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1.0   INTRODUCTION

For thousands of years, plants provided human with many of the basic and important materials required for day to day living including oxygen, food, clothing as well as being a source of compounds such as oils, resins, rubbers, gums, dyes, pesticides and drugs (Talukdar et al., 2011). Nature has provided a complete store house of remedies to cure all ailments of mankind. Medicinal plants are believed to be an important source of new chemical substances with potential therapeutic effects (Kaushik and Jalapure, 2011). Medicinal plants are greater demand due to their increased popularity and it is being suggested by a large number of conservation groups that wild medicinal plants as well as their purified components have shown beneficial therapeutic potentials. Various herbs and other plant species are reported to show antioxidant activity (Riaz et al., 2011).


In living organisms, free radicals are produced as a result of the normal metabolic process and also free radical chain reaction in the mitochondria (Ara and Nur, 2009). It is ironic that oxygen which is an indispensible element for life can, under certain situations have severe deleterious effects on the human body. Most of the potentially harmful effects of the oxygen are due to the formation and activity of number of chemical compounds, known as ROS, which have tendency to donate oxygen to other radicals and several non - radical oxidizing agents such as hypochlorous acid, H2O2, etc…(Kunwar and Priyadarshini, 2011). ROS can react with several aminoacids, generating a wide range of products, from modified and less active enzymes to denatured, nonfunctioning proteins (Mirisescu et al., 2011). A wide variety of oxygen free radicals and other reactive species can be formed in the human body and food system. Transition metal ions accelerate free radicals, induce damage and such damages result in carcinogenesis, aging and atherosclerosis (Kumar, 2011)


Antioxidants are the substances, which act against oxidative compounds. They have been defined as substances that are capable of preventing oxidation of easily oxidizable materials. Antioxidants may exert their effects by different mechanisms such as suppressing the formation of active species (ROS, NOS) scavenging active free radicals, repairing the damage and biosynthesis of other antioxidants or defense enzymes (Noguchi et al., 2011).


Under normal conditions the body’s antioxidants convert ROS to prevent the over production of free radicals. Studies have shown that vitamin C and E effectively scavenge free radicals and decrease lipid peroxidation (Kendler, 2011). Flavonoids are substances of vegetable origin are found to act as effective antioxidants (Narang et al., 2011). Recently, natural foods and food derived antioxidants such as vitamins and phenolic phytochemicals, have received growing attention, because they are known to function as chemo preventive agents against oxidative damage and are considered beneficial for human health (Kumar et al., 2010a).


Zingiberaceae is a family of advanced monocot plants with the high medicinal value. Many alkaloids have been detected in Zingiberaceae species (Riaz et al., 2011). The genus Curcuma (Zingiberaceae) comprises more than 70 species of rhizomatous herb. Most of the Curcuma species grow in mountainous areas of the world, but some common species are often cultivated in gardens and used as spices, food preservative and coloring agent and as medicinal plants (Tsai et al., 2011).


Curcuma zedoaria Rosc. is an important species of Zingiberaceous family. It is commonly called as Zedoary or white turmeric and is cultivated as a traditional herb, vegetable, flavouring agent and perfume in South and Southeast Asian countries. Curcuma zedoaria has been reported to have anagelsic, anti-allergic, anti metastatic and hepatoprotective properties. In China, the rhizomes of Curcuma zedoaria are used for the treatment of tumors. It is widely used for the treatment of stomachic disorders (Stanly et al., 2010). It is widely grown in countries of South and Southwest Asia, as well as in India. The rhizomes of the plant are popularly used in the treatment of stomatitic, as a stimulant, anti flatulent, diuretic, anti- diarrheic, antipyretic, and purgative and also to clean and heal ulcers, wounds and other kinds of skin disorders (Bertoni et al., 2011).

Aim and objective


The main aim of the present study is as follows

· To compare the free radical scavenging efficacy of different extracts of dried and fresh rhizomes of Curcuma zedoaria.

· To identify the phytochemical constituents of extract showing maximum radical scavenging activity of dried and fresh rhizomes of Curcuma zedoaria by preliminary phytochemical analysis.

· To identify the phytochemicals by Thin Layer chromatography analysis of Curcuma zedoaria rhizome extracts.

The brief review of literature pertaining to the current topic is presented in the next chapter.
2.0.  REVIEW OF LITERATURE 


The review of literature pertaining to the current topic “Comparative study of radical scavenging activity and preliminary phytochemical analysis of fresh and dry rhizomes of Curcuma zedoaria” is discussed under the following headings.

2.1. Free radicals

       2.1.1. Free radical generation

       2.1.2. Free radical sources

2.2. Oxidative stress

       2.2.1. Effects

2.3. Diseases mediated by free radicals

       2.3.1. Free radicals and aging

       2.3.2. Alzheimer’s disease

       2.3.3. Atherosclerosis

       2.3.4. Cancer

2.4. Antioxidants

       2.4.1. Enzymic antioxidants

       2.4.2. Non enzymic antioxidants

       2.4.3. Phytochemicals


      2.4.3.1. Phenolics


      2.4.3.2. Flavonoids


      2.4.3.3. Tannins


      2.4.3.4. Isoflavones

2.5. Plants as antioxidants

2.1. Free radicals


Oxygen is an element obligatory for life. Living systems have evolved to survive in the presence of molecular oxygen and for most biological systems. Oxidative properties of oxygen play a vital role in diverse biological phenomena. Oxygen has double – edged properties, being essential for life; it can also aggravate the damage within the cell by oxidative events (Shinde et al., 2008).


Biological combustion produces harmful intermediates called free radicals. A free radical is simply defined as any species capable of independent existence that contains one or more unpaired electron that is alone in an orbital (Narang et al., 2011). Free radicals are continuously produced by the body’s aerobic life and our metabolism. Free radicals are also generated through environmental pollutants like cigarette smoke, radiation, air pollutants, pesticides, etc. So these free radicals are an integral part of our daily life and in fact there appears no escape from them (Ashok and Tiwari, 2009).


Reactive oxygen species (ROS) is a collective term used for a group of oxidants, which are molecular species capable of generating free radicals. Intracellular generation of ROS mainly comprises superoxide radicals and nitric oxide (NO*) radicals. Under normal physiological conditions, nearly 2% of the O2 consumed by the body is converted into superoxide through mitochondrial respiration, phagocytosis, etc (Winterbourn, 2008). ROS and RNS includes radicals such as superoxide, hydroxyl, peroxyl, hydroperoxyl, alkoxyl, nitric oxide, nitrogen pereoxide, hypochlorous acid, ozone, singlet oxygen, peroxy nitrate, nitrous acid, dinitrogen trioxide, lipid peroxide (Pham – Huy et al., 2008).

2.1.1. Free radical generation


Free radicals generally involved in chain reactions, a series of reactions that leads to regeneration of radical that can begin a new cycle of reactions. Free radical reactions take three distinct identifiable steps:

· Initiation step: formation of radicals. 

· Propagation step: In this step required free radical is regenerated repeatedly as a result of chain reaction, which would take the reaction to completion.

· Termination step: Destruction of radicals (Sen et al., 2010).

2.1.2. Sources of free radicals


Free radicals can be formed from both endogenous and exogenous substances. They are continuously forming in cell and environment. Different sources of free radicals are as follows

· UV radiations, X – rays, gamma rays and microwave radiation.

· Metal – catalyzed reactions.

· Oxygen free radicals in the atmosphere considered as pollutants.

· Inflammation initiates neutrophils and macrophages to produce ROS and RNS.

· Neutrophils stimulated by exposure to microbes.

· In mitochondria catalyzed electron transport reactions, oxygen free radicals produced as by-product.

· ROS formed from several sources like mitochondrial cytochrome oxidase, xanthine oxidase, neutrophils and lipid peroxidation.

· ROS generated by the metabolism of arachidonic acid, platelets, macrophages and smooth muscle cells.

· Interactions with chemicals, automobile exhaust fumes, smoking of cigarette.

·  Burning of organic matter during cooking, forest fires, volcanic activities.

· Industrial effluents, excess chemicals, alcoholic intake, certain drugs, asbestos, certain pesticide and herbicide. Some metal ions, fungal toxins and xenobiotics (Valko et al., 2008).

2.2. Oxidative stress


Oxidative stress is a harmful condition that occurs when there is an excess of ROS and decrease in antioxidant levels, this may cause tissue damage by physical, chemical, physiological factors that lead to tissue injury in human and causes different diseases (Titan et al., 2007). A disturbance in the balance between pro – oxidants and antioxidants in favor of the former, leading to oxidative damage gives rise to an increase in oxidative stress. Oxidative stress is the rate at which oxidative damage is generated. Implicating that oxidative stress is a continuous variable that is unlikely to ever be exactly zero since pro-oxidants are continually produced and some oxidative damage is always generated (Constantini, 2009).

Oxidative stress is imposed on cells as a result of one of three factors:

· An increase in oxidant generation.

· A decrease in antioxidant protection.

· A failure to repair oxidative damage (Saha and Tamrakar, 2011).

2.2.1. Effects
Oxidative stress leads to

· DNA damage.
· GSH depletion.
· Direct damage to protein and rise in intracellular free Ca2+ that leads to cytoskeleton damage.
· Rises intracellular free iron membrane peroxidation and destruction which leads to injury to adjacent cells.
· Increased lipid peroxidation (Saha and Tamrakar, 2011).
Persistent oxidative stress may give rise to pathological conditions and is increasingly implicated as a contributing factor to several human pathologies (over 150 disorder), cellular senescence and aging (Furness and Speakman, 2008). Recent studies show that levels of pro - oxidants and antioxidants may also have relevant ecological and evolutionary roles and may help understand functional interactions among life history traits (Constantini, 2008; Monaghan et al., 2009).

2.3. Diseases mediated by free radicals

Oxygen derived free radical reactions have implicated in the pathogenesis of many human diseases including

· Neurodegenerative disorder like Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, amyotrophic lateral sclerosis, memory loss and depression.

· Cardiovascular disease like atherosclerosis, ischemic heart disease, cardiac hyperstrophy, hypertension, shock and trauma.

· Pulmonary disorders like inflammatory lung disease such as asthma and chronic obstructive pulmonary diseases.

· Diseases associated with premature infants, including bronchopulmonary, dysplasia, periventricular leukomalacia, intraventricular hemorrhage, retinopathy of prematurity and necrotizing enterocolitis.

· Autoimmune diseases like Rheumatoid arthritis.

· Renal disorders like glomerulonephritis and tubulointerstitial nephritis, chronic renal failure, proteinuria, uremia.

· Gastrointestinal diseases like peptic ulcer, inflammatory bowel disease and colitis.

· Tumors and cancers like lung cancer, leukemia, breast cancer, rectum cancer, etc (Pham – Huy et al., 2008; Valko et al., 2007; Sen et al., 2009).

2.3.1. Free radicals and aging


One currently recognized characteristic of a healthy diet includes components that counteract oxidative stress which besides being involved in the etiopathology and progression of chronic diseases, contributes to the process of aging. Since antioxidant defenses decreases with aging and the production of reactive oxygen species increases with both aging and exercise, the concurrent effect of aging and exercise could exacerbate oxidative stress (Herrera et al., 2009).


Aging is the decline in physiologic functions of the living organisms that occurs over time. Human studies have also shown a strong connection between the radical / oxidative damage and aging. Oxidative damage to DNA is an ongoing process in our body and it tends to increase with age. Several age dependent markers have been documented for this, which provide evidence of oxidative damage to DNA in human aging (Narang et al., 2011).

2.3.2. Alzheimer’s disease

Alzheimer’s disease (AD) is the most prevalent dementia subtype and accounts for about 60% of all cases (Van marum, 2008). The earliest symptoms of AD often appear as subtle and intermittent deficits in the ability to remember minor events of everyday life. At later stages, AD gradually progresses to severe dementia, which affects multiple cognitive and functional behavioral functions. Fortunately, basic research has identified many of the pathways that contribute to this devasting disease, providing opportunities for the development of new treatments. Among the potential new treatment options are certain naturally occurring phytochemicals (Singh et al., 2008). The initial source of oxidative stress in AD is still unclear. Recent research reveals that dietary antioxidants may have promising therapeutic potential in delaying the onset and preventing the aging population with AD and its related complications (Narang et al., 2011).

