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ABSTRACT
The present study investigates the antioxidant activity of Linum usitatissimum L. commonly known as flaxseeds, which are increasingly recognized for their nutritional and medicinal value. Flaxseeds are rich in lignans, alpha-linolenic acid (ALA) and polyphenolic compounds all of which contribute to their potent antioxidant properties, The objective of this research is to evaluate the free radical scavenging potential of flax seed extracts using standard in vitro assays such as DPPH (2,2-diphenyl-1-picrylhydrazyl) and extract were prepared using different solvents to determine the most effective medium for isolating antioxidant compounds. The results revealed that flaxseeds extracts exhibit significant antioxidant activity, with methanolic extracts showing the highest scavenging ability. These findings supports the potential application of flax seeds as a natural source of antioxidants in functional foods, nutraceuticals and preventive health strategies. Further studies are recommended to isolate specific bioactive constituents responsible for the observed activity and to explore their mechanisms of action in biological systems.




CHAPTER ONE
1.1	INTRODUCTION 
Flax seed are used in food industry, mainly they are used in bakery product and in feed due to the presence of nutraceutical components including α linolenic acid (ALA) lignans and fiber. Flax can be classified into two group’s fibered flax (rich in fiber) and oily flax (rich in oil). The stem of flax is used to produce the fiber of linen and the flax seed are used for oil and feed production.
[bookmark: _GoBack] Flax seed contain 35-45% oil, which contains 9-10% saturated fatty acid (pamitic and stearic acid ) about 20% mono unsaturated fatty acid (mainly oleic acid )and 70% poly unsaturated fatty acid (linolenic acid and linolenic acid) protein content of flax seed various from 20%-30% dietary fiber 4% ash and 6% moisture. There has been a growing interest for the probiotic properties of flax seed and it’s beneficial effects in coronary heart disease, some kind of cancer , neurological acid and hormonal disorders mainly flax seed oil is rich, α linonenic acid (55%) and omega three fatty acid , which is higher than any other vegetable oils. A linonelic acid can be metabolized to form vicosa pentanoic acid and docosa hexanoic acid in human intestine, which helps in the reduction of life style diseases. Previous studies also have shown that flax seed oil helps the reduction of many diseases like hyper lipideamia, arherosclerosis mammary cancer and cardiovascular disease. Flaxseeds oil is also used in the production of linoleum, paints, ink, cosmetics coasting vernishes. The medicinal importance of a plant is due to the presence of some special substances like alkaloids, glycoside, resins, volatile oil, gum and tannis etc.
The active principles usually remain concentrated in the storage organs of the plants considering all these facts the present study is designed to investigate the presence of various phytochemicals in the flaxseed plant which evokes various therapeutic effects. 
Consumer interest in healthy eating in the last decades, shifted towards the potential health benefits of specific foods and food ingredients. Foods impact, are not intended to only satisfy hunger and to provide basic nutritional requirements but also to prevent nutrition-related diseases and to improve physical and mental well-being of the consumers. Consumer demand for foods with greater beneficial effects, led food. Industries in increasing the production of functional foods that now represents significant share of new food product. The result was a growing demand for marketing authorisation and the regulatory authorities had to face the problem of the evaluation of “claims” proposed by companies in the absence of clear and global rules. Therefore the need of a European Union Law, which regulates the marketing of functional foods has led to the definition of regulation with the aim of protecting consumers, promoting fair trade promotion and encourage product innovation in food industry. In the relationship between diet, health and well-being functional foods play an outstanding role. Many definitions exist worldwide for functional foods, note there is no official or commonly accepted definition. The European Commission's Concerted Action on functional food science in Europe (FUFOSE), defined that a food product can only be considered functional if together with the basic nutritional impact it has beneficial effects on one or more functions of the human organism this either improving the general and physical. Conditions or land decreasing the risk of the evolution of diseases. (Ren G et al(2015) ).
2.1	COMPOSITION OF FLAX SEED
The components of this herb are summarized in table 1. Also the contents of vitamin, mineral and active compounds in flax seeds is summarized in table 2. The protein contents in flax has reported as 10-30% in some studies. In terms of protein distribution, the highest amount of protein is in the cotyledons of flaxseed (between 50 and 70%) and about 30% is in the coat and endosperm. The amino acid profile of flaxseed protein is comparable with that of soy. As shown in table1. Higher amount of some amino specially arginine valine, glycine, leucine, valine and serine have been pound in flaxseed. In terms of essentials amino acid index for flaxseed is 69 and this score is near the score for canola and soy. That is 75 and 79 respectively, also according to the Food and Agriculture Organization (FAD) reports, flaxseed score based on the limiting amino acid is 82, however this score for soybeans is 67. It has also been shown in some studies that 34.3% of the amino acids and the ratio of lysine to arginine, which is an indicator of cholesterolernic and atherogenic effects of a protein is about 0.22-0.37, which reveals that flaxseed is less atherogenic than canola and soy bean (Waszkowiak, et al 2020).
	Components (%)
	Whole flaxseed
	Components
	g/100g of flaxseed
	Components 
	g/100g of flaxseed

