Effect of individual and combined application of Biofertilizer (VAM) and Farmyard manure on antioxidant and antimicrobial properties of selected variety of Amaranthus

By

Amanpreet Kaur

(Reg. No. 08 PBT01)

A thesis submitted to Avinashilingam Deemed University for Women, 
Coimbatore – 641 043.

In partial fulfilment of the requirement for the degree of

MASTER OF SCIENCE IN BIOTECHNOLOGY

May 2010

[image: image1.jpg]Effect of individual and combined application of Biofertilizer
(VAM) and Farmyard manure on antioxidant and antimicrobial
properties of selected variety of Amaranthus

By

Amanpreet Kaur
(Reg. No. 08 PBTO01) -

A thesis submitted to Avinashilingam Deemed University for Women,

Coimbatore - 641 043.

In partial fulfilment of the requirement for the degree of
MASTER OF SCIENCE IN BIOTECHNOLOGY

May 2010

Certified as bonafide research work

Signature of the

Payvaliam 24 H :f jo C\% ‘\\N\,X/\‘\\i\'y"\c

Signature of the Guid
Head of the Department





Acknowledgement

First and foremost the author records her whole hearted thanks to God Almighty for showering his blessings in completing the project successfully.

          The author wishes to express her deep sense of gratitude to Thiru. T.K.Shanmuganandam,B.A., B.L., Chancellor, Avinashilingam University for Women, Coimbatore, for providing the necessary facility to carry out the study

          The author extends her heartfelt gratitude to Dr. Saroja Prabhakaran, M.A., Dip. Ed., (Madras), Ph.D. (Mother Thresa), Vice Chancellor, Avinashilingam Deemed University University for Women, Coimbatore, for rendering benevolent support and an encouragement to carry out the study.

        
The author expresses her noble indebtedness to Dr.Gowri Ramakrishnan, M.Sc. (Madras), M.Phil, Ph. D. (Avinashilingam), Registrar, Avinashilingam Deemed University for Women, Coimbatore for the kind help and support extended throughout the period of study.

          
The author records her sincere thanks to Dr. R. Parvatham, M.Sc., Dip. Ed.,M.Phil., (Madras),Ph.D.,(Avinashilingam) , Dean, Faculty of Science, Professor and Head Department of Biochemistry Biotechnology and Bioinformatics, Avinashilingam Deemed University  for Women Coimbatore for her timely help, motherly love and keen interest in the study.


The author is indebted to her guide Dr. A. Pushpa, Associate Professor, Department of Biochemistry Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore for her excellent, critical guidance, constant encouragement and timely suggestion, throughout the study.



The author specially acknowledge with the deep sense of raditude her sincere thanks to Dr. B. Suganthi, Associate Professor, , Department of Biochemistry Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore  for extending all the possible help towards  the completion of this study.


The author sincerely thanks all the staff members of the Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore for their positive gestures and making this study a smooth sail.

Graceful acknowledgement is due to my parents, brother and friends who have lent their not only the material support but also the emotional support during the course of the study.
CONTENTS

[image: image12.jpg]PLATE |

DIFFERENT TREATMENT GROUPS OF Amaranthus caudatus





Chapter
                  Title
                 

           Page 

    No.
No.

[image: image13.jpg]PLATE Il
ANTIBIOTIC SENSITIVITY TEST

Klebsiella pneumoninae Pseudomonas aeruginosa

A - Ampicillin E - Erythromycin

S - Streptomycin






LIST OF TABLES




LIST OF FIGURES


    LIST OF PLATES

1.0
INTRODUCTION…..……………………………………   1          

2.0                         REVIEW OF LITERATURE …………………………..   5
                                     3.0                         EXPERIMENTAL PROCEDURE……………………..  20           4.0                    
RESULTS AND DISCUSSION………………………..  29                              
5.0                         SUMMARY AND CONCLUSION ……………….…    50



BIBLIOGRAPHY ……………………………………….  54


APPENDICES
[image: image14.jpg]PLATE Ill

ANTIBACTERIAL ACTIVITY OF Amaranthus caudatus
BY AGAR WELL PLATE METHOD

Staphylococcus aureus

Klebseilla pneumoniae

C - Control T3 - VAM + FYM (1:1)
T1 - VAM (100%) T4 - VAM + FYM (1:2)
T2 - FYM (100%) T5 - VAM + FYM (2:1)

45




LIST OF TABLES

	TABLE NO.
	TITLE

	PAGE NO.

	I
II 
III
IV
V
VI
VII
VIII


	LEVEL OF ENZYMIC ANTIOXIDANTS IN Amaranthus caudatus
LEVELS OF NON-ENZYMIC ANTIOXIDANTS IN  Amaranthus caudatus
LEVEL OF CAROTENOIDS AND LYCOPENE IN Amaranthus caudatus
LEVELS OF PROTEIN IN Amaranthus caudatus

FREE RADICAL SCAVENGING EFFECT OF 
Amaranthus caudatus
ANTIBIOTIC SENSITIVITY TEST (AST)
ANTIBACTERIAL ACTIVITY OF Amaranthus caudatus
NUTRITIONAL COMPOSITION OF SOIL BEFORE AND AFTER THE GROWTH OF Amaranthus caudatus

	30
34

37
38

39

44

46
48


LIST OF FIGURES

	FIGURE NO. 
	TITLE
	PAGE NO.

	1

2

3

4

5


	ENZYMIC ANTIOXIDANTS LEVELS IN Amaranthus caudatus
LEVELS OF ENZYMIC ANTIOXIDANTS IN

Amarnthus caudatus
LEVEL OF CAROTENOIDS AND LYCOPENE IN Amaranthus caudatus
PROTEIN LEVEL IN Amaranthus caudatus
FREE RADICAL SCAVENGING EFFECT OF 
Amaranthus caudatus

	31
35
37
38
40



LIST OF PLATES
	FIGURE NO. 
	TITLE
	PAGE NO.

	I
II

III

IV

	DIFFERENT TREATMENT GROUPS OF Amaranthus caudatus
ANTIBIOTIC SENSITIVITY TEST                             

ANTIBACTERIAL ACTIVITY OF Amaranthus caudatus BY AGAR WELL DIFFUSION METHOD
ANTIBACTERIAL ACTIVITY OF Amaranthus caudatus BY AGAR WELL DIFFUSION METHOD


	22

43

45

46

	
	
	


1.0 INTRODUCTION

                                     It is generally estimated that over 6000 plants in India are in use in traditional, folk and herbal medicine, representing about 75% of the medicinal needs of the third world countries. Plants have as almost limitless ability to synthesize aromatic substances, most of which are phenols or their oxygen-substituted derivatives. Most are secondary metabolites, of which at least 12,000 have been isolated, a number estimated to be less than 10% of the total (Bansal et al., 2010).

                           Plants have valuable source of natural products for maintaining human health. According to World Health Organization, medicinal plants would be the best source to obtain a variety of drugs. Medicinal properties of such plant need to be explored for developing better and more sufficient medicine with fewer side effects (Vinod et al., 2010). The ready availability and economy of plants as direct therapeutic agents make plants more attractive when compared to modern medicine (Agbor et al., 2007).Traditional medicine is an important source of potentially useful new compounds for the development of chemotherapeutic agents. The first step towards this goal is the screening of plants used in popular medicine (Ripa et al., 2010). Medicinal plants have been of age long remedies for human diseases because they contain components of therapeutic value (Adegoke et al., 2009).

                            The human body has several mechanisms to counteract oxidative stress by producing antioxidant, which are either naturally produced in situ, or externally supplied through foods and/or supplements. Free radical processes in the body are controlled using biologically active substances (BAS) with antioxidant properties. As plants produce a huge amount of antioxidants they can represent a source of new compounds with antioxidant activities (Ebrahimzadeh et al., 2010). From time immemorial, people have used herbal medicine for treatment of various types of diseases (Koko et al., 2009). It has been reported in epidemiological studies that many of antioxidant compounds possess anti-inflammatory, antiatherosclerotic, antitumor, antimutagenic, anticarcinogenic, antibacterial   and antiviral activities to greater or lesser extent (Uttara et al., 2009). 




  Plants produce a wide variety of secondary metabolites which are used either directly as precursors or as lead compounds in the pharmaceutical industry and it is expected that plant extracts showing target sites other than those used by antibiotics will be active against drug resistant microbial pathogens (Sharma et al., 2009). The use of plant extracts and phytochemicals both with known antimicrobial properties is of great significance, in the past few yeas a number of investigations have been conducted world wide to prove antimicrobial activities from medicinal plants (Sukanya et al., 2009).




Natural products from microorganisms have been the primary source of antibiotics, but the increasing acceptance of herbal medicine as an alternative   form of health care; the screening of medicinal plants for active compounds has become very important because these may serve as promising sources of novel antibiotic prototypes (Adedapo et al., 2008). The continuous evolution of bacteria resistant to currently available antibiotics has necessitated the search for novel and more effective antibacterial compounds. Efforts in this regard have focused on plants because of their use historically and the fact that a good portion of the world’s population, particularly in developing countries, rely on plants for the treatment of infectious and non-infectious diseases (Akinnibosun et al., 2008).

                                         Integrated management approach aims at efficient and judicious use of all the major sources of plant nutrients in an integrated manner, so as to get maximum economic yield without any deleterious effect on physio-chemical and biological properties of the soil. Thus the basic concept underlying the principle of integrated nutrient management is the maintenance and possible improvement in soil fertility for sustained crop productivity on a long-term basis (Gupta and Agarwal, 2008). 

                                          Biofertilizers, commonly called as microbial inoculants, which are capable of mobilizing important nutritional elements in the soil from non- usable to usable form, by the crop plant through their biological processes. For the last one-decade, biofertilizers are used extensively as an ecofriendly approach to minimize the use of chemical fertilizers, improve soil fertility status and for enhancement of crop production by their biological activity in the rhizosphere (Rao et al., 2007). The vesicular-arbuscular mycorrhizal (VAM) fungal symbiosis widely believed to protect host plants from detrimental effect of drought. The VAM is a mutualism between fungi and the roots of terrestrial plants. Also improved phosphorous nutrition by VAM fungi during the periods of water deficit has been postulated as a primary mechanism for enhancing host plant drought tolerance (Mehraban et al., 2009).




Response of crops to applied fertilizer depends on soil organic matter. The quantity of soil organic matter depends on the quantity of organic material which can be introduced into the soil either by natural returns through roots, stubbles, sloughed-off root nodules and root exudates or by artificial application in the form of organic manure which can otherwise be called organic fertilizer (Ayoola and Makinde, 2007). 
                          Farmyard manure (FYM), which is the most useful organic manure as an organic matter, is provided from various plant and animal wastes (Cercioglu et al., 2008). Farmyard manure application improves the nutrient status of the soil resulting in enhanced crop production (Iqbal et al., 2007).

                                      Food science has a growing literature about fruits and vegetables imparting greater benefits to humans. Among various types of vegetables, leafy vegetables are most commonly consumed in ancient Indian daily diet (Prasad et al., 2008). Green leafy vegetables (GLV) are rich sources of many nutrients and form a major category of vegetable groups that have been designated as ‘nature’s anti-aging wonders’. Gupta et al. have reported that several GLV are rich sources of antioxidant vitamins (Gupta and Prakash, 2009). Further, greens are a major source of vitamins, minerals and fiber (Balasuriya and Dharmaratne, 2007).



Based on the above information the plant namely Amaranthus caudatus, the green leafy vegetable was selected for the present research with the following objectives:
1. To evaluate the effect of individual and combined application of Biofertilizer (VAM) and Farmyard manure on the antioxidant potential of Amaranthus caudatus.

2. To determine the radical scavenging efficiency of samples plant against oxidative injury.
3. To study the antibacterial activity of the selected plant.
2.0 REVIEW OF LITERATURE
                              Herbal medicine represents one of the most important fields of traditional medicine all over the world. To promote the proper use of herbal medicine and to determine their potential as sources for new drugs, it is essential to study medicinal plants, which have folklore reputation in a more intensified way (Kumraswamy et al., 2008).