2.3.3. Atherosclerosis


According to the theory of oxidative stress, atherosclerosis is the result of the oxidative modification of low density lipoproteins (LDL) in the arterial wall by reactive oxygen species. Evidence suggests that common risk factors for atherosclerosis increase the risk of the production of free the smooth muscle cells and the adventitial cells. Thus hypercholestrerolemia, diabetes mellitus (DM), arterial hypertension, smoking, age and nitrate intolerance increase the production of free ROS (Vogiatzi et al., 2009). Sources of ROS production include xanthine oxidase, lipooxygenase, mitochondrial respiration, cytochrome P450, cyclooxygenase, NAD(P)H oxidase. These sources contribute to ROS formation (Greabu et al., 2008; Greabu et al., 2007).

2.3.4. Cancer


Cancer is a multistep disease incorporating environmental, chemical, physical, metabolic and genetic factors which play a direct and / or indirect role in the induction and deteriotion of cancers. Strong and consistent epidemiology evidence indicates a diet with high consumption of antioxidant rich fruits and vegetables significantly reduces the risk of many cancers, suggesting that certain dietary antioxidants could be effective agents for the prevention of cancer incidence and mortality. These agents present in the diet are a very promising                          group of compounds because of their safety, low toxicity and general acceptance (Fresco et al., 2008).

2.4. Antioxidants


Antioxidants are any substance that delay or inhibits oxidative damage to a target molecule. At a time one antioxidant molecule can react with single free radicals and are capable to neutralize free radicals by donating one of their own electrons. Antioxidants prevent cell and tissue damage as they act as scavenger (Sen et al., 2010).

Antioxidants are substances capable of removing free radicals and prevent them from causing cell damage. Increasing the antioxidant intake can prevent diseases and lower the health problems. Fruits and vegetables are loaded with key antioxidants such as vitamin A, C, E, beta carotene and important minerals, including selenium and Zinc. Fruits, vegetables and medicinal herbs are the richest sources of antioxidants. Phytoconstituents are also important source of antioxidant and capable to terminate the free radical chain reactions (Oluwaseum and Ganiyu, 2008).

A variety of components act against free radicals to neutralize them from both endogenous and exogenous in origin. These include:

· Endogenous enzymic antioxidants

· Non enzymic, metabolic and nutrient antioxidants

· Metal binding proteins like ferritin, lactoferrin, albumin and ceruloplasmin

· Phytoconstituents and Phytonutrients (Sen et al., 2010).

In general, an antioxidant in the body may work at three different levels:

a) Prevention - keeping information of reactive species to a minimum

b) Interception – scavenging reactive species either by using catalytic and non-catalytic molecules

c) Repair – repairing damaged target molecules (Kunwar et al., 2011).

2.4.1. Enzymic antioxidants


The antioxidant systems are classified into two major groups, enzymatic and non-enzymatic antioxidants. The enzymatic defense system includes different endogenous enzymes like Superoxide dismutase (SOD), Catalase (CAT), Glutathione peroxidase (GPx), Glutathione reductase (GR), and non-enzymic defense system included vitamin E and vitamin C and reduced glutathione (GSH) (Sen et al., 2010).

· SOD is an important endogenous antioxidant enzyme act as the first line defense system against ROS which scavenges superoxide radicals to H2O2.

· GPx present in the cytoplasm of the cells removes H2O2 by coupling its reduction to water with oxidation of GSH.

· GR is a flavoprotein enzyme, regenerates GSH from oxidized glutathione in the presence of NADPH.

· GSH is a tripeptide and a powerful antioxidant present within the cystol of cells and is the major intracellular non protein thiol compound (Wilcox et al., 2008).

2.4.2. Non enzymic antioxidants

Non enzymic antioxidants can be divided into metabolic antioxidants and nutrient antioxidants. Metabolic antioxidants are the endogenous antioxidants, which produced by metabolism in the body like lipoid acid, glutathione, L – arginine, coenzyme Q, melatonin, uric acid, bilirubin, metal chelating proteins, transferrin, etc (Shinde et al., 2008).


Nutrient antioxidants belongs to endogenous antioxidants, which cannot be produced in the body but are provided through diet or supplement viz, trace metals (selenium, manganese, zinc), flavonoids, omega 3 and omega 6 fatty acids, etc, vitamin E and vitamin C. The non enzymic antioxidants exist within normal cells as well as they can be supplied through diet (Pham – Huy et al., 2008).

2.4.3. Phytochemicals


Several hundred scientific studies focused on the activity of non – nutritional compounds present in the diet. This heterogenous class of molecules generally known as phytochemical includes vitamins (carotenoids) and food polyphenols, such as flavonoids, phytoalexins, phenolic acids, indoles and sulphur rich compounds (Russo, 2007).

2.4.3.1. Phenolics


Phenolics are compounds possessing one or more aromatic ring with one or more hydroxyl groups. They are broadly distributed in the plant kingdom and are the most abundant secondary metabolites of plants, with more than 8000 phenolic structures currently known, ranging from simple molecules such as phenolic acids to highly polymerized substances such as tannins (Dai and Mumper, 2010). They are widely present in plant derived foods and beverages (fruits, vegetables and beverage such as tea, wine, beer and chocolate) and in many dietary supplements or herbal remedies (Russo     et al., 2010).

2.4.3.2. Flavonoids


Flavonoids are most abundant polyphenols in our diets. The basic flavonoid structure is the flavan nucleus, containing 15 carbon atoms arranged in 3 rings (C6-C3-C6). Flavonoid are themselves divided into 6 sub groups: flavones, flavonols, flavanones, flavanals, isoflavones and anthocyanins. Some of the most common flavonoids include quercetin, a flavonol abundant in onion, broccoli, and apple; catechin, a flavonol found in tea and several fruits; naringenin, the main flavonone in grape fruit; cyaniding – glycoside, an anthocyanin abundant in berry fruits and genistein and glycitein, the main isoflavones in soybean (D’Archivio et al., 2007; Russo et al., 2010).

2.4.3.3. Tannins


Tannins are another major group of polyphenols in our diets and usually subdivided into two groups:

· Hydrolysable tannins

· Condensed tannins

Hydrolysable tannins are compounds containing a central core of glucose or another polyol esterified with gallic acid, also called ellagitannins (Russo et al., 2010). Condensed tannins are oligomers or polymers of flavan-3-ol linked through an interflavan carbon bond (Koleckar et al., 2008).
2.4.3.4. Isoflavones


Isoflavones, a sub – class of flavonoids, have a limited distribution in nature and soy foods are the only nutritionally relevant dietary source of phytochemicals. Genistein; the predominant isoflavone in the plant family, Leguminosae, may be helpful in preventing and treating several types of cancers, principally breast and prostate cancers. Several mechanisms for the in vitro anticancer effects of genistein have been proposed (Lampe et al., 2007; Banerjee et al., 2008). 
2.5. Plants as antioxidants


Recently there has been an increased interest in the food industry and in preventive medicine in the development of ‘natural antioxidants’ from plant material. Natural antioxidants are found in various vegetables such as carrot, beet, tomato, green tea leaves, soy bean, orange, malt grains and various spices such as cardamom, cinnamon, clove, coriander, ginger, garlic, etc (Wojcikowski, 2008).


Nature has provided a complete store house of remedies to cure all ailments of mankind (Ravi et al., 2009). Medicinal plants are believed to be an important source of new chemical substances with potential therapeutic effects (Kaushik and Jalapure, 2011). Majority of world’s population depends on traditional medicine for primary health care. Plants have been extensively used as a rich source of medicine as they contain organic compounds with therapeutic value. Herbal products are suitable for treating wide array of infections and other diseases (Bansod and Rai, 2008).


The Zingiberaceae is one of the largest family of plant kingdom and one of the most important herbaceous groups in tropical forest with appropriate 50 genera and over 1000 species. In Ayurveda Zingiber officinale, Curcuma longa and Curcuma amada rhizomes are most commonly used due to medicinal values (Sunilson et al., 2009). Zingiberaceae family constitutes a vital group of rhizomatous medicinal and aromatic plants characterized by the presence of volatile oils and oleoresins. Generally the rhizomes and fruits are aromatic, tonic and stimulant; occasionally they are nutritive. Members of the family yield spices, dyes, perfumes, medicines and a number of ornamental species are cultivated for their showy flowers (Rajani and Nahak, 2011).


Zingiberaceae plants contain many essential oils, including terpenes, alcohols, ketones, flavonoids, carotenoids and phytoesterogens (Suhaj, 2008). Less polar constituents including curcuminoids, kava pyrones and gingerols isolated from Zingiberaceous plants have been reported for their biological activities in antifungal, antioxidants, insectidical and anti inflammatory activities (Chen et al., 2008).


Curcuma zedoaria is a small deciduous plant which has its stem grown under soil commonly known as rhizomes. The other varieties of this plant are used as condiments, flavouring agents and coloring agent. The essential oil contained in the rhizome possess antimicrobial and antifungal activity (Sadiq et al., 2011).


Curcuma zedoaria is a rhizomatous species from the Zingiberaceae family commonly known as ginger family. “Ginger” is a general term for members or species of ginger families. Curcuma zedoaria is locally known as ‘Kunyit putih’ or ‘temu putih’. It grows mainly in East Asian countries including China, Vietnam, India, Bangladesh, Indonesia, Malaysia and Japan (Banisalam et al., 2011).


Curcuma zedoaria has been traditionally used in many countries especially in South East Asia as a valuable medicinal plant for many centuries to treat stomach diseases, blood stagnation, diarrhea, coryza, skin disorders, rheumatism and also used as hepato protective and for promoting menstruation (Chen et al., 2008).


 In traditional medicine, the tubers of Curcuma zedoaria have been used as a carminative, digestive stimulant and for treatment of colds and infections. They also exhibit antibacterial and antifungal activities. Curcumin, dimethoxycurcumin and bisdemethoxycurcumin isolated from this plant were reported for antioxidant and anti inflammatory activities (Paramapojn and Gritsanapan, 2009).


The present study aims to compare the free radical scavenging activity of fresh and dry rhizomes of Curcuma zedoaria and to quantitatively determine the phytochemical constituents in the rhizome. The methodology adopted for the present study is discussed in the next chapter. 

Plate 1
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3.0  METHODOLOGY 

Curcuma zedoaria is small deciduous plant which has its stem grown under soil commonly known as rhizomes. The other varieties of this plant are used as condiments, flavouring agent and colouring agent. The essential oil contained in the rhizome possesses antimicrobial and antifungal activity (Sadiq et al., 2011). The methodology adopted for the present study is discussed under the following headings.

3.1. Collection of sample

3.2. Preparation of extract


3.3. Free radical scavenging assay

3.3.1. DPPH radical scavenging assay

3.3.2. ABTS radical scavenging assay

            3.3.3. H2O2 scavenging assay



3.3.4. Hydroxyl radical scavenging assay

3.3.5 Determination of inhibition of nitric oxide generation


3.3.6. Determination of inhibition of superoxide generation

3.4. Qualitative analysis of the phytochemicals

3.4.1. Detection of alkaloids 
3.4.2. Detection of phenolics 

3.4.3. Detection of flavonoids


3.4.4. Detection of saponin


3.4.5. Detection of tannin


3.4.6. Detection of glycosides


3.4.7. Identification of steroids

3.4.8. Identification of terpenoids


3.5. Extraction of alkaloid, phenolics, flavonoids and saponin fractions
3.6. Thin layer chromatography analysis

3.1. Collection of sample

The fresh and dried rhizome parts of the plant materials Curcuma zedoaria were collected. Fresh rhizome was collected by uprooting the plants growing in our university campus and dry rhizome was procured from local markets.

3.2. Preparation of extract

About 5g of the fresh and dried powdered plant material were extracted serially with solvents in soxhlet extractor. The solvents used were petroleum ether, chloroform, ethyl acetate, methanol and ethanol. Final residue was extracted with water. Each extract was concentrated by distilling off the solvent and then evaporated to dryness. The extracts obtained were subjected to qualitative test for the identification of various phytoconstituents and free radical scavenging activity.

3.3. Free radical scavenging assay


The free radical scavenging activities of the extracts were tested against a battery of free radicals. 

3.3.1. DPPH radical scavenging assay

Antioxidants react with DPPH (1,1 – diphenyl – 2 picryl hydrazyl) and convert it to diphenyl picryl hydrazine. The degree of discoloration from deep violet to yellow was measured at 515nm. The procedure adopted by Mensor et al.,(2001) is presented in appendix I.

3.3.2. ABTS radical scavenging assay


On treating plant extract with ABTS solution, ABTS radical was formed which has a long wavelength absorption spectrum and it was measured at 745nm. The method is explained in appendix II as per Shiwaikar et al.,(2006).

3.3.3. H2O2 scavenging assay



Antioxidants that scavenge the oxidant H2O2 was measured at 230nm as per procedure explained by Ruch et al., (1989) which is presented in appendix III.

