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Abstract

Ricinus communis is widely distributed in tropical and temperate regions throughout the world and widely used in traditional medicine. It is used as hepatoprotective, laxative, antidiabetic, antifertility, antioxidant, anti-inflammatory, antimicrobial, antifungal, wound healing, insecticidal and many other medicinal applications. The present study was carried out on the petroleum ether, chloroform: methanol (1:1) and methanol extracts obtained by soaking the powdered leaves of Ricinus communis for 72 hour. The extracts were analyzed for phytochemical constituent, DPPH radical scavenging potential, total flavonoid content (TFC), total phenol content (TPC) and antibacterial potential. Standard phytochemical analysis methods showed the presence of alkaloid, saponins, tannins, flavonoids, phenols, glycoside and steroid in the leaf extracts of Ricinus communis. Free radical scavavenging activity assay using DPPH showed that the methanol extract exhibited maximum radical scavenging activity from 63.11± 0.269% to 82.62 ± 0.073% comparable to that of ascorbic acid. The minimum radical scavenging activity was exhibited by petroleum ether extract (from 34.68 ± 0.034% to 49.86 ± 0.769%). Total phenolic contents (TPC) and total flavonoid content (TFC) was determined by Folin-Ciocalteu method and aluminum chloride colorimetric methods respectively. Total phenol content of petroleum ether, chloroform: methanol (1:1) and methanol extract were 99.14±0.0006, 614.9±0.0059 and 124.86±0.0008 mg GAE/g of dry extract respectively whereas total flavonoid content were 27.46±0.0009, 36.5±0.0008 and 41.04±0.0039 mg QE/g of dry extract respectively. All the three extracts were tested against two gram positive (Staphylococcus aureus, Streptococcus) and two gram negative (Escherichia coli, Salmonella typhi) bacteria by Kirby-Bauer standard disc diffusion method. All extracts showed growth inhibition against most of the tested bacteria. 

Keywords: Ricinus communis, phytochemical constituent, total phenol content, total flavonoid content, radical scavenging activity.
1. INTRODUCTION
1.1. Background
Nowadays, traditional medicinal plants have reached paramount importance in supporting primary healthcare systems in different countries, especially so in developing nations. According to WHO (world Health Organization) about 80% of the developing world population relies on traditional plant remedies to meet their primary health care needs. In Africa, the use of traditional medicine has persisted over the years and the last few decades have witnessed an upsurge of interest in traditional medicine and other alternative forms of health care in the developing and developed countries1. The new demand for herbal remedies in both developed and developing countries is increasing2. In developed countries, this may be partly due to dissatisfaction with the conventional medicine while in the developing countries this is due to the lack of medical doctors, shortage of pharmaceutical products and their unaffordable prices3. Most of the populations in Ethiopia, as elsewhere in many other developing countries, have relied on a system of traditional medicine. In Ethiopia, modern drugs are in short supply and are inaccessible and unaffordable to the vast majority of the populations. The delivery of essential drugs, their equitable distribution and rational uses are still serious problems4. 

The majority of traditional medicines used in developing countries have not been evaluated for quality, safety and efficacy to some standards while in developed countries there are some remarkable claims made for their effectiveness5. The main difficulty facing the use of traditional medicines is the proof requirement that the active components contained in medicinal plants are useful, safe and effective. The scientific proof then becomes the most important thing, in order to eliminate the fear of using medicinal plants as drugs for alternative treatment. Several scientific reports show that plants have several desirable biological activities such as antioxidant, anticarcinogenic, antimutagenic, antitumor, antibacterial, antiviral, anti-inflammatory, antifungal, insecticidal, hepatoprotective, antirheumatic, and antivenin. These biological activities arise from the presence of different types of compounds, known as secondary metabolites that constitute the various plant parts. They play a key role in humans when used to boost the immune system, kill pathogenic microorganisms and to scavenge free radical molecules6.

Ricinus communis is one of the plants having natural drugs that have the potential to treat various diseases and disorders. It is a species of flowering plants in the spurge family, classified under Euphorbiaceae. It is commonly referred to as castor plant, castor oil plant or castor bean plant. Castor bean grows in tropical and temperate regions throughout the world7, including Ethiopia. It has been discovered to be useful in antioxidant, anti-inflammatory, antimicrobial, antifungal, wound healing, insecticidal and many other medicinal applications. Literature reports on the chemical constituents of the R. communis leaves revealed the presence of alkaloids, saponins, flavonoids and steroids8. It is evident that the chemical composition of plant is affected by the geographical location, soil diversity and climate conditions9. The present study will investigate the chemical composition and antioxidant activity of leaf extracts of Ricinus communis growing in Ethiopia.
1.2. Statement of the Problem
There is increasing evidence that in several chronic health disorders an increase in production of free radicals or reactive oxygen species (ROS) play a critical role10. Overproduction of these free radicals may damage crucial biomolecules like lipids, proteins, mitochondria, and the DNA resulting in abnormalities leading to disease conditions11. Thus, antioxidant agents that can slow or prevent the oxidation process by removing free radical intermediates are desired. Although synthetic antioxidants are commercially available, there is an increased need to screen medicinal plants for antioxidant compounds, because synthetic antioxidants including butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) cause liver disorder and other side effects12. Because of their deleterious effects, the use of synthetic antioxidants is being restricted nowadays and there is an increased interest in finding out safer and bioactive natural antioxidants present in plant species13. Natural antioxidants play a key role in health maintenance and prevention of the chronic and degenerative diseases, such as atherosclerosis, cardiac and cerebral ischema, carcinogenesis, neurodegenerative disorders, diabetic pregnancy (diabetes in pregnancy), rheumatic disorder, DNA damage and ageing11. Plants contain a wide variety of molecules including phenols, flavonoids, and vitamins that exhibit antioxidant activity14. Therefore, research in the determination of natural sources of antioxidants and the antioxidant potential of plants is important. In Ethiopia, as is elsewhere, the application of plants for medical purposes has been confined largely to traditional practices. It is thus vital to look into useful biological properties such as antioxidant, aromatherapy, antibacterial activities, etc. of plants to get an insight into the scientific basis of their medicinal uses.
 Ricinus communis is one of the plants that have the potential to treat various diseases and disorders and widely used throughout the world. In Indian systems of medicine, leaves of this plant have been used for headache, inflammation, liver disorder, warts, and dropsy and as a contraceptive herbal drug9. A poultice of castor leaf is also useful as an external application on sores, boils and swellings. In Ethiopian traditional medicine, the leaf of Ricinus cummunis is used for the treatment of rabies, wounds15, impotency16 and appendicitis17. This medicinal property of the plant may relate to the antioxidant and antibacterial compounds found in the plant leaf. Therefore, the present investigation on the chemical composition, antioxidant activity and antibacterial activity of this plant is thought to shed light on its traditional medicinal uses.
1.3. Objectives of the Study
1.3.1. General Objectives
· To investigate the chemical composition and antioxidant activity of leaf extracts of Ricinus communis.
1.3.2. Specific Objectives

· To identify the classes of phytochemical constituents present in the crude leaf extracts of Ricinus communis.
· To determine the antioxidant potential of crude extracts of Ricinus communis leaf.

· To compare the antioxidant activity with total polyphenol, and total flavonoid content of Ricinus communis leaf extracts obtained using different solvents successively.

· To determine the antibacterial effect of crude extracts of Ricinus communis leaf.

2. LITERATURE REVIEW
2.1. Traditional Medicinal Plants

The World Health Organization (WHO) defined traditional medicine as “the sum total of all the knowledge and practices, whether explicable or not, used in diagnosis, prevention and elimination of physical, mental or social imbalance and relying exclusively on practical experience and observation handed down from generation to generation, whether verbally or in writing”18. It also refers to traditional medicine as a local health treatment system that existed long before the arrival of modern or Western medicine. Plants used for treatment of ailments through the traditional medicine system are referred to as traditional medicinal plants19. 
 Generally, as investigations and utilizations of traditional medicinal plants developed based on earlier experiences and written works of numerous contributors, the need for searching for more curative plants and their active components emerged. The early 19th century then was marked with discovery, substantiation and isolation and testing of bioactive principles from medicinal plants (which continued until present). This meant a turning point in the knowledge and use of medicinal plants, i.e. the beginning of a scientific pharmacy based on accumulated plant knowledge20. 