                              The review of literature pertaining to the present study has been compiled and discussed under the following headings:
2.1 Introduction

2.2 Fertilizer

          2.2.1 Biofertilizers

                       2.2.1.1 Vesicular Arbuscular Mycorrhiza 

          2.2.2 Organic manure

                       2.2.2.1   Farmyard manure (FYM)

2.3 Oxidative stress

          2.3.1   Oxidative stress related diseases

2.4 Free radicals 

           2.4.1 Reactive oxygen species (ROS)

           2.4.2 Reactive nitrogen species (RNS)

2.5 Antioxidant defense mechanism

          2.5.1 Enzymic antioxidants

          2.5.2 Non-enzymic antioxidants

2.6 Free radical scavenging activity 

2.7 Medicinal plants as antioxidants

2.8 Antimicrobial activity of plants

          2.8.1 Antibacterial activity of plant 

2.9 Plant selected for study 
2.1 Introduction



      Oxygen is, no doubt, an indispensable part of aerobic life (Hasan et al., 2009). Metabolism of oxygen by cells generates potentially deleterious reactive oxygen species, including superoxide anions radicals, hydrogen peroxide and hydroxyl radicals (Grossman, 2008). They are produced and act inside the cell, or they can be generated within the cells or they can be generated within the cell and released to extra cellular space (Ahmad et al., 2008). The interplay between free radicals, antioxidants and co-factors is important in maintaining health, aging and age-related diseases. Free radicals induce oxidative stress, which is balanced by the body’s endogenous antioxidant systems with an input from co-factors, and by the ingestion of exogenous antioxidant (Rahman, 2007).
                            The human body is constantly subjected to significant oxidative stress as a result of a misbalance between antioxidative protective systems and the formation of strong oxidizing substances, including free radicals (Kancheva, 2009). Many plants often contain substantial amounts of antioxidants including vitamin C and E, carotenoids, flavonoids and tannins etc. and thus can be utilized to scavenge the excess free radicals from human body (Kumar et al., 2008). Free radical processes in the body are controlled using biologically active substances (BAS) with antioxidant properties (Gromovaya       et al., 2008).


   A large number of medicinal plants and their purified constituents have shown beneficial therapeutic potentials. Various herbs and species have been reported to exhibit antioxidant activity (Khalaf et al., 2007).Chariantly et al., (1999) stated that plant-derived medicines have been part of traditional health care in most parts of the world for thousands of years and there is increasing interest in them as sources of agents to fight microbial diseases (Ajayi  and Akintola, 2010).

2.2 Fertilizers



   Fertilizers are essential components of modern agriculture because they provide essential plant nutrients (Adasemoye et al., 2009).The prime requisite is the promotion of health of the soil-plant-environment system to be free from economic exploration under overuse and abuse of the input as if with impurity. Change in the soil pH, soil acidifications and lower humic acid content are some key problems of overuse of synthetic fertilizer (Suthar, 2009). 
              With the growing realization that chemical based agriculture is unsustainable and is slowly leading to ecological imbalance, the later part of the last century witnessed the emergence of the concept of “organic agriculture” advocating minimum use of chemical fertilizer and increasing dependence on biological inputs like compost, farmyard manure, green manures and biofertilizers (Dhar et al., 2010).the synthetic fertilizers are harmful for soil and aerial environment, because the inorganic fertilizers mainly contain major nutrients NPK in large quantities and are neglecting the use of organic manures and bioferilizers and hence paved the way for deterioration of soil health and in-turn ill- effects on plant, human being and livestock (Naeem et al., 2006).

2.2.1 Biofertilizers
                        Biofertilizers are biological preparations containing primarily potent strains of microorganisms in sufficient number which, have definite beneficial role in the fertility of soil rhizosphere (Stino et al, 2009). Application of biofertilizers provides effective implications of biological mechanism of plant nutrition, growth promotion and protection. These are important arguments for the use of biofertilizers as prospective elements for nutrient management for organic agriculture. Low cost and safety for the environment make fertilizers advantageous as an alternative to mineral fertilizers (Mikhailouskaya and Bogdevitch, 2009).



Using biofertilizers and / or organic substances such as humic acid instead of the chemical form of fungicide or mineral fertilizers could be the way to control soil borne plant pathogens and produce the natural clear fruits free from mineral residues (Mohamedy et al., 2009). The available P and K content in the soil being higher with the treatment of combined applications of biofertilizers; this was due to the physiochemical release of inorganic and organic phosphorous by organic acids through the action of low molecular weight organic anions such as oxalate which can replace sorbed phosphorus at metal hydroxide surfaces then ligand exchange reactions and dissolve metal oxide surfaces that sorbed phosphorous (Das et al., 2009). Moreover, applying biofertilizer to the soil or inoculated tubers increased the percentage of nutrients in leaves, dry matter content, total carbohydrates, specific gravity and total yield per plant (Ahmed et al., 2009).

2.2.1.1 Vesicular Arbuscular Mycorrhiza


VAM fungi interact synergistically with other such as nitrogen-fixing bacteria, phosphate-solubilizing bacteria, biocontrol agents and plant-growth promoting microorganisms to enhance plant growth and survival. Several investigations have indicated that the rhizobacteria also have strong impact on growth of VAM fungi (Sood et al., 2003).The potential mechanisms include (1) extensive absorption f water by external hyphae, (2) stomatal regulation through hormonal signals, as indirect effect of improved phosphorous nutrition upon water relations and greater osmotic adjustment in mycorrhizal plant (Mehraban et al., 2009).

2.2.2 Organic manure


Organic farming systems mainly rely on organic fertilizers such as compost, slurry and animal and green to maintain nitrogen of the crops. Unlike on most mineral fertilizers, the N contained in organic fertilizers only gradually become available after application, through decomposition process (Nett et al., 2010).

                Organic manure has both direct and residual effects on crop production. The use of organic manure to improve soil organic matter level and long-term soil fertility and productivity is gaining importance. Residual effects may be pronounced for organic manures, e.g. Farmyard manure (FYM), as only a part of its nutrient content is available to the first crop (Das et al., 2010). Organic manure may convert relatively unavailable native and residual phosphorous to chemical form, which are more available after decomposition. This process produces CO2, which form H2CO3 in the soil solution, resulting in the dissolution of primary phosphorous containing nutrients (Mujeeb et al., 2008).




In addition, found that applying organic manure to sandy soils play an important role for improving soil media throughout modifying the pore size distribution, and consequently the majority of soil physical properties i.e. bulk density, moisture constants, hydraulic conductivity, water consumptive and water use efficiency (Bakry et al.,2009).

2.2.2.1 Farmyard manure (FYM)



Along with the biofertilizers, Farmyard manure (FYM) is also mixed to the soil to control deficiency of phosphate content in soil and increase the water holding capacity of the soil to stimulate the activity of beneficial microorganisms that makes the plant food element in the soil readily available to the plants (Das et al., 2008). For wide range of soil type and textures, there is evidence that soils receiving farmyard manure (FYM) contain a higher microbial biomass than mineral fertilized soils (Haitkamp et al., 2009). 

                                FYM plays an important role in improving soil permeability to air and water and water- stable aggregates, thus improving soil properties and nutrient uptake, which in turn results in greater growth and yield (Bayu et al., 2006). Therefore, utilization of farmyard manure in agriculture is recommended for retaining productivity of problem soils, reducing the usage of chemical fertilizer, improving economy in agriculture and minimizing environmental problems (Hossain and Ishmine, 2007). The vegetable crops supplied with organic manures obtained a better quality than those growing conventionally with chemical fertilizer which evoked growing interest in many countries (Karibasappa et al., 2007).
2.3 Oxidative stress
                               Oxidative stress refers to a shifted balance between antioxidants and the excess production of reactive oxygen species (ROS) such as superoxide anions, hydrogen peroxide (H2O2) and hydroxyl radicals that are insufficiently detoxified by cellular antioxidants. High amounts of ROS damage nucleic acids, proteins and lipids (Bausenwein et al., 2010).

                                Oxidative stress has been generating much interest primarily because of its accepted role as a major contributor to the etiology of both normal senescence and severe pathologies with serious public health implications such as diabetes, obesity, atherosclerosis, etc. the triggering factors for oxidative stress may be diverse, ranging from genetic or environmental factors to pure stochastic events as metabolic fluctuations (Matute et al., 2009).

                                It is well established that free radicals and reactive oxygen species (ROS), nitrogen and chlorine species contribute to the development of several age- related diseases by inducing oxidative stress and oxidative damage. Oxidative stress can result either for low levels of antioxidants and/or from an increased production of reactive species (Roche et al., 2008).Cellular oxidative stress may modify intracellular communication, protein kinase activity, membrane structure and function, and gene expression and it may result in modulation of cell growth (Ahmad et al., 2009).

2.3.1 Oxidative stress related diseases

                                     Oxidative stress, induced by free radicals, is believed to be primary factor in various degenerative diseases, such as atherosclerosis, inflammation, carcinogenesis, Alzheimer’s disease and aging (Chen et al., 2009).Oxidative stress has been recognized as a key mechanism in the development of vascular damage, particularly atherosclerosis, but whether it is a suitable target for pharmacological intervention is still debated (Minuz et al., 2006).


                     Oxidative stress has been implicated in the pathophysiology of many neurological disorders. Parkinson’s disease is pathologically characterized by loss of catecholaminergic neurons in the brainstem. Recent studies showed that oxidative stress damages neurons by free radicals and play an important role in substentia nigra (Nikam  et al., 2009).

                                Alzheimer’s disease is progressive disorder with cognitive and memory decline, speech loss, personality changes and synaptic loss. Increasing evidence has recently indicated oxidative damage as a potential cause of Alzheimer’s disease pathogenesis (Fusco et al., 2007). It is also established that free radicals are known to react with all components of DNA, thus damaging its bases and deoxyribose backbone causing mutations in crucial genes, which ultimately lead to cancer (Rahman et al., 2007).

2.4 Free radicals 
                             
 The free radical are chemical species (O2, OH, RO, ROO, H2O2, O2) produced in the organism during the chemical reactions that contribute to the development and the maintenance of the cellular life (Potchoo et al., 2008).  Free radicals have very important role in origin of life and biological evolution, leaving beneficial effects on the organisms.

 

    
Oxygen radicals are involved in many biological activities of cells such as signal transduction, gene transcription and regulation of soluble guanylate cyclase activity (Uttara et al., 2009). The most dangerous free radicals are the atomic and molecular varieties of oxygen which is known s reactive oxygen species (ROS) (Bhuiyan et al., 2009).
2.4.1 Reactive oxygen species (ROS)

                       Reactive oxygen Species (ROS) are continuously formed as consequence of cellular oxygen metabolism: approximately 1-5% of the total oxygen consumed by mitochondria is converted to ROS by partial reduction of oxygen to the superoxide anion radicals (O2) (Brawek et al., 2010). The cellular production of oxygen radicals has been implicated in a variety of biological processes including host defense, regulation of cell apoptosis, modulator of cell signaling as well as aging and the generation of pathological conditions (Guerra et al., 2007).

                       

Cellular injury caused by reactive oxygen species ( including free radicals, peroxides an oxygen ions), is believed to occur as a result of oxidation of polydesaturated fatty acids in lipids, oxidation of amino acids in proteins, damage of the DNA and inactivation of specific enzymes by oxidation of co-factors (Eghwrudjakpor et al.,2010). In fact, depending on their concentration, reactive oxygen species (ROS) can either have beneficial or deleterious effects on tissues. In addition, ROS alter mitochondrial and nuclear DNA integrity by increasing the risk of mutations (Wauquier et al., 2009). 



     
 Excessive ROS accumulation damages pigments, proteins, nucleic acid and lipids thereby contributing to or executing cell death (Triantaphylides et al., 2008).

2.4.2 Reactive nitrogen species (RNS)
                             
Together with ROS, RNS, and in particular nitric oxide (NO), are now considered as major components of oxidative burst and redox state regulation. Indeed, NO has been shown to be a ubiquitous signalling molecule in plants, controlling physiological processes as diverse as flowering, iron homeostasis, drought response, or resistance against pathogens. Several studies have also illustrated the major role of NO as a signal in controlling primary and adventitious root organogenesis, a developmental process which shares common features with nodule formation (Pauly et al., 2006).

                                  In living organisms the reactive oxygen species (ROS) and reactive nitrogen species (RNS) are known to cause damage to lipids, proteins, enzymes, and nucleic acids leading to cell or tissue injury implicated in the processes of aging as well as in wide range of degenerative diseases including inflammation, cancer, atherosclerosis, diabetes, liver injury, Alzheimer, Parkinson and coronary heart pathologies, among others (Sharma et al., 2010).

2.5 Antioxidant defense mechanism



Antioxidant system eliminates Reactive oxygen species to maintain a reducing environment in cells through enzymic or nonenzymic approaches (Ming et al., 2010).