3.3.4. Hydroxyl radical scavenging assay

 Hydroxyl radical degrades deoxyribose producing thiobarbiturate reactive substances which was indicated by pink colour development and it was measured at 535nm. The procedure is given in appendix IV as per Elizabeth and Rao, 1990.

3.3.5 Determination of inhibition of nitric oxide generation


Sodium nitroprusside spontaneously generates nitric oxide which interacts with oxygen to produce nitrite ions which was measured at 546nm. The method by Green et al., 1982 is outlined in the appendix V.

3.3.6. Determination of inhibition of superoxide generation

The inhibition of the production of nitroblue tetrazolium (NBT) formazon by the superoxide ion by  the plant extract which was read at 530nm. The procedure is described in the appendix VI as per Winterbourn et al., (1975).

3.4. Qualitative analysis of the phytochemicals

The extract prepared was tested for the presence of alkaloids, flavonoids, phenolics, saponins, glycosides, steroids and terpenoids which is presented in appendix VII as per Khandelwal, 2002.

3.4.1. Detection of alkaloids

The presence of alkaloids was indicated by the formation of creamy coloured precipitate in Mayer’s test and reddish brown colour in Dragendroff’s reagent. 

3.4.2. Detection of phenolics



The presence of phenolic compound was confirmed by the formation of deep blue or black color with FeCl3 and formation of white precipitate with lead acetate solution. 

3.4.3. Detection of flavonoids


On treating with NaOH, yellow orange colour was obtained which indicated the presence of flavonoids. Orange colour formation with concentrated H2SO4 and dark pink color in Schinodo’s confirmed the presence of flavonoids.

3.4.4. Detection of saponin

Presence of foam on vigorous shaking with olive oil confirmed the saponin. 

3.4.5. Detection of tannin

Dark green or blue or brown color in the Braemer’s test indicated the presence of tannin.

3.4.6. Detection of glycosides


The glycosides were identified by the formation of blue or violet color with Kadde’s reagent and bluish green color appearing at the junction of the two reagents in the Kellar – killani test.

3.4.7. Identification of steroids


The presence of steroid in the extract was indicated by color change from blue to green in Libermann – Buchard test. In Salkowsk test the formation of red chloroform layer and green acid layer confirmed the positive result. 

3.4.8. Identification of terpenoids



A reddish brown coloration with the addition of concentrated H2SO4 and chloroform indicated the presence of terpenoids. 

3.5. Extraction of alkaloid, phenolics, flavonoids and saponin fraction

The total alkaloid, phenolic compound, flavonoid and saponin were extracted by using the procedure explained by Harborne, 1973; Vital et al., 1995; Obadoni and Ochuku, 2001 is described in appendix VIII.

3.6. Thin layer chromatography

Thin layer chromatography is an important analytical tool in separation, identification and estimation of different compounds. The principle of thin layer chromatography is the separation and adsorption of the compound present in the sample. The stationary phase act as absorbent. In order to identify the phytochemicals, the extracts were subjected to TLC analysis using appropriate solvent mixtures. The chromatograms developed were then sprayed with different reagents specific for each component. The method is detailed in appendix IX.

The results obtained from the analysis of the above parameters are discussed in the following chapter.

4.0. RESULTS AND DISCUSSION


The results of the present study entitiled “Comparative study of radical scavenging activity and preliminary phytochemical analysis of fresh and dry rhizomes of Curcuma zedoaria ” are discussed under the following headings:

4.1.
DPPH radical scavenging activity of different extracts of fresh and dry rhizomes of Curcuma zedoaria
4.2.
ABTS radical scavenging activity of different extracts of fresh and dry rhizomes of Curcuma zedoaria
4.3. Hydrogen peroxide scavenging activity of different extracts of fresh and dry rhizomes of Curcuma zedoaria
4.4. Hydroxyl radical scavenging assay of different extracts of fresh and dry rhizomes of Curcuma zedoaria
4.5. Determination of inhibition of nitric oxide generation of different extracts of fresh and dry rhizomes of Curcuma zedoaria
4.6. Determination of inhibition of superoxide generation of different extracts of fresh and dry rhizomes of Curcuma zedoaria
4.7. Phytochemical analysis of fresh and dry rhizomes of Curcuma zedoaria
4.8. TLC analysis of methanloic extract of rhizomes of Curcuma zedoaria
Oxygen is highly reactive atom that is capable of becoming part of potentially damaging molecules commonly called “free radicals”. A free radical may be defined as a molecule or molecular fragments containing one or more unpaired electrons in its outermost atomic or molecular orbital and are capable of independent existence (Sen et al., 2010). These are highly reactive species capable of wide spread, indiscriminate oxidation and peroxidation of proteins, lipids and DNA which can lead to significant cellular damage and even tissue and / or organ failure (Saha and Tamrakar, 2011).


Antioxidants are molecules that slow or prevent the oxidation. Antioxidants help to maintain the integrity to cell membrane and matrix, aid in the maintenance of normal DNA repair. Many plant derived substances, collectively termed “phytonutrients” or “phytochemicals” are becoming increasingly known for their antioxidant activity (Saha and Tamrakar, 2011).


Four thousand years ago, the medicinal knowledge of the Indian subcontinent was termed as Ayurveda. It remains an important system of medicine and drug therapy in India. Plant alkaloids are primary active ingredient of ayurvedic drugs. Today the pharmacologically active ingredients of many ayurvedic medicines are being identified and their usefulness in drug therapy is being determined (Samy et al., 2008).


The plant used in the present study is Curcuma zedoaria, commonly called turmeric and is cultivated as a traditional herb, vegetable, flavoring agent and perfume. It has number of medicinal properties. The aim of the present study was to extract the fresh and dry rhizome with solvents of increasing polarity and the extracts were concentrated and assessed for their radical scavenging activity against a battery of radicals. 


The results were statistically analysed using one way ANOVA. The order of significance was indicated using the following alphabet

a- Statistically significant compared to respective fresh rhizome extracts.

b- Statistically significant compared to methanol extract of fresh rhizome.

c- Statistically significant compared to methanol extract of dry rhizome.

d- Statistically significant compared to standard.

4.1. DPPH radical scavenging activity of different extracts of fresh and dry rhizomes of Curcuma zedoaria
The stable DPPH radical is widely used method to evaluate antioxidant activities. The addition of extracts to the DPPH solution caused a rapid decrease in the optical density at 515nm. The degrees of discoloration indicated the scavenging capacity of the extracts. The result of the present study is shown in Figure 1.

The result showed that the methanolic extract of both fresh and dry rhizomes of Curcuma zedoaria exhibited stronger activity against DPPH radical. When extracts of fresh and dry rhizomes were compared chloroform, ethyl acetate and ethanol extracts showed antiradical activity. The methanolic extract of fresh rhizome exhibited strong DPPH radical scavenging activity compared to ethanol, benzene, chloroform and ethyl acetate extracts and significantly higher activity compared to standard trolox while petroleum ether and aqueous extract of both fresh and dry rhizomes showed least activity. Similar results were obtained with methanolic extract of dry rhizomes. However the standard trolox showed strong radical scavenging compared to ethanol, chloroform, ethyl acetate, petroleum ether and aqueous extracts.

Figure 1
DPPH radical scavenging activity of different extracts of fresh 
and dry rhizomes of Curcuma zedoaria
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Mandal et al., (2009) have reported that the methanol extracts of leaf and stem of Drymaria diandra Blume has antiradical activity by inhibiting DPPH radical which was comparable with quercetin standard. In DPPH radical scavenging assay, the crude ethyl acetate extract of Acacia nilotica bark showed potent antioxidant activity (Singh et al., 2009). The methanol extract of fruits of Terminalia chebula, Terminalia belerica and Emblica officinalis showed comparable antioxidant activity compared to ascorbic acid (Hazra et al., 2010). The extracts obtained from whole plant by cold extraction of Pouzolzia zeylanica exhibited stronger DPPH radical scavenging ability than the corresponding extracts obtained by soxhlet extraction (Li et al., 2011). Similar results were observed in the present study also.

4.2. ABTS radical scavenging activity of different extracts of fresh and dry rhizomes of Curcuma zedoaria
The ABTS assay is based on the ability of the antioxidant to scavenge the long life radical cation ABTS+. This scavenging produces a decrease in the absorbance at 734nm.

In ABTS radical scavenging activity, the methanol extract of fresh and dry rhizomes of Curcuma zedoaria showed strong radical scavenging activity as depicted in Figure 2

When the extracts of fresh and dry rhizomes were compared all the extracts except chloroform extract showed significant activity. The methanol extract of fresh rhizome of Curcuma zedoaria showed significant antiradical activity than ethanol, ethyl acetate, chloroform, benzene, petroleum ether and aqueous extracts of both fresh and dry rhizome. Similar results were observed with the methanol extract of dry rhizome and also its activity was equivalent to that of the standard. When compared to standard, methanol, ethanol, ethyl acetate, chloroform, benzene extracts showed considerable activity while petroleum ether and aqueous extracts showed considerable activity while petroleum ether and aqueous extracts showed least activity.

Figure 2
ABTS radical scavenging activity of different extracts of fresh 
and dry rhizomes of Curcuma zedoaria
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ABTS activity of the acetone extract was significantly higher than that of ethanol extract of Hippobromus pauciflorus leaves (Olorunnisola et al., 2012). The methanol extract of aerial parts of Teucrium polium had the highest ABTS radical scavenging activity (Aghdam et al., 2011). The whole plant extract of Pouzolzia zeylancia exhibited outstanding scavenging effects on DPPH, ABTS and hydroxyl radical (Li et al., 2011). The ethanol extract of whole plant of Artocarpus lakoocha contained total and important antioxidants and polyphenolic compounds especially tannins and flavonoids (Singhatong et al., 2010). The methanol extract of aerial parts of Sonchus asper showed good radical scavenging activity (Khan et al., 2012). The ethyl acetate extract of pepine fruit efficiently scavenged ABTS radicals. The activity was found to be increased in a dose dependent manner from 50% to 98.03% at a concentration of 10-50 mg/ ml (Sudha et al., 2011). The methanol extract               of Curcuma amada leaves showed higher ABTS radical scavenging activity than the rhizomes (Sivaprabha et al., 2011). All these studies support over findings.

 4.3. Hydrogen peroxide scavenging activity of different extracts of fresh and dry rhizomes of Curcuma zedoaria

H2O2 itself is not very reactive, but it can sometimes be toxic to the cells. Thus, removal of H2O2 is very important for protection of food systems. Scavenging of H2O2 by extracts may be attributed to their phenolics, which can donate electrons to H2O2, thus neutralizing it to water. The ability of extracts to effectively scavenge H2O2 was determined by method of Ruch et al.,1989 and compared with standard trolox.

The different extracts of plants showed different extent of H2O2 scavenging activity. The extracts of V. odorata leaves, B. hyrcana leaves and C. speciosum flowers scavenged H2O2 in a concentration dependent manner (Ebrahimzadeth              et al., 2010). Lagerstroemia speciosa leaves extract in an increasing concentration was less effective in H2O2 scavenging activity whereas Panax ginseng was found more effective (Saumya and Basha, 2011). Scavenging activity of H2O2 by Morinda citirfolia root and butylated hydroxyl toluene (BHT) as reference was not remarkably different and was shown to be 82% and 92% (Pal et al., 2012). The results showed that the antioxidant activity in one gram of Artocarpus lakoocha bark extract was 128.30±0.13, 55.86±0.01 and 463.49±0.01 µ mol trolox from ABTS, DPPH and H2O2 scavenging method (Singhatong et al., 2010). The methanol extract of Terminalia belerica showed higher H2O2 scavenging activity than Terminalia chebula and Emblica officinalis (Hazra et al., 2010).

As reported by these workers in our present investigation, among all the extracts methanol extract of the fresh rhizome of Curcuma zedoaria showed higher antiradical activity. When extracts of fresh and dry rhizomes were compared all the extracts except chloroform extract of dry rhizome showed significant H2O2 scavenging activity. The methanol extract of fresh rhizome showed significantly higher activity than chloroform, benzene, petroleum ether and aqueous extracts of both fresh and dry rhizomes but ethanol and ethyl acetate extract of dry rhizome showed activity equivalent to standard trolox. Similar results were observed when methanol extract of dry rhizome were compared.

 When compared to standard, ethanol, ethyl acetate extract of dry rhizome showed similar activity and methanol extract of fresh and dry rhizome showed significant activity while chloroform, benzene, petroleum ether and aqueous extracts showed moderate activity. The result of the present study is shown in Figure 3.