2.1.1. Economic Value of Medicinal Plants
Medicinal plants have tremendous economic significance beside their role in healthcare provision of much of the world’s population, especially of developing nations. World health Organization (WHO) estimates that about 80% of the developing world population relies on traditional plant remedies to meet their primary healthcare needs. The reliance on traditional medicinal plants in developing countries may relate to failure of governments to ensure provision of modern health services at an affordable price to everyone, and especially to the most vulnerable groups in society21. However, high dependence on medicinal plants arise not only from economic reasons but also from a high cultural acceptance which meets psychological needs of people, in most cases the modern ones cannot do22. The continued use of traditional medicine even in healthcare systems of developed nations, where modern medicine is accessible, reflects the cultural acceptability of the traditional medical system23. The result of recent study conducted in Ethiopia showed that the value of medicinal plants including traded and non-traded ones was ETB 423million making health coverage of 42% of Ethiopian expenditure on pharmaceutical products. This is not only a significant saving in terms of foreign currency but also availability assurance for the primary health care systems in the rural community. There are 6500 species of higher plants in Ethiopia making the country one of the most diverse floristic regions in the world. There are large numbers of moderate to high value medicinal plants herbs and spices existing in the wild. However, of the existing medicinal herbs and spice plants only small percentage are traded. Being a land of diverse climatic and edaphic potentials, several of such indigenous and exotic species and essential oil bearing plants could luxuriously grow in Ethiopia and provide remarkable benefits to the national economy24.

Medicinal plants are commonly traded in various forms, i.e. fresh, dried, powdered and processed in and between different countries25. According to Pierce and Laird (2003)26, the main factors involved in marketing channels of medicinal plants, from the forest or farm to final consumption, include collectors, petty traders, private agents, wholesale dealers and final consumers. However, due to the complexity of actors and companies involved in medicinal plants trade, and serious hesitation to share data by most small and medium-sized companies taking part in this trade, obtaining reliable data related to this trade is most difficult27. The practice of hidden cross trading of products between companies adds difficulty of understanding the trade28. Despite such problems, traces of information obtained on medicinal plants trade show their important economic value. 

2.1.2. Medicinal Plants in Ethiopia 

In Ethiopia, the use of medicinal plants has originated several centuries ago as reflected in various medico-religious manuscripts produced on parchments29. Ethiopian peoples have their own set of written and or oral pharmacopoeias with the medicinal use of some species being restricted to each ethnic group. The cultural and indigenous knowledge of medicinal plants in Ethiopia is not uniformly distributed among each community members. Peoples in different zones/location with different religious, linguistic and cultural backgrounds have their own specific knowledge about use of plants, which in part has gradually entered wide circulation in the country. The knowledge on medicinal plants is largely oral; however, Ethiopia’s ancient church practices have documented some of the knowledge as inscribed in Parchments30. Ethiopian traditional medicine was existed for a long period. It is now more than half a century since the practice secured more attention from the government to function complementarily with the modern one, although not complementing as fast as it could be due to limited acceptance of the traditional form in the eyes of modernists. There is still a need to establish a fully functioning association serving as an umbrella for all traditional medical practitioners of the country.

2.1.3. Research Done on Medicinal Plants in Ethiopia

Like in many other countries in Africa, research on Ethiopian traditional medicinal plants was triggered after the World Health Organization (WHO) officially launched an international program to promote and develop basic and applied research on traditional medicine31. In the past decades, there is research made in the higher learning institutions on several aspects of medicinal plants in Ethiopia. Most studies on medicinal plants made, however, remained more of a survey nature and the outputs were only listing of plants used as remedies for various ailments usually with incomplete description and mainly with ambiguous instructions. However, there are useful reports that can be cited24. Most of the earlier studies on traditional medicinal plants of Ethiopia were general works that do not focus on a specific ethnic group. The status of phytomedicine, preparation of crude extracts and isolation of active principles in Ethiopia is minimal. The database for the recorded species of medicinal plants needs special attention and provides baseline information for future phytochemical and biological activity studies. Tsige and Kaleab (2001) justified that research programmers in traditional medicine in Ethiopia must be realistic and be based on an objective of developing safe, effective and quality phytotherapeutic preparation, which can supplement modern healthcare practices. Generally, research on medicinal plants in Ethiopia is still ongoing though insufficient when compared to extensive use of medicinal plants across different ethno linguistic groups. There is also no well-coordinated applied research to fit traditional medicine into the formal components of the national healthcare system, so launching well-coordinated applied research is very important24.
2.2. Biological Activity of Medicinal Plants 
2.2.1. Antioxidant Activity
Oxygen plays an important role in biological systems of aerobic forms of life, although its derivatives are highly toxic. Oxygen derivatives are known as free radicals or reactive oxygen species. Free radicals are atoms or groups of atoms that have at least one unpaired electron, which make them highly unstable and reactive. Examples of reactive oxygen species are superoxide radicals (O2-), hydrogen peroxide and hydroxyl (OH-) radicals32.They are generated due to different exogenous and normal metabolism of oxygen. Excess of such free radicals can cause depletion of naturally prevailing antioxidants leading to oxidative stress along with change in gene expression, production of abnormal protein and biochemical damage of the cells and tissue, which results in the disease like atherosclerosis, cancer, hypertension, diabetes mellitus, renal failure, liver disease and early aging33. Thus, antioxidant agents that can slow or prevent the oxidation process by removing free radical intermediates are desired. Antioxidants play an important role in the neutralization, inactivation and scavenging of free radicals or ROS. They promote health simply by preventing damage of macromolecules by free radicals. Antioxidant molecules are also used in food and pharmaceutical industries for many purposes. Medicinal plants are a rich source of many bioactive compounds with various biological activities including antioxidant activity. Due to the potential side effects and toxicity of synthetic antioxidant there is a great interest in finding new naturally occurring antioxidant compounds from medicinal plants that are potent and safe to use to scavenge free radicals34. Plants contain a wide variety of free radicals scavenging molecules including phenols, flavonoids, vitamins, terpenoids that are rich in antioxidant activity14.
2.2.2. Antimicrobial activity

In recent years, more and more pathogens have acquired resistance towards the commonly used antibiotics35. Researchers have suggested that the problem of drug resistance could be solved by using plant compounds, which have different mechanisms of action as compared to the current antibiotics used36. Medicinal plants are a good source of many natural bioactive compounds also known as phytochemicals that are effective and safe to use. They may possess one or more biological activities. Some of them act in synergistic relationship to exhibit one biological activity and others may act antagonistically. Bioactive compounds have therapeutic potential and responsible for various biological activities37. Antimicrobial compounds from medicinal plants have been discovered and provides information that lead to the development of new antimicrobial drugs. The antibacterial activity of medicinal plants is due to the presence of secondary metabolites including tannins, alkaloids, flavonoids and other phenolic compounds38. 
2.3. Ricinus communis

2.3.1. Botanical Background

Ricinus communis is a species of flowering plant in the spurge family, classified under Euphorbiaceae. It belongs to a monotypic genus Ricinus. The name Ricinus is a Latin word for tick. The plant is so named probably because its seed has markings and a dump at the end that resemble certain tick. It is commonly called castor plant, castor oil plant and castor bean plant. Castor bean grows in tropical and temperate regions throughout the world2, including Ethiopia. In Ethiopia, it is commonly known as gulo (in Amharic) and kobo (in Afan Oromo). R. communis generally grows wild in waste places. It is an evergreen herbaceous or semi-woody, large shrub or small tree that reaches 5 meters tall. This fast growing plant tends to grow straight up at first, and then develops branches later. The leaves are palmate, with 5-11 deeply incised lobes. They are glossy, green to purplish or reddish-green and 30 to 75 cm across, with long petioles. Stem is green to reddish-purple in color and have hollow internodes. The inflorescence (not particularly showy) has greenish yellow flowers that are borne in spikes up to 30 cm long near the tops of the stems. Female flowers are on the top half of the spike and have conspicuous red stigmas. The male flowers on the lower half of the spike have showy yellow anthers. Pollinated female flowers are followed by reddish brown, egg-shaped capsules, about 2.5 cm long, thickly covered with soft flexible spines. Each capsule contains three seeds that look like fat, swollen dog ticks and are deadly poisonous39. In the present study, the leaves of this plant collected on February 4, 2018 from the areas located in Bahir Dar University (Main Campus), Bahir Dar, Ethiopia were assessed for its antioxidant and antibacterial activity. The photograph of the plant taken from the site of sample collection is shown below (Figure 1).
[image: image2.jpg]



