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                                              CHAPTER I 

                                       INTRODUCTION 

Nutraceuticals have time-honored considerable interest because of their reputed safety, nutritional and therapeutic potential effects. Pharmaceutical and nutritional industries are conscious of the monetary success taking advantage of the more health-seeking consumers. Natural products such as cereals are likely to form the basis of nutraceutical as its revolution represents an enormous opportunity for growth and expansion. Wheat, rice, millets, barley, oat, buckwheat ,corn ,sorghum, flaxseed psyllium, brown rice, and products are notify the most common cereal based functional foods and nutraceuticals. The nutrients in the cereals have identified prospective for reducing the risk of coronary heart disease, diabetes, tumor incidence, cancer risk, blood pressure, reduces the rate of cholesterol and fat absorption, delaying gastrointestinal emptying and providing gastrointestinal health. Thus, the regular insertion of cereals and their processed products can make a payment to health endorsement and disease avoidance (Chaturvedi et al., 2011). 

The number of plant species which nourish humanity is remarkably limited. Most of the 195,000 species of flowering plants produce edible parts which could be utilized by man; however less than 0.1% or fewer than 300 species are used for food. Approximately 17 plant species provide 90% of mankind’s food supply, of which cereal grains supply far and away the greatest percentage. Eight cereal grains: wheat, maize, rice, barley, sorghum, oats, rye, and millet provide 56% of the food energy and 50% of the protein consumed on earth (Stoskopf, 1985).

Indian agriculture is unique and well known for its agro-biodiversity. The food basket contains in addition to major grain crops, many regionally important crops like sorghum, pop sorghum, pearl millet, dicoccum wheat, ragi, foxtail millet and little millet. These crops provide good nutrition and compare very well with rice and wheat. Further these are superior in protective nutrients such as vitamins, minerals, dietary fibre and phyto-chemicals. In recognition of these, grains are now considered as “nutritious grains”. The dietary fibre content of regional cereals is also relatively high and starch is the main carbohydrate component. These crops being eco-friendly are suitable for fragile and vulnerable agroecosystems and should be preferred crops for sustainable agriculture. 

In the last decades of the passed century the attention of experts dealing with the healthy nutrition turned more and more towards the determination of the biological value of the nutritional sprouts (Penas et al., 2008). In this period the consumption of the germinated seeds became common also in Western Europe as the sprouts meet the requirements of the modern nutrition. Compared to the seeds it was established that the sprout due to its transformed protein content which is of higher biological value, the higher polyunsaturated fatty acid content, higher vitamin content and the better utilization of the minerals has a higher nutritional value. 

During the germination the polysaccharides degrade into oligo and monosaccharides, the fats into free fatty acids, whereas the proteins into oligopeptides and free amino acids, which processes support the biochemical mechanisms in our organism. They improve the efficiency of both the protein-decomposing and the carbohydrate and fatty acid decomposing enzymes therefore germination can be considered as one kind of predigestion that helps to break down the high-molecular complex materials into their building blocks. During the germination the amount of the antinutritive materials (trypsin inhibitor, phytic acid, pentosan, tannin) decreases and after the germination also compounds with health-maintaining effects and phytochemical properties (glucosinolates, natural antioxidants) could be detected that can have a considerable role among others also in the prevention of cancer. Thus, germination can lead to the development of such functional foods that have a positive effect on the human organism and that help in maintaining the health (Sangronis and Machado, 2007).

The nutritional sprouts are new foodstuffs rich in nutrients and phytonutrients, that can be produced and consumed without special product development, new appliances or expensive marketing. Protection against cancer by the means of foods is very attractive, especially when taking into consideration that in many kinds of cancer (eg. lung cancer) very little progress was achieved by the medicine (Ferlay et al., 2004). So the consumer is interested in a higher consumption of the functional foodstuffs which contain also physiologically useful components (Linnemann et al., 2006; International Food Information Council Foundation, 2006). At the same time some people have aversion to the establishment and accumulation of the bioactive components in the foodstuffs (Finley, 2005; Brandt et al., 2004). Despite this the consumption demand on the sprouts has been increased that requires the optimization of the quality, the consumability and bioactivity.

Recently, great attention has been paid to foods with natural antioxidative ingredients for human health and animal feed. Among the functional food compounds, phenolics and polyphenols are the most desirable food bioactives due to their antioxidative activity. The primary sources of naturally available antioxidants are whole cereals, fruits and vegetables (Moure et al., 2001). 

Antioxidant compounds in food play an important role as a healthprotecting factor. Scientific evidence suggests that antioxidants reduce the risk for chronic diseases including cancer and heart disease. The main characteristic of an antioxidant is its ability to trap free radicals. Highly reactive free radicals and oxygen species are present in biological systems from a wide variety of sources. These free radicals may oxidize nucleic acids, proteins, lipids or DNA and can initiate degenerative disease. Antioxidant compounds like phenolic acids, polyphenols and flavonoids scavenge free radicals such as peroxide, hydroperoxide or lipid peroxyl and thus inhibit the oxidative mechanisms that lead to degenerative diseases.

The literature of the antioxidant activity of cereals is scanty in India. Hence an has been made to evaluate the dietary antioxidant properties of three common cereals used in India. They are Pennisetum americanum (L.) Leeke (Common name: Kambu/pearl millet), Eleusine coracana (L.) Gaertn (Common name: ragi/Finger millet), Sorghum vulgare Pers. (Common name: Solam/ Sorghum). All the three cereals belonging to the family Poaceae. The present study was undertaken with the following objectives:

1. To determine the enzymatic and non-enzymatic antioxidant content of sprouted grains.

2. To determine the enzymatic and non-enzymatic antioxidant content of whole grains.

                                                    CHAPTER II 

                                               REVIEW OF LITERATURE


Cereals and legumes are the foodstuffs for most humans and animals and have been throughout recorded history. To extract "maximum nutrients for minimum. costs," the seeds of those plants have usually been treated by germinating, fermenting or selectively heat treating to increase the amount or availability of nutrients.

Whole grains became part of the human diet with advent of agriculture about 10,000 years ago. For the last 3000-4000 years, a majority of the world’s population has relied upon whole grains as a main proportion of the diet. It is only within the past 100 years that a majority of the population are being consuming refined grain products. Before this time, chakki mills were used for grinding grains. They did not separate the bran and germ from the white endosperm and produced limited amounts of purified flour. In 1873, the roller mill was introduced and it more efficiently separated the bran and germ from the endosperm. Widespread use of the roller mill fuelled an increasing consumer demand for refined grain products and was a significant factor in the dramatic decline in whole-grain consumption observed from about 1870 to 1970 (Spiller, 2002).