Figure 3
Hydrogen peroxide scavenging activity of different extracts of fresh 
and dry rhizomes of Curcuma zedoaria

[image: image6.emf]0

20

40

60

80

100

120

Tx PE BZ Ch EA M E Aq

Extracts

Percent inhibition



FRESH DRY


Tx – Trolox;
PE – Petroleum ether
   BZ – Benzene

Ch – Chloroform
Ch – Chloroform
EA – Ethyl acetate 
   M – Methanol

E – Ethanol 


Aq – Aqueous
4.4. Hydroxyl radical scavenging assay of different extracts of fresh and dry rhizomes of Curcuma zedoaria
The hydroxyl radical scavenging activity was measured by studying the competition between deoxyribose and the extract for hydroxyl radicals generated from the Fe3+ / ascorbate / EDTA / H2O2 system. The results of the present study are depicted in the Figure 4.  

Figure 4
Hydroxyl radical scavenging assay of different extracts of fresh and dry rhizomes of Curcuma zedoaria
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a- stastically significant compared to untreated control

b- stastically significant compared to H2O2 treated group
c- stastically significant compared to H2O2 treated group of each extract
Several studies were reported about hydroxyl scavenging activity. Crude protein of Leucas linifolia extract showed in vitro antioxidant activity in hydroxyl radical scavenging activity in dose dependent manner. At 500µg/ml concentration of crude protein of L. linifolia leaves showed 78% inhibition in hydroxyl radical (Murthy et al., 2012). The methanol extract of Gymnostschyum febrifugum root exhibited more pronounced hydroxyl radical scavenging activity (Arunachalam and Parimelazhagan, 2011). The aqueous and methanolic extracts Cassia fistula bark significantly scavenged the hydroxyl radicals generated by the EDTA / H2O2 system, when compared with that of ascorbic acid (Ilavarasan et al., 2005). The methanolic extract of Prosopis cineraria leaves exhibited maximum activity than the other extracts (Dharani et al., 2011). 

In the present study   H2O2 treated control was fixed to 100% and the value of other groups were compared relative to this. The percent  of TBARS formed was compared. The aqueous extract of fresh and dry rhizomes inhibited TBARS to a significant extent compared to other extracts. When treated with H2O2 the % TBARS increased which was significantly lowered on treatment with both fresh and dry rhizome extracts. The activity of methanol and ethanol extracts of both the rhizomes was significantly higher compared to standard trolox. 

4.5. Determination of inhibition of nitric oxide generation of different extracts of fresh and dry rhizomes of Curcuma zedoaria

Nitric oxide (NO) is a very unstable species under the aerobic condition. It reacts with oxygen to produce the stable product nitrates and nitrite through intermediates NO2, N2O4 and N3O4. It is estimated by using the Griess reagent. In the presence of test compound, which is a scavenger, the amount of nitrous acid will decrease. The results of the present study revealed that rhizomes have the property to counteract the effect of NO formation as shown in the Figure 5.

Figure 5
Determination of inhibition of nitric oxide generation of different extracts of 
fresh and dry rhizomes of Curcuma zedoaria
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The methanol extract of fresh and dry rhizome of Curcuma zedoaria decreased the generation of NO significantly in vitro. When fresh and dry rhizome extracts were compared methanol, ethanol, ethyl acetate, benzene, chloroform, petroleum ether and aqueous extracts showed significant antiradical activity. Compared to the methanol extract of fresh rhizome, petroleum ether, benzene, chloroform and aqueous extracts showed moderate activity while ethyl acetate and ethanol extracts showed significantly lower activity. The ethanol, chloroform, ethyl acetate, benzene, petroleum ether and aqueous extracts of dry rhizome showed considerably lower activity compared to methanol extract. The scavenging effect of methanol extract of fresh rhizome was significantly more pronounced than standard trolox. In case of dry rhizome its activity was comparable to the standard.

Jayakumari et al., (2012) have reported that the methanol extract of Pisonia grandis leaves showed good nitric oxide scavenging activity. The butanolic extract of Flemingia strobilifera root and leaves showed good nitric oxide scavenging activity with an IC50 value of 150 and 310µg/ml (Madan et al., 2010). Acalypha indica root extract decreased sodium nitroprusside in vitro. The scavenging of nitric oxide by the extracts increased in dose dependent manner (Balakrishnan et al., 2009). The leaf extracts of Hippobromus paciflorus showed significant inhibition of NO with EC50 values ranging from 62.4 to 78µg/ml (Olorunniola et al., 2012).

4.6.
Determination of inhibition of Superoxide generation of different extracts of fresh and dry rhizomes of Curcuma zedoaria

The superoxide radicals generated from dissolved oxygen can be measured by their ability to reduce NBT. The decrease in absorbance at 560nm with the plant extract is their ability to quench superoxide radicals in the reaction mixture. The ability of rhizome extracts and reference compound to quench superoxide from reaction is reflected in the decrease of absorbance at 560nm. The results are shown in the Figure 6.


From the results it can be put forward that methanol extract was a potent scavenger comparable to other extracts. When fresh and dry rhizome of         Curcuma zedoaria were compared, methanol, ethanol and ethyl acetate extract showed significant activity while petroleum ether, benzene and chloroform showed moderate scavenging effect. The methanol extract of fresh rhizome showed better scavenging activity compared to all other extracts. Similar results were observed with methanolic etract of dry rhizome and its activity was comparable with the standard trolox. However petroleum ether, benzene, chloroform and aqueous extracts showed moderate activity while ethyl acetate and ethanol extracts showed significant activity. Several workers have reported similar results.

Figure 6
Determination of inhibition of super oxide generation of different extracts of fresh and dry rhizomes of Curcuma zedoaria
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Leaves of Lippia citriodora lyophilized infusion strongly scavenged superoxide radical in a concentration dependent manner (Valentao et al., 2002). Panax ginseng leaf extract showed strong superoxide radical scavenging activity than Lagerstroemia speciosa (Saumya and Basha., 2011). C – glycoside flavonoids present in the Drymaria diandra leaves extract have significant selective inhibition on superoxide anion generation (Mandal et al., 2009). The methanol extracts of aerial parts of Veronica chamaedys showed the highest superoxide scavenging activity (Harput et al., 2011). 

The results from various free radical scavenging systems revealed that the rhizome extract were individually strong antioxidants, with varying scavenging activities for different ROS at different magnitudes of potency.

All these results also suggested that the radical scavenging activity is pronounced in all the extracts but more pronounced in methanolic extract. Both fresh and dry rhizomes did exhibit radical scavenging activity. The activity was comparable to that of standard trolox used. Some cases the activity of the extracts was more pronounced compared to standard used.

Since the methanol extract possessed higher radical scavenging activity compared to other extracts, preliminary qualititative phytochemical analysis was done in methanol extract to detect the presence of nature of phytoconstituents.

4.7. Phytochemical analysis of fresh and dry rhizomes of Curcuma zedoaria


Among all the extracts subjected to free radical scavenging activity, methanolic extract of fresh and dry rhizomes of Curcuma zedoaria showed higher antiradical activity. So methanol extract was used to determine phytochemical constituents.

The extracts were subjected to qualitative analysis for detection of various plant constituents viz; alkaloids, phenolics compounds, flavonoids, saponins, glycosides, steroids, terpenoids and tannins. The results are depicted in the Table 1.

In the methanol extract of fresh and dry rhizome of Curcuma zedoaria alkaloids, phenolics, flavonoids, saponins, glycosides, steroids, terpenoids were present and tannin was found to be absent.

TABLE 1

  Phytochemical analysis of methanol extract of rhizomes 
  of Curcuma zedoaria
	S.No.
	Phytochemical constituents
	Fresh rhizome
	Dry rhizome

	1.
	Alkaloid
	+
	+

	2.
	Phenolics
	+
	+

	3.
	Flavonoids
	+
	+

	4.
	Saponins
	+
	+

	5.
	Glycosides
	+
	+

	6.
	Steroids
	+
	+

	7.
	Terpenoids
	+
	+

	8.
	Tannins
	_
	_


        +  - presence of compound

        -   -  absence of compound

Phytochemical screening of crude extracts of Vitex leucoxylon leaf revealed the presence of alkaloids, flavonoids, terpenoids, steroids, phenolics, carbohydrates, amino acids and quinines (Cathrine and Prabavathi, 2011). Andrographis lineate leaves and stem possess tannins, triterpenoids, flavonoids, steroids, glycosides, saponins and phenolics compounds and absence of protein and amino acids, carbohydrates and alkaloids (Alagesaboopathi, 2011). Aloe vera contains more than 160 chemicals constituents but the major constituent is aloin. Aloe vera has steroids like campesterol, lupeol, cholesterol and solosterol detected by phytochemical analysis (Prajapati et al., 2011). Phytochemical analysis of all the extracts revealed that carbohydrates and alkaloids are present in all the bark extracts of Betula utilis. Glycosides were found only in methanol extract and steroids in petroleum ether extract (Kumaraswamy et al., 2008). The rhizomes were also subjected to isolation of individual components like alkaloids, flavonoids and phenolics and saponin and subsequent analysis was done by TLC to detect individual components.

4.8. TLC analysis of methanloic extract of rhizomes of Curcuma zedoaria


Thin layer chromatography has been used for the determination of individual antioxidant capacity of target compounds. The methanolic extract of fresh and dry rhizome of Curcuma zedoaria were subjected to TLC and developed with 10% H2SO4. The Rf value of the spots observed were calculated. The results are shown in the table 2.

TABLE 2

TLC analysis of methanloic extract of rhizomes of Curcuma zedoaria

	S.No 
	    Extract
	 Solvent
	No of spots
	RF ​value

	1.
	Methanolic extract of fresh rhizome
	Choloroform: methanol (9:1)
	1
	0.75

	2.
	Methanolic extract of fresh rhizome
	Choloroform: methanol (9:1)
	1
	0.80


TLC analysis of the methanol extract of fresh rhizome of Curcuma zedoaria showed one spot when sprayed with 10% H2SO4 and the Rf value calculated was 0.75. One spot was observed in the TLC of methanol extract of dry rhizome. The Rf value calculated was 0.80. However the procedure still needs to be standardized to visualize other compounds. The alkaloid, flavonoid, saponin, phenolics fraction was subjected to TLC. Since the concentration was very low, spots was not observed. So TLC was carried using the methanolic extract of the rhizomes. Several researchers have reported similar findings.

TLC of the methanol extract of Lantara camara fruit developed in the mobile phase of ethyl acetate: methanol: water (10: 1.65: 1.35) and observed one spot at Rf value 0.47 (Venkatachalam et al., 2011). The three different solvents used to extract the components of the finely ground aerial and root parts of Andrographis serpyllifolia, methanol extracted the largest number of inhibitory compounds from both parts (Kumar et al., 2010b). The TLC results of the petroleum ether extracts and methanol extract show that at least 3 different phytoconstituents were present in each extract of Amorphophallus paeonifolius tuber (De et al., 2010). Presence of a compound was detected from methanol extract of Allium sativum cloves when subjected to TLC for the analysis of column fraction (Saravanan et al., 2010). From all the above results, the methanol extract of fresh rhizome showed significant antioxidant activity than the dry rhizome. The results of the present study are summarized in the next chapter.

                                                       Plate 2

TLC pattern of methanolic extract of fresh and dry rhizome
        Fresh rhizome 


Dry rhizome

5.0  SUMMARY AND CONCLUSION


The Indian subcontinent is a vast repository of medicinal plants that are used in traditional medical treatments. In India, around 20,000 medicinal plants have been recorded. However traditional communities are using only 7,000 to 7,500 plants for curing different diseases.


Even today, majorities of the medicines are prepared from the plant and animal products, minerals and metals, etc. plant derived medicines have been the first line of defense in maintaining health and combating diseases. In the last century, roughly 121 pharmaceutical products have been discovered based on the information obtained from the traditional healers. Biologically active compounds from natural sources have always been of great interest to scientists working on infectious diseases. Detailed research on the chemistry and pharmacology of products of plant origin are much essential and this may eventually lead to the discovery of medicine that can be used in the treatment of several diseases.


Zingiberaceae is a family of advanced monocot plants with high medicinal value. Curcuma zedoaria is important species of Zingiberaceae family and commonly known as white turmeric. The rhizome is used for curing stomach diseases, toothache, blood stagnation, leucoderma, tuberculosis, and tumors.


In the present study an effort was made to test the efficacy of the rhizome of the Curcuma zedoaria and to screen the free radical scavenging activity of different extracts under in vitro conditions and to assess the phytochemical constituents.