                                    Figure 1: Photograph of Ricinus communis plant
2.3.2. Medicinal Uses of Ricinus communis
There are different parts of Ricinus communis used for medicinal purposes including the leaves, barks, seeds, roots and oil. Ricinus communis is well known for its biological activities, most important of which are hepatoprotective, laxative, antidiabetic, and antifertility activities. Castor oil from seeds of this plant is also considered as king oil medicines because it is traditionally used for treatment of arthritic diseases. Castor oil is commonly given to children orally for de-worming purposes. In India, castor oils is also used traditionally for many purposes including supporting the growth of hair, combating fungal infections, relieving menstrual pains when applied on the lower abdomen, repairing cracked nipples, softening women’s breasts, used in improving eye sight and reducing stretch marks. Leaves are used in the form of a poultice or fomentation on sores, boils and swellings. It also used for headache, inflammation, liver disorder, warts, dropsy and as a contraceptive herbal drug9. In Ethiopian traditional medicine, the leaf of Ricinus cummunis is used for treatment of rabies, wounds15, impotency16, appendicitis17.

2.3.3. Phytochemical Constituent

Preliminary phytochemical study of Ricinus communis revealed the presence of steroids, saponins, alkaloids, flavonoids, and glycosides in it. The dried leaves showed the presence of two alkaloids, ricinine and N-demethylricinine and six flavones: glycosides kaempferol-3-O-β-D Xylopyranoside, kaempferol-3-O-β-D-glucopyranoside, quercetin-3-O-β-D-xylopyranoside, quercetin-3-O-β-D-glucopyranoside, kaempferol-3-O-β-rutinoside and quercetin-3-O-β-rutinoside. The monoterpenoids (1, 8-cineole, camphor and α-pinene) and a sesquiterpenoid (β-caryophyllene), gallic acid, quercetin, gentisic acid, rutin, epicatechin and ellagic acid are the major phenolic compounds isolated from the leaves. Indole-3-acetic acid has been extracted from the roots. The seeds and fruits contain 45% of fixed oil, which consist glycosides of ricinoleic, isoricinoleic, stearic, dihydroxystearic acids, and also lipases and a crystalline alkaloid, ricinine. The GLC (Gas Liquid Chromatography) study of castor oil showed the presence of ester form of palmitic, stearic, arachidic, hexadecenoic, oleic, linoleic, linolenic, ricinoleic and dihydroxy stearic acids. The stem also contains ricinine. The ergost- 5-en-3-ol, stigmasterol, Y-sitosterolfucosterol; and one probucol isolated from the ether extract of seeds. The GC-MS analyses of R. communis essential oil (using capillary columns) are identified compounds like α-thujone and 1, 8- cineole, α-pinene, camphor and camphene. Lupeol and 30-Norlupan-3β-ol-20-one are obtained from coat of castor bean39, 40.
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Figure 2: Structures of some compounds found in Ricinus communis
2.4. Method of Plant Extract Preparation 
Extraction methods involve separation of medicinally active fractions of plant tissue from inactive/inert components by using selective solvents and extraction technology. Solvents diffuse into the solid plant tissues and solubilize compounds of similar polarity41. Quality of plant extract depends on plant material, choice of solvents and the extraction methods. 

 2.4.1. Plant Material     

Plants either are collected randomly or by following information provided by local healers in geographical areas where the plants are found42. Fresh or dried plant materials can be used as a source for the extraction of secondary plant components. Many researchers had reported about plant extract preparation from the fresh plant tissues43. The reason behind this came from the ethno medicinal use of fresh plant materials among the traditional healers. However, as many plants are used in the dry form (or as an aqueous extract) by traditional healers and due to differences in water content within different plant tissues, plants are usually air dried to a constant weight before extraction44. 

2.4.2. Choice of Solvents 

Successful determination of biologically active compound from plant material is mainly dependent on the type of solvent used in the extraction procedure. Properties of a good solvent in plant extractions include low toxicity, ease of evaporation at low heat, promotion of rapid physiologic absorption of the extract, preservative action and inability to cause the extract to complex or dissociate45. As the product in extraction will contain traces of residual solvent, the solvent should be non-toxic and should not interfere with the bioassay46. The choice will also depend on the targeted compounds to be extracted. Although traditional healers use water as universal solvent for preparation of plant extract, plant extracts from organic solvents have been found more consistent biological activity than water extract47. 

2.4.3. Extraction Methods 

Variation in extraction methods are usually depend on the length of the extraction period, solvent used, pH of the solvent, temperature, particle size of the plant tissues and the solvent-to-sample ratio. The basic principle is to grind the plant material, which increases the surface area for extraction so increasing the rate of extraction. Earlier studies reported that solvent to sample ratio of 10:1 (v/w) solvent to dry weight ratio has been used as standard41.
2.4.4. Some Aanalytical Techniques Used in Medicinal Plant Extraction

Extraction of medicinal plants involves the separation of active portions of medicinal plants from inactive components using solvents of varying polarities ranging from non-polar to polar. The products (crude extract) obtained from extraction procedure are impure liquids and mixtures of many compounds. Many separation techniques are used to separate and purify compounds of interest from crude extracts and these include thin layer chromatography, column chromatography and preparative thin layer chromatography. The separation and purification of crude extracts involves the use of column chromatography and preparative thin layer chromatography, to separate components from crude extracts of plants based on the polarities using one or two solvents of varying polarities into fractions for further purification. The final step involves the use of thin layer chromatography (TLC) plates to confirm the purity of separated compounds. Pure compounds are further analyzed for structure elucidation and characterization using nuclear magnetic resonance (NMR) and Mass spectrometry6.
3. MATERIALS AND METHODS
3.1. Apparatus and Instruments
The apparatus and instruments which  were  used in this study  include꞉  test tube, test tube rack, micropipette, polyethylene bag, glass bottles, beakers, electronic balance, flasks of different size, measuring cylinder, volumetric flask, round bottom flask, Whatman No.1 filter paper, refrigerator, rotary evaporator (Buchi, Switzerland) and UV-Vis Spectrophotometer (Perkin Elmer, Lambda 35, USA).
3.2. Chemicals and Reagents
The chemicals and reagents used in this study were of analytical grade reagents. Methanol, dimethyl sulfoxide and sodium carbonate are product of Carlo Erba SDS. Petroleum ether, chloroform, hydrochloric acid, 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical, gallic acid, quercetin and sulphuric acid were product of Trapur MIDC (Biosar, India). Sodium hydroxide, potassium iodide, iodine, ferric chloride, sodium tungstate, sodium molybdate, phosphoric acid, lithium sulfate, bromine, aluminum chloride, ascorbic acid and potassium acetate are all product of Blulux Laboratories (P) Ltd (India).
 3.3. Collection and Identification of Plant Material
The leaves of Ricinus communis were collected from the area located in Bahir Dar University (Main Campus), Bahir Dar, Ethiopia. The plant was identified and authenticated by Dr. Ali Seid of Department of Plant Science, Bahir Dar University. The leaves were sorted out to remove the dead ones, washed with tap water to remove dust particles and then shade dried at room temperature for 15 days. Dried leaves were ground in mortar and pestle to a fine powder and made ready for extraction.

3.4. Plant Extract Preparation

The plant powder was sequentially extracted with different organic solvents of increasing polarity in order to extract as much as possible the most active components with highest biological activity. About 200g of coarsely powdered leaves (200 g / 1600 mL) were taken in conical flask and soaked for 72 hours sequentially with petroleum ether, methanol꞉ chloroform (1꞉1) mixture and methanol separately in order to extract non-polar and polar compounds. The extract was filtered and concentrated by using rotary evaporator. The percentage yields were calculated and then subjected to phytochemical constituents and bioassay testing.