Germination has been claimed to improve the nutritive quality of cereals. Due to the high bulk density of porridge made from cereals, major efforts have been made to promote the use of sprouted millet. Due to enzymatic breakdown of starch to sugars during germination, the viscosity and bulk density of porridge made from sprouted grains are signifcantly lower. The terms & sprouting', & malting' and & germination' are used interchangeably to refer to the process of soaking grains in water until saturated and then germinating them under controlled conditions. The term &malting' is more commonly used when grains, especially barley, are soaked and germinated for brewing purposes, however. Sprouting has been reported to improve the nutritional quality of seeds by increasing the contents and availability of essential nutrients and lowering the levels of antinutrients (Chavan and Kadam, 1989).

In the so-called Western and highly industrial world the practice of sprouting is largely limited to malting cereals for the brewing industry; but for hundreds of  millions or other world citizens sprouting of legumes and some cereals is routine in converting feed grains into human foods. However, for the past century researchers in both the Western and Eastern-world have studied the effects of germination on the physical, physiological, biochemical, nutritional, and food functional properties of cereals and legumes.

Biochemistry of seed germination

Formation of reactive oxygen species during germination
Seed germination is a complex process that involves the activation of specific enzymes at the appropriate times and regulation of their activity. It is characterized by imbibition, after which seeds rapidly increase oxygen uptake and oxidative phosphorylation, processes required to

meet the high energy cost of germination (Tommasi, 2001). Oxidative phosphorylation and mobilization of food storage generate reactive oxygen species (ROS) that can cause structural and functional damage in cells.
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The enzymes responsible for ROS scavenging are therefore of particular importance for the success of germination. Also it has been shown that seed germination percentage might be related to the efficiency of free radical scavenging in dry seeds because this scavenging can affect merely seed storage and vigor (Bailly et al., 1998). Some authors have shown that production of ROS during seed germination may be a beneficial biological reaction, one that is linked with germination capacity, seedling development, and protection against parasitic organisms during germination (Schopfer et al., 2001). At the same time, the respiration rate of the imbibed seeds is accelerated to produce ATP  and essential biochemicals for germination, such as protein (Rajjou et al., 2004) or DNA (Bino et al., 1996). As a result, reactive oxygen species (ROS) are also produced in cells during the germination process (Bailly, 2004; Mittler, 2002). If with the produced ROS, superoxide radicals (O2-), hydrogen peroxide (H2O2), and hydroxyl radicals (OH-), the detoxification system is not fully balance in the imbibed seeds, the ROS can initiate injurious degradation causing lipid peroxidation, membrane deterioration, and protein and nucleic acid degradation (McDonald, 1999) leading to poor germination.

For these reason there is a growing interest in the Enzymatic Antioxidants functional role of ROS and corresponding scavenging enzymic systems in seed germination (Bailly et al., 2001; Dučić et al., 2002). Hence, the antioxidant system plays a crucial role in balancing free radicals displayed during imbibitions and germination in the cell (Bailly, 2004). 

Reactive oxygen Vs antioxidants

Highly reactive free radicals, especially oxygen-derived radicals, which are formed by exogenous chemicals or endogenous metabolic processes in the human body, are capable of oxidizing cellular bio-molecules such as nucleic acids, enzymes, proteins, lipids and carbohydrates, and consequently may adversely affect immune functions resulting in cell death

and tissue damage (Nilsson et al, 2004). 

Oxidative damage plays a significant pathological role in human diseases. Cancer, emphysema, cirrhosis, atherosclerosis and arthritis have all been correlated with oxidative damage (Halliwell et al, 1984). Almost all organisms are well protected against free radical damage by enzymes such as superoxide dismutase and catalase or compounds such as ascorbic acid, tocopherol and glutathione (Niki et al, 1994). When the mechanism of antioxidant protection becomes unbalanced by factors such as ageing, deterioration of physiological functions may occur  resulting in diseases and accelerating ageing.

Synthetic antioxidants are widely used to reduce oxidative damage because they are effective and cheaper than natural types. However, their safety and toxicity have been of major concerns (Imaida et al, 1983). Much attention has been focused on the use of antioxidants especially natural antioxidants to protect the human body from the oxidative damage by free radicals. Dietary antioxidants protect against free radicals such as reactive oxygen species in the human body. Modern research is now directed towards natural antioxidants originated from plants due to safe therapeutics.

Enzymatic antioxidants

Antioxidative enzymes such as superoxide dismutase (SOD), POD, and catalase (CAT) are considered to be the main protective enzymes engaged in the removal of free radicals and activated oxygen species (Blokhina et al., 2003; Devi et al., 2005). 

Three groups of enzymes play significant roles in protecting cells from oxidant stress (Bowen, 2003):

· Superoxide dismutases (SOD) are enzymes that catalyze the conversion of two superoxides into hydrogen peroxide and oxygen. The benefit here is that hydrogen peroxide is substantially less toxic that superoxide. SOD accelerates this detoxifying reaction roughly 10,000-fold over the non-catalyzed reaction. SODs are metal-containing enzymes that depend on a bound manganese, copper or zinc for their antioxidant activity. In mammals, the manganese-containing enzyme is most abundant in mitochondria, while the zinc or copper forms predominant in cytoplasm. Interestingly, SODs are inducible enzymes - exposure of bacteria or vertebrate cells to higher concentrations of oxygen results in rapid increases in the concentration of SOD.

· Catalase is found in peroxisomes in eucaryotic cells. It degrades hydrogen peroxide to water and oxygen, and hence finishes the detoxification reaction started by SOD.

· Glutathione peroxidase is a group of enzymes, the most abundant of which contain selenium.

· These enyzmes, like catalase, degrade hydrogen peroxide. They also reduce organic peroxides to alcohols, providing another route for eliminating toxic oxidants.In addition to these enzymes, glutathione transferase, ceruloplasmin, hemoxygenase and possibly several other enzymes may participate in enzymatic control of oxygen radicals and their products.

Non-enzymatic Antioxidants

Three non-enzymatic antioxidants of particular importance are:

· Vitamin E is the major lipid-soluble antioxidant, and plays a vital role in protecting membranes from oxidative damage. Its primary activity is to trap peroxy radicals in cellular membranes.

· Vitamin C or ascorbic acid is a water-soluble antioxidant that can reduce radicals from a variety of sources. It also appears to participate in recycling vitamin E radicals. Interestingly, vitamin C also functions as a pro-oxidant under certain circumstances.

· Glutathione may well be the most important intracellular defense against damage by reactive oxygen species. It is a tripeptide (glutamyl-cysteinyl-glycine). The cysteine provides an exposed free sulphydryl group (SH) that is very reactive, providing an abundant target for radical attack. Reaction with radicals oxidizes glutathione, but the reduced form is regenerated in a redox cycle involving glutathione reductase and the electron acceptor NADPH.