2.5.1 Enzymatic antioxidants



The efficiency of antioxidant system is increased by direct enzymatic elimination of deleterious ROS by superoxide dismutase (SOD), catalase (CAT) and peroxidases (POD) (Blokhima and Fagerstedt, 2010).

2.5.1.1 Catalase 




Catalase is a hemeprotein, which catalyzes the reduction of hydrogen peroxide and protects the tissues from highly reactive hydroxyl radicals (Emami et al., 2007). Most or all catalase in plants and animals is in peroxisomes, to deal with H2O2 produced by oxidase enzyme acting on such substrates as glycollate, urate and D amino acids (Halliwell, 2006).

2.5.1.2 Peroxidase




Plant peroxidases (PODs, EC 1.11.1.7; hydrogen donor: H2O2 oxidoreductase) belonging to the class III secretory PODs are ubiquitous enzymes throughout the plant kingdom (Haluskova et al., 2010). Peroxidases  are oxidative, peroxide-dependent enzymes that catalyze the oxidation of a wide variety of organic and inorganic compounds (Matos et al., 2010).
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           H2O2 + AH2  (electron donor)                  A + 2H2 O (Yu et al., 2010).
2.5.1.3 Superoxide dismutase



Superoxide dismutases (SODs) are oxidoredutases that catalyze the disproportionation of superoxide to hydrogen and molecular oxygen, helping to protect biological systems from oxidative damage. These enzymes, classified by their metal center, include Cu/Zn-, Mn- and Ni-SODs (Krause et al., 2009).

2.5.1.4 Polyphenol oxidase 



Polyphenol oxidase (PPO) is a copper-containing enzyme and it has multi-catalytic function such as the hydroxylation of monophenols to o-diphenols (cresolate activity) and the oxidation of o-diphenols to o-quinones (cathecolase activity). Besides its catalytic features, PPO is distinctive from the other enzyme in that it has various inhibition patterns (Li et al., 2010).

2.5.2 Non-enzymatic antioxidants
 


Non-enzymatic antioxidants can prevent the uncontrolled formation of fee radicals or inhibit their reaction with biological sites, also the destruction of most free radicals rely on the destruction of most free radicals rely on the oxidation of endogenous antioxidants mainly by scavenging and reducing molecules (Gendy et al.,2010).

2.5.2.1 Polyphenols



Polyphenols are ubiquitous throughout the plant kingdom and include flavones, flavonol glycosides, acylated flavonol glycosides, biflavonoids, flavan-3-ols and pro-anthocyanidins (Kobus et al., 2009). Current evidence strongly supports a contribution of polyphenols to the prevention of cardiovascular disease, cancers and osteoporosis and suggests a role in the prevention of neurodegenerative disease and diabetic mellitus (Scalbert et al., 2005).

2.5.2.2 Ascorbic acid 



Ascorbic acid is an important antioxidant which reacts not only with H2O2 but also with O2-, OH and lipid hydroperoxidases (Shao et al.,2008).The AA exerts an antioxidant action both by itself and by interactions with reduced GSH or Vit E (Peker et al.,2009). 

2.5.2.3 α-tocopherol
 


Vitamin E is a minor but ubiquitous component present among the lipid constituents of cell membranes and lipoproteins. Its major role is regarded to be as an antioxidant acting to prevent free radical damage to tissues and especially to unsaturated lipids (Garg et al., 2010).

2.5.2.4 Total carotenoids and lycopene



Carotenoids are fat-soluble natural pigments with antioxidant properties, but they also have a number of other additional physiological functions, such as immunostimulation (Costantine and Moller., 2008).




Lycopene is a lipophilic, 40 carbon atoms, and highly unsaturated, straight open chain hydrocarbon containing 11 conjugated and 2 non conjugated double bonds. The many conjugated double bonds of lycopene make it a powerful antioxidant, a characteristic believed to be responsible for its beneficial effects (Basumy et al., 2009).

2.5.3 Protein 



Proteins are one of the most important classes of biomolecules essential for life that are involved in virtually all functions of a cell. Proteins also hold a special place in biomimetic systems where it can be used for biochemical synthesis, assembly or other functions pertaining to their catalytic activities (Deka et al., 2009).

2.6 Free radical scavenging activity 
                    
Antioxidants, which scavenge oxygen active species (free radicals), are found in variety of foodstuffs and are commonly called as scavengers (Kshirsagar and Upathyay, 2009). Several anti-inflammatory, digestive,anti-necrotic, neuroprotective, and hepatoprotective drugs have recently been shown to have an antioxidant and/or anti-radical scavenging mechanism as part of their activity (Chang et al., 2007).

2.6.1 Inhibition of lipid peroxidation 




Lipid peroxidation alters the physiological functions of cell membrane damage (Macekova et al., 2007). Unsaturated lipids are easily susceptible to peroxidation (Wong-ekkabut et al., 2007). Abstraction of a hydrogen atom from the polyunsaturated fatty acids moiety of membrane phospholipids initiates the process of lipid peroxidation (Noori and Mahboob, 2010).

2.6.2 Inhibition of superoxide generation 



Superoxide anion radicals (O2) are constantly produced in the oxidation reactions of metabolic process of organisms. It can attack certain biological molecule in living cells leading to the onset of various diseases such as cancer, cardiovascular and diabetes and can lead to immune system decline (Ma et al., 2010). 

2.6.3 Inhibition of nitric oxide 

                   Chemically, NO is a diatomic radical species (often denoted as NO, like superoxide (O2∙-). As such no was long known for its reactivity as an oxidant, reductant, radical initiator, and a strong ligand to transition metal compound. To date, No has been implicated in a myriad of biological processes including blood pressure regulation, host immune response, neurotransmission, and cellular inflammation (Rose and Mascharak,2008).

2.7 Medicinal plant as antioxidant



Medicinal plants are consumed worldwide for treatment disease and are important raw material for pharmaceutical industry production for phytopharmaceutical. The significant increase in the use of medicinal herbs in recent decades may be attributed to popular knowledge, the cost of synthetic drugs and the resurgence of interest in the development of new drugs (Carvalho et al., 2009).




Medicinal plants and herbs are promising and diverse sources of natural antioxidants. Their is an increasing intent in the antioxidant effects of compounds derived from plants, which could be relevant in relation to their nutritional incidence and their role in health and disease (Erdemoglu et al., 2006). The results indicate that the extracts of fenugreek seeds contain antioxidants and protect cellular structures from oxidation damage. These findings provide evidence for the in vivo beneficial effects of the seeds (Kaviarasan et al., 2007).
2.8 Antimicrobial activity of plant
                                  The development of resistance to most of the available antimicrobial agents and the high costs of treatment consequent upon this resistance has necessitated a search or new, safe, efficient and effective ways for the management of infections (Okwu and Uchenna, 2009). For a long period of time, plants have been a valuable source of natural products for maintaining human health, especially in the last decade, with more intensive studies for natural therapies (Sukanya et al., 2009).

  

 
According to WHO, medicinal plants would be the best source to obtain a variety of drugs (Bajracharya et al., 2008). They are effective in the treatment of infectious diseases while simultaneously mitigating many of the side effects that are often associated with synthetic antimicrobials. The beneficial medicinal effects of plant materials typically result from the combinations of secondary products present in the plant. In plants, these compounds are mostly secondary metabolites such as alkaloids, steroids, tannins, and phenol compounds, flavonoids, steroids, resins fatty acids gums which are capable of producing definite physiological action on body (Joshi et al., 2009).

                           
There is a continuous and urgent need to discover new antimicrobial compounds with diverse chemical structures and novel mechanisms of action for new and re-emerging infectious diseases. The less availability and unaffordable cost of new generation antibiotics initiated to look for alternative phytomedicine to discover plant derived constituents with claimed antimicrobial activity. The extractable bioactive compounds in medicinal plants are a significant alternative approach to synthetic antibiotics, which could be used as valuables in human disease management (Senthilkumar et al., 2010).

2.8.1 Antibacterial activity of plant




Medicinal plants represent a rich source of antimicrobial agents. Plants are used medicinally in different countries and a source of many potent and powerful drugs. A wide range of medicinal plant parts is used for extract as raw drugs and they possess varied medicinal properties (Mahesh and Satish, 2008).




Antibiotic resistance has become a global concern. Numerous studies have identified compounds with herbal plant are effective antibiotics. Traditional healing system around the world utilize herbal remedies are an important source for the discovery of new antibiotics; some traditional remedies have already produced compounds that are effective against antibiotic-resistant strain of bacteria (Parekh and Chanda, 2007). In modern time plants have been sources of analgesics, antiinflammmatory, antineoplastic drugs, medicine for asthma, anti arrhythmic agent and antihypertensive (Khond et al., 2009).

2.9 Plant selected for the study 



Nature has provided man herbal medicines under different conditions and climates. Perhaps all basic principles pertaining to human therapy have been derived from medicinal plants and herbs (Shirin et al., 2010). Fruits and vegetables contain different antioxidant compounds, such as vitamin C, vitamin E and carotenoids, whose activity have been established in recent years. Flavonoids, tannins and other phenolic constituents present in food of plant origin are also potential antioxidants (Dasgupta and De, 2007).

                  

 Sources of natural antioxidants are primarily, plant phenolics that may occur in all parts of plants, such as the fruits, vegetables, nuts, seeds, leaves, roots and barks (Gulcin et al., 2007). Plant foods especially fruits and vegetables, have been shown to have a biological property indicative of their ability to prevent diseases and promote health, hence, they are called as protective foods. Green leafy vegetables (GLV) are micronutrient dense nature’s gift to mankind that provides more vitamins per mouthful than other food (Gupta and Prakash, 2008).

                     

Amaranth (Amaranths spp.) belongs to important and valuable green crops, vegetables and medicinal herbs. Amaranth is an important source of natural food colorants, betacyanins that could become useful natural antioxidants too. Antioxidant activities of the amaranth seed extracts positively correlated with the presence of total polyphenol (Kalinova and Dadakova, 2009).



Amaranthus caudatus L. and A. hybridus L. are species used predominantly as grain Amaranth, Amaranth cruentus L. is used as grain and vegetable amaranth. Amaranthus caudatus L. species contain around 8% dietary fiber although there are also species containing twice as much (Bunzel et al., 2005). Amaranthus caudatus contains flavonoids, anthocyanin, carotenoids, vitamin C, folic acid, high amount of methionine, lysine and unsaturated fatty acid (Kabiri et al., 2010).



The stems,leaves and seeds of Amaranthus caudatus contain water-soluble red-violet betacyanin pigments. In aqueous plant extracts they consist on average of 81% amaranthine and 19% isoamaranthine; in dried extracts of 67% amaranthine and 33% isoamaranthine. The seed also contains red colored lectin sometimes also referred to as amaranthine. The peptide isolated from the seed of Amaranthus caudatus (Ac-AMP1 and Ac-AMP2) has shows strong antifungal and some antibacterial activity (http://database.proto.org/PROTA html/Amaranthus%20 caudatus_En.htm). 

3.0 EXPERIMENTAL PROCEDURE

                                  The methodology adopted in the present study entitled    “Effect of individual and combined application of Biofertilizer (VAM) and Farmyard manure on antioxidant and antimicrobial properties of selected variety of Amaranthus.” is presented under the following headings:
3.1  Preparation of soil mixture

3.2  Collection of seeds

3.3  Collection of Biofertilizer and Farmyard manure

3.4  Pot layout and treatment schedule

3.5  Sowing of seeds and maintenance of plants 

3.6  Sample collection

3.7  Preparation of plant extract

3.8  Determination of antioxidant status

3.9  Assessment of antimicrobial activity

3.10 Soil analysis

3.11 Statistical analysis

3.1 Preparation of soil mixture



Red soil and sand were collected from powerhouse of Coimbatore district. The soil mixture was prepared by mixing of red soil and sand in the ratio of 3:1. This soil mixture was mixed with different combinations of FYM at the rate of 5 tones/hectare and VAM at the rate of 5g/10 kg of soil. 7kg of this mixture was filled in polythene bags of size 12.5×20 cm and holes were punched at the base of the bags to prevent water logging.
3.2 Collection of seeds





Seeds of Amaranthus caudatus were collected from Seed Central, Coimbatore district and sown in the soil mixture contained in polythene bags.

3.3 Collection of Biofertilizer and Farmyard manure



The Biofertilizer (Vesicular Arbuscular Mycorrhiza) and farmyard manure were collected from Tamilnadu Agricultural University, Coimbatore.