	Moisture 
	7.13
	a-linolenic acid 
	22.8
	Arginine
	9.2

	Nitrogen 
	4.01
	Linoleic acid
	5.9
	Glycine 
	5.8

	Fat 
	41
	Oleic acid
	7.3
	Leucine 
	5.8

	Protein 
	20
	Searic acid
	1.3
	Valine
	4.6

	Total dietary
	28
	Palmitic acid 
	1.2
	Serine 
	4.8

	Fiber
	
	
	
	
	

	Ash 
	3.4
	Glutamic acid 
	19.6
	Soluble fibres 
	4.3-8.6

	
	
	Aspartic acid
	9.3
	Insoluble fibres
	12.8-17.1



Table 1: The most important flaxseed components.
	Components
	g/100g of flaxseed
	Components
	g/100g of flaxseed
	Phenolic compound mg/100g of flaxseed

	Calcium 
	236
	D-tocopherol
	10
	Secoisolariciresinol
	16.5

	Magnesium 
	431
	Vitamin c
	0.5
	Larincinerol 
	1.7

	Phosphorus 
	622
	Vitamin B1
	0.5
	Pinoresinol
	0.8

	Potassium 
	831
	Vitamin B2
	0.2
	Total flavonoids 
	35.70

	Sodium 
	27
	Vitamin B3
	1.2
	

	Zinc 
	4
	Vitamin B6
	0.6
	

	Iron 
	5
	Panthothenic acid
	0.6
	

	Manganese 
	3
	Phenolic compounds 
Mg/g flaxseed powder
	

	γ-tocopherol
	522
	Feralic acid 
	10.9
	

	A-tocopherol 
	7
	Chlorogenic acid
	7.5
	

	
	