                                                    Petroleum ether, 72h, concentrated.
                                               



                                                                Chloroform: methanol (1:1), 72h, concentrated
                                                                                       
                                                                                                                                                               
                                                                                                            


  Methanol, 72h, concentrated


                                                                                                       

                              Scheme 1: Preparation of plant extract
3.5. Phytochemical Screening
methanol: chloroform (1:1) and methanol extracts of Ricinus communis leaves were tested for the presence of various secondary metabolites (phytochemical) such as Alkaloids, tannins, glycosides, flavonoids, phenolic, saponins and steroids. Standard methods of analysis were employed to detect various secondary metabolites (phytochemical constituent) 8, 49.

3.5.1. Test for Alkaloids

5 ml of the extract was added to 2 mL of HCl. To this acidic medium, 1 mL of Wagner’s reagent was added. An orange or red precipitate produced immediately indicates the presence of alkaloids.

3.5.2. Test for Steroids

1 mL of the extracts was dissolved in 10 mL of chloroform and equal volume of concentrated sulphuric acid was added with sides of the test tube. A red color appearance at the lower layer indicates the presence of steroids.
3.5.3. Test for Flavonoids


 0.5 g of plant extract was shaken vigorously with diluted NaOH and HCl was added to it. A yellow coloration that disappears on standing indicates the presence of flavonoids.

3.5.4. Test for Saponin


The extract was diluted with 20 mL of distilled water and it was agitated in a graduated cylinder for 15 minutes. The formation of 1 cm layer of foam showed the presence of saponins.
3.5.5. Test for Phenols

 2 mL of the extracts was treated with few drops of neutral ferric chloride solution (5%). Deep blue color developed indicated the presence of phenols. 
3.5.6. Test for Tannins

 About 0.5 g of the dried powdered samples was boiled in 20 mL of water in a test tube and then filtered. A few drops of 0.1% ferric chloride was added and observed for brownish green or a blue-black coloration.

3.6. Antioxidant Activity 
3.6.1. DPPH Free Radical Scavenging Activity
The crude extracts of different solvents (petroleum-ether, chloroform: methanol (1:1) mixture and methanol) of Ricinus communis plant were screened for DPPH (2, 2-diphenyl-1-picryl hydrazyl) radical scavenging activity50. Stock solution of plant extract and standard (Ascorbic acid) was prepared by dissolving 1mg of plant extract in 100 mL methanol. Serial dilution was performed to prepare solution with concentrations 20, 40, 60, 80, and 100μg/mL. 2 ml of 0.004% DPPH solution in methanol and 1ml of plant extract in methanol at various concentrations (20, 40, 60, 80 and 100 µg/mL) were mixed and incubated at room temperature for 30 minute. Absorbance of the test mixture was read at 517nm using a spectrophotometer against a DPPH control containing only 1 mL of methanol in place of the extract. Ascorbic acid was used as a reference standard and dissolved in methanol to make the stock solution with the same concentration. The percent inhibition activity was calculated from the following equation.

%inhibition activity = [(A0-A1)/A0] ×100,
Where A0 is the absorbance of the control and A1 is the absorbance of the sample. 
3.6.2. Determination of Total Flavonoid Contents
The aluminum chloride colorimetric method was used to quantify the flavonoid content of each solvent extracts50. Extract solution (0.25mL, 1mg/mL) of each plant extract was added to 1.25 mL of distilled water. Sodium nitrite solution (0.075mL, 5%) was then added to the mixture followed by incubation for 5 minutes after which 0.15mL of 10% aluminum chloride was added. The mixture was allowed to stand for 6min at room temperature before 0.5ml of 1 M sodium hydroxide was finally added and the mixture diluted with 0.275 mL distilled water. The absorbance of the reaction mixture was measured at 510 nm with a UV/VIS spectrophotometer immediately. Quercetin was used as the standard for the calibration curve. Flavonoid contents were expressed as milligram of quercetin equivalent (QE) per gram of extract.

3.6.3. Determination of Total Phenolic Content
Total phenol content was estimated using Folin-Ciocalteau reagent based assay50 with little modification. To one mL of each extract (100µg/mL) in methanol, 5ml of Folin -Ciocalteau reagent (diluted tenfold) and 4 ml (75 g/L) of Na2CO3 were added. The mixture was allowed to stand at room temperature for 30 minute and the absorbance of the mixture was recorded at 765 nm using UV-VIS spectrophotometer. 1 mL aliquots of 20, 40, 60, 80, 100µg/mL methanolic gallic acid solutions were used as standard for calibration curve. All determinations were performed in triplicate. Total phenol content was obtained from gallic acid calibration curve and expressed as milligram of gallic acid equivalent (GAE) per gram of extract.
3.7. Antibacterial Activity Test

The antibacterial activity of plant extract was tested against selected bacterial species in vitro by Disc-diffusion method. To make the work manageable, two-gram positive bacteria (Staphylococcus aureus and Streptococcus) and two gram negative bacteria (Escherichia coli and Salmonella typhi) were selected and administered with the extract. 

Antibacterial resistance tests were performed by Kirby-Bauer standard disk diffusion method51. Bacterial inoculum was prepared by suspending the freshly grown bacteria in 4–5mL sterile nutrient broth and the turbidity was adjusted to that of a 0.5 McFarland standard. The antibacterial susceptibility testing was performed using Mueller-Hinton medium against gentamicin (10μg) and zones of inhibition were measured. 
4. RESULT AND DISCUSSION

4.1. Determination of Extraction Yield

The extraction yield is a measure of the solvent efficiency to extract specific components from the original material. Petroleum ether extract yields 7.04 g, the methanol: chloroform mixture extract yields 17.13 g and the methanol extract yields 18.28 g. The percentage yield of crude extract in respective solvent is recorded in Table 1. The maximum yield was obtained from methanol extract, while the minimum yield was obtained from petroleum ether extract.  
Table 1: Percent yield of each crude extract at room temperature
	     Crude extract 
	Mass of crude (g)
	 Yield in (%)

	Petroleum ether 
	 7.04
	     3.52

	Chloroform: methanol (1:1) 
	 17.13
	     8.565

	Methanol 
	  18.28
	     9.14


4.2. Phytochemical Constituents Test 

The biological activity of natural products is related to phytochemicals present in plant samples. Phytochemical screening plays an important role in the study of medicinal properties of plant sample. Medicinal plants are now getting more attention than ever because they have potential of large benefits to all mankind especially in the area of phytomedicine. Phytomedicine represents one of the most important fields of traditional medicine all over the world and are of primary importance to the health of individuals and communities. The medicinal value of traditionally important plant species is due to the presence of some chemical substances, which produce a definite physiological action on human body like alkaloids, tannins, flavonoids, saponins, etc49. 

In the present study qualitative analysis of the phytochemical constituents in methanol: chloroform mixture and methanol crude leaf extracts of Ricinus communis were carried out. Phytochemical constituents are responsible for medicinal activity of plant species. Hence, the two leaf extracts of Ricinus communis were tested for the presence of various secondary metabolites (phytochemical) such as, alkaloid, flavonoids, tannins, glycosides, steroid, saponins and phenols. The result obtained was shown below (table 2). 

Table 2: Phytochemical constituent of different crude leaf extracts of Ricinus communis
	Sample
	Tannin
	Flavonoid
	Alkaloid
	Phenol
	Glycosides
	Saponin
	Steroid

	CME
	++
	+
	+
	++
	++
	-
	+

	ME
	++
	+
	+
	++
	-
	+
	-


CME = chloroform: methanol Extract, ME = methanol extract, ++ = strongly present, + = slightly present, - = absent
In the methanol: chloroform mixture extract  alkaloids, flavonoids, tannins, glycosides, steroids and phenols were observed as major class of compounds and saponin is absent. Methanol extract shows the absence of glycosides and steroids. 