3.4 Pot layout and treatment schedule



The experiment was carried out as pot culture during January-March 2010 at Avinashilingam Deemed University for Women, Coimbatore, following a complete randomized block design with three replications for each treatment. The treatments were set up with various combinations of VAM and FYM:


            C - Control


T1 - VAM (100%)


T2 - FYM (100%)


T3 -VAM + FYM (1:1)


T4 - VAM + FYM (1:2)


T5 - VAM + FYM (2:1) 

3.5 Sowing of seeds and maintenance of plants
                       
About 20 seeds were sown in each pot and were allowed to germinate. After germination of seeds, plants were watered daily and water logging condition was maintained.
3.6 Sample collection


The plants were collected from each pot and the fresh plants were used for analysis. 


3.7 Preparation of plant extract
3.7.1. Preparation of the extract for analysis of antioxidant potential



The fresh parts except roots were extracted with respective buffers and extracts were analyzed for the enzymic and non-enzymic antioxidants. Ethanolic extracts were prepared and used for determination of free radical scavenging effect.

3.7.2 Preparation of the extract for determining antimicrobial activity 



1g of each sample was taken and mixed with 10ml of ethanol by keeping in a mechanical shaker for 24 hrs. It was then filtered through whatmann No. 1 filter paper. The crude extracts obtained were evaporated in water bath at 40-60°C. The residue was dissolved in dimethyl sulphoxide (DMSO). Then these extracts were stored in refrigerator and used for screening antimicrobial activity.

3.7.3 Sources of microorganisms
               
The following microorganisms namely Escherichia coli, Staphylococcus aureus, Klebseilla pneumonia and Pseudomonas aeruginosa are used. The organisms were obtained from PSG IMS, Coimbatore. The bacterial strains were maintained on nutrient agar slants.
3.8 Determination of antioxidant status


The roles of antioxidants are to neutralize the excess of free radicals, to protect the cells against their toxic effects and to contribute to disease prevention (Pham-Huy, 2008).

3.8.1 Enzymic antioxidants


The body possesses defense mechanisms against free radical-induced oxidative stress, which involve preventative mechanisms, repair mechanism, physical defense and antioxidant defenses. Enzymatic antioxidant defenses include superoxide dismutase (SOD), catalase (CAT), etc. (Ali et al., 2008).

3.8.1.1 Estimation of catalase (CAT)


CAT is an essential enzyme in the decomposition of intracellular H2O2.  It promotes the breakdown of H2O2 into water and oxygen without producing free radicals (Ismail et al., 2010). The activity of catalase was estimated by the method of Luck, 1974, which is, detailed procedure in Appendix I.

3.8.1.2 Estimation of peroxidase



 Peroxidases (EC.1.11.1.x) represent a large group of oxidases that catalyze the oxidation of substrate molecules using hydrogen peroxidase as electron receptor. The vast majority of peroxidases contain heme as cofactor (Bloois et al., 2009). The peroxidase activity was determined by the method of Reddy et al., 1995 and detailed procedure is given in Appendix II.

3.8.1.3 Estimation of Superoxide dismutase (SOD)



Superoxide dismutase (SOD) [ SOD,EC.1.15.1.1] is a group of metallo-enzyme that play a critical role in the first line of defense against oxidative stress caused by free radicals in the organism (Lester et al., 2009).Superoxide dismutase  activity was estimated by the method of Misra and Fridovich, 1972 as described in Appendix III.

3.8.1.4 Estimation of polyphenol oxidase (PPO)



Polyphenol oxidase (PPO; EC 1.10.3.1) is responsible for hydroxylation of monophenols to diphenols, and also polymerization of quinines to polyphenols and generally used as an indicator enzyme for the adequacy of heat treatment of fruit purces (Kaya et al., 2010). The activity of polyphenol oxidase was estimated by the method of Esterbauer et al., 1977 as stated in Appendix VI.

3.8.2 Non-enzymic antioxidants



Non-enzymic antioxidants include, amongst others, vitamins such as vitamin C, vitamin E and β-carotene; minerals such as selenium, copper, zinc: reduced glutathione and numerous phytochemicals, involving a broad spectrum of plant-based nutrients that work synergistically to combat free radical processes. (Malute et al.,  2009).

 3.8.2.1 Estimation of Ascorbic acid 


Ascorbic acid is known to be a very effective radical scavenger. It is not synthesized in humans and as such, it must be obtained from dietary sources (Eghwrudjakpor et al., 2010). The activity of ascorbic acid of the plant samples was determined by Roe and Keuther, 1953 as described in Appendix V.

3.8.2.2 Estimation of α-tocopherol


Vitamin E comprises eight naturally occurring fat-soluble vitamin of which the mos predominant, essential and with the highest biological activity is α-tocopherol. Vitamin E is a major antioxidant in biological systems acting as a powerful chain- breaking agent through scavenging of peroxyl radical (Shirpoor et al., 2007).The α-tocopherol activity was estimated by Rosenberg, 1992 and procedure is given in Appendix VI.

3.8.2.3 Estimation of Polyphenols



Plant polyphenols are important component of human diet and a number of them are considered to possess chemoprotective and therapeutic properties against cancer (Azmi et al., 2006).The levels of polyphenols were estimated using the method of Malich and Singh, 1980, as described in Appendix VII.

3.8.2.4 Estimation of total Carotenoids and lycopene



Carotenoids are an important group of natural pigments with specific applications as colorants, food supplements, and nutraceuticals and medicinal, cosmetic and biotechnological purpose (Lopez-Nieto et al., 2004). Lycopene, a red pigment which is rich in tomatoes and tomato based food products which is thought to play an important role in defense against chronic disease like cancer, coronary heart diseases has been discovered (Bose and Aggarwal, 2007).



Total carotenoids and lycopene activity of the plant samples were estimated by the method of Zarkaria et al., 1979 and procedure was explained in Appendix VIII.

3.8.4 Estimation of protein 


The total protein was estimated by the method of Lowry et al., 1957, as described in Appendix IX.

3.8.4 Free radical scavenging activity of the plant samples 

3.8.4.1 Determination of inhibition of in vitro lipid peroxidation





Lipid peroxidation is an oxidative process that normally occurs at low levels in all cells and tissues (Patil et al., 2008). Inhibition of in vitro lipid peroxidation was measured by the method of Okhawa et al., 1979 and detail is given in Appendix X.
3.8.4.2 Determination of inhibition of superoxide production 



Among ROS, the superoxide anion (O2-) plays a pivoltal role in inflammatory joint disease. The enzyme SOD neutralize O2- by transferring it into hydrogen phosphate (H2O2), thereby preventing the formation of highly aggressive compounds such as peroxynitrite (ONOO-) and hydroxyl radical (HO·) (Afonso et al., 2007). Inhibition of superoxide production was measured by the method of Varley, 1969. The procedure is stated in Appendix XI.
3.8.4.3 Determination of inhibition of nitric oxide generation


Since its discovery 20 yrs. Ago, nitric oxide (NO) has emerged as an important signaling molecule in a myriad of pathways, including the nervous, immune,and cardiovascular systems. The mechanism of synthesis was shotly discovered to proceed through oxidation of one of the amidine nitrogens of L- arginine, yielding NO and L-citrulline (Ahanchi et al., 2007). The inhibition of nitric oxide generation was estimated by the method of Green et al., 1982. The procedure was given in Appendix XII.

3.9 Assessment of antimicrobial activity
3.9.1 Antibiotic sensitivity test
                   
The inoculation prepared from fresh overnight broth cultures in nutrient broth, plates were prepared by pouring sterile nutrient agar (Himedia) into sterile petridishes previously autoclaved. Sterilized cotton swabs were dipped in the nutrient broth and squeezed, then swabbed on the agar plate. Standard antibiotic discs were placed carefully on the swabbed plates and incubated overnight. Antibiotic sensitivity test (AST) was conducted against Ampicillin, Streptomycin and Erythromycin.

3.9.2 Agar well diffusion assay


The antimicrobial activity of the samples was analyzed by the method of Opara and Ansa, 1993 as described in Appendix XIV.

3.10 Soil analysis 


The soil used for the growth of seedlings was analyzed for the amount of available N, P, and K before and after the experimental period.
3.10.1 Available nitrogen in soil
                     The procedure described in Appendix XV gives the method (Humphries, 1956), for the estimation of available nitrogen.

3.10.2 Available phosphorus in soil
                     The available phosphorus in the soil sample was analyzed by the method given by Jackson, 1973. The procedure is described in Appendix XVI.

3.10.3 Available potassium in soil 


Procedure for estimation of available potassium is described in Appendix XV.

3.11 Statistical analysis


Statistical evaluation of antioxidant was done using one way analysis of variance (ANOVA) by using Fisher LSD with the level of significant at P < 0.001 in sigma stat 3.1 statistical package. 

4.0 RESULT AND DISCUSSION

 

Plants are the basis of life on earth and are central to people’s livelihood (Acharya et al., 2010). Ethnopharmacological surveys conducted among herbal practitioners of traditional Arab medicine in Palestine and the Middle East has revealed that a large number of indigenous plant species are being used as a source of herbal therapies (Khalaf et al., 2007).

 

Many herbal plants contain antioxidant compounds and these compounds protect cells against the damaging effects of reactive oxygen species (Park et al, 2006). The ROS may react with proteins, lipids and DNA, causing oxidative damage and impairing the normal functions of cells (Jaleel et al., 2009). Many infectious diseases are known to be treated with herbal remedies throughout the history of mankind. The maximum therapeutic and minimum side effects of herbal remedies have been verified in numerous scientific investigations (Lawal et al., 2010). They maintain the health and vitality of individuals, and also cure diseases, including cancer without causing toxicity (Madhuri and Pandey, 2009).

 

The present study was designed to investigate the effect of individual and combined application of Biofertilizers (VAM) and Farmyard manure on antioxidant and antimicrobial properties of Amaranthus caudatus. The extracts from the selected plant were determined for enzymic (catalase, peroxidase, superioxide dismutase and polyphenol oxidase) and non-enzymic (ascorbic acid, (- tocopherol, polyphenol, carotenoids and lycopene) antioxidants. The ethanolic extracts of the plant were investigated for their ability of scavenging the free radicals in terms of inhibition of in vitro lipid peroxidation, superoxide and nitric oxide generation. Measuring the diameter of the inhibition zone using ethanolic extracts of plant assessed the antibacterial activity. Soil analysis was done before and after the experimental period for nitrogen, phosphorous and potassium. The results of the study are discussed under the following headings:
4.1 Antioxidant activity of the plant samples

                            4.1.1 Enzymic antioxidants

                            4.1.2 Non-enzymic antioxidants

4.2 Protein content of the plant sample

4.3 Assessment of free radical scavenging effect of plant samples

                4.3.1 Determination of inhibition of invitro lipid peroxidation

                4.3.2 Determination of inhibition of superoxide generation

               4.3.3 Determination of inhibition of nitric oxide generation

4.4 Antibacterial activity of the plant sample

                4.4.1 Antibiotic sensitivity test (AST)

                4.4.2 Agar well diffusion method for screening of antibacterial  

                          activity

4.5 Soil analysis
4.1 Antioxidant activity of the plant samples

                     The levels of various antioxidant enzymes were analyzed and the obtained values are expressed in Table I.

 

Table I and figure 1 reveal the activity of catalase, peroxidase,and superoxide dismutase and polyphenol oxidase in the plant samples.
TABLE I

Level of Enzymic antioxidants in Amaranthus caudatus
	Parameters

U/g
	Catalase
	Peroxidase
	Superoxide

dismutase
	Polyphenol

oxidase

	Control
	250.81 ±14.69
	325.25 ± 0.75
	8.87 ± 0.19
	2.50 ± 0.00

	T1 (VAM)
	127.11 ± 5.69
	238.38 ±19.63
	24.09 ± 0.09
	1.03 ± 0.01

	T2 (FYM)
	296.20 ±30.70
	269.12 ± 0.62
	4.78 ± 0.20
	2.27  ± 0.01

	T3 (V+F, 1:1)
	144.11 ± 2.45
	320.38 ± 2.63
	9.72  ± 0.07
	2.52  ± 0.05

	T4 (V+F, 1:2)
	91.49 ± 2.95
	233.88 ± 0.63
	15.37 ± 0.15
	2.34  ± 0.01

	T5 (V+F 2:1)
	87.71 ± 2.71
	234.38 ± 0.13
	6.59 ± 0.24
	2.24 ± 0.06

	CD
	25.29
	14.41
	0.302
	0.057


The values are mean of triplicates represented as mean ± standard deviation

Catalase    -   Amount of enzyme required to decrease the optical density 0.05 units

Peroxidase - 1 µmole of pyrogallol oxidized / min

Superoxide dismutase - Amount that causes 50% reduction in the extent of NBT 

                                       oxidation 

Polyphenol oxidase     - Amount of enzymes that transform 1µmole of dihydrophenol/  

                                      µmole of quinine /min

   

The results showed that the investigated Amaranthus caudatus recorded catalase activity ranged between 87.71 ( 2.71 to 296.20 ( 30.70U/g. the maximum catalase activity was registered in T2 (FYM) and the minimum in T5 [VAM: FYM (2:1)]. 