· Many plant-derived substances, collectively termed “phytonutrients,” or  phytochemicals,” are becoming increasingly known for their antioxidant activity. The antioxidant effect of plant products is mainly attributed to phenolic compounds, such as flavonoids, phenolic acids, tannins, and phenolic diterpenes (Pietta, 2000).
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Phenolic compounds have been divided into three major categories: phenolic acids, flavonoids, and tannins (Chung et al., 1998). Phenolic acids are derivatives of benzoic or cinnamic acid (Fig. 2). Flavonoids consist of two units: a C6-C3 fragment from cinnamic and a C6  fragment from malonyl-CoA. The major groups of flavonoids in sorghum are the flavans—flavan-3-en-3-ols with double bond between C3 and C4 and hydroxylated at C3 are anthocyanidins. Tannins are polymers of 5–7 flavan-3-ol units (catechin) linked through acid labile carbon-carbon bonds (Hahn et al., 1984; Butler 1990).

The  importance and health benefits of grain consumption in the prevention of chronic diseases such as cancers and heart disease have been documented (Smigel et al, 1992; Thompson et al., 1994). Grains contain unique phytochemicals that complement those in fruits and vegetables when consumed together. Phenolic compounds present in grains have antioxidant properties associated with the health benefits of grains and grain products (Chavan and Kadam, 1989). 

Sorghum


Sorghum (Sorghum vulgare perse) is a cereal of remarkable genetic variability, which makes it difficult to classify. A few names of sorghum are milo, jowar, kafir corn, guinea corn, and cholam. The plant originated in equatorial Africa and is distributed throughout the tropical, semi-tropical, and arid regions of the world. Sorghum is the fifth most important cereal crop in the world after wheat, rice, corn and barley. Sorghum outperforms other cereals under various environmental stresses and is thus generally more economical to produce. More than 35% of sorghum is grown directly for human consumption. The rest is used primarily for animal feed and alcohol and industrial products. The United States is the largest producer and exporter of

sorghum, accounting for 20% of world production and almost 80% of world sorghum exports in 2001–2002 (USDA-FAS, 2003). World sorghum production was 57 million metric tons during this period.


Dykes and Rooney (2006) investigated the presence of phenolic acids, flavonoids and condensed tannins in genetically different types of Sorghum. Duodu and Belton () analysed the chemical composition and antioxidant effects of extracts from sorghum flour and bran. Anthocyanin extraction from red sorghum bran was investigated for its antioxidant and cytotoxic properties (Devi et al., 2011)


The effects of plant color, pericarp thickness, pigmented testa, and spreader genes on phenols and antioxidant activity levels of 13 sorghum genotypes were evaluated using 2,2¢-azinobis(3- ethyl-benzothiazoline-6-sulfonic acid) and 2,2-diphenyl-1-picrylhydrazyl assays (Dykes et al., 2005). A black, high anthocyanin sorghum variety (Tx430) grown in several environments was analyzed for anthocyanins by spectrophotometric and HPLC methods. The samples were also analyzed for antioxidant activity using the 2, 2 0-azinobis (3-ethylbenzothiaziline-6-sulfonic acid) method (Awika et al., 2004).

Finger millet


Finger millet (Eleusine coracana), also known as ragi, and African millet are cultivated in India and Africa for food and fodder. Millets can be cultivated in a wide range of soils and climates and because of their short growing seasons, they are of specific importance in semi-arid regions (Lorenz, 1983). Finger millet is consumed mainly as a pap (porridge), prepared by boiling flour in water (about 10% solids) for 15-20 min. These porridges are particularly used as weaning foods in developing countries, and are preferred to those made from maize due to their flavour and high nutritional value.


The millet contains about 5-8% protein, 1-2% ether extractives, 65-75% carbohydrates, 15-20% dietary fibre and 2.5-3.5% minerals. It is also a very good source of micronutrients and phytochemicals such as dietary fibre, polyphenols, pigments and phytate (Hulse et al., 1980). The whole grain millet is edible and the traditional foods are generally prepared from the whole meal. This indicates that, the millet phytochemicals including polyphenols are edible and do not cause any adversities on the human health. On the other hand, some of the known health benefits associated with the millet, such as its hypoglycemic (Lakshmi Kumari and Sumathi, 2002), hypocholestrolemic (Hegde et al., 2002) characteristics and anti-ulcerative properties (Tovey, 1994) and also the excellent storage quality of the millet (Iyengar et al., 1945) could be attributed to a large extent to its polyphenol contents. In recent years, the millet polyphenols have received a considerable interest, in view of their antioxidant and other nutraceutical properties.


Changes in some nutrient and antinutrient content, viscosity and in vitro protein digestibility were followed during a 96 h sprouting of finger millet (Eleusine coracana) at 12 h intervals. Mwikya et al.(2000) evaluated the changes in nutrient, antinutrient content, viscosity and invitro protein digestibility during 96h sprouting of finger millet.

Pearl millet


Pearl millet (Pennisetum glaucum), also known as Bajra, is one of the four most important cereals (rice, maize, sorghum and millets) grown in tropical semi-arid regions of the world primarily in Africa and Asia. Bajra is well adapted to production systems characterized by low rainfall (200-600 mm), low soil fertility, and high temperature, and thus can be grown in areas where other cereal crops, such as wheat or maize, would not survive. In its traditional growing areas, pearl millet is the basic staple for households in the poorest countries and among the poorest people. It is also one of the most drought resistant crops among cereals and millets. Pearl millet is generally used as a temporary summer pasture crop or in some areas as a food crop (http://www.wmo.int).


 Pearl millet is one of the four most important cereals (rice, maize, sorghum and millets) grown in the tropics and is rich in iron and zinc, contains high amount of antioxidants and these nutrients along with the antioxidants may be beneficial for the overall health and wellbeing. Pearl millet can be recommended in the treatment of celiac diseases, constipation and several non-communicable diseases. Nutritional studies on the population living in the pearl millet belts of the world and clinical trials on the impact of pearl millet in specific disease conditions are needed (Vanisha et al., 2011).


Methanolic extract of some common food grains (Bengal gram, pearl millet, black gram, white gram and green pea) were evaluated for antioxidant activities with respect to their total polyphenolic and anthocyanins content, prevention of ABTS oxidation, scavenging of free radicals ABTS·+, DPPH, and H2O2 (Tiwari et al., 2011).


The content of soluble, free forms of phenolic compounds (total phenolics, flavonoids, PVPP (polyvinylpolypyrrolidone) bound phenolics, proanthocyanidins and phenolic acids), as well as The content of carotenoids and tocopherols, were determined in whole grains of bread and durum wheat, rye, hull-less barley and hull-less oat, each represented with four genotypes. Antioxidant activity was evaluated as radical scavenging activity with DPPH (2,2-diphenyl-1-picrylhydrazyl) reagent, as well as by hydrogen transfer reaction (reduction power) based on the reduction of Fe3+ (Žilić et al., 2011).


