient of 2.8 mM−1.cm−1), MDHAR by Miyake 
and Asada (extinction coefficient of 6.2 mM−1.cm−1) method [23], and 
GR by the method (extinction coefficient of 6.2 mM−1.cm−1) of Foyer and 
Halliwell [24].

Statistical analysis
All experimental results were statistically analyzed and expressed as a 
mean ± standard deviation.

RESULTS

Non-enzymatic antioxidants
The total phenol content in leaves of S. grandiflora was studied, 
and a higher concentration of phenols was found (0.356 mg g−1) as 
shown in Fig. 1, compared to reported wild green leafy vegetables 
such as Solanum macrocarpon belongs to the family Solanaceae and 
Amaranthus cruentus belongs to the family Amaranthaceae [25]. 
High content of carotenoids was present in leaves (0.456 mg g−1) 
of S. grandiflora (Fig. 1) compared to other green leafy vegetables 
reported such as Centella asiatica, Murraya koenigii, Trigonella foenum, 
and Amaranthus species [26].

The results showed that the leaves of Sesbania have a higher amount of 
Vitamin A (0.902 mg g−l) as showed in Fig. 1. This amount was higher 
compared to C. asiatica of Apiaceae, which was reported as a green 
leafy vegetable in India [26]. High amount of Vitamin C was present in 
leaves of Sesbania (0.874 mg g−l) as presented in Fig. 1, compared to 
other reported green leafy vegetable like T. foenum belongs to the family 
Papilionaceae [26]. Analysis of S. grandiflora also showed a high amount 
of Vitamin E (Fig. 1) in leaves (0.893mg g−1), compared to C. asiatica of 
Apiaceae, which was reported as a green leafy vegetable of India [26].

Enzymatic antioxidants
This study showed that S. grandiflora has a higher concentration 
of peroxidase in leaves (47.546 µm/µg protein) as showed in 
Fig. 2 and compared to leafy vegetables reported such as Amaranthus 
spinosus, Spergula arvensis, and Spinacia oleracea of families 
such as Amaranthaceae, Caryophyllaceae, and Chenopodiaceae, 
respectively [27]. The S. grandiflora has a higher concentration of 
catalase (Fig. 2) in leaves (19.901 µm/µg protein) compared to other 
leafy vegetables reported such as A. spinosus, S. arvensis, and Spinacia 
oleracea of families such as Amaranthaceae, Caryophyllaceae, and 
Chenopodiaceae [27]. The result showed that very higher amount of 
SOD was found (Fig. 2) in the plant part such as S. grandiflora leaves 
(15.727 µm/µg protein) compared to other leafy vegetables reported 
such as A. spinosus, S. arvensis, and Spinacia oleracea [27]. Analysis 

also showed that high amount of MDHAR, GR and APX were present 
in Sesbania leaves (Fig. 3). Among the different antioxidant enzymes 
MDHAR, GR, APX, and catalase were present in higher amount in 
S. grandiflora leaves (GR 240.374, MDHAR 206.394, and APX 334.401, 
CAT 19.901 µm/µg protein) compared to common leafy vegetables 
reported like Glycine max of Papilionaceae [28].

DISCUSSION

Non-enzymatic antioxidants
Oxidative stress can lead to inhibition of photosynthesis, respiration 
processes and thus plant growth. Plants have evolved enzymatic and 
non-enzymatic systems to scavenge active oxygen species. Phenolic 
compounds can protect the human body from free radicals, whose 
formation is associated with the inherent aerobic metabolism of cells. 
The antiradical activity of flavonoids and phenols is principally based 
on the structural relationship between different parts of their chemical 

Fig. 1: Non-enzymatic antioxidants in Sesbania grandiflora leaves

Fig. 2: Peroxidase, catalase, and superoxide dismutase in Sesbania 
grandiflora leaves

Fig. 3: Monodehydroascorbate reductase, glutathione reductase, 
and ascorbate peroxidase in Sesbania grandiflora leaves
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structure [29]. Plant phenolics have the potential to function as 
antioxidants by trapping free radicals generated in oxidative chemistry 
which then normally undergoes coupling reactions leading eventually 
to color polymeric or oligomeric products [30]. Carotenes occurring 
in different chemical forms have protected photosystems by various 
ways, and their levels are altered during physiological and pathological 
conditions [31].