The free radical scavenging activity of the rhizome extracts were evaluated using DPPH activity. The addition of extracts to the DPPH solution caused a rapid decrease in the optical density at 515nm. The degrees of discoloration indicated the scavenging capacity of the extracts. The stable DPPH radical is widely used method to evaluate antioxidant activities. The results revealed that among all the extracts, methanolic extracts showed strong antioxidant activity while petroleum ether and aqueous extract showed least activity when compared to the standard trolox.


The ABTS assay is based on the ability of the antioxidants to scavenge the long life radical cation ABTS+. This scavenging produces a decrease in the absorbance at 734nm. ABTS scavenging ability of the fresh and dry rhizome extracts of Curcuma zedoaria was analysed. The extent of scavenging of ABTS radical was more effective in the methanolic extract of dry rhizome. Other extracts showed moderate activity compared to standard.

H2O2 itself is not very reactive, but it can sometimes be toxic to the cells. Thus, removal of H2O2 is very important for protection of food systems. The ability of the extracts to effectively scavenge H2O2 was determined. The methanolic extract of fresh rhizome showed maximum activity followed by ethanol, ethyl acetate, benzene, chloroform, petroleum ether and aqueous extract which showed considerable antioxidant activity.

The hydroxyl radical scavenging activity was measured by studying the competition between deoxyribose and the extract for hydroxyl radicals generated from the Fe3+ / ascorbate / EDTA / H2O2. The extent of damage to deoxyribose both in the presence and absence of the rhizome extracts was studied. The extent of TBARs formation with deoxyribose was effectively reduced in the presence of methanolic extract of dry rhizome while the other extracts showed moderate activity. The aqueous extract showed the highest TBARs formation.

Nitric oxide is a very unstable species under the aerobic condition. It reacts with oxygen to produce the stable product nitrates and nitrite through intermediates through NO2, N2O4 and N3O4. It is estimated by using griess reagent. The ability of the extracts to effectively scavenge nitric oxide was estimated. The methanolic extract of the fresh rhizome showed strong antioxidant activity while other extracts showed moderate activity.

The superoxide radicals generated from dissolved oxygen can be measured by their ability to reduce NBT. The decrease in absorbance at 560nm with the plant extract is their ability to quench superoxide radicals in the reaction mixture. The results revealed that methanolic extract of the fresh rhizome of Curcuma zedoaria showed higher radical scavenging activity compared to the standard.

These results suggested that the methanolic extract of fresh and dry rhizomes of Curcuma zedoaria showed higher antioxidant activity. The methanolic extract of fresh rhizome showed more activity than the methanolic extract of dry rhizome. The methanolic extracts were subjected to qualitative analysis for detection of various plant constituents. The results revealed that the fresh and dry rhizome extract possess alkaloids, phenolics, flavonoids, saponins, glycosides, steroids and terpenoids.

Thin layer chromatography has been used for the determination of individual antioxidant capacity of target compounds. The methanolic extract of fresh and dry rhizome of Curcuma zedoaria were subjected to TLC and developed with 10% H2SO4. TLC analysis of the methanolic extract showed one spot when sprayed with 10% H2SO4. Further evaluation of in vitro antioxidant activity of rhizomes will provide interesting results that ought to be beneficial for pharmacological use of the rhizomes.
Suggestions for future study:

· The efficacy extracts can be tested in various in vitro models that are alternative to laboratory animals.

· Cytotoxicity of the extracts can be tested so that they can be used as anticancer agents.

· Isolation of compounds responsible for antioxidant activity has to be taken up to prepare modern drugs from this plant.
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APPENDICES

Appendix I

DPPH radical scavenging assay (Mensor et al, 2001)
Principle:


DPPH (1,1 diphenyl – 2 – picryl hydrazyl) is a stable free radical containing an odd electron in its structure. Antioxidants react with DPPH and convert it to diphenyl picryl hydrazine. The degree of discoloration from deep violet to yellow was measured at 515nm.

Reagents:

1. 1.0 mM DPPH in methanol.

2. Methanol.

Procedure:


3 ml of 1.0mM DPPH in methanolic solution was added to 2.5µl and 5µl of plant extract. DPPH solution with methanol was used as positive control and methanol alone acted as blank. After 30 minutes, the discoloration from deep violet to yellow color was measured at 515nm in a spectrophometer. The % inhibition was calculated by the following formula

Scavenging activity  =  (Ac – Ae)  × 100

(% inhibition)
    Ac
Where, 


Ac = Absorbance of control


Ae = Absorbance in the presence of plant extract

Appendix II

ABTS radical scavenging assay (Shiwaikar et al, 2006)
Principle:

ABTS (2, 2’ – azinobis – 3 – ethyl benzothiazoline – 6 - sulphonic acid) solution with ammonium per sulphate generates ABTS radical into monocation, which has a long wavelength absorption spectrum without involvement of any intermediary radical. The degree of discoloration was read at 745nm and the percentage inhibition was noted.

Reagents:

1. ABTS solution:
             2.45mM APS solution added to 7mM ABTS solution.

Procedure:


ABTS solution was prepared and kept in dark for 12 – 16 hours at room temperature. 0.5ml of extract was added to 0.3ml of ABTS solution and the final volume was made upto 1.0ml with ethanol. After 6 minutes the absorbance was read at 745nm and the percentage inhibition was calculated using the formula

Scavenging activity  =  (Ac – Ae)  × 100

(% inhibition)
    Ac
Where, 


Ac = Absorbance of control


Ae = Absorbance in the presence of plant extract

Appendix III

Hydrogen peroxide scavenging activity (Ruch et al, 1989)
Principle:

Hydrogen peroxide is a weak oxidizing agent and can inactivate a few enzymes enzymes by oxidizing its thiol groups. Antioxidants to scavenge the oxidant H2O2 was read at 230nm in spectrophometer.

Reagents:

1. Phosphate buffer (0.1 M) (pH – 7.4)

2. 40mM hydrogen peroxide in phosphate buffer.

Procedure:


A solution of H2O2 (40mM) was prepared in phosphate buffer. Plant extract at the concentration of 10mg /10µl was added to a 0.6ml H2O2 solution. The total volume was made upto 3ml. The absorbance of the reaction mixture was recorded at 230nm. The solution containing phosphate buffer with H2O2 acts as blank. The percentage of H2O2 scavenged by the plant extract was calculated by the formula

Scavenging activity  =  (Ac – Ae)  × 100

(% inhibition)
    Ac
Where, 


Ac = Absorbance of control


Ae = Absorbance in the presence of plant extract

Appendix IV

Hydroxyl radical scavenging activity (Elizabeth and Rao, 1990)
Principle:


Hydroxyl radical generated from a Fe2+ / ascorbate / H2O2 system degrades deoxyribose, producing thiobarbiturate reactive substance (TBARs).
Reagents:

1. 2.8mM deoxyribose

2. 0.1mM FeCl2
3. 0.1mM EDTA

4. 0.1mM H2O2
5. 0.1mM ascorbate

6. 20mM KH2PO4 – KOH buffer (pH - 7.4)

7. 1% thiobabituric acid (TBA)

8. 25% HCl

Procedure:


 The reaction mixture contained 0.1ml of deoxyribose, 0.1ml of EDTA, 0.1ml of H2O2, 0.1ml of ascorbate and 0.1ml of KH2PO4 – KOH buffer. 20µl of the plant extract were added such that the final volume was 1ml. The reaction mixture was incubated for 1 hour at 37˚C. At the end of the incubation period, 0.5ml of TBA and 0.5ml of HCl was added and kept in boiling water bath for 20 minutes. The pink color developed was measured at 535nm and the percentage inhibition of hydroxyl radical was calculated by the formula 
Scavenging activity  =  Ae  × 100

(% inhibition)                Ac
Where, 


Ac = Absorbance of positive control


Ae = Absorbance in the presence of plant extract

Appendix V

Determination of Nitric oxide generation (Green et al, 1982)

 Principle:


Aqueous solution of sodium nitroprusside spontaneously generates nitric oxide (NO) at physiological pH, which interacts with oxygen to produce nitrite ions,  which is measured spectrophotometrically at 546nm.

Reagents:

1. 100mM sodium nitroprusside

2. Phosphate buffered saline (PBS) (pH – 7.4)

NaCl – 0.88g

KCl – 0.02g

KH2PO4 – 0.02g

Na2HPO4 – 0.12g

Dissolve in 100ml of distilled water.

3. Griess reagent:

Sulphanilamide – 1%

Orthophosphoric acid (H3PO4) – 2%

N – (1-napthyl) – ethylene diamine hydrochloride – 0.1%

Procedure:


The reaction mixture (3ml) containing 2ml of sodium nitroprusside, 0.5ml of phosphate buffered saline and 0.5ml of extracted sample was incubated at 25˚C for 2½ hours. Control without test compound was kept in an identical manner. After incubation, 0.5ml of griess reagent was added. The absorbance of the chromophore formed was read at 500nm and the percentage inhibition was calculated by the following formula
Scavenging activity  =  Ae  × 100

(% inhibition)                Ac
Where, 


Ac = Absorbance of control


Ae = Absorbance in the presence of plant extract

Appendix VI

Determination of Superoxide generation (Winterbourn et al, 1975)
Principle:


This assay is based on the inhibition of the production of nitroblue tetrazolium (NBT) Formosan of the superoxide ion by the plant extracts and is measured spectrophotometrically at 530nm.

Reagents:

1. EDTA (0.1M containing 1.5mg NaCl / 100ml)

2. 1.5mM NBT

3. 0.12mM riboflavin

4. 0.067M phosphate buffer (pH – 7.8)

5. Dimethyl sulphoxide (DMSO)

Procedure:


The reaction mixture consisted of 2.55ml phosphate buffer (0.067M, 0.05ml riboflavin, 0.1ml of NBT and 0.2ml NaCl). The control tubes were also set up where DMSO was added instead of sample. All the tubes were vortexed and measured the initial optical density 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 generation of superoxide by the test sample and calculated by comparing with the optical density of the control.

Scavenging activity  =  (Ac – Ae)  × 100

(% inhibition)
    Ac
Where, 


Ac = Absorbance of control


Ae = Absorbance in the presence of plant extract

Appendix VII
Qualitative phytochemical analysis (Khandelwal, 2002)


The methanolic extract of the leaves prepared was tested for the presence of alkaloids, flavonoids, phenolics, saponin, steroids and terpenoids as follows

Detection of alkaloids:

a. Mayer’s test:

A fraction of the extract was treated with Mayer’s reagent (1.36g of mercuric chloride and 5g of potassium iodide in 100ml of distilled water) and creamy colored precipitate formation was observed.

b. Dragendroff’s reagent:

About 0.2g of the extract was warmed with 1% aqueous hydrochloric acid for 2 minutes. The mixtures were filtered and few drops of dragendroff’s reagent was added. A reddish brown color and turbitidity with the reagent indicates the presence of alkaloids.

c. Wagner’s test:

A fraction of the extract was treated with Wagner’s reagent (1.27g of iodine and 2g of potassium iodide in 100ml distilled water) and observed for the formation of reddish brown colored precipitate.
Detection of phenolics:

a. Ferric chloride test:

A fraction of the extract was treated with 5% FeCl3 and observed for the formation of deep blue or black color.
b. Lead acetate test:

A fraction of the extract was treated with 10% lead acetate solution and observed for the formation of white precipitate.

Detection of flavonoids:

a. Aqueous NaOH test:

A fraction of the extract was treated with 1N NaOH solution and observed for the formation of yellow orange color. 
b. Sulphuric acid test:

A fraction of the extract was treated with Conc. Sulphuric acid and observed for the formation of orange color. 
c. Schinodo’s test:

A fraction of the extract was treated with piece of Magnesium turnings followed by few drops of Conc. Hydrochloric acid, treated slightly and observed for the formation of dark pink color. 
Detection of saponin:


0.1g of the powdered extract was boiled in 10ml of distilled water for                              5 minutes and decanted while still hot. The filterate was used for the following test.

a. Frothing test:

1ml of the filterate diluted with 4ml of distilled water, the mixture was shaken vigorously and observed for persistent foam which last for atleast 15 minutes.

b. Emulsion test:

This was performed by adding 3 drops of olive oil to the frothing solution and shaken vigorously. Formation of an emulsion indicated a positive test.