4.3. Free Radical Scavenging Activity (DPPH) Test 
The antioxidant activity of each extract of Ricinus communis was measured in terms radical scavenging ability, using the stable radical, DPPH. DPPH is a stable free radical that shows maximum absorbance at 517 nm. When DPPH radicals encounter a proton-donating substrate such as an antioxidant, the radicals would be scavenged and the absorbance is reduced52. A large decrease in the absorbance of the reaction mixture indicates significant free radical scavenging activity of the extract under test (table 3). The results of the free radical scavenging activity of each extracts of Ricinus communis assessed by DPPH assay was represented graphically below by plotting percent scavenging activity of each extract versus concentration (Figure 3). 
Table 3: Absorbance of ascorbic acid (AA) and different extracts of R. communis
	Concentration (µg/mL)
	                          Absorbance

	
	           AA
	         ME
	       CME
	        PEE

	20
	0.8126±0.00021
	0.445±0.0012
	7156±0.00458
	0.7879±0.00026

	40
	0.6456±0.00012
	0.425±0.0002
	0.693±0.00025
	0.7682±0.00064

	60
	0.4565±0.00035
	0.3649±0.00042
	0.6656±0.00021
	0.7538±00006

	80
	0.2609±0.00099
	0.2451±0.00095
	0.619±0.00111
	0.6924±0.0001

	100
	0.1938±0.00046
	0.2096±0.00015
	0.5848±0.0003
	0.6048±0.00575


Absorbance of control, Ac is 1.2062±0.0003  
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Figure 3: Percentage Scavenging Activity of Standard (ascorbic acid) and different Extracts
As shown in fig. 3, each extract of Ricinus communis showed significant DPPH radical scavenging activity. The scavenging activity of each extract was increased with increasing concentration. For instance, the methanol extract was showed the highest radical scavenging activity from 63.11 ± 0.269% to 82.62 ± 0.073%, which is very close to the scavenging activity of ascorbic acid (56.74 ±0.049% to 83.93 ± 0.238%). The chloroform: methanol mixture extract was showed moderate radical scavenging activity from 40.67 ± 0.716% to 51.52 ± 0.051% and petroleum ether extract was showed the least radical scavenging activity from 34.68 ± 0.034% to 49.86 ± 0.769%.
4.4. Determination of Total Flavonoid Content
The calibration curve was constructed by plotting different known quercetin concentration versus absorbance (UV response). Total flavonoid content were expressed as mg/g of quercetin equivalent from the equation of the calibration curve (Fig. 4), y = 0.0028x +0.0115, R2 = 0.9979, where y is the absorbance at 510 nm x is concentration of quercetin in µg/mL.
Table 4: Average absorbance of standard (quercetin)
	Concentration (µg/mL)
	Average Absorbance at λmax =  510 nm

	20
	0.0714 ± 0.0002

	40

	0.1189 ± 0.00021

	60
	0.1765 ± 0.00031

	80
	0.2399 ± 0.01798

	100
	0.2909 ± 0.00057


Values are mean of three-determination ± SD
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Figure 4: Calibration curve of quercetin for determination of total flavonoid content (TFC)
Table 5: Total flavonoid content of different extracts of Ricinus communnis


	Sample
	Concentration (µg/mL)
	Absorbance
	Total flavonoid content (mg/g QE)

	PEE
	1000
	0.1264±0.00392
	27.46±0.0009

	CME
	1000
	0.1137±0.00076
	36.5±0.0008

	ME
	1000
	0.0884±0.00093
	41.04±0.0039


All values given in table are mean of three-determination ± SD 



     PEE = petroleum extract, CME = chloroform: methanol extract,    ME = methanol extract

From the calibration curve, the total flavonoid content of each plant extract was determined. As we can see from the result the total flavonoid content of methanol, chloroform: methanol and petroleum ether extract were recorded as 41.04±0.0039, 36.5±0.0008 and 27.46±0.0009 mg QE /g respectively. There is a positive correlation between total flavonoid content and radical scavenging activity of the extracts. The maximum flavonoid content was found in methanol extract, which showed highest free radical scavenging activity, and the minimum flavonoid content was found in petroleum ether extract that showed the lowest free radical scavenging activity. The antioxidative properties of flavonoids are due to several different mechanisms, such as scavenging of free radicals, chelation of metal ions, such as iron and copper, and inhibition of enzymes responsible for free radical generation53.
4.5. Determination of Total Phenol Content
The content of total phenolic compound in each extract was determined by Folin-Ciocalteu method and the result obtained was given in table 7. The Folin-Ciocalteu assay is used to measure total phenolic compound by an oxidation/reduction (redox) reaction54. The principle is based on the transfer of single electrons (SET) in alkaline medium from phenolic compounds to molybdenum to form a blue complex that can be monitored spectrophotometrically at 750-765 nm55.

Table 6: Absorbance of standard (Gallic acid)
	Concentration (µg/mL)
	Average Absorbance at λmax = 765 nm

	20
	0.2407 ± 0.00055

	40
	0.4349 ± 0.00211

	60
	0.6614 ± 0.00065

	80
	0.8344 ± 0.00025

	100
	1.0906 ± 0.01044


Absorbance data expressed as mean of three-determination ± standard deviation
Table 7: Total Phenolic Content of Different Extracts of Ricinus communis
	Sample
	Concentration (µg/mL)
	Absorbance
	Total phenol content (mg GAE /g)

	ME
	100

	0.1537±0.0008
	124.86±0.0008

	CME
	100
	0.6375±0.00588
	614.9±0.0059

	PEE
	100
	0.1267±0.00061
	99.14±0.0006


        All values are mean of three-determination ± SD




     PEE = petroleum extract, CME = chloroform: methanol mixture extract, ME = methanol extract
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Figure 5: Calibration curve of Gallic acid for the determination of total phenol content (TPC)
The calibration curve was constructed by plotting different concentration of 20, 40, 60, 80, 100 ppm of gallic acid versus the resulting mean absorbance obtained from spectrophotometer. Total phenols were expressed as mg/g gallic acid equivalent using the standard curve equation: y = 0.0105x + 0.0226, R2= 0.997, Where y is absorbance at 765 nm and x is total phenolic content in different extracts of Ricinus communis. The total phenolic content was found to be 614.9±0.0059, 124.86±0.0008 and 99.14±0.0006 mg GAE/g in chloroform: methanol, methanol and petroleum ether extract respectively.
4.6. Antibacterial Susceptibility Test
The antibacterial activity was determined by measuring the diameter of zone of inhibition. The three crude leaf extracts of Ricinus communis were investigated for their potential antibacterial activities. The result obtained in the evaluation of the antibacterial activity test of the extracts is presented in table 8. The Standard gentamycin (positive control) showed good inhibitory action on the microorganisms tested and the negative control (DMSO) has no effect on the inhibiting microbial test. The chloroform: methanol and methanol extract were found to possess good antibacterial activity against most of the bacteria tested. The petroleum ether extract was found to possess good antibacterial activity against gram-negative bacteria (Escherichia coli (11.33±2.52) and Salmonella typhi (11.33±1.53)) and less activity against gram positive (Staphylococcus aureus and Streptococcus).
Table 8: Antibacterial activity of different extracts of Ricinus communis at the concentration of 1mg/mL
	
	Zone of inhibition of bacterial species (mm)