Standards and extracts of 17 kinds of fruit and six kinds of cereal were assessed for total content of phenolic compounds and total antioxidant capacity by FCM (with Folin–Ciocalteu reagent), PBM (Price and Butler) and AAPM (with 4-aminoantipyrine) for assessment of phenolic compounds and three commonly used methods, TEAC (Trolox equivalent antioxidant capacity), DPPH (with diphenyl-picrylhydrazyl radical), and FRAP (ferric reducing antioxidant power) for evaluation of antioxidant capacity (Stratil et al., 2007).


Antioxidant activity of methanol extracts of two common legumes, Vigna radiata (Green gram) and Macrotyloma uniflorum (Horse gram) for their seeds and sprouts was investigated by adopting various invitro models such as reducing power asssy,DPPH assay,total phenolic assay and total antioxidant assays(Ramesh et al.,2011)


Gorinstein et al., 2007 investigated the effect of phenolic substances and proteins on the antioxidant potentials in some cereals (rice, maize, sorghum and millet) and pseudocereals (amaranth, buckwheat and quinoa) and to compare their bioability.


Ryan  et al., 2007 analysed and compare the polyphenol content and total antioxidant capacity (via FRAP (ferric ion reducing antioxidant power) and DPPH (2,2-diphenyl-1-picrylhydrazyl) inhibition) of 30 commercially available oat-based breakfast cereals.


The antioxidant properties of rye bran alkylresorcinols (C15:0–C25:0) and extracts from whole-grain cereal products were evaluated using their radical-scavenging activity on DPPH and the chemiluminescence method (Korycińska et al., 2009).


Four cereals including barley, pearl millet, rye and sorghum which are adapted to the growing conditions in the United Arab Emirates were evaluated in terms of their composition of dietary fiber, resistant starch, minerals and total phenols and antioxidant properties. Antioxidant activity was evaluated on the basis of scavenging capacity of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals and 2,2′-azino-di-[3-ethylbenzthiazoline sulphonate] (ABTS+ radical cations) (Ragaee et al., 2006). Sharma et al. (2010) evaluated eight different hulled barley cultivars before and after germination for total phenolic content (TPC), antioxidant activity (AOA) and polyphenol oxidase (PPO) activity.


Luhova et al., 2003 analysed the activities of amino oxidase, peroxidase and catalase in 12 cultivars of field pea (Pisum sativum) and wild pea (Pisum sativum sub sp transcaucasicum).

Black gram (Vigna mungo) is a legume which belongs to Fabaceae family. Kandukuri et al., 2012 studied catalase, a principal antioxidant enzyme from sprouted seeds of black gram.


The involvement of hydrogen peroxide (H2O2) metabolism in dormancy release and sprouting of potato (Solanum tuberosum L.) was investigated  by Bajji  et al., 2007. 


Amadou et al., 2011 examined the proximate composition, fatty acids, total phenolics and in vitro antioxidant activity of Foxtail millet (Setaria italica).


The contents of phenolic compounds in seed coat of pea and their antioxidative properties were examined. The pea seed coat was extracted with acetone-water (7:3 v/v) mixture and the extract was separated into five (İV) fractions using a Sephadex LH-20 column chromatography. Antioxidative activity of extract and fractions was measured by the oxidation of phosphatidylcholine to hydroxyperoxidephosphatidylcholine in liposome model and by scavenging effects of superoxide radical anion in xanthine-xanthine oxidase system (Troszyńska et al., 2002).


Methanolic extracts of the seed coat and the cotyledon of two varieties of lentils (Lens culinaris L.) and two varieties of dark peas (Pisum sativum L.), were analysed for their antioxidant capacities (EC50), in the form of free radical-scavenging activities (Dueñas et al., 2006). 
The phenolic profile and anticancer properties of extracts from whole cowpeas, seed coats and cotyledons were determined by Gutiérrez-Uribe et al., 2011

                                                  CHAPTER III                                      
                                          MATERIALS AND METHODS

Collection of plant material

The fresh whole grains of  Eleusine coracana (Plate 1), Sorghum vulgare, Pennisetum americanum,  were collected from the local market of Coimbatore, Tamilnadu, India. The whole grains and 24 hrs sprouting (Plate 1) were used freshly for all the analysis and extracted with buffer for calculating the enzymatic antioxidants

Estimation of Non enzymatic antioxidants

Estimation of phenol (Malick and Singh, 1980) 

Principle 

Phenols react with phosphomolybdic acid in folin - Ciocalteau reagent in alkaline medium and produce blue coloured complex (molybdenum blue).

Materials

· 80 percent ethanol 

· Folin – ciocalteau reagent 

· Na2CO3 , 20 percent

· Dilute 10 times for working standard 
Procedure 

· Weigh exactly 0.5 g of the sample and grind it with a pestle and mortar in 10 times volume of 80 percent ethanol.

· Centrifuge the homogenate at 10,000 rpm for 20 minutes. Save the supernatant. Re- extract the residue with five times the Volume of 80 percent ethanol, centrifuge and pool the supernatants.

· Evaporate the supernatant to dryness.

· Dissolve the residue in a known volume of distilled water (5ml).

· Pipette out different aliquots (0.2 to 2 ml) into test tubes.

· Make up the volume in each tube to 3ml with distilled water.

· Add 0.5 ml of folin-ciocalteau reagent.

· After 3 minutes, add 2ml of 20 percent Na2CO3 solution to each tube.

· Mix thoroughly, place the tubes in a boiling water for exactly one minute, cool and measure the absorbance at 650nm against a reagent blank.

· Prepare a standard curve using different concentrations of gallic acid.

Calculation

From the standard curve find out the concentration of phenols in the sample and express as GAE mg of phenols / g of material.

Determination of total flavonoid content (Kim et al., 2003)
Principle


The method given by was used for analyzing total flavonoid content (TFC) employing rutin as a standard. 

· Procedure 
· 1 ml extract (each of 100 μg/ml concentrations) was added to 4 ml of H2O, 300 μl of NaNO3 and 300 μl of AlCl3. 

· The mixture was then incubated at room temperature for 5 min. After incubation, 2 ml of sodium hydroxide (1 M) was added. 

· Then final volume of solution was raised to 10 ml by further addition of distilled water. The absorbance of sample and blank were taken at 510 nm by UV-VIS spectrophotometer. 

· The total flavonoid content was then expressed in terms of mg rutin equivalents (RE) / g of dry sample. 

Estimation of tannin content (Price and Butler, 1977)

· In short, 0.1 g of plant sample was transferred to 100 ml flask; 50 ml water was added, and boiled for 30 min. 

· After filtration with cotton filter the solution was further transferred to a 500 ml flask and water was added add 500 ml mark. 
· 0.5 ml aliquots were finally transferred to vials, 1 ml 1% K3Fe(CN)6 and 1 ml 1% FeCl3 were added, and water was added ad 10 ml volume. 

· After five min time period, the solutions were measured spectrophotometrically at 720 nm. 