  

Catalase is an enzymatic antioxidant widely distributed in all animal tissue including RBC and liver. Catalase decomposes H2O2 and helps protect the tissue from highly reactive hydroxyl radicals (Krishnraju et al., 2009). In the present study compared to control group, plants, which received FYM treatment, established greater catalase activity. This finding is in agreement with Stajner et al., (2008) who have reported that the cultivated Allium species have better antioxidant properties comparison with wild varieties.

FIGURE 1

ENZYMIC ANTIOXIDANTS LEVELS IN Amaranthus caudatus
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FIGURE 1

ENZYMIC ANTIOXIDANTS LEVELS IN Amaranthus caudatus(Cont.)
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Comparison of the peroxidase activity among the applications of VAM and FYM revealed that the enzyme activity was found to be highly elevated in the treatment T3 that received VAM and FYM in the ratio of 1:1. Control plant also exhibited considerable activity. Peroxidase is an enzyme that catalyzes the reduction of hydroperoxides, including hydrogen peroxides, and functions to protect the cell from peroxidative damage (Sumanth et al., 2006).

 

Peroxidase activity was higher in arbuscular mycorrhizal than in non-mycorrhizal soil whether drought stressed or not, whereas catalase activity was lower in arbuscular mycorrhizal than in non-mycorrhizal soils (Wu et al., 2007).
 

The study revealed that superoxide dismutase was present in the highest concentration in T1 (VAM) treatment and the least amount was observed in T2 (FYM). SOD is a major scavenger of reactive oxygen species and it catalyses the dismutation of superoxide anion radical (O2) with great efficiency resulting in production of H2O2 and O2 (Gomathinayagam et al., 2009). Rajalekshmi et al., 2008 have found the higher activity of SOD in tissues of Mangifera indica. 
    

The maximum activity of polyphenol oxidase was observed in T3 whereas minimum in case of T1 treatment. Jones et al., 2006, tested 24 red clovers for polyphenol oxidase activity and reported measurable polyphenol oxidase in all the clovers tested.

   

The results obtained from the determination of enzymic antioxidants revealed that application of biofertilizers (VAM) and FYM individually and in combination induced the activity of all the enzymic antioxidants. In the individual inoculation FYM treated plants recorded higher activity of catalase, peroxidase and polyphenol oxidase compared to VAM. 
 

Table II and figure 2 reveal the content of ascorbic acid, (-tocopherol and polyphenol in plant extracts of A.caudatus.
TABLE II

LEVELS OF NON-ENZYMIC ANTIOXIDANTS IN  Amaranthus caudatus
	Parameters

U/g
	Ascorbic acid
	α- tocopherol
	Polyphenol

	Control
	0.76 ± 0.03
	0.004 ± 0.0006
	2.52 ± 0.010

	T1 (VAM)
	0.66 ± 0.00
	0.003 ± 0.0006
	2.07 ± 0.040

	T2 (FYM)
	0.82 ± 0.00
	0.006 ± 0.0010
	2.34 ± 0.005

	T3 (V+F, 1:1)
	0.57 ± 0.02
	0.004 ± 0.0006
	2.85 ± 0.013

	T4 (V+F, 1:2)
	0.39 ± 0.00
	0.005 ± 0.0010
	2.39 ± 0.002

	T5 (V+F 2:1)
	0.52 ± 0.00
	0.005 ± 0.0006
	2.69 ± 0.012

	CD
	0.027
	0.0013
	0.036


The values are mean of triplicates represented as mean ± standard deviation

 

The ascorbic acid content of the selected plant Amaranthus caudatus was found to be ranged from 0.39(0.0 mg/g to 0.82(0.0 mg/g. Gupta and Prakash, (2009), in case of Green leafy vegetables (GLV), the ascorbic acid content ranged between 15.18 mg/ 100g for C.asiatica to 101.36 mg/ 100g for T.gracecum. Kaezmarski et al., have shown that among the antioxidative compounds (vitamin C, E, A, selenium and carotenoids), vitamin C (ascorbic acid) shows strong intensity of antioxidative activities (Bhuiyan et al., 2009). 

   

 In Amaranthus caudatus, T2 (FYM) treatments registered the maximum content of (-tocopherol whereas T1 (VAM) minimum content. D-(-tocopherol has the highest biological activity; it is an effective radical scavenger and defends the body against free radical attack by protecting fatty polysaturated acids (Litescu and Radu, 2000). Orgunlade et al., (2009), have also shown that α-tocopherol is the most active form in human and reported to be powerful biological antioxidant with the highest bioactivity in Cnidoseolus aconitifolius. Health benefits of Vitamin C are antioxidant, anti-atherogenic, anti-carcinogenic and immunomodulator. Vitamin C works synergistically with VitaminE to generate free radicals and also regenerate the reduced form of VitaminE (Pham-Huy et al., 2008).

FIGURE II

LEVELS OF ENZYMIC ANTIOXIDANTS IN

Amarnthus caudatus
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The level of polyphenol was found to be higher in case of T3 than the other treatments. Polyphenols are a complex group of chemicals that are widely distributed throughout the plant kingdom and thus form an integral part of the human diet. It has been suggested that dietary polyphenols protect against variety of disease status including cancer and cardiovascular diseases etc. (Johuston et al., 2005). 
 

The results of the determination of total phenol showed that Tridax procumbens has a high phenolic content revealing the fact that plants are rich sources of natural antioxidants (Habila et al., 2010). The positive correlation between antioxidant activity and total polyphenols suggests hat phenolic compounds are the major antioxidant components in red amaranth. The results indicate that red amaranth containing high phenolics may provide a source of dietary antioxidants (Khandaker   et al., 2008).
 

Table III and figure 3 reveal the content of carotenoids and lycopene in the plant samples.
TABLE III

LEVEL OF CAROTENOIDS AND LYCOPENE IN Amaranthus caudatus

	Parameters

U/g
	Carotenoids
	Lycopene

	Control
	11.04±0.45
	0.014±0.0025

	T1 (VAM)
	52.93±2.63
	0.061±0.0040

	T2 (FYM)
	35.77±3.62
	0.054±0.0045

	T3 (V+F, 1:1)
	35.82±3.07
	0.022±0.0025

	T4 (V+F, 1:2)
	25.85±2.03
	0.028±0.0015

	T5 (V+F 2:1)
	36.18±2.22
	0.032±0.0030

	CD
	4.517
	0.005


The values are mean of triplicates represented as mean ± standard deviation

 

The total carotenoid concentration of A.caudatus was higher in T1 (VAM) as compared to other treatment groups for their antioxidant potential. Galano et al., 2010 have indicated direct scavenging of superoxide anion by carotenoid derivatives. The level of (- carotene in A.viridis, Corinder sativum and S.nigrum were higher than other green leafy vegetables (GLV) such as A.sessilis, A.gangeticus, A.tricolor, etc. (Raju et al., 2005). T1 of A.caudatus showed the highest content of lycopene and controls the lowest content. A comparison of the data inferred the treatment T1 as the rich source of both carotenoids and lycopene.

FIGURE 3

LEVELS OF CAROTENOIDS AND LYCOPENE IN Amaranthus caudatus
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Table IV and figure 4 reveal the content of protein present in plant samples.
TABLE VI

LEVELS OF PROTEIN IN Amaranthus caudatus

	Parameters

U/g
	Protein

	Control
	12.96 ± 0.42

	T1 (VAM)
	9.72± 0.00

	T2 (FYM)
	11.38  ± 0.87

	T3 (V+F, 1:1)
	11.47  ± 0.39

	T4 (V+F, 1:2)
	11.42  ± 1.03

	T5 (V+F 2:1)
	12.57± 0.50

	CD
	1.127


The values are mean of triplicates represented as mean ± standard deviation

FIGURE 4

PROTEIN LEVEL IN Amaranthus caudatus
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The maximum concentration of protein was observed in T5 treatment followed by the treatments T2, T3 and T4 and the value for protein content was found to be the same for all the three treatments. VAM treated plants recorded the least value for the protein. A maximum increase in protein concentration in protein quantity, compared to A.cepa was observed in cultivated A.nutans (110.0%), wild A.ursinum (71.1%) and cultivated A.fistulosum (57.4%) (Stajner et al., 2008). 
 

Among the traditional vegetables, protein content ranged from 9.02% (cabbage) to 27.07% (kale). Cabbage whose protein content was lower than that of the other traditional vegetable studied was reported to be normally lower in nutritional characteristics than other leafy grains (Cebert et al., 2009).

  

Table V and figure reveal the inhibitory effect of the plant samples on invitro lipid peroxidation, superoxide generation and nitric oxide generation.

TABLE V

FREE RADICAL SCAVENGING EFFECT OF 
Amaranthus caudatus

	Parameters

% inhibition
	Lipid peroxidation
	Superoxide generation
	Nitric oxide generation

	Control
	70.63
	92.30
	25.62

	T1 (VAM)
	65.00
	86.62
	50.09

	T2 (FYM)
	70.63
	69.01
	72.77

	T3 (V+F, 1:1)
	61.25
	64.57
	80.37

	T4 (V+F, 1:2)
	70.63
	78.35
	52.66

	T5 (V+F 2:1)
	65.00
	52.76
	73.63


The values are mean of triplicates represented as mean ± standard deviation

 

According to the above table, among the various treatments, T2 and T4 exhibited maximum percentage of inhibition of lipid peroxidation and T3 recorded the lowest inhibition. Lipid peroxidation alters the physiological functions of cell membrane and plays an important role in cellular membrane damage. Peroxidation is believed to be involved in cellular aging and in various diseases such as Parkinson’s and Alzheimer’s disease as well as Schizopherenia (Wong-ekkbut 
et al., 2007). Oscimum basilicum and Trigonella foenum-greceum showed very potent inhibition of goat liver lipid peroxidation in vitro at 100(g/ml compared to normal control (Meera et al., 2009).

FIGURE 5
FREE RADICAL SCAVENGING EFFECT OF 
Amaranthus caudatus
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T1 showed the maximum percentage inhibition of superoxide generation in A.caudatus when compared to the other treatments and T5 exhibited the least inhibition. Superoxide anion is an oxygen-centered radical with reactivity. This species is produced by a number of enzyme systems in auto-oxidation reactions,
and by non-enzymatic electron transfer that univalently reduce molecular oxygen (Krishnaraju et al., 2009). Sanja et al., (2009) reported increased scavenging of superoxide radicals in dose dependent manner due to the scavenging ability of the Portulaca oleracea methanolic extract.

 

The maximum percentage inhibition of nitric oxide was observed in T3 of A.caudatus when compared to the other treatments, the minimum percentage inhibition of nitric oxide was found in control. NO scavenging of the extract may help to arrest the chain of reactions initiated by excess generation of NO that are detrimental to the human health. Nitric oxide is also implicated for inflammation, cancer and other pathological conditions (Hasan et al., 2009). The leaf extract of H.floribunda showed significant inhibition of NO with IC50 value of 244.00µg/ml (Jelili et al., 2010).

 

 Thus it is evident from the above table that application of individual and dual inoculation of VAM and FYM induced the free radical scavenging ability of the plant extract.
4.4 Antibacterial activity of the plant samples
                       Antibacterial activity of ethanolic extract of A.caudatus was observed by agar well diffusion method    against    Escherichia. coli, Staphylococcus aureus,   Klebsilla pneumonia and Pseudomonas aeruginosa.
4.4.1 Antibiotic sensitivity test (AST)
  

 Table VI and picture show the sensitivity levels of microorganisms namely Escherichia coli, Staphylococcus aureus and Klebsilla pneumonia
against standard antibiotics selected for the study. The antibacterial activity of ethanolic extract of  A.caudatus showed varying magnitudes of inhibition patterns depending on the susceptibility of the tested microorganisms.