	Gallic acid
	2.8
	



The Canadian Grain commission examined brow Canadian flaxseed , finding that it typically includes 41% fat , 20% protein, 28% total dietary fiber , 7.7% moisture and 3.4% ash. As reported, flaxseed are rich in oil (40-46% by seed weight) with a healthy fatty acid profile. In terms of type of fatty acids; flaxseed contains about contains 73% polyunsaturated fatty acids, (PUFAS) and 10% saturated fatty Acids. Also in terms of the type of PUFAS , the evaluation results on different samples of flaxseed shows the presence of about 52-57% α-linolenic acid (ALA) and  w-3/w-6 ratio of 1:0:3. 
Considering that higher amount of ALA make the oil prone to oxidation and linola seeds have about 5% less ALA compared with the brown flaxseed. Therefore, this type of flaxseed and for applications such as frying and shortening are more suitable. 
As shown in table 2, in terms of minerals and vitamins content, flaxseed is one of the appropriate source of calcium phosphorus, potassium, magnesium and Y-tocopherol.
In addition, flaxseed is a good sources of some active compounds such as phenolic compounds. It has been reported that some of the bioactive phenolic compounds are ferolic acid, chlorogenic acid and gallic acid. 
Cyanogenic glycosides (CG), phytates, lignans, and anti-pyridox in factors are some of flaxseeds minor constituents that have been identified flaxseed has amounts of the lignan secoisolaricise sinoldiglucoside (SDG) that are 75-800 times higher than those of any other documented plants or vegetables.
Flaxseeds is one of the best dietary functional foods in terms of supply lignan and the amount of lignan in it varies between 0.9 and 3% depending on various factors. Based on the evidence in some experimental studies, the lignans in flaxseed have anti-estrogenic effects and may have a preventive role in the pathological process of some hormone dependent cancers. The most predominant lignan in flaxseed is SDG. Enterolactone and enterodiol, which have anti-estrogenic properties and structural similarities to estrogen and can bind to cell receptors to inhibit cell proliferation are formed from SDG. Numerous, items made from flaxseed are being sold in the market and promoted for their benefits as functional foods, and nutraceuticals, whole seeds, ground or milled Flaxseed (flour), oil extracted from flaxseed (by pressing cold-pressed or not), flax meal, the coat of the seed, a portion of the seed that has been removed, flaxseed hull, cyclic peptides (arbitider) from flaxseed oil and lignan extract from the flaxseed hull are among them. Some of the experimental studies evaluates the digestibility of proteins in the flaxseed, and in some studies, the digestibility of this plant has been reported as 81.4-85.8% and this is near the soybean digestibility percent (digestibility percent = 84-85%).
Also, the flaxseed biological value (Bv) ranges from 66.4% to 77.4%. The matrix elements, particularly mucilage and oil, and the earlier preparation of the seeds have an impact on the flaxseed protein digestibility. It has been reported in some experimental studies that elimination of flaxseed mucilage improved protein digestibility to 50% compared with the 12.6% for full-fat and mucilage containing ground flaxfeed (Marambe H, wana Sundara J. 2017). Also it has been reported that some of the other processing methods, such as boiling, heat treatment can improved flaxseed protein digestibility. One of the concerns related rare cases of allergy to the proteins contained in flaxseed. 
Some researchers believe that this allergy observed in some cases is not due to flaxseed proteins, but the reason is the contamination in some seed (Waszkowiak K, et al 2020).
1.2.2	Flax for Human Consumption
Flax was being used as a food source and natural laxative dating back as far as the ancient Greeks and Egyptians. It was also beings used as a food in Asia and Africa. The unique and diverse properties of flax are reviving interest in this crop. In 2005 approximately 200 new food and personal are products were introduced in the US market containing flax or flax ingredients, which suggests that flax based product have the highest growth potential in functional food industry.
Conventional flax seed, containing a mixture of the fatty acids is rich in two essential fatty acids alpha-linolenic acid (ALA: C18:3) and linoleic acid (LA: C18:2) (w-6) (Table 1). In an average Canadian flax cultivar, ALA comparises about 57% of the total fatty acid in flaxseed, whereas w-6 comparies about 16%, giving w-6/w-3 ratio of 0:3:1:0. The typical western diet is high in w-6 and low in w-3 current dietary w-6/w-3 ratio ranges from 10:1 to 25:1 while health Canada recommends a ratio of 4:1 to 10:1, especially for pregnant women and infant. Consuming flax or other food rich in alpha linolenic acid like fish oil, w-3 enriched eggs, increases w-3 ratio.
Flax is the richest sources of ALA, a precusor for the synthesis of very long chain polyunsatured fatty acid (VLCPUFA), eicosapentaenoic acid (EPA, C20: 50) Green Floors linoleum flooring. Linoleum flooring. Accessed: April 23, 2008) and docosahexaenoic acid (DHA C22:6) Heart and stroke foundation of Canada 2003.
Metabolism of ALA in animals by a series of alternating desaturation, and elongations, converts, it into vary long chain polyunsatured fatty acids (VLCPUFA) EPA and DHA conversion of ALA VLCPUFA in human is affected by various hormonal changes and dietary factors. High level of w-6 fatty acids in food supply interfere with the conversion of ALA to EPA and DHA because w-3 and w-6 family compete for the same desaturase enzymes.
The w-3 fatty acid, particularly DNA, are required, for the optimal development of nervous system and maturation of usual acuity (retina) in preterm and term infant EPA and AA (arachidonic acid C20:4) are the precursors of eicosanoids and alto components of mammalian cell membranes, including the prostaglandins blood clotting, cell signaling and blood pressure regulation. 
Deficiency in w-3 increases the changes of diabetes, cancer, arthritis inflammatory diseases, depression, heart diseases, hypertension, memory problems, weight gain and some allergies.
In leafy green plants, fatty acids are usually in the form of ALA alone, however their overall lipids content is very low, so they cannot meet the total requirement of ALA alone. Most fish contain only trace amount of ALA, although a few species of fish such as salmon are rich in EPA and DHA. However, the consumption of fish oil is predicted to continue to decrease because of diminished global fish stocks and heavy metal contamination of oil derived from fish which may effects neuropsychological function in adults for vegetarian diets, flax is the richest plant source of ALA (Morris H.M 2007).
Table 2: Comparison of Fat Profile of w-3 Enriched Eggs and Convention Eggs (Canadian Egg Marketing Agency 2007).
	Content
	w-3 enriched egg ab
	Conventional egg a