	Extracts
	E. coli
	Salmonella typhi
	Staphylococcus aureus
	Streptococcus

	PEE
	11.33 ± 2.52
	11.33 ± 1.53
	6.33 ± 1.56
	8.33 ± 1.53

	CME
	10 ± 3.61
	8.67 ± 1.52
	12.32 ± 2.52
	9 ± 2

	ME
	9 ± 2
	8.67 ± 2.52
	10 ± 4.36
	8.34 ± 2.52

	Gentamicin
	26 ± 1.16
	24 ± 2.35
	28 ± 1.25
	21 ± 2.63

	DMSO
	-
	-
	-
	-


5. SUMMARY AND RECOMMENDATION
5.1. Summary

Ricinus communis is one of the most well known medicinal plants and has been widely used in many countries as a traditional medicinal remedy. In the present study, the powdered leaves of Ricinus communis were successively extracted in petroleum ether, chloroform: methanol and methanol to get the most active components with the highest biological activity. The extracts were analyzed for phytochemical constituent, DPPH radical scavenging potential, total flavonoid content (TFC), total phenol content (TPC) and antibacterial potential. In the leaf extracts of Ricinus communis some important phytochemicals such as alkaloid, flavonoids, saponins, glycosides, steroids, phenols and tannins were detected. The methanol leaf extract of Ricinus communis has shown highest DPPH radical scavenging activity followed by chloroform: methanol extract. The highest flavonoid content was observed in methanol extract while the highest phenolic content was observed in chloroform: methanol (1:1) extract. The extracts were also tested against two-gram positive bacteria (Staphylococcus aureus, streptococcus) and two-gram negative bacteria (Escherichia coli, Salmonella typhi). All of the three crude extracts have significant antibacterial activity on most of the tested bacteria.
Generally, the finding of this study suggests that phytochemical constituents in the leaf extracts of Ricinus communis plant might have good medicinal values. This could be responsible for curing various ailments and possess antimicrobial and antioxidant activity. It has shown that the chloroform: methanol and methanol extract of this plant possess good antioxidant and antibacterial activity. Therefore, it can be suggested that chloroform: methanol and methanol extract of this plant are a great potential source of antioxidant and antibacterial compounds that could be used in the formulation of new antioxidant and antimicrobial drugs of natural basis.
5.2. Recommendation
Based on this study the following recommendations were made:
· Further bioassay guided isolation and characterization should be done to fully identify all active constituent of the plant leaf and their respective biological activities.
· In order to widen the knowledge of antimicrobial effect of this plant, similar researches
have to be carried out on pathogenic microbes other than those used in the present
study.
· It is suggested that further studies should be conducted on other parts of the plant
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antioxident muk & gi

		

				Standard		Concentration mg/L		Mean		SD		%RSD		Readings		%SCV

				Std 1										0.8124		1829.6296296296

														0.8128						20		0.8126

														0.8126						40		0.6456

						20		0.8126		0.00021		0.04935								60		0.4565

				Std 2										0.6455						80		0.2609

														0.6457						100		0.1938

														0.6457

						40		0.6456		0.00012		0.04701

				Std 3										0.4569

														0.4565

														0.4562

						60		0.4565		0.00035		0.1369

				Std 4										0.262

														0.2602

														0.2604

						80		0.2609		0.00099		0.37819

				Std 5										0.1935

														0.1935

														0.1943

						100		0.1938		0.00046		0.23837

				ANTIOXIDENT VALUE

				Sample		Mean		SD		%RSD		Readings		concentration		%SCV

				mu methanol 20								0.4451		122.7380952381		63.0989885591

												0.4462		122.4761904762		63.0077930691

												0.4438		123.0476190476		63.2067650473

						0.445		0.0012		0.26996				368.2619047619

				mu methanol 40								0.425		127.5238095238		64.7653788758

												0.4252		127.4761904762		64.7487978776

												0.4248		127.5714285714		64.781959874

						0.425		0.0002		0.04706

				mu methanol 60								0.3644		141.9523809524		69.7894213232

												0.3652		141.7619047619		69.7230973305

												0.365		141.8095238095		69.7396783286

						0.3649		0.00042		0.11411

				mu methanol 80								0.2441		170.5952380952		79.7628917261

												0.2451		170.3571428571		79.6799867352

												0.246		170.1428571429		79.6053722434

						0.2451		0.00095		0.38783

				mu methanol 100								0.2096		178.8095238095		82.6231139115

												0.2098		178.7619047619		82.6065329133

												0.2095		178.8333333333		82.6314044105

						0.2096		0.00015		0.07287

				muk pe 20								0.7877		41.1666666667		34.6957386835

												0.7882		41.0476190476		34.654286188

												0.7878		41.1428571429		34.6874481844

						0.7879		0.00026		0.03358

				muk pe 40								0.7675		45.9761904762		36.3704194993

												0.7685		45.7380952381		36.2875145084

												0.7687		45.6904761905		36.2709335102

						0.7682		0.00064		0.08368

				muk  pe 60								0.7539		49.2142857143		37.4979273752

												0.7538		49.2380952381		37.5062178743

												0.7538		49.2380952381		37.5062178743

						0.7538		0.00006		0.00766

				muk pe 80								0.6924		63.8571428571		42.5965843144

												0.6923		63.880952381		42.6048748135

												0.6925		63.8333333333		42.5882938153

						0.6924		0.0001		0.01444

				muk pe  100								0.6044		84.8095238095		49.8922235119

												0.6049		84.6904761905		49.8507710164

												0.6046		84.7619047619		49.8756425137

						0.6048		0.00575		0.76876

				muk  M-HC 20								0.7138		58.7619047619		40.8224175095

												0.7184		57.6666666667		40.4410545515

												0.7147		58.5476190476		40.7478030177

						0.7156		0.00458		0.71622

				MUK M-CH 40								0.693		63.7142857143		42.5468413198

												0.6928		63.7619047619		42.563422318

												0.6933		63.6428571429		42.5219698226

						0.693		0.00025		0.03631

				MUK M-CH 60								0.6654		70.2857142857		44.8350190681

												0.6655		70.2619047619		44.8267285691

												0.6658		70.1904761905		44.8018570718

						0.6656		0.00021		0.03128

				MUK M-CH 80								0.618		81.5714285714		48.7647156359

												0.6202		81.0476190476		48.5823246559

												0.6188		81.380952381		48.6983916432

						0.619		0.00111		0.1799

				MIK M-CH 100								0.5845		89.5476190476		51.5420328304

												0.5848		89.4761904762		51.5171613331

												0.5851		89.4047619048		51.4922898358

						0.5848		0.0003		0.0513

				GI 20								0.6809		66.5952380952		43.5499917095

												0.6808		66.619047619		43.5582822086

												0.6816		66.4285714286		43.4919582159

						0.6811		0.00044		0.06907

				GI 40								0.6638		70.6666666667		44.9676670536

												0.6627		70.9285714286		45.0588625435

												0.6625		70.9761904762		45.0754435417

						0.663		0.0007		0.10558

				GI 60								0.5858		89.2380952381		51.4342563422

												0.5862		89.1428571429		51.4010943459

												0.5861		89.1666666667		51.409384845

						0.586		0.00021		0.03553

				GI 80								0.5695		93.119047619		52.7856076936

												0.57		93		52.7441551981

												0.5699		93.0238095238		52.7524456972

						0.5698		0.00026		0.04643

				GI 100								0.5126		106.6666666667		57.5029016747

												0.5123		106.7380952381		57.5277731719

												0.5121		106.7857142857		57.5443541701

						0.5123		0.00025		0.04912

				CONTROL DPPH								1.2059

												1.2065

												1.2062

						1.2062		0.0003		0.02488





antioxident muk & gi

		





TPC& TFC MUK

		

				MUK TFC standard value's

				Standard		Concentration g/L		Mean		SD		%RSD		Readings

				Std 1										0.0714

														0.0716

														0.0712

						20		0.0714		0.0002		0.28011

				Std 2										0.119

														0.1187

														0.1191

						40		0.1189		0.00021		0.17503

				Std 3										0.1764

														0.1767

														0.1764

						60		0.1765		0.00031		0.23387

				Std 4										0.2573

														0.2411

														0.2214

						80		0.2399		0.01798		7.49308

				Std 5										0.2903

														0.2911

														0.2914

						100		0.2909		0.00057		0.19544

				MUK TFC

				Sample		Mean		SD		%RSD		Readings

				METHANOL								0.089

												0.0888

												0.0873

						0.0884		0.00093		1.05148

				M-CH								0.1142

												0.114

												0.1128

						0.1137		0.00076		0.66615

				PE								0.1223

												0.1269

												0.1301

						0.1264		0.00392		3.10115

				CONT								0.0851

												0.0853

												0.0873

						0.0859		0.00122		1.41625										0.5412

																				0.5407

				MUK TPC standard value's																0.5401

																				1.622		0.5406666667

				Standard		Concentration g/L		Mean		SD		%RSD		Readings

				Std 1										0.5412										20		0.2407

														0.5407										40		0.4349

														0.5401										60		0.6614

						20		0.5406666667		0.00055		0.22885												80		0.8344

				Std 2										0.4329										100		1.0906

														0.4346

														0.4371

						40		0.4349		0.00211		0.26248

				Std 3										0.6604

														0.662

														0.6617

						60		0.6614		0.00065		0.05604

				Std 4										0.8344

														0.8342

														0.8347

						80		0.8344		0.00025		0.0164

				Std 5										1.1026

														1.0856

														1.0836

						100		1.0906		0.01044		0.65637

				MUK TPC value's

				Sample				Mean		SD		%RSD		Readings

				MUK ME										0.1545

														0.1538

														0.1529

								0.1537		0.0008		0.52173

				MUK ME -CH										0.6307

														0.6404

														0.6413

								0.6375		0.00588		0.92199

				MUK PE										0.1264

														0.1263

														0.1274

								0.1267		0.00061		0.48009
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		conc.		%SCA (std)		%SCA (meth)		%SCA (M-c)		%SCA (pe)