TABLE VI

ANTIBIOTIC SENSITIVITY TEST (AST)

	S.No.
	Microorganisms
	Zone of inhibition (mm)

	
	
	Ampicillin
	Erythromycin
	Streptomycin

	1.
	Escherichia coli
	1.0
	NZ
	NZ

	2.
	Staphylococcus aureus
	3.0
	2.8
	2.5

	3.
	Klebsilla pnemoniae
	3.2
	3.0
	4.0

	4.
	Pseudomonas aeruginosa
	NZ
	NZ
	NZ


 

 Klebsiella pneumoniae was found to be more sensitive while Pseudomonas aeruginosa showed resistance to all antibiotics. Escherichia coli showed resistance against erythromycin and streptomycin. Staphylococcus aureus was inhibited to a greater extent by ampicillin and it showed more or less equal inhibition towards erythromycin and streptomycin. 

 

From the result, it is evident that maximally all the selected microorganisms except Pseudomonas were sensitive to the antibiotic ampicillin. Joe et al., (2009), have indicated that Staphylococus aureus, Klebsiella pneumoniae and Candida albicans showed moderate antibacterial activity against the Garlic extract at all concentrations.

4.4.2 Agar well diffusion method for screening of antibacterial activity

Table VII and plate 1 represent the antibacterial activity of Amaranthus caudatus by agar well diffusion method.
TABLE VII
ANTIBACTERIAL ACTIVITY OF Amaranthus caudatus
	Parameters
	Zone of inhibition (mm)

	
	E.coli
	Staphylococcus aureus
	Klebsilla pnemoniae
	Pseudomonas aeruginosa

	Control
	5


	6
	6
	6

	T1 (VAM)
	5
	8
	8
	7

	T2 (FYM)
	8
	6
	12
	7

	T3 (V+F, 1:1)
	6
	5
	12
	5

	T4 (V+F, 1:2)
	7
	5
	8
	6

	T5 (V+F 2:1)
	4
	6
	7
	7




 

 E.coli, Klebseilla pneumonia and Pseudomonas aeurogenosa were found to be inhibited to a greater extent by the plant extract obtained from treatment T2 (FYM). Plants subjected to VAM treatment caused maximum inhibition of Staphylococcus aureus and P.aeurogenosa. Application of individual application of   FYM and dual application of VAM and FYM (1:1) produced maximal inhibition for the growth of Klebsilla pneumonia.
                       In the P.aeurogenosa, the zone of inhibition was found to be maximum in T1 (VAM), T2 (FYM) and T5 (VAM+FYM 2:1). Comparison of the inhibition zones produced by the various bacteria revealed that maximum zone of inhibition was caused by Klebsilla pneumonia. Sattar et al., (2004) reported higher doses of the Rhinacanthus nasutus (l.) extract, 10 and 50 mg/ml could produce inhibitory effect on the   growth of Staphylococcus aureus. 

 

Roy et al., (2010) observed that the extract of Andrographis paniculata was seen to be active against many opportunistic as well as pathogenic microorganisms like E.coli (Crohn’s disease), P.aeurogenosa (nasoocomial infection) and K.pneumonea (urinary tract infections).

4.5 Soil analysis                                 
 

The level of available nutrients in the soil before and after the treatment period is presented in Table VIII.

TABLE VIII

NUTRITIONAL COMPOSITION OF SOIL BEFORE AND AFTER THE GROWTH OF Amaranthus caudatus
	Soil samples


	Nitrogen

kg/ha
	Phosphorous

kg/ha
	Potassium

kg/ha

	Before sowing

(initial)
	104
	71.2
	214

	After experimental period
	
	
	

	Control
	98
	47.3
	213

	T1 (VAM)
	115
	58.5
	226

	T2 (FYM)
	112
	56.6
	241

	T3 (V+F, 1:1)
	126
	66.5
	353

	T4 (V+F, 1:2)
	134
	68.8
	303

	T5 (V+F, 2:1)
	115
	69.7
	218


 

The data revealed that growing A.caudatus, with Biofertilizers and FYM increased the level of available nitrogen and potassium in the soil compared to the initial level. The plants treated with combination of VAM ad FYM in 1:2 ratio showed considerable increase in nitrogen content where as higher potassium content was recorded in plants treated with dual inoculation of VAM and FYM in ratio 1:1. Compared to FYM treatment, soil subjected to VAM recorded higher phosphorus content and T5 (V+F, 2:1) showed maximum content.


A decrease in the phosphorus content of the soil was observed in all treatments after the experimental period. Similar finding has also been reported by Das et al., who have suggested that decrease of P content at the later period of growth might be due to greater uptake of phosphorus by the plants. They have also indicated that the increase in the phosphorus and potassium content of soil subjected to combined applications of biofertilizers is due to physio-chemical release of inorganic and organic phosphorus by organic acids through the action of low molecular weight organic anions (Das et al., 2008).

 

Unlike mineral fertilizer, nutrients contained in organic manures are released more slowly and are stored for a longer time in the soil, thereby ensuring long residual effect (Bayu et al., 2006). Thus the present study suggests that the dual combination of VAM and FYM is more effective in increasing nitrogen, phosphorus and potassium content in the soil.

5.0 SUMMARY AND CONCLUSION


Plants produce a diverse range of bioactive molecules, making them rich source of different types of medicines. The consumption of plant foods containing antioxidants is beneficial to health because it down-regulates many degenerative processes and can effectively lower the incidence of cancer and cardiovascular diseases. Extracts of higher plants have renewed as a good sources of antibiotics against various bacterial and fungal pathogens. Plant based antimicrobial compounds have a great therapeutic potential as they can serve the purpose without and any side effects as associated with synthetic drugs.



The present study was carried out to evaluate the effect of the individual and combined application of VAM and FYM on antioxidant potential and antimicrobial activity of Amaranthus caudatus. The following treatments were set up with various combinations of VAM and FYM along with control:
                        C     -     Control

T1   -     VAM (100%)

T2   -     FYM (100%)

T3   -     VAM + FYM (1:1)

T4   -     VAM+FYM (1:2)

T5   -     VAM + FYM (2:1)

 

 The seedlings from the control group and various treatments were uprooted and analysed for antioxidant potential such as enzymic (catalase, peroxidase, superoxide dismutase and polyphenol oxidase) and non-enzymic (ascorbic acid, (-tocopherol, polyphenol, Carotenoids and lycopene) and antimicrobial activity. Soil used for the experiment was analyzed before and after the experimental period for the nutrient content. The radical scavenging effect of the plant sample was determined in terms of percentage inhibition of in vitro lipid peroxidation, superoxide and nitric oxide generation. The plant samples were extracted with ethanol and analyzed for antibacterial activity.

RESULTS OF THE PRESENT STUDY ARE SUMMARIZED BELOW:

               A comparative study with the control indicated that FYM treated plants exhibited the maximum activity of catalase and higher peroxidase activity was observed in plants treated with VAM and FYM. The maximum activity of superoxide dismutase was reported in VAM treated plants. In case of polyphenol oxidase, combined application of VAM and FYM in the ratio of 1:1 exhibited the maximum activity. This is further confirmed by the fact that farmyard manure provides growth-regulating substances and improves the physical, chemical and microbial properties of the soil. There is a lot of experimental evidence that along with the Biofertilizers farmyard manures (FYM) are also mixed to the soil to control the deficiency of phosphate content in soil and increase the water holding capacity of the soil. The findings conclude that A.caudatus shows highest peroxidase activity compared to other enzymic antioxidants.


The result obtained indicates that in case of non-enzymic antioxidants, inoculation with VAM increased carotenoids and lycopene content to maximum extent. It is well documented that Biofertilizers provide effective implementation of biological mechanism of plant nutrition, growth promoters and protection.



Dual inoculation with VAM and FYM in 1: 1 ratio proved to be the best in increasing polyphenol content. It is obvious that combined action of Biofertilizers and farmyard manure increases the productivity of sandy soils as a result of increasing the bio-available micronutrients (Zn,Cu,Mn and Fe). The extent of increase in vitamin C and vitamin E content by FYM was more when co-inoculation with VAM was carried out.


A detailed comparison of the results obtained with various parameters suggest that the high percentage inhibition of in vitro lipid peroxidation was noticed in plants inoculated with FYM and also with dual inoculation with VAM in the ratio of 1:2 as compared to control. Percentage inhibition of superoxide generation and inhibition of nitric oxide generation were found to be high in FYM treated plants and co-inoculation with VAM respectively. These results indicate tat the individual inoculation of FYM and VAM is more efficient in scavenging than the dual inoculation of FYM and Biofertilizers.



The antibacterial activity of ethanolic extract of A.caudatus was investigated on Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Klebsilla pnemoniae against streptomycin. Among the treatments, FYM treated plants and dual inoculated plants with VAM and FYM in ratio of 1:1 shows maximum inhibition against Klebsilla pnemonia. It suggests that the farmyard manure treated plants and dual inoculated plants had higher antibacterial activity against Klebsilla pneumonia as compared to other treatments.




Analyses of the soil before and after the experimental period revealed an increase in nitrogen and potassium content and a decrease in phosphorus content. A comparative data shows that the treatment groups had higher N, P and K level over control. Dual inoculation with VAM and FYM in 1:2 ratio increased the nitrogen level to a maximum extent, while treatment with dual inoculation with 1:1 ratio proved to be the best in increasing potassium. Within comparison between the treatments showed the maximum content of phosphorous in case of dual inoculation with VAM and FYM in 2:1 ratio. This observation suggests that dual inoculation with VAM and FYM is best suited for nutrient deficient soil.

                        To conclude it can be suggested that the cultivated A.caudatus had better antioxidant properties compared with wild growing species, indicating their high nutritional and medicinal value. The selected plant has a great potential as free radical scavenger and antibacterial agent against pathogenic species of bacteria and can be used in treatment of various infectious diseases. The dual treatment of A.caudatus with FYM and VAM in soil improved the nutrient status of the soil and resulted in enhanced crop production.
Recommendations for future status:
· The active principles present in the selected plant species can be isolated and studied against various diseases.
· Antibacterial activity can be tested using different organic solvent extracts of the plants.
· Interactive effect of a mixture of Biofertilizers and organic manure on different plants can be studied.
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APPENDIX – I

ESTIMATION OF CATALASE ACTIVITY

(Luck, 1974)

Catalase has a double function as it catalyzes the following reactions:

a) Decomposition of hydrogen peroxide (H2O2) to give water and oxygen.

                         Catalase

           2H2O2 
 2H2O +O2
b) Oxidizes H+ donors, for example methanol, formic acid, phenol with the consumption of one mole of peroxide.

                                         Catalase

             ROOH + AH2   
H2O + ROH + A

Principle 

                        The UV light absorption of hydrogen peroxide solution can be easily measured between 230 and 250nm.On decomposition of hydrogen peroxide by catalase, the absorption decreases with time. The enzyme activity could be arrived at from this decrease. But this method is applicable only to enzyme solution , which don’t absorb strongly at 230-250 nm.

Reagents
1. Phosphate buffer 0.067M ( PH 7.0)


                      Dissolved 3.522g of KH2PO4and 7.268g of Na2HPO4.2H2O in distilled water and made up the volume to one litre.

2. Hydrogen peroxide – Phosphate buffer 

Dissolved 0.16 ml of H2O2 (10% W/V) to 100 ml phosphate buffer (M/15), prepared fresh. The absorbance of the solution should be about 0.5 at 240nm with 1 cm light path.

Procedure
Enzyme extract: 

               The sample is homogenized in a prechilled mortar and pestle with M/150 phosphate buffer (assay buffer diluted 10 times) at 1-4°C and centrifuged. Stirred the sediment with cold phosphate buffer, allowed to stand in the cold with occasional shaking and then repeated the extraction once or twice. The extraction should not take more than 24 hr. The combined supernatants were used for the assay. Used fresh extract for assay.

Assay

         Read against a control cuvette 3ml of H2O2 containing the enzyme solution as in the phosphate buffer (M/15). Pipetted into the experimental cuvette 3ml of H2O2 phosphate buffer. Mixed in 0.01-0.04ml sample with the glass or plastic rod flattened at one end. Noted the time it required for a decrease in absorbance from 0.45-0.40. This value was used for calculations. If t’ was more than 60 seconds, repeated the measurement with more concentrated solution of the sample.