	Total fatty acids 
	4.9g
	5.0g

	w-6
	0.7g
	0.7g

	w-3
	0.4g
	0.04g

	Monosaturated
	1.6g
	2.0g

	Saturated 
	1.2g
	1.5g

	Cholesterol
	185mg
	190mg



aBased on one whole large egg
bValues are based on 10% flax in the diet 


Table 3: Fatty acids composition in conventional and socin flax (Morris H.M 2007).
	Fatty acid
	No of double bonds
	Omega family 
	Formula
	Average % fatty acids 

	Conventional flax
Saturated
Stearic acid 
	0
	-
	18:0
	9

	Monounsaturated 
Oleic acid 
Palmitoleic acid 
	
1
1
	
w-9
w-7
	
18:1∆9
16:1∆9
	
18

	Polyunsaturated 
Linoleic acid (LA)
Alpha-linolenic acid (ALA)
	
2
3
	
w-6
w-3
	
18:2∆9,12
16:1∆9,12,15
	
16
57

	Solin flax 
Stearic acid 
	
0
	
-
	
18:0
	
9

	Monounsaturated
Oleic acid 
Palmiloleic acid 
	
1
1
	
w-6
w-9
	
18:1∆9
16:1∆9
	
18

	Polyunsaturated 
Linoleic acid (LA)
	