· The concentrations were calculated on the basis of the optical absorbance values obtained for the standard solutions in range 5 - 25µg /10 ml.

DPPH Assay (Blois, 1958)
Principle 


The hydrogen atom donating ability of the different plants extracts was determined from the decolorization of a purple colored methanol solution of DPPH. DPPH is stable nitrogen centered radical. The odd electrons in the DPPH free radical give a strong absorption maximum at 517 nm.
Procedure

· 200 μl of extract solution (concentrations ranging from 20 – 100 μg/ml) was mixed with 3 ml of DPPH (0.1 mM) in methanol solution. 

· The absorbance of reaction mixture at 517 nm was taken. 

· The decrease in absorption was correlated with the scavenging action of the test compound. Gallic acid being a phenolic compound was used as a positive control. The radical scavenging activities were expressed as percentage of inhibition and calculated according to the following equation.
· Percentage of DPPH inhibition= [(AC-AS)/AC] ×100

where AC = absorbance of control and AS= absorbance of sample. A percent inhibition versus concentration curve was plotted and the concentration of sample required for 50% inhibition was determined and expressed as IC50 value. 
ESTIMATION OF ENZYMIC ANTIOXIDANTS

The enzymic antioxidants analysed were superoxide dismutase, catalase, peroxidase.

Assay of superoxide dismutase (SOD)

The activity of superoxide dismutase was assayed spectrophotometrically by the method of Misra and Fridovich (1972) in the sprouted and whole grains.

Principle

Superoxide dismutase uses the photochemical reduction of riboflavin as oxygen generating system and catalyses the inhibition of Nitroblue tetrazolium (NBT) reduction, the extent of which can be assayed spectrophotometrically at 600nm.

Reagents

1. Potassium phosphate buffer (500 mM, pH 7.8)

2. Methionine (450 μM)

3. Riboflavin (53 mM)

4. Nitro Blue Tetrazolium (NBT) (840 μM)

5. Potassium cyanide (200 μM) 

Procedure

Sprouted and whole grains (0.5g) were ground separately with 3.0 ml of potassium phosphate buffer. The homogenates were centrifuged at 2000 rpm for 10 minutes and the supernatants were used for the assay. The incubation medium contained, in a final volume of 3.0 ml, 50 mM potassium phosphate buffer (pH 7.8), 45 μM methionine, 5.3 mM riboflavin, 84 μM NBT and 20 μM potassium cyanide. The amount of homogenate added to this medium was kept below one unit of enzyme to ensure sufficient accuracy.

The tubes were placed in an aluminium foil-lined box maintained at 25°C and equipped with 15W fluorescent lamps. After exposure to light for 10 minutes, the reduced NBT was measured spectrophoto-metrically at 600nm. The maximum reduction was observed in the absence of the enzyme. 

One unit of enzyme activity was defined as the amount of enzyme giving a 50% inhibition of the reduction of NBT. The values were calculated as units/mg protein.

Assay of catalase

Catalase activity in the selected plant samples were determined by adopting the method of Luck (1974).

Principle

The UV light absorption of hydrogen peroxide can be easily measured between 230 – 250 nm. On decomposition of hydrogen peroxide by catalase, the absorption decreases with time. The enzyme activity can be estimated by this decrease in absorption. 

Reagents

1. Phosphate buffer : 0.067 M (pH 7.0)

2. Hydrogen peroxide in phosphate buffer (2mM)

Procedure

A 20% homogenate of the plant samples were prepared in phosphate buffer (0.067M, pH 7.0) and the homogenate was employed for the assay. The samples were read against a control without homogenate, but containing the H2O2-phosphate buffer. To the experimental cuvette, 3 ml of H2O2-phosphate buffer was added, followed by the rapid addition of 40μl enzyme extract and mixed thoroughly. The time interval required for a decrease in absorbance by 0.05 units was recorded at 240nm. The enzyme solution containing H2O2-free phosphate buffer served as control.

One enzyme unit was calculated as the amount of enzyme required to decrease the absorbance at 240nm by 0.05 units.

ASSAY OF PEROXIDASE

The activity of peroxidase in the plant samples was assessed by the method of Reddy et al., (1995).

Principle

Peroxidase catalyses the conversion of H2O2 to H2O and O2, in the presence of the hydrogen donor pyrogallol. The oxidation of pyrogallol to a coloured product called purpurogalli can be measured spectrophotometrically at 430nm with the specified time interval. The intensity of the product is proportional to the activity of the enzyme. 

Reagents

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

2. H2O2 (1% in 0.1M phosphate buffer, pH 6.5)

Procedure

The plant samples were prepared as 20% homogenate in 0.1M phosphate buffer (pH 6.5) and used for the assay. Pyrogallol solution (3.0 ml) and enzyme extract (0.1 ml) were pipetted out into a cuvette. The spectrophotometer was adjusted to read zero at 430nm followed by the addition of 0.5 ml of 1% H2O2 and mixed. The change in absorbance was recorded every 30 seconds up to 3 minutes. 

One unit of peroxidase activity is defined as the change in absorbance per minute at 430nm.

                                            CHAPTER IV

                                          RESULTS AND DISCUSSION


The present study was carried out to analyzed the polyphenolic compounds such as phenols, flavanoids, tannins, antioxidant activity and antioxidant enzymes in the whole grain and one day old sprouting of Sorghum vulgare (Sorghum), Eleusine coracana (finger millet), Pennisetum americanum (pearl millet). 

Estimation of non enzymatic (polyphenolic) compounds


Polyphenols, which  reduce oxidative stress by converting the reactive oxygen free radicals to non reactive products (Weiss and Landauer, 2003). The antioxidant activity of phenolics is mainly due to their redox properties, which  allow them to act as reducing agents, hydrogen donar and singlet oxygen quenchers. In addition they have metal chelation potential. The antioxidant activity of phenolics plays an important role in the absorption or neutralization of free radicals (Basile et al., 2005). Phenolic acids, flavonoids and tannins are the most commonly found polyphenolic compounds in plant extracts (Wolfe et al., 2003). The sptouts (Table 1; Figure 1)  and whole grains (Table 2; Figure 2) were estimated for their polyphenolic content.

Estimation of Phenols 


The biosynthesis of phenolic compounds in plants proceeds through the production of phenylalanine, which is subsequently deaminated by the enzyme phenylalanine ammonia lyase (PAL). PAL is indirectly associated with the synthesis of several phenolic constituents, including cell wall polymers (Parr and Bolwell, 2000).


Phenolic compounds, of which more than 8000 are known, embrace a wide range of plants secondary metabolites (Harborne, 1994; Pietta, 2000). Phenolic compounds are the most widely distributed secondary metabolites, ubiquitously present in the plant kingdom. Located in the vacuole, they are found in free form or linked to carbohydrates (glucose, galactose, rhamnose, mannose, rutinose etc.).