Identification of tannin:

Preparation of extract:


The plant material was suspended in methanol and suspension was kept in rest during the night. Then it was heated under reflux for 4 hours. After that time, it was filtered warm and the residue was washed with methanol. The filterate was allowed to cool down; observing any modification and an aliquot was taken in order to assay tannin.

a. Braemer’s test:

To 0.5g of methanolic/ ethanolic extract added 10ml of water and boiled and filtered. To the filterate few drops of 10% ferric chloride was added. A dark green or blue or brown color indicated the presence of tannin.
Identification of glycosides:

Methanolic extract is treated with a small amount of Kadde’s reagent and development of blue or violet color that fades out in 1 to 2 hours showed the presence of cardiac glycosides.

a. Kellar – killani test:

The methanolic extract is dissolved in glacial acetic acid containing a trace of ferric chloride and the same amount of ferric chloride dissolved in Conc. Sulphuric acid along the side of the test tube to settle out at the bottom and a reddish brown color changingto bluish green color appears at the junction of two reagents within 2 – 5 minutes spreading slowly into acetic acid layer conforms the presence of cardiac glycosides.
Identification of steroids:


a. Libermann – Buchard test:

To the methanolic extract of the sample added 2ml of chloroform followed by addition of 10 drops of acetic anhydride and 2 drops of Concentrated H2SO4  and a rose red color developed which quickly changed through blue to green indicates the presence of cholesterol.
b. Salkowski test:

The methanolic extract was dissolved in chloroform and shook with an equal volume of concentrated H2SO4 and chloroform was red in color and the acid layer showed green florescence indicated the presence of cholesterol.

Test for terpenoids:


To 0.5g of the sample added 2ml of chloroform. To this chloroform extract added 5ml of Conc. Sulphuric acid along the sides of the test tubes. A reddish brown coloration in the interphase indicates the presence of terpenoids.
Appendix VIII

Extraction of alkaloid, phenol, flavonoid and saponin fraction 

(Harborne, 1973;Vitale et al, 1995; Obdani and Ochuku, 2001)
Alkaloid fraction:


5g of rhizome was extracted with ethanol: 28% NH4OH (19:1, 20ml) at room temperature. The extract was filtered and concentrated under pressure to a fumy residue which was extracted twice with 1N HCl (10ml each) and filtered. Alkaloids were liberated at pH 9.8 by the addition of 0.7M sodium carbonate. The solution was extracted with methylene chloride (3×5ml). The organic extract was dried over anhydrous sodium sulphate to yield the total alkaloid fraction.

Phenolic fraction:


5g of the fresh and dried rhizome were taken and crushed using a mortar and pestle. To the crushed sample, 100ml of 80% ethanol was added. The conical flask was plugged and placed in boiling water bath for 5 minutes with occasional shaking. The contents were then centrifuged and the supernatant collected was the phenolic fraction.

Flavonoid fraction:



Approximately half the volume of the supernatant from the phenolic fraction was transferred to a 50ml separating funnel. The sample was then extracted with petroleum ether. The aqueous layer thus obtained was the flavonoid fraction.

Saponin fraction:


20g of the sample was ground, transferred to a conical flask and 200ml of 20% aqueous ethanol was added. The sample was heated over a hot water bath for 4 hours with continuous stirring at 55˚C. The mixture was filtered and the residue was re-extracted with another 200ml of 20% ethanol. The combined extracts were reduced to 40ml over water bath at about 90˚C. The concentrate was transferred into a 250ml separating funnel and 20ml of diethyl ether was added and shaken vigorously. The aqueous layer was recovered while the ether layer was discarded. To this aqueous layer, n-butanol was added and the extraction was repeated twice. The combined n-butanol extracts were washed twice with 10ml of 5% aqueous NaCl. The remaining solution was heated in water bath. After evaporation, the samples were dried in the oven to a constant weight; the saponin was calculated as gram percentage.

Appendix IX
Thin layer chromatography of alkaloids, phenolics, saponin and flavonoids
(Harborne, 1998)


The plant extract were subjected to chromatography which  involves the separation of the active compounds present. The plates were prepared by preparing slurry of silica gel G in distilled water. 20g of silica gel G was added to 40ml of distilled water and thick slurry was made. Slurry was poured uniformly onto the TLC plate. The plates was placed in the oven at 100˚C for 30 minutes to activate the silica gel. The plates was taken from the oven and kept at room temperature for             15 minutes. Using a micro capillary tube, a small drop of extract was placed on the TLC plate 3cm above the bottom. This spot was allowed to dry. The TLC plate was placed into the TLC chamber, which was saturated with the solvent mixture, carefully to have uniform solvent level. When the solvent mixture reached 2cm below the top, the plates were taken out of the chamber and then detected with the respective spraying reagent.


The methanolic extract was developed with chloroform: methanol (9:1) and sprayed with 10% H2SO4. The alkaloid fraction was developed with chloroform and methanol (15:1) and sprayed with Dragendroff’s reagent. Phenolics were separated with choloroform and methanol (27:3) and detected with Folin ciocalteau reagent. Flavonoids with choloroform and methanol (19:1) were detected with vanillin – H2SO4 (10% vanillin in ethanol; Conc. H2SO4 in 2:1 ratio) spray reagent. The saponin was developed with choloroform: methanol:water (13:7:2) and detected with 10% H2SO4.


The Rf values of the spots were calculated by the following formula

                Distance traveled by the sample

Rf   =
         Distance travelled by the solvent
bc





bcd





bcd





bcd





bcd





bc 





abcd 





bc 





abcd 





d





d





bc





ad





bcd





bcd





STANDARD





STANDARD





b 





bcd





abcd





bcd





cd





ab





bcd





acd





bcd





abcddd





bcd





abcd





bcd





bcd





abcd





bc 





abcddd





abc





 bcd





abd





cd





ad





bcd





bcd





bcd





abcd





bcd





abcd





bcd





bc





STANDARD





ab 





abc  





abc  





ab  





abc 





ab 





abc 





ab 





abc 





ab 





ab 





ab 





ab  





abc 





ab 





ab 





ab 





ab 





abc 





ab  





abc 





ab 





abc





abc





ab





abc





ab 





abc





abc





ab





resh without H2O2


Dry without H2O2


Control without H2O2


Standard without H2O2











Fresh with H2O2


Dry with t H2O2


Control with H2O2


Standard with H2O2











bcd





abcd





abcd





bcd





bcd





bcd





abcd





bcd





bcd





bcd





abcd





bcd





STANDARD





abcd





bcd





abcd





bcd





abd





acd





abcd





bd





abcd





bcd





abcd





bcd





abcd





bc 





bcd





STANDARD








_1396900168.xls
Chart7

		Tx		Tx		1.2		1.2		NaN		NaN

		PE		PE		2.29		2.29		3.94		3.94

		BZ		BZ		3.63		3.63		4.955		4.955

		Ch		Ch		1.38		1.38		2.36		2.36

		EA		EA		1.414		1.414		2.467		2.467

		M		M		1.414		1.414		0.707		0.707

		E		E		2.977		2.977		1.011		1.011

		Aq		Aq		1.874		1.874		2.793		2.793



FRESH

DRY

Extracts

%  ABTS radical scavenging 
activity

97.75

33.89

18.21

31.41

18.5

33.34

32.32

57

36.99

89

97.5

37.32

91.49

8.32

18.02



Sheet1

		DPPH Assay										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.76				55.76				1.2

		PE		13.62		18.21						2.29		3.94

		BZ		71.6		76.9						3.63		4.955

		Ch		54.96		72.71						1.38		2.36

		EA		59.96		71.64						1.414		2.467

		M		98.19		98.08						1.414		0.707

		E		55.69		97.31						2.977		1.011

		Aq		44.91		44.29						1.874		2.793

		ABTS ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		97.75				97.75								1.2

		PE		33.89		18.21						2.29		3.94

		BZ		31.41		18.5						3.63		4.955

		Ch		33.34		32.32						1.38		2.36

		EA		57		36.99						1.414		2.467

		M		89		97.5						1.414		0.707

		E		37.32		91.49						2.977		1.011

		Aq		8.32		18.02						1.874		2.793

		H2O2 ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		83.23				83.23								0.332

		PE		24.84		28.41						1.88		0.021

		BZ		37.8		21.62						0.283		0.53

		Ch		24.42		24						0.106		0.0707

		EA		38.01		80.36						0.0212		0.00707

		M		79.94		66.49						0.0778		0.368

		E		17.58		82.32						0.0283		0.233

		Aq		10.28		38.71						0.17		0.368

		SUPER OXIDE GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		trolox		55.11				55.11								0.163

		Petroleum ether		26.38		19.12						0.544		0.17

		Benzene		39.37		35.49						0.52		0.693

		Chloroform		30.48		23.84						0.679		0.58

		Ethyl acetate		52.15		22.29						0.212		0.417

		Methanol		58.28		49.39						0.403		0.559

		Ethanol		40.29		45.09						0.41		0.127

		Aqueous		16.06		21.16						0.091		0.233

		NO GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Trolox						62.42								0.0354

		Petroleum ether		35.38		27.23						0.707		2.82

		Benzene		39.53		38.2						1.414		2.814

		Chloroform		44.18		29.56						2.814		2.348

		Ethyl acetate		47.67		43.03						2.588		0.707

		Methanol		67.1		62.78						2.821		1.874

		Ethanol		50.82		56.46						1.874		3.769

		Aqueous		27.24		19.93						2.814		4.228

		Hydroxl radical																						SD

						Fresh		Dry		Dry		Control		Control		Standard		Standard								Fresh		Dry		Dry		Control		Control		Standard		Standard

				fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2						fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2

		Trolox														25.23		30.06																		0.332		0.084

		Control										74.54		100																		0		0

		Petroleum ether		38.34		42.22		37.37		39.31														0.481		0.318		0.523		0.438

		Benzene		35.42		36.35		34.45		35.42														0.601		0.495		0.636		0.679

		Chloroform		33		39.31		33		33.48														0.007		0.438		0.007		0.594

		Ethyl acetate		31.06		33		32		32.03														0.0919		0.007		0.049		0.0495

		Methanol		17.46		20.37		14.07		16.01														0.651		0.53		0.106		0.0212

		Ethanol		24.26		29.12		18.43		23.29														0.368		0.17		0.608		0.41

		Aqueous		44.17		48.06		41.25		46.11														0.24		0.0919		0.354		0.156





Sheet1

		0		0		1.2		1.2		NaN		NaN

		0		0		2.29		2.29		3.94		3.94

		0		0		3.63		3.63		4.955		4.955

		0		0		1.38		1.38		2.36		2.36

		0		0		1.414		1.414		2.467		2.467

		0		0		1.414		1.414		0.707		0.707

		0		0		2.977		2.977		1.011		1.011

		0		0		1.874		1.874		2.793		2.793



FRESH

DRY

Extracts

%  ABTS radical scavenging 
activity



Sheet2

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



FRESH

DRY

Extracts

Percetnt inhibition



Sheet3

		





		






_1396901338.xls
Chart9

		Tx		Tx		Tx		Tx		NaN		NaN		0.332		0.332		NaN		0.084		NaN		NaN

		Control		Control		Control		Control		NaN		NaN		0		0				NaN		0		0

		PE		PE		PE		PE		0.481		0.481		0.523		0.523				0.438		0.318		0.318

		BZ		BZ		BZ		BZ		0.601		0.601		0.636		0.636				0.679		0.495		0.495

		Ch		Ch		Ch		Ch		0.007		0.007		0.007		0.007				0.594		0.438		0.438

		EA		EA		EA		EA		0.0919		0.0919		0.049		0.049				0.0495		0.007		0.007

		M		M		M		M		0.651		0.651		0.106		0.106				0.0212		0.53		0.53

		E		E		E		E		0.368		0.368		0.608		0.608				0.41		0.17		0.17

		Aq		Aq		Aq		Aq		0.24		0.24		0.354		0.354				0.156		0.0919		0.0919



fresh without H2O2

Fresh with H2O2

Dry without H2O2

Dry with H2O2

Extracts

Percent inhibition

25.23

30.06

74.54

100

38.34

42.22

37.37

39.31

35.42

36.35

34.45

35.42

33

39.31

33

33.48

31.06

33

32

32.03

17.46

20.37

14.07

16.01

24.26

29.12

18.43

23.29

44.17

48.06

41.25

46.11



Sheet1

		DPPH Assay										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.76				55.76				0.332

		PE		13.62		18.21						1.88		0.021

		BZ		71.6		76.9						0.283		0.53

		Ch		54.96		72.71						0.106		0.0707

		EA		59.96		71.64						0.0212		0.00707

		M		98.19		98.08						0.0778		0.368

		E		55.69		97.31						0.0283		0.233

		Aq		44.91		44.29						0.17		0.368

		ABTS ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		97.75				97.75								1.2