Vitamin-A (β-carotene) is a fat-soluble vitamin supplied to the body 
in the form of its precursor, β-carotene, which is present in fruits, 
vegetables, leafy greens, etc., and it is not stored in the body when 
consumed abundant [16]. Vitamin C is found in fruits, particularly fruits 
and juices and green leafy vegetables [32] which are a water-soluble 
antioxidant with a unique capacity to “scavenge” aqueous peroxyl 
radicals before damaging the lipids [33]. Vitamin E is one of the fat-
soluble vitamins present in plant tissues and is considered to be the 
most active form of α-tocopherol [29]. It is an effective quenching agent 
for both singlet oxygen and alkyl peroxides, and vitamin E biosynthetic 
capacity is reported to be increased in response to the demands of 
oxidative stress [34-36]. S. grandiflora has a significant amount of non-
enzymatic antioxidants for protecting body against the action of free 
radicals.

Enzymatic antioxidants
The enzymatic defense against the ROS is essential for plants under 
biotic or abiotic stress [37,38]. The antioxidative enzymes, peroxidase 
(POD), catalase (CAT), SOD, APX, and GR, and other ascorbate-
glutathione cycle enzymes MDHAR and DHAR catalyze the synthesis, 
degradation, and recycling of antioxidant molecules and can directly 
catalyze the removal of free radicals from the cells. Peroxidase (POD) 
includes in its widest sense a group of specific enzymes such as 
NAD-peroxidase, NADP-peroxidase, and fatty acid peroxidase as well as 
a group of very non-specific enzymes from different sources which are 
simply known as POD. POD catalyzes the dehydrogenation of a large 
number of organic compounds such as phenols, aromatic amines, and 
hydroquinones. POD is present in animals, higher plants and other 
organisms and the best-studied one is horseradish POD [19].

Catalase is a heme-containing enzyme that catalyzes the dismutation of 
hydrogen peroxide into water and oxygen. The enzyme is noted in all 
aerobic eukaryotes and is important in the removal of H2O2 generated 
in peroxisomes (microbodies) by oxidases involved in β-oxidation 
of fatty acids, the glyoxylate cycle (photorespiration), and purine 
catabolism [34]. Detoxification of hydrogen peroxide is mediated by 
catalase; which is mostly localized in peroxisomes. However, catalase 
possesses a very low affinity for H2O2, and its activity is either extremely 
low or not-detectable in the cytosol, mitochondria and chloroplast [39].

APX is the first enzyme that catalyzes the reduction of H2O2 to water 
and has high specificity and affinity for ascorbate as reductant [40]. 
Superoxide dismutase, originally found by McCord and Fridovich [41], 
catalyzes the dismutation of superoxide to hydrogen peroxide and 
oxygen. High specificity APX is the first enzyme of photorespiration 
and catalyzes the reduction of H2O2 to water and has an affinity for 
ascorbate as reductant [41]. GR is the rate-limiting enzyme in H2O2 
scavenging pathway, and it is involved in the maintenance of a high 
ratio of reduced and oxidised glutathione, which is required for the 
regeneration of ascorbate [42]. Presence of these enzymatic and non-
enzymatic antioxidants in S. grandiflora helps in protecting the body 
from free radicals.

CONCLUSION

Many natural plant products have a variety of biological activities 
and have always been a significant source of new lead compounds in 
pharmaceutical industries. Foods from plant origin usually contain 
natural antioxidants that can scavenge free radicals; these different 
phytochemicals have a protective effect against diseases. The most 
likely and practical way to fight against degenerative diseases is to 
improve body antioxidant status, which could be achieved by higher 

consumption of vegetables and fruits. Leafy vegetables contain 
numerous phytochemicals in addition to phenolic compounds; 
however, the various conventional food processing techniques could 
affect the antioxidant phytochemicals and their activity. All cells 
contain complex systems of antioxidants to prevent chemical damage 
to the cell components by oxidation. Antioxidants are totally critical 
for maintaining optimal cellular and systemic health and well-being. 
Naturally, there is a dynamic balance between the amount of free 
radicals produced in the body and antioxidants to scavenge or quench 
them to protect the body against the deleterious effects [43,44]. The 
amount of antioxidant principles present under normal physiological 
conditions may be insufficient to neutralize free radicals generated. 
Therefore, it is obvious to enrich our diet with antioxidants to guard 
against harmful diseases. Hence, there has been an increased interest 
in the food industry and in, preventive medicine in the development of 
“Natural antioxidants” from plant materials [5]. S. grandiflora contain 
many enzymatic and non-enzymatic antioxidants and could be a good 
source of dietary antioxidants which play an important role in the 
prevention of diseases associated with oxidative stress.
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