2
3
	
w-6
w-3
	
18:2∆9,12
16:1∆9,12,15
	
71
2 to 3



1.3	FLAX FOR EDIBLE OIL
The direct use of unprocessed conventional flax oil in the human diet is limited by product stability linseed oil with high ALA is highly susceptible to oxidation and polymerization. While these properties make it suitable for other industrial applications (discussed below), it limits the direct substitution of flax oil in place of canola (Brassica napus) or corn (zea mays) oil.
The oil properties of flax are so unique that considerable effort is being expended to emulate the fatty acid profile. Modification of soybean oil (Glycin max) and canola oil using conventional and molecular approaches to enhance the ALA content and therefore the health benefits and to replace fish oils in the diet are on extremely active area of research.
To use flax oil in food applications where stability is essential Green and Marshall isolated mutants with as low as 1-3% α-linolenic acid, a level which is considered suitable with self-stability for traditional edible oil applications. Solin is the name given by the flax council of Canada to describe the flax cultivars with less than 5% ALA for use in the food industry.
A domestic source of a vegetable oil high in palmitic acid also has potential in Canada for the manufacture of high quality margarines. Edible oil of linseed also provides an opportunity to produce to cocoa-butter replacement oil. However, this oil has reduced health benefits due to the reductions in (<5%) ALA content (Scarth R and Tary J, 2006).
1.4	FLAX FOR FUNCTIONAL FOOD
Functional or nutraceuticals are foods that claimed to have health promoting or disease-prevention. Properties in addition to basic nutritional properties in the food. Many health claims have been made for whole flaxseed, flax meal and milled flax while a complete assessment of the research on flax as a functional food is beyond the scope of this article.
A recent study in Europe indicate that the consumption of flax oil for 12week’s (one tablespoon providing 8g ALA lday) in daily diet lowered blood pressure significantly in middle aged man with high blood cholesterol levels. A role of the flax oil in preventing thrombosis has been reported in a study by 40% increase in the activated protein ratio in a population who consumed flax oil diet for six weeks. In a study of 50men with high blood cholesterol levels who consumed one table spoon of flax oil daily 12weeks reduced 48%. C-reactive protein (CRP) and 32% serum amyloid A (SAA) levels.
Clinical studies on rats and other animals reported that flax has antioxidant effects and decreases blood lipids and inflammation. Many studies revealed that consuming traditional milled flax or partially defatted flax decreased total cholesterol, low-density lipoprotein (LAL) cholesterol without a significant disease in high-density lipoprotein (HDL) cholesterol-cardiovascular disease which includes several disease (like coronary heart disease stroke) is one of the leading causes of death in North America.
Experiments revealed no effect of linseed oil on blood total cholesterol and LDL cholesterol levels. However, studies on rats suggest that the diet rich in ALA from flaxseed have been show to decrease blood cholesterol and triacylglycerol levels and also in also some human population. The high mucilaginous soluble fiber content of flaxseed has been utilized in the care of hyperglycemia and hypercholesterolemia in human.
Flax helps reduce cardiovascular diseases by altering the w-3 fatty acid content of cell membranes by improving blood lipids and endothelial function and also by exerting antioxidant effects. The advantageous effects of flax in human health cited in previous studies were achieved with intake of 2-5 tablespoon of milled flax which provide 14-11g of ALA or 1-3 tablespoon of flax oil which provides 3-20g of ALA in daily diet.
Data derived from animal trials on the effects of flax on breast cancer suggest that the main nutritional components of flax, interfere with tumor initiation and, promotion. By altering estrogen metalbolism and decreasing cell proliferation, flax favorably affected breast cancer risks some studies have also suggested that flax may reduce prostrate cancer, risk by dampening inflammatory reactions. However, there is no any direct evidence of flax contributes to prostrate cancer and the data are mainly from animal studies. Indeed, more studies are required in humans. (Zhao G et al 2007).
Lignan act as antioxidants in humans flax seeds provides 800times more lignans than any other plant seed (except sesame seeds which has 47 times lesslignan than flaxseed), thus it is considered as one of the richest sources of plant lignans. On consumption of flax, lignans are converted into phytoestrogenic compounds studies have revealed that the chemical release of phytoestrogenic compound is believed to block the action of hormone sensitive cancers. However, it is reported that the activity of flax lignans depends on the presence of specific bacteria. It is recommended that eating 2-4 tablespoon of flaxseed in daily diet help in preventing the formation of the cancerous tumors. 
Flaxseed is also an important source of both soluble and insoluble fibers, which is important for the efficient digestive system. Most of the soluble fiber in flax is mucilage which serve as an effective cholesterol lowering agent. It is being utilized by backing of the flaxseed into muffins, bread or can also be added with juice. Studies have reported that insoluble fibers is also helpful in preventing constipation and regulating bowel movements. In Germany, the government has authorized use of linseed for constipation, irritable bowel syndrome and general stomach discomfort.
Investigation of the functionally of flax is an exciting field of research that holds promise for additional flax products and health benefit (Fitz patrizk K 2007).
1.5	FLAX FIBER AND ITS USES
For centuries, flax fiber has occupied a prominent place in textile industry, flax fiber was used by the prehistoric lake Dwellers of Switzerland for the production of Imen >5000years B.P. The art of weaving flax fiber to linen may have originated in Egypt because winding clothes for the bodies of the pharaohs of Egypt were composed by flax fiber. It was then introduced in India, where before the use of cotton, linen was worn by many tribes. The early Colonists brought flax for fiber to the United States, with the increased area and production of cotton and invention of cotton gin in USA the use of flax linen for textile declined.
Flax bast fibers are primarily phloem cells, in which cell wall thickness can reach 10µm and more (w to 100 times thicker than other cell types). One of the limitation of flax is the separation of bast fiber from other stem fiber. This was traditionally done by retting two traditional methods were commercially to ret flax for industrial grade fibers, water and dew-retting.
Water retting method was discontinued because of the high cost of drying and the pollution from the anaerobic decomposition of flax stem in lakes and rivers. Dew-retting has also limitations including poor quality fiber and is restricted to regions which have appropriate moisture and temperature ranges suitable for retting.
In the 1980s, several efforts were made to overcome these limitations and to develops a new method known as enzymes-retting, replacing the anaerobic bacteria with enzymes: Attempts were also being made by United state Department of Agriculture (USDA) to develop an enzyme-retting pilot plant method to replace traditional methods of retting, thus producing flax fibers with specific properties for industrial uses. Advantages of this new methods include reduced retting time, increased yield and fiber consistency and consistency of supply (Toulk J.A et al 2002) 
Flax fiber is soft, lustrous and flexible. It is stronger than cotton fiber but less elastic fiber obtained from flax is known for its length, strength and fitness; however chemical composition and drameter are also important.
In comparison to industrial wood particle, flax particles were characterized by higher length to thickness and length to width ratio and lower bulk density. The best grades are used forlinen fabrics such as damasks, lace and sheeting. Coarser grades are used for the manufacturing of twine and rope.
Flax is a source of industrial fibers and as currently processed, results in long line and short fibers. Long line fiber is used in manufacturing high value linen products, while short staple fiber has historically been the waste from long line fiber and used for lower value products like blankets, mats, mattresses and carpets. Flax fiber threads are strong enough for preparation of sewing threads, button threads and shoe threads. Linen is also used in making the highest quality handkerchiefs bedding, curtains, drapery cushion covers, wall coverings, towels other decorative materials and materials for suits and traditional dresses in Asia. It can also be used for manufacturing composites such as partical board. Flax fibers are also becoming an integral part of new composite materials utilized in automobile and constructive industry. Biocomposite made up from the flax fiber base polyhydroxybutyrate (PHB) polymer could be an eco-friendly and biodegradable alternative to conventional plastics. 
After extraction of bast fiber prom flax stem. 80% of the remains fiber can be separated mechanically. The materials can be covered into pulp and can be used for manufacturing papers. Flax fiber is also a raw materials for the paper industry for the use of printed banknotes and paper for cigarettes. There are several advantages of using flax fibers for industrial applications. It is a biodegradable, renewable raw materials, nonabrasive. However, for technical uses, the mechanical properties like tensible strength, elastic modules it may not be suitable. The reaction between the cost of production and the comparative advantages of the fiber may limit the use of flax in large scale application. (Wrobel metal 2004).
1.6	FLAX AS AN ANIMAL FEED
Flux is integrated into animal ratios in several forms, wholeseed, oil supplements, hulls or as meals.  Meal known as LSOM or linseeds cake in Europe and Asia, respectively is the residue after the extraction of oil from seeds. This valuable feeds product can be used to supplement the diets of both ruminants and non-ruminants.
The quantity of hull in flaxseed is about 38% twice the level in canola or soybean meals. The Fine fraction obtained as a byproduct of dehulling, (a process of preparing flaxseed for value added industrial products) could be a potential ingredient in pet food, whereas the medium and mix fractions can be blended into poultry feed formulations. Flaxseed oil is also used in mixed pet diets, including dogs, cats and horses. The essential fatty acids (ALA and LA) present in flax seed contribute to a lustrous coat, help prevent dry skin and dandruff and also help in reducing digestive and skin problems in animals.
The w-3 enriched eggs are produced by increasing ground flaxseed to 10-20% of the diet of laying hens. Eggs produced promthis diet formular would be ten times higher in W-3 fatty acids than conventional eggs. A single w-3 enriched egg provides half of the optimal daily intake of ALA and about one quater of EPA and DHA (de lorgeril M, et al 1999).