The main classes of phenolic compounds are simple phenols, hydroxybenzoic acids, hydroxycinnamic acids, flavonoids (flavanols, flavones, flavanones, isoflavones and anthocyanins), chalcones, aurones (hispidol), hydroxycoumarins, lignans, hydroxystilbenes and polyflavans (proanthocyanidins and prodeoxyanthocyanidins) (Krueger et al., 2003).


In the present study highest quantity of phenols  found to be presented in the sprouts of Eleusine coracana (138 µg/g) followed by Pennisetum americanum (86.3 µg/g) and sorghum vulgare (30.3 µg/g). compared to the sprouts, whole grains  contain minimum amount of phenols except sorghum. Among the three cereals, Pennisetum americanum and Eleusine coracana has more or less similar amount of phenols (45 µg/g and 44.3 µg/g respectively) but Sorghum vulgare contained more amount of phenols (41 µg/g) than its sprouts but lower than other grains.

Estimation of flavonoids


Flavonoids constitute the largest class of phenolic compounds with more than 3000 structures, possessing in common a flavylium unit (C6-C3-C6) (Iacobucci and Sweeny, 1983).


The results obtained for the quantitative analysis of flavonoids were represented in Table 1. From the result it was cleared that highest quantity of flavonoids were present in the sprouts of Pennisetum americanum (87 µg/g) followed by Eleusine coracana (78 µg/g) and  Sorghum vulgare (49 µg/g). 


The flavonoids present in the whole grain was found to be maximum in Pennisetum americanum (75 µg/g) followed by Sorghum vulgare (70 µg/g) and  Eleusine coracana  (39 µg/g). 


The sprouted grain had highest amount of flavonoids in Pennisetum americanum and Eleusine coracana.  But in the case of sorghum, whole grain had highest amount of flavonoids than the sprouted one.

Estimation of tannins

Tannins protect the grain against insects, birds, fungi, and weathering (Waniska et al. 1989). The quantity of tannin estimated in the sprouts was 63.3 µg/g Pennisetum americanum, 56.6 µg/g Sorghum vulgare  and 41.6 µg/g in Eleusine coracana.The whole grain were estimated about 48.3 µg/g, 41.6 µg/g and 21.6 µg/g in Sorghum vulgare ,  Pennisetum americanum and Eleusine coracana  respectively.


From the results it was cleared that the sprouts had highest amount of polyphenols than whole grains except Sorghum.


Similar results were obtained by Sripriya et al. (1996) the total polyphenol contents of a brown variety of the millet (0.1%) was higher than the white variety (0.003%). Very recently Chethan and Malleshi (2006) analyzed five brown and two white varieties and reported 1.3-2.3% polyphenols as gallic acid equivalents in brown varieties and 0.3-0.5% in white varieties.


Phenolic compounds, together with other natural compounds scavenge free radicals (antioxidant activity). Interestingly, independent of germination, sorghum grains display high antioxidant activities related to their phenolic content (Dykes et al., 2005).


Beta et al. (1999) examined sixteen sorghum varieties widely cultivated in Zimbabwe for levels of phenolic compounds and kernel characteristics. No significant levels of polyphenols were found in 13 varieties.


The available literature concerning the nutritional improvement of cereals by sprouting and utilization of sprouted cereals in traditional and processed foods has been compiled and is critically reviewed (Chavan and Kadam, 1989).


Phenolic acids from finger millet (Eleusine coracana) milled fractions (whole flour, seed coat, 3%, 5% and 7%) were isolated and their antioxidant and antimicrobial properties were evaluated. Acidic methanol extracts from seed coat to whole flour were rich in polyphenol content and were found to be stable up to 48 h at pH 4, 7, and 9 as studied by ultraviolet spectroscopy. Diadzene, gallic, coumaric, syringic and vanillic acids were identified as major phenolic acids from the extracted phenolics (Viswanath et al., 2008).


Simple phenols are relatively rare in plants. Catechol and resorcinol were reported in sorghum grain; however their concentrations were not given (Towo et al.,2003). The most abundant phenolic acids in sorghum are ferulic acid and p-coumaric acid (Verbruggen et al., 1993).


Addition of methanol pre-extract of dehusked ragi powder (DRP) at the rate of 0.1%, 0.25% and 0.5% of methanol extract, the corresponding increase (over control) in phospholipids content observed was about 2.15, 4.53 and 8.15 mg 100 g−1 and water extractable phenolics content was about 0.52, 1.25 and 2.78 mg 100 g−1 of ghee respectively (Mehta, 2000)


Rao and Prabhavathi (1982) in an unspecified variety of finger millet reported 0.36% tannin (catechin equivalents) where as McDonough et al. (1986) observed 0.55-0.59% total polyphenols and 0.17-0.32% tannins (catechin equivalent) in a small number (n = 3) of the millet varieties. Subsequently, Rao and Deosthale (1988) showed that, the tannin (catechin equivalents) contents in 12 number of brown colored millet varieties ranged from 0.35-2.4% but they did not detect tannins in the white (n = 3) varieties. Shankara (1991) analyzed a large number of finger millet varieties (n = 85) from the Indian state of Karnataka and reported a wide variability in the total polyphenol contents assayed as chlorogenic acid (0.06-0.67%), tannic acid (0.03-0.57%) and catechin (0.03-2.37%) equivalents. 

ESTIMATION OF ANTIOXIDANT ACTIVITIES

DPPH ACTIVITY


Phenolic compounds are the principal antioxidant constituents of natural products and are composed of phenolic acids and flavonoids, which are potent radical terminators acting by donating hydrogen radicals (Kahkonen et al., 1999). Afaq et al. (1991) reported that flavonoids are well known anti-oxidants and free radical scanvengers. High potential of polyphenols to scavenge free radials are because of their many phenolic hydroxyl groups (Sawa et al., 1999).


The DPPH activity of Pennisetum Americanaum (Table 6), Eleusine coracaca (Table 7) and Sorghum vulgare (Table 8) were given. From the result it was clear that sprouts had highest activity over their respective grains. They also exhibit lowest IC 50 values than whole grains. The antioxidant activity of the grains night be due to the presence of polyphenols present in them.


Generally, a considerable variation in antioxidant activities and phytochemical contents was observed between the cereals. Remarkably higher DPPH radical scavenging ability and reducing power were detected in hull-less barley, followed by rye and hull-less oat and durum and bread wheat, indicating that small grain species have different major antioxidants with different properties. Hull-less barley had the highest content of total free phenols, flavonoids, PVPP bound phenolics and contained flavan-3-ols, not found in other species. Hull-less oat had the highest content of tocopherols, very high content of yellow pigments and PVPP bound phenolics. Ferulic acid was the major free phenolic acid in small grain cerealstested. The relationship between the content of soluble phenols, as well as reducing power and DPPH• scavengingactivity are also considered (Žilić et al., 2011).