		PE		33.89		18.21						2.29		3.94

		BZ		31.41		18.5						3.63		4.955

		Ch		33.34		32.32						1.38		2.36

		EA		57		36.99						1.414		2.467

		M		89		97.5						1.414		0.707

		E		37.32		91.49						2.977		1.011

		Aq		8.32		18.02						1.874		2.793

		H2O2 ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		83.23				83.23								0.332

		PE		24.84		28.41						1.88		0.021

		BZ		37.8		21.62						0.283		0.53

		Ch		24.42		24						0.106		0.0707

		EA		38.01		80.36						0.0212		0.00707

		M		79.94		66.49						0.0778		0.368

		E		17.58		82.32						0.0283		0.233

		Aq		10.28		38.71						0.17		0.368

		SUPER OXIDE GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.11				55.11								0.163

		PE		26.38		19.12						0.544		0.17

		BZ		39.37		35.49						0.52		0.693

		Ch		30.48		23.84						0.679		0.58

		EA		52.15		22.29						0.212		0.417

		M		58.28		49.39						0.403		0.559

		E		40.29		45.09						0.41		0.127

		Aq		16.06		21.16						0.091		0.233

		NO GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Trolox						62.42								0.0354

		Petroleum ether		35.38		27.23						0.707		2.82

		Benzene		39.53		38.2						1.414		2.814

		Chloroform		44.18		29.56						2.814		2.348

		Ethyl acetate		47.67		43.03						2.588		0.707

		Methanol		67.1		62.78						2.821		1.874

		Ethanol		50.82		56.46						1.874		3.769

		Aqueous		27.24		19.93						2.814		4.228

		Hydroxl radical																						SD

						Fresh		Dry		Dry		Control		Control		Standard		Standard								Fresh		Dry		Dry		Control		Control		Standard		Standard

				fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2						fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2

		Tx						25.23		30.06						25.23		30.06										0.332		0.084						0.332		0.084

		Control		74.54		100						74.54		100												0		0				0		0

		PE		38.34		42.22		37.37		39.31														0.481		0.318		0.523		0.438

		BZ		35.42		36.35		34.45		35.42														0.601		0.495		0.636		0.679

		Ch		33		39.31		33		33.48														0.007		0.438		0.007		0.594

		EA		31.06		33		32		32.03														0.0919		0.007		0.049		0.0495

		M		17.46		20.37		14.07		16.01														0.651		0.53		0.106		0.0212

		E		24.26		29.12		18.43		23.29														0.368		0.17		0.608		0.41

		Aq		44.17		48.06		41.25		46.11														0.24		0.0919		0.354		0.156

				Tx

				PE

				BZ

				Ch

				EA

				M

				E

				Aq





Sheet1

		0		0		0.332		0.332		NaN		NaN

		0		0		1.88		1.88		0.021		0.021

		0		0		0.283		0.283		0.53		0.53

		0		0		0.106		0.106		0.0707		0.0707

		0		0		0.0212		0.0212		0.00707		0.00707

		0		0		0.0778		0.0778		0.368		0.368

		0		0		0.0283		0.0283		0.233		0.233

		0		0		0.17		0.17		0.368		0.368



FRESH

DRY

Extracts

%  ABTS radical scavenging 
activity



Sheet2

		0		0		0.332		0.332		NaN		NaN

		0		0		1.88		1.88		0.021		0.021

		0		0		0.283		0.283		0.53		0.53

		0		0		0.106		0.106		0.0707		0.0707

		0		0		0.0212		0.0212		0.00707		0.00707

		0		0		0.0778		0.0778		0.368		0.368

		0		0		0.0283		0.0283		0.233		0.233

		0		0		0.17		0.17		0.368		0.368



FRESH

DRY

Extracts

Percent inhibition



Sheet3

		0		0		0		0		NaN		NaN		0.332		0.332		NaN		0.084		NaN		NaN

		0		0		0		0		NaN		NaN		0		0				NaN		0		0

		0		0		0		0		0.481		0.481		0.523		0.523				0.438		0.318		0.318

		0		0		0		0		0.601		0.601		0.636		0.636				0.679		0.495		0.495

		0		0		0		0		0.007		0.007		0.007		0.007				0.594		0.438		0.438

		0		0		0		0		0.0919		0.0919		0.049		0.049				0.0495		0.007		0.007

		0		0		0		0		0.651		0.651		0.106		0.106				0.0212		0.53		0.53

		0		0		0		0		0.368		0.368		0.608		0.608				0.41		0.17		0.17

		0		0		0		0		0.24		0.24		0.354		0.354				0.156		0.0919		0.0919



fresh without H2O2

Fresh with H2O2

Dry without H2O2

Dry with H2O2

Extracts

Percent inhibition



		





		






_1396901674.xls
Chart12

		Tx		Tx		0.332		0.332		NaN		NaN

		PE		PE		0.707		0.707		2.82		2.82

		BZ		BZ		1.414		1.414		2.814		2.814

		Ch		Ch		2.814		2.814		2.348		2.348

		EA		EA		2.588		2.588		0.707		0.707

		M		M		2.821		2.821		1.874		1.874

		E		E		1.874		1.874		3.769		3.769

		Aq		Aq		2.814		2.814		4.228		4.228



FRESH

DRY

Extracts

Percent inhibition

62.42

35.38

27.23

39.53

38.2

44.18

29.56

47.67

43.03

67.1

62.78

50.82

56.46

27.24

19.93



Sheet1

		DPPH Assay										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.76				55.76				0.332

		PE		13.62		18.21						0.707		2.82

		BZ		71.6		76.9						1.414		2.814

		Ch		54.96		72.71						2.814		2.348

		EA		59.96		71.64						2.588		0.707

		M		98.19		98.08						2.821		1.874

		E		55.69		97.31						1.874		3.769

		Aq		44.91		44.29						2.814		4.228

		ABTS ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		97.75				97.75								1.2

		PE		33.89		18.21						2.29		3.94

		BZ		31.41		18.5						3.63		4.955

		Ch		33.34		32.32						1.38		2.36

		EA		57		36.99						1.414		2.467

		M		89		97.5						1.414		0.707

		E		37.32		91.49						2.977		1.011

		Aq		8.32		18.02						1.874		2.793

		H2O2 ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		83.23				83.23								0.332

		PE		24.84		28.41						1.88		0.021

		BZ		37.8		21.62						0.283		0.53

		Ch		24.42		24						0.106		0.0707

		EA		38.01		80.36						0.0212		0.00707

		M		79.94		66.49						0.0778		0.368

		E		17.58		82.32						0.0283		0.233

		Aq		10.28		38.71						0.17		0.368

		SUPER OXIDE GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.11				55.11								0.163

		PE		26.38		19.12						0.544		0.17

		BZ		39.37		35.49						0.52		0.693

		Ch		30.48		23.84						0.679		0.58

		EA		52.15		22.29						0.212		0.417

		M		58.28		49.39						0.403		0.559

		E		40.29		45.09						0.41		0.127

		Aq		16.06		21.16						0.091		0.233

		NO GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		62.42				62.42								0.0354

		PE		35.38		27.23						0.707		2.82

		BZ		39.53		38.2						1.414		2.814

		Ch		44.18		29.56						2.814		2.348

		EA		47.67		43.03						2.588		0.707

		M		67.1		62.78						2.821		1.874

		E		50.82		56.46						1.874		3.769

		Aq		27.24		19.93						2.814		4.228

		Hydroxl radical																						SD

						Fresh		Dry		Dry		Control		Control		Standard		Standard								Fresh		Dry		Dry		Control		Control		Standard		Standard

				fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2						fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2

		Tx						25.23		30.06						25.23		30.06										0.332		0.084						0.332		0.084

		Control		74.54		100						74.54		100												0		0				0		0

		PE		38.34		42.22		37.37		39.31														0.481		0.318		0.523		0.438

		BZ		35.42		36.35		34.45		35.42														0.601		0.495		0.636		0.679

		Ch		33		39.31		33		33.48														0.007		0.438		0.007		0.594

		EA		31.06		33		32		32.03														0.0919		0.007		0.049		0.0495

		M		17.46		20.37		14.07		16.01														0.651		0.53		0.106		0.0212

		E		24.26		29.12		18.43		23.29														0.368		0.17		0.608		0.41

		Aq		44.17		48.06		41.25		46.11														0.24		0.0919		0.354		0.156

				Tx

				PE

				BZ

				Ch

				EA

				M

				E

				Aq





Sheet1

		0		0		0.332		0.332		NaN		NaN

		0		0		0.707		0.707		2.82		2.82

		0		0		1.414		1.414		2.814		2.814

		0		0		2.814		2.814		2.348		2.348

		0		0		2.588		2.588		0.707		0.707

		0		0		2.821		2.821		1.874		1.874

		0		0		1.874		1.874		3.769		3.769

		0		0		2.814		2.814		4.228		4.228



FRESH

DRY

Extracts

%  ABTS radical scavenging 
activity



Sheet2

		0		0		0.332		0.332		NaN		NaN

		0		0		0.707		0.707		2.82		2.82

		0		0		1.414		1.414		2.814		2.814

		0		0		2.814		2.814		2.348		2.348

		0		0		2.588		2.588		0.707		0.707

		0		0		2.821		2.821		1.874		1.874

		0		0		1.874		1.874		3.769		3.769

		0		0		2.814		2.814		4.228		4.228



FRESH

DRY

Extracts

Percent inhibition



Sheet3

		0		0		0		0		NaN		NaN		0.332		0.332		NaN		0.084		NaN		NaN

		0		0		0		0		NaN		NaN		0		0				NaN		0		0

		0		0		0		0		0.481		0.481		0.523		0.523				0.438		0.318		0.318

		0		0		0		0		0.601		0.601		0.636		0.636				0.679		0.495		0.495

		0		0		0		0		0.007		0.007		0.007		0.007				0.594		0.438		0.438

		0		0		0		0		0.0919		0.0919		0.049		0.049				0.0495		0.007		0.007

		0		0		0		0		0.651		0.651		0.106		0.106				0.0212		0.53		0.53

		0		0		0		0		0.368		0.368		0.608		0.608				0.41		0.17		0.17

		0		0		0		0		0.24		0.24		0.354		0.354				0.156		0.0919		0.0919



fresh without H2O2

Fresh with H2O2

Dry without H2O2

Dry with H2O2

Extracts

Percent inhibition



		





		






_1396901745.xls
Chart13

		Tx		Tx		0.163		0.163		NaN		NaN

		PE		PE		0.544		0.544		0.17		0.17

		BZ		BZ		0.52		0.52		0.693		0.693

		Ch		Ch		0.679		0.679		0.58		0.58

		EA		EA		0.212		0.212		0.417		0.417

		M		M		0.403		0.403		0.559		0.559

		E		E		0.41		0.41		0.127		0.127

		Aq		Aq		0.091		0.091		0.233		0.233



FRESH

DRY

Extracts

Percent inhibition

55.11

26.38

19.12

39.37

35.49

30.48

23.84

52.15

22.29

58.28

49.39

40.29

45.09

16.06

21.16



Sheet1

		DPPH Assay										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.76				55.76				0.163

		PE		13.62		18.21						0.544		0.17

		BZ		71.6		76.9						0.52		0.693

		Ch		54.96		72.71						0.679		0.58

		EA		59.96		71.64						0.212		0.417

		M		98.19		98.08						0.403		0.559

		E		55.69		97.31						0.41		0.127

		Aq		44.91		44.29						0.091		0.233

		ABTS ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		97.75				97.75								1.2

		PE		33.89		18.21						2.29		3.94

		BZ		31.41		18.5						3.63		4.955

		Ch		33.34		32.32						1.38		2.36

		EA		57		36.99						1.414		2.467

		M		89		97.5						1.414		0.707

		E		37.32		91.49						2.977		1.011

		Aq		8.32		18.02						1.874		2.793

		H2O2 ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		83.23				83.23								0.332

		PE		24.84		28.41						1.88		0.021

		BZ		37.8		21.62						0.283		0.53

		Ch		24.42		24						0.106		0.0707

		EA		38.01		80.36						0.0212		0.00707

		M		79.94		66.49						0.0778		0.368

		E		17.58		82.32						0.0283		0.233

		Aq		10.28		38.71						0.17		0.368

		SUPER OXIDE GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.11				55.11								0.163

		PE		26.38		19.12						0.544		0.17

		BZ		39.37		35.49						0.52		0.693

		Ch		30.48		23.84						0.679		0.58

		EA		52.15		22.29						0.212		0.417

		M		58.28		49.39						0.403		0.559

		E		40.29		45.09						0.41		0.127

		Aq		16.06		21.16						0.091		0.233

		NO GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		62.42				62.42								0.0354