1.7	FLAX FOR INDUSTRIAL USE
Industrial applications are possibly because an average Canadian flax cultivar contains 57% α linolenic acid C18:3CA. When this flax oil is exposed to air the double bonds of ALA react with oxygen and result in relatively soft, durable palm. This property is known as “drying” quality of linseed oil is responsible for extensive use in manufacturing vanishes an anti-spalling and curing agent for concrete surface on highways. The drying quality of oil can be, improved by addition of metal catalyst to promote oxidation and also by partially pre-oxidizing oil through exposure to the air. Along with the use of flax oil as an oil paint carrier, it is also being used as a painting medium, making oil paints more fluids, transparent and glossy. Linseed oil can also be used as “finishing oil” for wooden furniture to prevent it from denting. It does not lover the surface of wood but soaks into the pores, leaving a shiny last not glossy surface. It is used by billiards/pool cue manufacturers on the shafy portion of the cue.
Linseed oil is the most important can materials used to make the flooring from Linoleum. In the process of linoleum manufacturing, oxidized linseed oil is mixed with rosin and other raw material to form linoleum granules which are pressed onto a jute backing, making linoleum sheets (Green floors linoleum flooring Linoleum flooring Accessed April 23, 2008). This natural materials made from a sustainable resource is long lasting and attractive. 
Flaxseed mucilage has emulsifying properties better than Tween 80 and gum Arabic and has potential industries uses. Dehulling of flaxseed is also an important process for preparing value added industrial products.
To obtain low and high proteins products, the feed attempts have been made to remove flaxseed hydro collodial gum with dry dehulling of seed. The hull fraction obtained through this process can be used as a raw materials for the extraction of phytochemicals (ODmah D.B and G Mazza 1998).