Calculation

        Calculated the concentration of H2O2 using the extinction coefficient 0.036µ mole/ml.                                                        

Enzyme activity units/gm plant tissue =

                               Total volumes made up            Total volume made up                                                    

        17                ×     for measurements          ×         from 1 g tissue

 Time change           ml taken for assay                    ml taken for assay

APPENDIX – II
ESTIMATION OF PEROXIDASE ACTIVITY

(Reddy et al., 1995)

Principle

           Peroxidase converts   H2O2   to water and oxygen in the presence of hydrogen donor (pyrogallol or dianisidine) the oxidation of pyrogallol or dianisidine to colored product called purpurogalli is measured colorimetically.

 Pyrogallol + H2O2 
                                  Oxidized pyrogallol + H2O + O2
                                   (Coloured)

Reagents

1. Pyrogallol 0.05M in 0.1M phosphate buffer (pH 6.5)

2. 1 % H2O2
3. Enzyme extract: 

 
                   Macerated one gram of the sample with 5ml (w/v) 0.1M phosphate buffer (pH 6.5) in a homogenizer. Centrifuge the homogenate at 500rpm for 15 minutes. Used the supernatant as the enzyme source. All procedures were carried out at 0-5°C.

Procedure

              Pipetted out 3ml of 0.05 M pyrogallol solution and 0.02ml of enzyme extract in a test tube. Adjusted the spectrophotometer to read ‘0’ at 430nm. Added 0.5ml of 1% H2O2 in the test cuvette. Recorded the change in the absorbance every 30 seconds up to 3 minutes.

Calculations

Change in absorbance / min at 430nm                =          X

Weight of the plant material taken                       =          300mg

Volume of the extract taken for the assay            =         0.02ml

Change in absorbance for 0.02ml                        =         X

Change in absorbance for 1.5ml extract              =        (X/0.02) × 1.50 

                                                                              =        Y

(i.e.) peroxidase activity in 300mg plant tissue      =          Y

Peroxidase activity / gram of plant tissue          =          Y × (1000/300) Units.

APPENDIX – III

ESTIMATION OF SUPEROXIDE DISMUTASE ACTIVITY

(Misra and Fridovich, 1972)

Principle

         Superoxide dismutase uses the photochemical reduction of riboflavin as oxygen generating systems and catalyses the inhibition of Nitro Blue µspectrophotometrically at 600nm.

Reagents

1. 50µM potassium phosphate buffer, (pH 7.4)

2. 45µM Methionine

3. 5.3µM Riboflavin

4. 84µM Nitro Blue Tetrozolium (NBT)

5. 20µM potassium cyanide

Procedure

                           The incubation medium contained a 300µl of each reagent (50µM potassium phosphate buffer (pH 7.4), 45M Methionine, 5.3µM Riboflavin, 84µM Nitro Blue Tetrozolium (NBT) and 20µM potassium cyanide). To the test 300µl of sample was added. The final volume was made up to 3ml with water. The tubes were placed in an aluminum foil lined box maintained at 25°C and equipped with 15W fluorescent lamps. Reduced NBT was measured spectrophotometrically at 600nm after exposure to light for 10 minutes. The maximum reaction was evaluated in the absence of enzyme. 

                             One unit of enzyme activity is defined as the enzyme reaction, which gave 50% inhibition of NBT reactions in one minute under the assay conditions and expressed as specific activity in units.

APPENDIX – VI

ESTIMATION OF POLYPHENOL OXIDASE ACTIVITY

(Esterbauer et al., 1977)

Principle

              Polyphenol oxidases are copper proteins of wide occurrence in nature, which catalyze the aerobic oxidation of certain phenolic substrate to quinones which are auto oxidized to dark brown pigments generally known as melanins.   

               The polyphenol oxidases (PPO) comprise catechol oxidase and laccase. One unit of either catechol oxidase or laccase is defined as the amount of enzyme that transforms 1µmole dihydrophenol to 1µmole of quinine per minute under the assay conditions.

 Reagents
1.  50µM Tris HCl (ph 7.2)

2. 0.4M Sorbitol

3. 10µM Nacl

4. 0.1M Phosphate buffer (ph6.5)

5.  0.01M catechol solution

 Preparation of enzyme extracts

             Ground about 5g of the plant tissue and made up to 20ml with medium containing 50µM Tris HCl (pH7.2), 0.4M sorbitol and 10µM Nacl. Centrifuged the homogenates at 2000 rpm for 10 minutes and used the supernatant for the assay. 

Procedure

            Added 2.5ml of 0.1M phosphate buffer (pH 6.5), 0.3ml of catechol solution (0.01M) into the cuvette and set the spectrophotometer at 495nm. Now added the enzyme extract (0.2ml) and started recording the change in absorbance for every 30 seconds up to 5 minutes.

Calculations

           Enzyme units in the test = k × (∆ / min)

           k for catechol oxidase    = 0.272

           k for laccase                   = 0.242

APPENDIX – V

ESTIMATION OF ASCORBIC ACID

(Roe and Kuether, 1953)

Principle


Ascorbate is converted to dehydroascorbate by treatment with activated charcoal and bromine. Dehydroascorbic acid then reacts with                           2, 4- dinitrophenyl hydrazine to form osazones, which dissolves in sulphuric acid to give an orange coloured solution whose absorbance can be measured spectrophotometrically at 540nm.

Reagents

1. 4%TCA (Trichloro acetic acid)

2. 9N H2SO4
3.   2% 2, 4-dinitrophenyl hydrazine reagent (DNPH): 

                           Dissolved 2g of DNPH in 100ml of 9N H2SO4
4.  10% thiourea

5.  85% sulphuric acid

6.  Stock standard solution: 

                 Dissolved 100mg of ascorbic acid in 100ml 4%TCA 

7. Working standard: 

                Diluted 10ml of the stock solution to 100ml with 4%TCA

Procedure

           About 1g of the sample was homogenized in 4% TCA and made up to 10ml. Centrifuged at 2000rpm for 10 minutes. To the supernatant obtained, a pinch of activated charcoal was added, shaken well and kept for 10 minutes. Centrifuged once again and removed the charcoal residue. The volume of the clear supernatants was noted. 0.5 and 1.0 ml aliquots of this supernatant were taken for the assay. 

           The assay volumes were made up to 2.0ml with 4%TCA. 0.2 to 1.0ml of the working standard solution containing 20-100 µg of ascorbate respectively were pipetted out into clean dry test tubes and the volume of which were also made up to 2.0ml with 4%TCA. Added 0.5ml of DNPH reagent to all the test tubes, followed by 2 drops of 10% thiourea solution. Incubated at 37°C for 3 hours.

The osazones formed were dissolved in 2.5ml of 85% sulphuric acid, in cold, drop by drop, with no appreciable rise in temperature. To the blank alone, DNPH reagent and thiourea were added after the addition of H2SO4. The tubes were incubated for 30 minutes at room temperature, and the absorbance was read spectrophotometrically at 540nm. Calculated the content of ascorbic acid in the plant sample using the standard graph.

APPENDIX – VI

ESTIMATION OF α- TOCOPHEROL

(Emmerie-Engel method, 1938 as described by Rosenberg, 1992)

Principle

                           Tocopherol can be estimated using Emmerie – Engel reaction which based on the reduction of ferric to ferrous ions by tocopherols, which then forms a red colour with 2, 2’-dipyridyl. Tocopherols and carotenes are first extracted with xylene and the extraction read at 460nm to measure carotenes. A correlation is made for these after adding ferric chloride and reading at 520nm.
Reagents

1. Absolute alcohol 

2. Xylene

3. 2, 2’- dipyridyl:

                   1.2g in 1 litre of n-propanol

4.      Standard solution of D,L–α- tocopherol : 

                       Dissolved 10mg/ 10ml of α-tocopherol in absolute alcohol. 

         91mg of α - tocopherol is equivalent to 100mg of tocopherol acetate.

5.     Ferric chloride solution:

                       1.2g of Fecl3. 6H2O in 1 liter ethanol. Stored in brown bottle.

6.     0.1N Sulphuric acid

Extraction of plant tissue

                                 The sample was homogenized with water in a blender. Weighed accurately 2.5g of the homogenized sample into a conical flask. Added 50ml of 0.1N H2SO4 slowly without shaking.Stoppered and allowed to stand overnight. The next day contents of the flask were shaken vigorously and filtered through whatman No.1 filter paper, discarding the initial 10-15ml of filtrate. Aliquots of the filtrate were used for the estimation.

Procedure

 
                      Into 3 stoppered centrifuge tubes (test, standard and blank), pipetted out 1.5ml of extract, 1.5ml of standard, 1.5ml of water respectively. To the test and blank added 1.5ml of ethanol and to the standard, added 1.5ml of water. Added 1.5ml xylene to all the test tubes, stoppered, mixed well and centrifuged. Transferred 1.0ml of xylene layer into another stoppered tube, taking care not to include any other ethanol or protein. 

                      Added 1.0ml of 2, 2’- dipyridyl reagent to each tube, stoppered and mixed. Pipetted out 1.5ml of the mixture into colorimeter cuvettes and read the extinction of the test and standard against the blank at 460nm. Then in turn beginning with the blank, added 0.33ml of ferric chloride solution. Mixed well and after exactly 15 minutes read test and standard against the blank at 520nm.  The amount of vitamin E can be calculated using the formula,

Amount of tocopherols 

       = Reading at 520nm – Reading at 460nm × 0.24 × 15 in µg                                   

                 Reading of standard at 520nm 

APPENDIX – VII
ESTIMATION OF POLYPHENOLS

(Malick and Singh, 1980)
 Principle

          Phenols, the aromatic compounds with hydroxyl groups are wide spread in plant kingdom. They occur I all parts of the plants. Phenols are said to offer resistance to diseases and pests in plants. Grains containing high amount of polyphenols are resistant to bird attack. Phenols include a array of compounds like tannins, flavanols, etc. Total phenol estimation can be carried out with folin – ciocalteau reagent.

         Phenols react with phosphomolybdic acid in folin - ciocalteau reagent in alkaline medium and produce blue coloured complex (molybdenum blue), which is read in a spectrometer at 650nm.

Reagents

1. 80% ethanol

2. Diluted Folin - ciocalteau reagent

3. 20% sodium carbonate

4. Stock standard solution: 

              Dissolved 100mg of catechol is made up with 100ml distilled water 

5. Working standard solution:

              10ml of stock standard was diluted to 100ml. 1.0ml of this contains  100µg of catechol.

Procedure

                           1g of sample was homogenized using 20ml of 80% ethanol. The homogenate was centrifuged at 10,000rpm for 20 minutes. The supernatant was saved. The residue was reextracted with 10ml of 80% ethanol, centrifuged and collected the supernatant and evaporated to dryness. The residue was dissolved in a known volume of distilled water (50ml) and 2.0ml was taken for the experiment. A working standard of 0.5 – 2.5ml catechol solution corresponding to 50 - 250µg of catechol were pipetted out into a series of test tubes. The volume was made upto 2.5ml with water. To all the tubes added 0.5ml of diluted Folin–ciocalteau reagent. After 3 minutes, added 2.0ml of 20% Na2CO3 solution to each tube and mixed thoroughly. 

                                 The tubes were placed in a boiling water bath for exactly one minute, cooled and measured at 650nm against a reagent blank. Constructed a standard graph by plotting the concentration of catechol on X-axis and absorbance on Y-axis. From the graph, the amount of polyphenols present in the sample was estimated and expressed as mg of polyphenols per gm of the sample.

APPENDIX- VIII

EXTRACTION AND ESTIMATION OF TOTAL CAROTENOIDS AND LYCOPENE (Zakaria et al., 1979)

Principle

                     The total carotenoids in the sample were extracted in petroleum ether. The total carotenoids were estimated in a UV/Visible spectrophotometer at 450nm.
          Lycopene has the absorption maximum at 473nm and 503nm. A rapid method for estimation of lycopene in plant product is based on the movement of absorption of the petroleum ether extract of the total carotenoids at 503nm. After mearsurring the total cqarotenoids at 450nm, the same extract can be used for estimating lycopene at 503nm. At 503nm, lycopene has a large absorption while carotenoids have only negligible absorbance.