Appropriate standards and extracts of 17 kinds of fruit and six kinds of cereal were assessed for total content of phenolic compounds and total antioxidant capacity by different in vitro methods. The results of analyses of commonly used standards (gallic, caffeic and ferulic acids, (+)-catechin, Trolox, fenol and FeSO4) for these methods and identical plant extract showed different reactivity of principal reagent of the methods with individual standards and therefore with phenolic substances of extracts as well. However, the trends of the measured values of extracts could be compared, though their absolute values differ proportionally. At assessments of phenolic compounds it is important to determine content of ascorbic acid at roughly the same time and correct the obtained values according to its contribution to the increase in absorbance calculated on the basis of absorbance equations, especially for samples with a higher content. The same is true for reducing saccharides; they can significantly “elevate” values of contents of phenolic compounds and antioxidant activities (by even more than 50%), especially in samples of sweeter fruits. The saccharides should therefore be removed or a correction applied reflecting their concentration.


All of the breakfastcereals analysed were a significant source of polyphenols (1506–1853 μg gallic acid equivalents (GAE)/g) andantioxidants (1682–3542 μmol/l FRAP; 30–201% inhibition of DPPH compared to gallic acid standard). There was little difference between premium and budget brand varieties of the breakfast cereals. The polyphenol levels in an average serving (40 g) of an oat-based breakfast cereal are comparable to those found in fruits and vegetables. Overall, our findings suggest that consumption of oat-based breakfast cereals could be a significant contributor to the total polyphenol content and antioxidant potential of the diet (Ryan, 2011).


DPPH radical reduction varied from 10%to 60% for4 the alkylresorcinol homologues at concentrations from 5 to 300 μM and was not dependent on the length of the alkyl side chain of the particular homologue. Differences in the EC50values for the studied compounds were not statistically significant, the values varying from 157 μM for homologue C23:0 to 195 μM for homologue C15:0. Moreover, values of EC50 for all the alkylresorcinol homologues were significantly higher than those for Trolox and α-, δ-, and γ-tocopherols, compounds with well-defined antioxidant activity and used as positive controls in whole grain breakfast cereals (Korycińska et al., 2009)

ESTIMATION OF ENZYMATIC ANTIOXIDANTS

ESTIMATION OF SOD


The control of steady-state ROS levels by SOD is an important protective mechanism against cellular oxidative damage, since O2 •- acts as a precursor of more cytotoxic or highly relative ROS (Mittler et al., 2004). SOD has been established to work in collaboration with POD and CAT which act in tandem to remove O2 •- and H2O2, respectively (Blokhina et al., 2003). Early reports showed that increased SOD activities and cellular ROS levels are involved in many life of plant including developmental course such as seed germination (Rogozhin et al., 2001; Dučić  et al., 2003;Wojtyla et al., 2006).


SOD activity in the whole grains control and germinated seeds of three grains,were represented in the Table3, 4 ,5 and   Figure 5. All the germinated seeds had highest activity than the whole grains. But sproutings of Pennisetum americanum was found to be high than others. 


Therefore, enhanced SOD activity can be triggered by increased production of ROS or it might be a protective measure adopted by grains against oxidative damage. Our findings are also in agreement with previous reports suggesting the participation of SOD in the defense mechanism during germination and early seedlings development (Dučić et al., 2003; Wojtyla et al., 2006). SODs are generally organized into multi-gene families. Multiple SOD isoenzymes reported for some plant species are differentially expressed in different organs and at distinct developmental and physiological conditions (Blokhina et al., 2003; Mittler et al., 2004). Thus, the changes in SOD isoenzyme patterns reflect a complex defense against oxidative stress (Blokhina et al., 2003; Mylona et al., 2007).


The increase in SOD isoenzyme activity might be an important mechanism for avoiding the oxidative stress during seed germination and early seedling development. These results suggest that they carry specific functions and contribute to its unique properties during germination and early seedlings development. Our findings could be also used as a basis for elucidating the mechanisms by which SOD transcripts are induced during germination process.


In plants, POD is considered to be associated with a number of essential metabolic processes, such as cell elongation, lignification, phenolic oxidation, pathogen defense and defense against stress (Passardi et al., 2005). Moreover, PODs probably play important roles in seed germination, growth, morphogenesis, and even in the final stage of senescence and death (Kawano et al., 2003). 

Estimation of peroxidase activity


The present results indicate that POD activity in the germinated grains are considerably greater than those of the control (Table 3, 4 ,5; Figure 4). the sprouts of Eleusine coracana  showed high amount of peroxidase than others.

Changes in POD activities occur during developmental process in tissue specific manner and differential regulation in response to germination process and plant species has been reported (Omidiji et al., 2003; Dučić et al., 2003; Wojtyla et al., 2006). Thus, increased POD activity might be involved in the defense system during seed germination and early seedlings development. Plant PODs are generally organized into multi-gene families. Multiple isoenzymes of POD reported for some plants were detected in the same tissue at different developmental stages (Duroux & Welinder, 2003).


Certain POD isoenzymes may be regulated and influenced during seed germination and early seedlings development. Feng cai et al., 2011 suggested that isoenzyme may play different roles and be involved in the defense mechanism of plant tissues against oxidative damage during seed germination and early seedlings development.

Estimation of  catalase activity


Catalase plays an integral role in the removal of ROS produced under various stress conditions and then for the avoidance of oxidatant damage. CAT and POD, are often considered to keep H2O2 balance in plant tissues (Blokhina et al., 2003). In oily seeds, CAT is particularly important in the early events of seedling growth, because it removes H2O2 produced during β-oxidation of the fatty acids (Bailly, 2004). 


In the present study, CAT activity was also examined, and a trend similar to that observed for SOD activity was recorded (Table 3, 4 ,5; Figure 3). Increased CAT activity could be an indication of the cellular evaluated ROS, since the amount of CAT present in aerobic cells is directly proportional to the oxidative state of the cells (Apel & Hirt, 2004). The induction of CAT expression has been studied intensively during seed germination and post-germination seedling growth in maize and sunflower, and displays a complex regulation mechanism (Bailly et al., 1996; Mylona et al., 2007). The present results lend further support to those findings. CAT is presented as multiple isoenzymes encoded by a small gene family in many plants (Willekens et al., 1995)


Increased CAT activity is probably involved in the defense mechanism of grains plant against oxidative stress during germination. 


Thus, our findings strongly support the hypothesis that POD, SOD and CAT activities are up-regulated as an antioxidant defense system against endogenous oxidant radicals generated during seed germination.