CHAPTER TWO
2.0	MATERIALS AND METHOD
2.1	PLANT AND MATERIAL
The Iinum usitatissimum L. (Flax) were freshly purchased at Oja Oba market Ilorin South Kwara State, Linum usitatissimum L. Seed purchased from the market were of good quality and the vendor was knowledgeable about the market.
2.2	APPARATUS AND GLASSWARES
Beakers, weighing balance, burette, measuring cylinder, round bottom flask, waterbath, conical flask, Soxhlet extractor, heating mantle, magnetic stirrer, foods multifunctional kitchen blender, separator funnel, test tube rods, test-tube, test-tube holder, cellulose, thimble, Uv/us spectrophoto-meter glassrod and distillation apparatus.
2.3	REAGENTS
The reagents used were of high analytical grade and include methanol, Distilled water, concentrates sulphuric acid (H₂SO4), acetic anhydride, acetic acid chloroform Butylated hydroxlanisole, sodium nitroprusside (sup), ferric oxide sodium hydroxide, pyridine, wagnels Hagers, Mayer’s, Dragendroff, DDPH solution.
2.4	EXTRACTION OF PLANT MATERIAL
The dried flaxseed wore pulverized using a high powered multi-functional Kitchen blender SAMSUNG (model NO: 2022c) with 5000w and 32000RP, made in Japan. The powdered flax sample was kept in a plastic container and used for the solvent extraction of dried pulverized flax sample was packed into a cellulose thimble and placed in a 1L beaker 300ml of methanol solvent was measured and transferred in the thimble. A magnetic bar was placed at the bottom of the beaker, the beaker and it content were placed on a magnetic stirrer temperature regulated hot plate. The extraction was done for about 2hours.
The coloured extract solution was removed and another 300mg of fresh methanol was added and the extraction process repented until the sample was exhaustively extracted. All the extraction were poured together and transferred into a IL round bottom flask. The extract solution was distilled to remove the methanol solvent.
The concentrated extract was subsequently transferred into a beaker and placed in a water bath heating was done until all solvent almost completely evaporated. The beaker and IPs content were left to cool at ambient temperature and until it dried.
The weight of the crude extract obtained was determined from the extract yield was calculated.
The crude methanol extract flax obtained was labelled (ME and kept for further analysis. The yield was calculated as follows:
% Extract yield =  X 100
2.5	ANTIOXIDANT ACTIVITY STUDIES OF LINUM USITATISSIMUM (FLAX) SEED 
2.5.1	PREPARATION OF 0.1MM DPPH SOLUTION
0.04mg of DPPH dye was carefully weighed into 2 clean dry beaker 10ml of methanol was added to ensure complete dissolution of the dye. The solution was then quantitatively transferred into volumetric flask and made to the mark with more methanol.
2.5.2	DPPH Radical Scavenging Assay
By utilizing the stable radical, 2,2 diphenyl-picrylhydrazyl (DPPH) as per the procedure described by Blois (1958). The antioxidant activity of the ethanolic absolute linum usitatissimimium extract war assessed in term of ability to donate hydrogen scavenging radicals. Concentration of the extract was taken and the total volume was dissolved to 10ml with methanol 0.1g of the extract, was dissolved with 10ml of methanol and is poured into a boiling tube and 0.04g of DPPH solution was added. 
This was left for 1hour at room temperature in the dark subsequently, measurement of the absorbance of the solution was done at 517mm A blank measurement was also done at the same wavelength. The DPPH scavenging ability was calculated as follows: 
% DPPH antiradical activity.
= 100 x 100
A solution of ascorbic acid was used as standard for the DPPH measurement 0.1 of ascorbic acid was dissolved and made up to 10ml solution with distilled water 2.5ml of the standard measured into a clean test tube, 0.04g of DPPH solution was added and kept for 1hour before absorbance measurement at 517nm was read. 
% DPPH antiradical Activity = 100 x 100
A control sample was determined by adding 0.04g of DPPH solution to 2.5ml of water kept in the dark for 1hour and absorbance measurement at 517nm (Ab control).
2.5.3	DETERMINATION OF TOTAL PHENOLIC CONTENT
To 1ml of extract was dissolve in methanol, 5ml of Folin ciocalteureagents (FCR) in distilled water was added and 4ml of 70% Na2CO3 solution. The mixture was incubated at 40°c for 40mins and the absorbance at 760nm war measured. A blank measurement was also carried out by adding of methanol of 1ml of FCR and incubated at 40°c following the same procedure as for sample. 
TPC (mg GAE quipoly) = Cv/m
C = Concentration of Gallic acid equivalent obtained from calibration curve. 
V = volume of extract solution
M = mass of extract in g.