		20		56.74		63.11		40.67		34.68

		40		63.05		64.77		42.55		36.31

		60		70.44		69.75		44.82		37.51

		80		78.37		79.68		48.68		42.59

		100		83.93		82.62		51.52		49.86
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antioxident muk & gi

		

				Standard		Concentration mg/L		Mean		SD		%RSD		Readings		%SCV

				Std 1										0.8124		1829.6296296296

														0.8128						20		0.8126

														0.8126						40		0.6456

						20		0.8126		0.00021		0.04935								60		0.4565

				Std 2										0.6455						80		0.2609

														0.6457						100		0.1938

														0.6457

						40		0.6456		0.00012		0.04701

				Std 3										0.4569

														0.4565

														0.4562

						60		0.4565		0.00035		0.1369

				Std 4										0.262

														0.2602

														0.2604

						80		0.2609		0.00099		0.37819

				Std 5										0.1935

														0.1935

														0.1943

						100		0.1938		0.00046		0.23837

				ANTIOXIDENT VALUE

				Sample		Mean		SD		%RSD		Readings		concentration		%SCV

				mu methanol 20								0.4451		122.7380952381		63.0989885591

												0.4462		122.4761904762		63.0077930691

												0.4438		123.0476190476		63.2067650473

						0.445		0.0012		0.26996				368.2619047619

				mu methanol 40								0.425		127.5238095238		64.7653788758

												0.4252		127.4761904762		64.7487978776

												0.4248		127.5714285714		64.781959874

						0.425		0.0002		0.04706

				mu methanol 60								0.3644		141.9523809524		69.7894213232

												0.3652		141.7619047619		69.7230973305

												0.365		141.8095238095		69.7396783286

						0.3649		0.00042		0.11411

				mu methanol 80								0.2441		170.5952380952		79.7628917261

												0.2451		170.3571428571		79.6799867352

												0.246		170.1428571429		79.6053722434

						0.2451		0.00095		0.38783

				mu methanol 100								0.2096		178.8095238095		82.6231139115

												0.2098		178.7619047619		82.6065329133

												0.2095		178.8333333333		82.6314044105

						0.2096		0.00015		0.07287

				muk pe 20								0.7877		41.1666666667		34.6957386835

												0.7882		41.0476190476		34.654286188

												0.7878		41.1428571429		34.6874481844

						0.7879		0.00026		0.03358

				muk pe 40								0.7675		45.9761904762		36.3704194993

												0.7685		45.7380952381		36.2875145084

												0.7687		45.6904761905		36.2709335102

						0.7682		0.00064		0.08368

				muk  pe 60								0.7539		49.2142857143		37.4979273752

												0.7538		49.2380952381		37.5062178743

												0.7538		49.2380952381		37.5062178743

						0.7538		0.00006		0.00766

				muk pe 80								0.6924		63.8571428571		42.5965843144

												0.6923		63.880952381		42.6048748135

												0.6925		63.8333333333		42.5882938153

						0.6924		0.0001		0.01444

				muk pe  100								0.6044		84.8095238095		49.8922235119

												0.6049		84.6904761905		49.8507710164

												0.6046		84.7619047619		49.8756425137

						0.6048		0.00575		0.76876

				muk  M-HC 20								0.7138		58.7619047619		40.8224175095

												0.7184		57.6666666667		40.4410545515

												0.7147		58.5476190476		40.7478030177

						0.7156		0.00458		0.71622

				MUK M-CH 40								0.693		63.7142857143		42.5468413198

												0.6928		63.7619047619		42.563422318

												0.6933		63.6428571429		42.5219698226

						0.693		0.00025		0.03631

				MUK M-CH 60								0.6654		70.2857142857		44.8350190681

												0.6655		70.2619047619		44.8267285691

												0.6658		70.1904761905		44.8018570718

						0.6656		0.00021		0.03128

				MUK M-CH 80								0.618		81.5714285714		48.7647156359

												0.6202		81.0476190476		48.5823246559

												0.6188		81.380952381		48.6983916432

						0.619		0.00111		0.1799

				MIK M-CH 100								0.5845		89.5476190476		51.5420328304

												0.5848		89.4761904762		51.5171613331

												0.5851		89.4047619048		51.4922898358

						0.5848		0.0003		0.0513

				GI 20								0.6809		66.5952380952		43.5499917095

												0.6808		66.619047619		43.5582822086

												0.6816		66.4285714286		43.4919582159

						0.6811		0.00044		0.06907

				GI 40								0.6638		70.6666666667		44.9676670536

												0.6627		70.9285714286		45.0588625435

												0.6625		70.9761904762		45.0754435417

						0.663		0.0007		0.10558

				GI 60								0.5858		89.2380952381		51.4342563422

												0.5862		89.1428571429		51.4010943459

												0.5861		89.1666666667		51.409384845

						0.586		0.00021		0.03553

				GI 80								0.5695		93.119047619		52.7856076936

												0.57		93		52.7441551981

												0.5699		93.0238095238		52.7524456972

						0.5698		0.00026		0.04643

				GI 100								0.5126		106.6666666667		57.5029016747

												0.5123		106.7380952381		57.5277731719

												0.5121		106.7857142857		57.5443541701

						0.5123		0.00025		0.04912

				CONTROL DPPH								1.2059

												1.2065

												1.2062

						1.2062		0.0003		0.02488
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TPC& TFC MUK

		

				MUK TFC standard value's

				Standard		Concentration g/L		Mean		SD		%RSD		Readings

				Std 1										0.0714

														0.0716

														0.0712

						20		0.0714		0.0002		0.28011

				Std 2										0.119

														0.1187

														0.1191

						40		0.1189		0.00021		0.17503

				Std 3										0.1764

														0.1767

														0.1764

						60		0.1765		0.00031		0.23387

				Std 4										0.2573

														0.2411

														0.2214

						80		0.2399		0.01798		7.49308

				Std 5										0.2903

														0.2911

														0.2914

						100		0.2909		0.00057		0.19544

				MUK TFC

				Sample		Mean		SD		%RSD		Readings

				METHANOL								0.089

												0.0888

												0.0873

						0.0884		0.00093		1.05148

				M-CH								0.1142

												0.114

												0.1128

						0.1137		0.00076		0.66615

				PE								0.1223

												0.1269

												0.1301

						0.1264		0.00392		3.10115

				CONT								0.0851

												0.0853

												0.0873

						0.0859		0.00122		1.41625										0.5412

																				0.5407

				MUK TPC standard value's																0.5401

																				1.622		0.5406666667

				Standard		Concentration g/L		Mean		SD		%RSD		Readings

				Std 1										0.5412										20		0.2407

														0.5407										40		0.4349

														0.5401										60		0.6614

						20		0.5406666667		0.00055		0.22885												80		0.8344

				Std 2										0.4329										100		1.0906

														0.4346

														0.4371

						40		0.4349		0.00211		0.26248

				Std 3										0.6604

														0.662

														0.6617

						60		0.6614		0.00065		0.05604

				Std 4										0.8344

														0.8342

														0.8347

						80		0.8344		0.00025		0.0164

				Std 5										1.1026

														1.0856

														1.0836

						100		1.0906		0.01044		0.65637

				MUK TPC value's

				Sample				Mean		SD		%RSD		Readings

				MUK ME										0.1545

														0.1538

														0.1529

								0.1537		0.0008		0.52173

				MUK ME -CH										0.6307

														0.6404

														0.6413

								0.6375		0.00588		0.92199

				MUK PE										0.1264

														0.1263

														0.1274

								0.1267		0.00061		0.48009
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		conc.		%SCA (std)		%SCA (meth)		%SCA (M-c)		%SCA (pe)