TABLE-1. 
ESTIMATION OF POLYPHENOLS IN SPROUTED GRAINS

	NAME OF THE CEREAL
	PHENOL (µg/g/GAE)
	FLAVONOIDS (µg/g/GAE)
	TANNIN (µg/g/TAE)

	Pennisetum americanum
	86.3±0.847
	87±0.181
	63.3±0.080

	Eleusine coracana
	138±1.020
	78±0.163
	41.6±0.050

	Sorghum valgare
	30.3±0.639
	49±0.102
	56.6±0.066



Values are mean ± SD


GAE-Gallic acid equivalent


TAE-Tannic acid

FIGURE-1

ESTIMATION OF POLYPHENOLS IN SPROUTED GRAINS
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TABLE-2. ESTIMATION OF POLYPHENOLS IN WHOLE GRAINS

	NAME OF THE CEREAL
	PHENOL (µg/g/GAE)
	FLAVONOIDS (µg/g/GAE)
	TANNIN (µg/g/TAE)

	Pennisetum americanum
	45±0.694
	75±0.155
	41.6±0.048

	Eleusine coracana
	44.3±0.690
	39±0.081
	21.6±0.021

	Sorghum valgare
	41±0.856
	90±0.144
	48.3±0.053



Values are mean ± SD


GAE-Gallic acid equivalent


TAE-Tannic acid

FIGURE-2

ESTIMATION OF POLYPHENOLS IN WHOLE GRAINS
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TABLE-3.

ESTIMATION OF ENZYMATIC ANTIOXIDANTS IN

PENNISETUM AMERICANUM

	S.No
	State of the grain
	Catalase (U/mg/protein)
	Peroxidase (U/mg/protein)
	Superoxide dismutase (U/mg/protein)

	1
	Sprouted
	229.12
	2.88
	0.70

	2
	Whole grain
	260.70
	0.67
	0.29

	3
	SED
	4.8025
	0.0841
	0.019

	4
	CD(0.01)
	20.66
	0.3619
	0.848

	5
	CD(0.05)
	47.66
	0.8347
	0.195


FIGURE 3.

ESTIMATION OF CATALASE ACTIVITY IN WHOLE AND SPROUTED GRAINS

[image: image5.png]U/MG/PROTEIN

350
300
250
200
150
100

CATALASE ACTIVITY

= Sprouted

W Whole grain

PENNISETUM ELUSINE
AMERICANUM  CORACANA SORGHUM
VULGARE





TABLE-4.

ESTIMATION OF ENZYMATIC ANTIOXIDANTS IN

ELUSINE CORACANA

	S.No
	State of the grain
	Catalase (U/mg/protein)
	Peroxidase (U/mg/protein
	Superoxide dismutase (U/mg/protein)

	1
	Sprouted
	227.69
	2.91
	0.33

	2
	Whole grain
	207.18
	1.17
	0.12

	3
	SED
	1.210
	0.0853
	0.0020

	4
	CD (0.01)
	12.016
	0.8468
	0.0201

	5
	CD (0.05)
	5.209
	0.3671
	0.0087


FIGURE 4.

ESTIMATION OF PEROXIDASE ACTIVITY IN WHOLE AND SPROUTED GRAINS
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TABLE-5.

ESTIMATION OF ENZYMATIC ANTIOXIDANTS IN

SORGHUM VULGARE

	S.No
	State of the grain
	Catalase (U/mg/protein)
	Peroxidase (U/mg/protein)
	Superoxide dismutase (U/mg/protein)

	1
	Sproud
	328.74
	3.11
	0.62

	2
	Whole grain
	153.66
	2.43
	0.14

	3
	SED
	11.2632
	0.1155
	0.0137

	4
	CD(0.01)
	111.795
	1.1468
	0.1358

	5
	CD(0.05)
	48.462
	0.4971
	0.0589


FIGURE 5.

ESTIMATION OF SOD ACTIVITY IN WHOLE AND

SPROUTED   GRAINS
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TABLE-6. 

DPPH  ACTIVITY OF PENNISETUM AMERICANAUM
	S.No
	Concentration range
	PENNISETUM AMERICANUM 

	
	
	Sprouted grain (µg/ml)
	Whole grain (µg/ml)

	1
	20
	27.493
	4.490

	2
	40
	30.970
	8.907

	3
	60
	36.627
	12.167

	4
	80
	42.097
	26.660

	5
	100
	45.900
	31.770

	6
	IC50
	84µg
	76µg


TABLE-7. 

DPPH  ACTIVITY IN ELEUSINE CORACANA
	S.No
	Concentration range
	ELEUSINE CORACANA 

	
	
	Sprouted (µg/ml)
	Whole grain (µg/ml)

	1
	20
	15.827
	10.430

	2
	40
	34.197
	13.947

	3
	60
	44.163
	16.157

	4
	80
	51.260
	18.220

	5
	100
	65.393
	21.226

	6
	IC50
	79µg
	450µg


TABLE-8.

DPPH ACTIVITY IN SORGHUM VULGARE
	S.No
	Concentration range
	SORGHUM VULGARE

	
	
	Sprouted grain (µg/ml)
	Whole grain (µg/ml)

	1
	20
	22.460
	19.093

	2
	40
	27.697
	18.870

	3
	60
	51.660
	31.106

	4
	80
	52.820
	33.580

	5
	100
	61.483
	30.467

	6
	IC50
	58µg
	315µg


CHAPTER V

SUMMARY AND CONCLUSION

In the view of the huge importance of seeds as antioxidant sources. The present research study was taken up to investigate the extent of antioxidant capacity of sprouted and whole grain millets. The research showed that the seeds from sprouted and whole grain millets as a potential resource of phenols, flavonoids, superoxide dismutase, peroxidase and catalase. 


In the present study highest quantity of phenols are found to be present in the sprouts of Eleusine coracana followed by Pennisetum americanum and Sorghum vulgare. Whole grain of Eleusine corocana contains maximum amount of phenol and minimum amount is found in Sorghum vulgare.  Pennisetum americanum and Eleusine coracana has more or less similar amount of phenols but Sorghum vulgare contains more amount of phenols than in its sprouts but lower than other grains.  The highest quantity of flavonoids were present in the sprouts of    Pennisetum americanum followed by Eleusine coracana and Sorghum vulgare. In the whole grain it was found to be maximum in  Eleusine coracana followed by Pennisetum americanum and Sorghum vulgare. Tannin estimated in the sprouts of Pennisetum americanum is higher than Sorghum vulgare and Eleusine coracana.The whole grain were estimated to be the highest in Sorghum vulgare than in  Eleusine coracana and Pennisetum americanum. 


The antioxidant activity was evaluated by evaluating the activities of  CAT, POX and SOD and DPPH. In all the tests conducted spouts had more antioxidant activity than cereals. The DPPH activity was high in sprouted grains of Eleusine coracana. SOD, was found to be high in sprouts of Pennisetum americanum CAT, POX activities were high in  Sorghum vulgare. Even the sprouts having low amount of polyphenols in Sorghum, they exhibiting high enzymatic antioxidant activity. 


As a conclusion all the grains are good source of antioxidants in both sproted and non sprouted stage
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