		PE		35.38		27.23						0.707		2.82

		BZ		39.53		38.2						1.414		2.814

		Ch		44.18		29.56						2.814		2.348

		EA		47.67		43.03						2.588		0.707

		M		67.1		62.78						2.821		1.874

		E		50.82		56.46						1.874		3.769

		Aq		27.24		19.93						2.814		4.228

		Hydroxl radical																						SD

						Fresh		Dry		Dry		Control		Control		Standard		Standard								Fresh		Dry		Dry		Control		Control		Standard		Standard

				fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2						fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2

		Tx						25.23		30.06						25.23		30.06										0.332		0.084						0.332		0.084

		Control		74.54		100						74.54		100												0		0				0		0

		PE		38.34		42.22		37.37		39.31														0.481		0.318		0.523		0.438

		BZ		35.42		36.35		34.45		35.42														0.601		0.495		0.636		0.679

		Ch		33		39.31		33		33.48														0.007		0.438		0.007		0.594

		EA		31.06		33		32		32.03														0.0919		0.007		0.049		0.0495

		M		17.46		20.37		14.07		16.01														0.651		0.53		0.106		0.0212

		E		24.26		29.12		18.43		23.29														0.368		0.17		0.608		0.41

		Aq		44.17		48.06		41.25		46.11														0.24		0.0919		0.354		0.156

				Tx

				PE

				BZ

				Ch

				EA

				M

				E

				Aq





Sheet1

		0		0		0.163		0.163		NaN		NaN

		0		0		0.544		0.544		0.17		0.17

		0		0		0.52		0.52		0.693		0.693

		0		0		0.679		0.679		0.58		0.58

		0		0		0.212		0.212		0.417		0.417

		0		0		0.403		0.403		0.559		0.559

		0		0		0.41		0.41		0.127		0.127

		0		0		0.091		0.091		0.233		0.233



FRESH

DRY

Extracts

%  ABTS radical scavenging 
activity



Sheet2

		0		0		0.163		0.163		NaN		NaN

		0		0		0.544		0.544		0.17		0.17

		0		0		0.52		0.52		0.693		0.693

		0		0		0.679		0.679		0.58		0.58

		0		0		0.212		0.212		0.417		0.417

		0		0		0.403		0.403		0.559		0.559

		0		0		0.41		0.41		0.127		0.127

		0		0		0.091		0.091		0.233		0.233



FRESH

DRY

Extracts

Percent inhibition



Sheet3

		0		0		0		0		NaN		NaN		0.332		0.332		NaN		0.084		NaN		NaN

		0		0		0		0		NaN		NaN		0		0				NaN		0		0

		0		0		0		0		0.481		0.481		0.523		0.523				0.438		0.318		0.318

		0		0		0		0		0.601		0.601		0.636		0.636				0.679		0.495		0.495

		0		0		0		0		0.007		0.007		0.007		0.007				0.594		0.438		0.438

		0		0		0		0		0.0919		0.0919		0.049		0.049				0.0495		0.007		0.007

		0		0		0		0		0.651		0.651		0.106		0.106				0.0212		0.53		0.53

		0		0		0		0		0.368		0.368		0.608		0.608				0.41		0.17		0.17

		0		0		0		0		0.24		0.24		0.354		0.354				0.156		0.0919		0.0919



fresh without H2O2

Fresh with H2O2

Dry without H2O2

Dry with H2O2

Extracts

Percent inhibition



		





		






_1396900539.xls
Chart8

		Tx		Tx		1.2		1.2		NaN		NaN

		PE		PE		2.29		2.29		3.94		3.94

		BZ		BZ		3.63		3.63		4.955		4.955

		Ch		Ch		1.38		1.38		2.36		2.36

		EA		EA		1.414		1.414		2.467		2.467

		M		M		1.414		1.414		0.707		0.707

		E		E		2.977		2.977		1.011		1.011

		Aq		Aq		1.874		1.874		2.793		2.793



FRESH

DRY

Extracts

Percent inhibition

83.23

24.84

28.41

37.8

21.62

24.42

24

38.01

80.36

79.94

66.49

17.58

82.32

10.28

38.71



Sheet1

		DPPH Assay										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.76				55.76				1.2

		PE		13.62		18.21						2.29		3.94

		BZ		71.6		76.9						3.63		4.955

		Ch		54.96		72.71						1.38		2.36

		EA		59.96		71.64						1.414		2.467

		M		98.19		98.08						1.414		0.707

		E		55.69		97.31						2.977		1.011

		Aq		44.91		44.29						1.874		2.793

		ABTS ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		97.75				97.75								1.2

		PE		33.89		18.21						2.29		3.94

		BZ		31.41		18.5						3.63		4.955

		Ch		33.34		32.32						1.38		2.36

		EA		57		36.99						1.414		2.467

		M		89		97.5						1.414		0.707

		E		37.32		91.49						2.977		1.011

		Aq		8.32		18.02						1.874		2.793

		H2O2 ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		83.23				83.23								0.332

		PE		24.84		28.41						1.88		0.021

		BZ		37.8		21.62						0.283		0.53

		Ch		24.42		24						0.106		0.0707

		EA		38.01		80.36						0.0212		0.00707

		M		79.94		66.49						0.0778		0.368

		E		17.58		82.32						0.0283		0.233

		Aq		10.28		38.71						0.17		0.368

		SUPER OXIDE GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		trolox		55.11				55.11								0.163

		Petroleum ether		26.38		19.12						0.544		0.17

		Benzene		39.37		35.49						0.52		0.693

		Chloroform		30.48		23.84						0.679		0.58

		Ethyl acetate		52.15		22.29						0.212		0.417

		Methanol		58.28		49.39						0.403		0.559

		Ethanol		40.29		45.09						0.41		0.127

		Aqueous		16.06		21.16						0.091		0.233

		NO GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Trolox						62.42								0.0354

		Petroleum ether		35.38		27.23						0.707		2.82

		Benzene		39.53		38.2						1.414		2.814

		Chloroform		44.18		29.56						2.814		2.348

		Ethyl acetate		47.67		43.03						2.588		0.707

		Methanol		67.1		62.78						2.821		1.874

		Ethanol		50.82		56.46						1.874		3.769

		Aqueous		27.24		19.93						2.814		4.228

		Hydroxl radical																						SD

						Fresh		Dry		Dry		Control		Control		Standard		Standard								Fresh		Dry		Dry		Control		Control		Standard		Standard

				fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2						fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2

		Trolox														25.23		30.06																		0.332		0.084

		Control										74.54		100																		0		0

		Petroleum ether		38.34		42.22		37.37		39.31														0.481		0.318		0.523		0.438

		Benzene		35.42		36.35		34.45		35.42														0.601		0.495		0.636		0.679

		Chloroform		33		39.31		33		33.48														0.007		0.438		0.007		0.594

		Ethyl acetate		31.06		33		32		32.03														0.0919		0.007		0.049		0.0495

		Methanol		17.46		20.37		14.07		16.01														0.651		0.53		0.106		0.0212

		Ethanol		24.26		29.12		18.43		23.29														0.368		0.17		0.608		0.41

		Aqueous		44.17		48.06		41.25		46.11														0.24		0.0919		0.354		0.156





Sheet1

		0		0		1.2		1.2		NaN		NaN

		0		0		2.29		2.29		3.94		3.94

		0		0		3.63		3.63		4.955		4.955

		0		0		1.38		1.38		2.36		2.36

		0		0		1.414		1.414		2.467		2.467

		0		0		1.414		1.414		0.707		0.707

		0		0		2.977		2.977		1.011		1.011

		0		0		1.874		1.874		2.793		2.793



FRESH

DRY

Extracts

%  ABTS radical scavenging 
activity



Sheet2

		0		0		1.2		1.2		NaN		NaN

		0		0		2.29		2.29		3.94		3.94

		0		0		3.63		3.63		4.955		4.955

		0		0		1.38		1.38		2.36		2.36

		0		0		1.414		1.414		2.467		2.467

		0		0		1.414		1.414		0.707		0.707

		0		0		2.977		2.977		1.011		1.011

		0		0		1.874		1.874		2.793		2.793



FRESH

DRY

Extracts

Percent inhibition



Sheet3

		





		






_1396900042.xls
Chart6

		Tx		Tx		0.622		0.622		NaN		NaN

		PE		PE		9.65		9.65		3.94		3.94

		BZ		BZ		3.14		3.14		2.53		2.53

		Ch		Ch		4.5		4.5		2.53		2.53

		EA		EA		4.3		4.3		6.35		6.35

		M		M		1.06		1.06		0.42		0.42

		E		E		3.026		3.026		0.9		0.9

		Aq		Aq		2.53		2.53		1.11		1.11



FRESH

DRY

Extracts

%  DPPH radical scavenging 
activity

55.76

13.62

18.21

71.6

76.9

54.96

72.71

59.96

71.64

98.19

98.08

55.69

97.31

44.91

44.29



Sheet1

		DPPH Assay										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		55.76				55.76				0.622

		PE		13.62		18.21						9.65		3.94

		BZ		71.6		76.9						3.14		2.53

		Ch		54.96		72.71						4.5		2.53

		EA		59.96		71.64						4.3		6.35

		M		98.19		98.08						1.06		0.42

		E		55.69		97.31						3.026		0.9

		Aq		44.91		44.29						2.53		1.11

		ABTS ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		97.75				97.75								1.2

		PE		33.89		18.21						2.29		3.94

		BZ		31.41		18.5						3.63		4.955

		Ch		33.34		32.32						1.38		2.36

		EA		57		36.99						1.414		2.467

		M		89		97.5						1.414		0.707

		E		37.32		91.49						2.977		1.011

		Aq		8.32		18.02						1.874		2.793

		H2O2 ASSAY										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Tx		83.23				83.23								0.332

		PE		24.84		28.41						1.88		0.021

		BZ		37.8		21.62						0.283		0.53

		Ch		24.42		24						0.106		0.0707

		EA		38.01		80.36						0.0212		0.00707

		M		79.94		66.49						0.0778		0.368

		E		17.58		82.32						0.0283		0.233

		Aq		10.28		38.71						0.17		0.368

		SUPER OXIDE GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		trolox		55.11				55.11								0.163

		Petroleum ether		26.38		19.12						0.544		0.17

		Benzene		39.37		35.49						0.52		0.693

		Chloroform		30.48		23.84						0.679		0.58

		Ethyl acetate		52.15		22.29						0.212		0.417

		Methanol		58.28		49.39						0.403		0.559

		Ethanol		40.29		45.09						0.41		0.127

		Aqueous		16.06		21.16						0.091		0.233

		NO GENERATION										SD

				FRESH		DRY		standard				Fresh		DRY		STD

		Trolox						62.42								0.0354

		Petroleum ether		35.38		27.23						0.707		2.82

		Benzene		39.53		38.2						1.414		2.814

		Chloroform		44.18		29.56						2.814		2.348

		Ethyl acetate		47.67		43.03						2.588		0.707

		Methanol		67.1		62.78						2.821		1.874

		Ethanol		50.82		56.46						1.874		3.769

		Aqueous		27.24		19.93						2.814		4.228

		Hydroxl radical																						SD

						Fresh		Dry		Dry		Control		Control		Standard		Standard								Fresh		Dry		Dry		Control		Control		Standard		Standard

				fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2						fresh without H2O2		Fresh with H2O2		Dry without H2O2		Dry with H2O2		Control without H2O2		Control with H2O2		Standard without H2O2		Standard with H2O2

		Trolox														25.23		30.06																		0.332		0.084

		Control										74.54		100																		0		0

		Petroleum ether		38.34		42.22		37.37		39.31														0.481		0.318		0.523		0.438

		Benzene		35.42		36.35		34.45		35.42														0.601		0.495		0.636		0.679

		Chloroform		33		39.31		33		33.48														0.007		0.438		0.007		0.594

		Ethyl acetate		31.06		33		32		32.03														0.0919		0.007		0.049		0.0495

		Methanol		17.46		20.37		14.07		16.01														0.651		0.53		0.106		0.0212

		Ethanol		24.26		29.12		18.43		23.29														0.368		0.17		0.608		0.41

		Aqueous		44.17		48.06		41.25		46.11														0.24		0.0919		0.354		0.156
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		0		0		0.622		0.622		NaN		NaN

		0		0		9.65		9.65		3.94		3.94

		0		0		3.14		3.14		2.53		2.53

		0		0		4.5		4.5		2.53		2.53

		0		0		4.3		4.3		6.35		6.35

		0		0		1.06		1.06		0.42		0.42

		0		0		3.026		3.026		0.9		0.9

		0		0		2.53		2.53		1.11		1.11
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