Reagents

1. Petroleum ether

2. Anhydrous sodium sulphate

3. Calcium carbonate

4. 12% alcoholic potassium hydroxide (ice cold)

Procedure

           Weighed 5-10g of the sample. Saponified for about 30 minutes in a shaking water bath at 37°C after extracting the sample in 12% alcoholic KOH. Transferred the saponified extract into a separating funnel (packed with glass wool and CaCO3) containing 10 to 15ml of petroleum ether layer. Transferred the lower aqueous phase into another separating funnel, and the petroleum ether extract containing the carotenoid pigments to amber coloured bottle. Repeated the extraction of the aqueous phase similarly with petroleum ether, untill it become colorless. Discarded the aqueous phase. To the petroleum ether extract added a small quantity of anhydrous Na2SO4 to remove the turbidity. Noted the final volume of the petroleum ether extract and diluted if needed by a known dilution factor.

                         The absorbance of the extract at 450nm and 503nm was noted in a spectrophotometer using petroleum ether as a blank.

Amount of total carotenoids present = P × 4 × V × 100 µg

                                                                         W

Where,                                                            

P= Optical Density of the sample

V=Volume of the sample

W=Weight of the sample

mg of lycopene per 100g of sample                      

         =3.1206 × OD of the sample × Vol. made up dilution ×100   

                                         1 × weight of the sample × 1000

APPENDIX – IX

EXTENT OF INHIBITION OF INVITRO LIPID PEROXIDATION

(Okhawa et al., 1979)

             An in vitro model of goat liver homogenate was used for induction of lipid peroxidation mediated by FeSO4 as a pro-oxidant. Application of the relevant plant tissue extract in the medium was tried with an objective of assessing the extent of inhibition of invitro lipid peroxidation by measurements of Thio Barbituric Acid Reactive Substances (TBARS) in the experimental mixtures. TBARS were measured spectrophotometrically at 535nm.

Reagents

1. Tris buffered saline (TBS, pH 7.4) – 10mM Tris, 0.15MNacl

2. Ferrous sulphate : 

                            Ferrous sulphate was prepared fresh in TBS and added at 10µ   .        moles final concentration in the assay medium.

3. 1% Thio Barbituric Acid:

                            1g TBA in 100ml hot water or TBS (cold).

4. 70% Alcohol

5. Acetone

6. 5% Goat liver homogenate prepared in TBS (cold)

Procedure

          A 5% liver homogenate was prepared in TBS (cold). 50µl of it was used in the assay. 0.5g of fresh plant tissue was weighed accurately and homogenized in 1ml of cold TBS. 50µl it was used in the assay. Ferrous sulphate at a concentration of 10µ moles was added in the assay  medium to induce oxidation. The final volume in the test tubes were made upto 500µl with cold TBS.

          Controls were prepared for each sample containing the respective plant extract (50µl) liver homogenate (50µl) and TBS to make up the final volume to 500µl. Pro-oxidant (FeSO4) was not added to the control tubes. A blank containing 50µl of ferrous sulphate and 450µl of TBS was also prepared.

         An assay medium corresponding to 100% oxidation was prepared by adding all other constituents expect leaf extracts. The experimental medium corresponding to auto oxidation contained only the liver homogenate and TBS to make up final volume to 500µl. All the tubes were incubated at 37°C for one hour. At the end of incubation period, 500µl of 70% alcohol was added to all the tubes to stop the LPO reaction. 1ml of 1% TBA was added to all the tubes and heated in a boiling water bath for 20 minutes. After cooling to room temperature, tubes were centrifuged. To the clear supernatants collected 500µl of acetone was added and measured the TBARS at 535nm in a spectrophotometer.        

Calculations

Net OD for 100% oxidation = 100% oxidation – Autoxidation     = x      
Net OD = OD of Test – OD of control (positive) = y
If OD x corresponds to 100% oxidation 

OD y corresponds to =   y × 100    = z

                                             x

% inhibition = 100 – z = a% 

% inhibition of lipid peroxidation by extract = a%

APPENDIX – X

DETREMINATION OF INHIBITION OF SUPEROXIDE PRODUCTION IN VITRO

(Winterbourn et al., 1975)

                   The extent of superoxide generation was studied on the basis of inhibition in the production of superoxide ion by the plant sample, which was measured   colorimetrically at 560nm.

Reagents

1. ETDA (0.1M containing 1.5mgNaCN/100ml)

2. NBT (1.5mM)

3. 0.12mM riboflavin

4. 0.067M phosphate buffer (pH 7.8)

Procedure


The assay tubes contained test sample (20mg concentration) with 0.2ml of EDTA, 0.1ml NBT, 0.05ml riboflavin and 2.55ml of phosphate buffer. The control tubes were also set up without leaf extracts. The initial optical densities of the solution were recorded at 560nm. After that, these tubes were placed in an area where they received uniform illumination for 30 minutes.

                 Again the optical density was measured at 560nm. The difference in optical density before and after illumination is the quantum of superoxide production and the percentage of inhibition by the test sample was calculated by comparing with the optical density of control.

Calculations

% = 100 × T   = x

            C

y = 100- x

where, 

C = After illumination – Before illumination 

T = Test

APPENDIX – XI

DETERMINATION OF NITRIC OXIDE GENERATION INVITRO

(Green and Hill, 1984)

Aqueous solution of sodium nitroprusside spontaneously generates nitric oxide (NO) at physiological pH, which interacts with oxygen to produce nitrite ion which is measured colorimetrically.

Reagents

1. Phosphate buffer saline (pH 7.2):

                 0.88% NaCl, 0.02% KCl, 0.02% KH2PO4 and 0.115% Na2HPO4.   

2. Sodium nitroprusside (100mM)

3. Griess reagent:

                    1% sulfanilamide, 2% H3 PO4, 0.1% Naphthalene diamine dihydrochloride.

Procedure

              Reaction mixture containing 0.3ml sodium nitroprusside, 2.68ml PBS and 20µl of plant extract (20mg concentration 100% generation) was incubated at 25°C for 150 minutes. Controls were kept without test compound in an identical manner. After incubation, 0.5ml of Griess reagent was added. The absorbance of the chromopore formed was read at 546nm.

                The percentage inhibition of nitric oxide generation was measured by comparing the absorbance values of control and those of test compounds.

Calculations

               % inhibition =   OD × 100

                                       Control (positive)

APPENDIX-XI

ESTIMATION OF PROTEIN

(Shakir et al., 1994)

PRINCIPLE


This method is based on the principle that different proteins contains different amounts of amino acid residues, which reacts with Folin-Ciocalteau reagent giving a blue color, which is read in a spectrophotometer at 750 nm.

REAGENTS

1. Alkaline copper sulphate

2% Na2CO3 in 0.1 N NaOH

2% Sodium potassium tartarate-1 ml

2% Copper sulphate-1 ml

2. Folin-Ciocalteau reagent stock 

           2N Folin-Ciocalteau reagent was diluted with water (1:1 v/v)

3. Standard protein solution

Standard BSA containing 20 mg/100 ml of 0.9% NaCl

PROCEDURE


Into a series of clean dry test tubes pipetted out 0.2 to 10 ml of standard BSA solution corresponding to 40 to 200 µg of protein. Made up the volume to 1.9 ml with 0.1N NaOH. Added 1.0 ml of alkaline copper sulphate solution mixed well and incubated for 3 minutes at 37ºC. Then added 0.5 ml of alkaline copper sulphate solution mixed well and incubated for 3 minutes at 37ºC. The optical density was read at 750 nm in a spectrophotometer.

APPENDIX – XII

ANTIMICROBIAL ACTIVITY OF THE PLANT SAMPLE

AGAR WELL DIFFUSION METHOD

(NCCLS, 1993)

              Petriplates containing 20ml of Muller Hinton Agar Medium were seeded with the 24hour culture of bacterial strains. Wells were cut into agar and 10µl of sample were added in the concentration of 100µg. The plates were incubated at 37°C for 24 hours. The activity was analyzed by the diameter of the inhibition zone formed around the well. 

APPENDIX XIII

ESTIMATION OF AVAILABLE NITROGEN

Alkaline Potassium Permanganate Method

(Subbiah and Asija, 1956)

Principle

 

The amount of soil nitrogen released by the potassium permanganate oxidation of part of soil organic matter is estimated by distillation with sodium hydroxide.  The distillate is collected in boric acid containing double (mixed indicator) and treatment against standard sulphuric acid.  

Reagent

1. 0.32% potassium permanganate

2. 2.5% sodium hydroxide

3. Double (mixed) indicator: 

4. Bromocresol green (0.5 g and methyl red (0.01 g) were) dissolved in 100 ml of ethyl alcohol.

5. Standard sulphuric acid (N/50)

6. 2% Boric acid

Procedure

1. Weighed 20 g of sample and transferred to a distilled flask.

2. Added 20 ml of distilled water and 1.0 ml of liquid paraffin.

3. Added a few glass beads (with holes) to prevent bumping and then added 100 ml of 0.32% potassium permanganate solution and 100 ml of 2.5% sodium hydroxide solution.  

4. Distilled the contents of a steady rate collecting. 

5. The liberated ammonia in a 500 ml ice tumbler containing 20 ml of boric acid with double (mixed) indicator.

6. Continued the distillation for about 30 minutes until 100 ml of distilled was collected in the beaker.  

7. Titrated the ammonium collected against the standard sulphuric acid  

8. (N/50) and from the titre value (a) was calculated as available nitrogen content of the soil.  

  Calculation
Amount of available nitrogen present in 100 g of soil = 0.00028a *100 g                                                                                              

                                                                                             20   

\

APPENDIX XIV
ESTIMATION OF AVAILABLE PHOSPHORUS

Colorimetric Method

(Olsen et al., 1954)

Principle
 

This method of extraction of available soil phosphorus was suited for calcareous and alkalline soils.  The CO3 2- ions from NaHCO3 will react with Ca2+ and CaCO3 in the solution.  The amount of phosphorus extracted was determined colorimetrically. 

Reagents

1. 0.5 M sodium bicarbonate (pH adjusted to 8.5)

2. Activated carbon (made phosphorus free by washing with 0.5 M sodium bicarbonate)

3. Reagent A 

   
12 g of ammonium molybdate was dissolved in 250 ml of distilled water.  0.2918 g of antmony potassium tartarate was dissolved in 100 ml of distilled water.  Both the solution was added to 100 ml approximately 5 N sulpuric acid.  This solution was mixed throughly and made upto 2 litres with distilled water.  

4. Reagent B: 

      
1.058 g of ascorbic acid was dissolved in 200 ml of reagent.  This solution was prepared freshly as and when required.

Procedure

1. Weighed 50 g of soil and transfered to a 100 ml polyethlylene shaking bottle (carried out a blank side by side).  Added a pinch of activated carbon (to make the extracted solution colorless). 

2. Added 50 ml of 0.5M NaHCO3 and shook in a reciprocating mechanical shaker for 30 minutes. 

3. Filtered through whatmann number. 4 filter paper. 

4. Collected the filtrate in a clean dry beaker or test tube (the filtrate should be clear and colourless).

5. Pipetted out 5.0 ml of the filtrate in a 25 ml volumetric flask to about 20 ml with distilled water.

6. Added 4.0 ml of reagent B and made up the volume of 25 ml.  

7. Waited for 10 minutes for the colour to develop ad thereafter measured the intensity of the blue colour in the photoeletric colorimeter using ared filter (660 nm wavelength) and adjusting the  meter to 100 percent transmittance with the blank.  

8. From the standard curve for phosphorus, found out the concentration of phosphorus (ppm) in the solution against the percent transmittance observed in the above step. The result was expressed in g%.

Calculation

 Available Phosphorus (kg ha-1) = C* volume of extractant/ volume of 

                                                         aliquot * 2.24/ weight of soil.
APPENDIX XV

ESTIMATION OF AVAILABLE POTASSIUM

Flame Photometric Method

(Stanford and English, 1949)

Principle

 

The potassium (K+) ions in the exchange sites are replaced with NH4 ions and leached from the soil.  The K+ ions in solution is then determined with the flame photometer.  

Reagents
1. Neutral normal ammonium acetate

2. Standard potassium solution  

Procedure

1. Weighed 5.0 g of soil and transferred it to a 100 ml polythene shaking bottle.  

2. Added 25 ml of neutral normal ammonium acetate and shook in a mechanical reciprocating shaker for 5 min.  

3. Filtered through dry Whatman No. 40 filter paper collecting the filtrate in a dry test tube or beaker or injection vial.  

4. Measured the amount of potassium in the filtrate in the flame photometer.

Calculation

 Potassium content (g percent) 

= Potassium concentration in ppm * 100 * 100 

                              10 6 * 5 * 0.5
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