		20		56.74		63.11		40.67		34.68

		40		63.05		64.77		42.55		36.31

		60		70.44		69.75		44.82		37.51

		80		78.37		79.68		48.68		42.59

		100		83.93		82.62		51.52		49.86
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antioxident muk & gi

		

				Standard		Concentration mg/L		Mean		SD		%RSD		Readings		%SCV

				Std 1										0.8124		1829.6296296296

														0.8128						20		0.8126

														0.8126						40		0.6456

						20		0.8126		0.00021		0.04935								60		0.4565

				Std 2										0.6455						80		0.2609

														0.6457						100		0.1938

														0.6457

						40		0.6456		0.00012		0.04701

				Std 3										0.4569

														0.4565

														0.4562

						60		0.4565		0.00035		0.1369

				Std 4										0.262

														0.2602

														0.2604

						80		0.2609		0.00099		0.37819

				Std 5										0.1935

														0.1935

														0.1943

						100		0.1938		0.00046		0.23837

				ANTIOXIDENT VALUE

				Sample		Mean		SD		%RSD		Readings		concentration		%SCV

				mu methanol 20								0.4451		122.7380952381		63.0989885591

												0.4462		122.4761904762		63.0077930691

												0.4438		123.0476190476		63.2067650473

						0.445		0.0012		0.26996				368.2619047619

				mu methanol 40								0.425		127.5238095238		64.7653788758

												0.4252		127.4761904762		64.7487978776

												0.4248		127.5714285714		64.781959874

						0.425		0.0002		0.04706

				mu methanol 60								0.3644		141.9523809524		69.7894213232

												0.3652		141.7619047619		69.7230973305

												0.365		141.8095238095		69.7396783286

						0.3649		0.00042		0.11411

				mu methanol 80								0.2441		170.5952380952		79.7628917261

												0.2451		170.3571428571		79.6799867352

												0.246		170.1428571429		79.6053722434

						0.2451		0.00095		0.38783

				mu methanol 100								0.2096		178.8095238095		82.6231139115

												0.2098		178.7619047619		82.6065329133

												0.2095		178.8333333333		82.6314044105

						0.2096		0.00015		0.07287

				muk pe 20								0.7877		41.1666666667		34.6957386835

												0.7882		41.0476190476		34.654286188

												0.7878		41.1428571429		34.6874481844

						0.7879		0.00026		0.03358

				muk pe 40								0.7675		45.9761904762		36.3704194993

												0.7685		45.7380952381		36.2875145084

												0.7687		45.6904761905		36.2709335102

						0.7682		0.00064		0.08368

				muk  pe 60								0.7539		49.2142857143		37.4979273752

												0.7538		49.2380952381		37.5062178743

												0.7538		49.2380952381		37.5062178743

						0.7538		0.00006		0.00766

				muk pe 80								0.6924		63.8571428571		42.5965843144

												0.6923		63.880952381		42.6048748135

												0.6925		63.8333333333		42.5882938153

						0.6924		0.0001		0.01444

				muk pe  100								0.6044		84.8095238095		49.8922235119

												0.6049		84.6904761905		49.8507710164

												0.6046		84.7619047619		49.8756425137

						0.6048		0.00575		0.76876

				muk  M-HC 20								0.7138		58.7619047619		40.8224175095

												0.7184		57.6666666667		40.4410545515

												0.7147		58.5476190476		40.7478030177

						0.7156		0.00458		0.71622

				MUK M-CH 40								0.693		63.7142857143		42.5468413198

												0.6928		63.7619047619		42.563422318

												0.6933		63.6428571429		42.5219698226

						0.693		0.00025		0.03631

				MUK M-CH 60								0.6654		70.2857142857		44.8350190681

												0.6655		70.2619047619		44.8267285691

												0.6658		70.1904761905		44.8018570718

						0.6656		0.00021		0.03128

				MUK M-CH 80								0.618		81.5714285714		48.7647156359

												0.6202		81.0476190476		48.5823246559

												0.6188		81.380952381		48.6983916432

						0.619		0.00111		0.1799

				MIK M-CH 100								0.5845		89.5476190476		51.5420328304

												0.5848		89.4761904762		51.5171613331

												0.5851		89.4047619048		51.4922898358

						0.5848		0.0003		0.0513

				GI 20								0.6809		66.5952380952		43.5499917095

												0.6808		66.619047619		43.5582822086

												0.6816		66.4285714286		43.4919582159

						0.6811		0.00044		0.06907

				GI 40								0.6638		70.6666666667		44.9676670536

												0.6627		70.9285714286		45.0588625435

												0.6625		70.9761904762		45.0754435417

						0.663		0.0007		0.10558

				GI 60								0.5858		89.2380952381		51.4342563422

												0.5862		89.1428571429		51.4010943459

												0.5861		89.1666666667		51.409384845

						0.586		0.00021		0.03553

				GI 80								0.5695		93.119047619		52.7856076936

												0.57		93		52.7441551981

												0.5699		93.0238095238		52.7524456972

						0.5698		0.00026		0.04643

				GI 100								0.5126		106.6666666667		57.5029016747

												0.5123		106.7380952381		57.5277731719

												0.5121		106.7857142857		57.5443541701

						0.5123		0.00025		0.04912

				CONTROL DPPH								1.2059

												1.2065

												1.2062

						1.2062		0.0003		0.02488





antioxident muk & gi

		





TPC& TFC MUK

		

				MUK TFC standard value's

				Standard		Concentration g/L		Mean		SD		%RSD		Readings

				Std 1										0.0714

														0.0716

														0.0712

						20		0.0714		0.0002		0.28011

				Std 2										0.119

														0.1187

														0.1191

						40		0.1189		0.00021		0.17503

				Std 3										0.1764

														0.1767

														0.1764

						60		0.1765		0.00031		0.23387

				Std 4										0.2573

														0.2411

														0.2214

						80		0.2399		0.01798		7.49308

				Std 5										0.2903

														0.2911

														0.2914

						100		0.2909		0.00057		0.19544

				MUK TFC

				Sample		Mean		SD		%RSD		Readings

				METHANOL								0.089

												0.0888

												0.0873

						0.0884		0.00093		1.05148

				M-CH								0.1142

												0.114

												0.1128

						0.1137		0.00076		0.66615

				PE								0.1223

												0.1269

												0.1301

						0.1264		0.00392		3.10115

				CONT								0.0851

												0.0853

												0.0873

						0.0859		0.00122		1.41625										0.5412

																				0.5407

				MUK TPC standard value's																0.5401

																				1.622		0.5406666667

				Standard		Concentration g/L		Mean		SD		%RSD		Readings

				Std 1										0.5412										20		0.2407

														0.5407										40		0.4349

														0.5401										60		0.6614

						20		0.5406666667		0.00055		0.22885												80		0.8344

				Std 2										0.4329										100		1.0906

														0.4346

														0.4371

						40		0.4349		0.00211		0.26248

				Std 3										0.6604

														0.662

														0.6617

						60		0.6614		0.00065		0.05604

				Std 4										0.8344

														0.8342

														0.8347

						80		0.8344		0.00025		0.0164

				Std 5										1.1026

														1.0856

														1.0836

						100		1.0906		0.01044		0.65637

				MUK TPC value's

				Sample				Mean		SD		%RSD		Readings

				MUK ME										0.1545

														0.1538

														0.1529

								0.1537		0.0008		0.52173

				MUK ME -CH										0.6307

														0.6404

														0.6413

								0.6375		0.00588		0.92199

				MUK PE										0.1264

														0.1263

														0.1274

								0.1267		0.00061		0.48009
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		conc.		%SCA (std)		%SCA (meth)		%SCA (M-c)		%SCA (pe)

		20		56.74		63.11		40.67		34.68

		40		63.05		64.77		42.55		36.31

		60		70.44		69.75		44.82		37.51

		80		78.37		79.68		48.68		42.59

		100		83.93		82.62		51.52		49.86
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