CHAPTER THREE
3.0 RESULTS AND DISCUSSION
3.1	RESULTS
Table 3.1: CALIBERATION CURVE TABLE (TPC)
	Concentration of standard Garlic acid (GA)
	Absorbance of 760nm 
	Average absorbance (Av)

	
	A1
	A2
	AV

	25mg/Ml
	0.701
	0.700
	0.7005

	50mg/Ml
	1.105
	1.103
	1.040

	75mg/ml
	0.985
	0.985
	0.9850

	Blank 
	0.000
	0.000
	0.000

	100mg/Ml
	1.391
	1.391
	1.3910

	125mg/Ml
	1.650
	1.650
	1.6500

	150mg/Ml
	1.951
	1.951
	1.9510



A1 and A2 are duplicates of absorbance measured while Av is the average absorbance calculated from A1 and A2.
Table 3.2: Result of DPPH antioxidant capacity and TPC of sample 
	Sample 
	DPPH Scavenging 
	Total phenolic 

	Coleus ambonieus 
	13.71%
	794


Percentage calculation of extract yield. 
The percentage crude extract yield of Linum Usitatissimum L (Flax) is calculated as follows. 
Formula: % extract yield =  x 100
Given value: 
Weight of crude extract = 1.67g
Weight of flax sample = 15.03
% extract yield =  x 100
		= 11%
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Figure 3.1: Corrected DPPH scavenging activity of Flax seed methanolic extract
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Figure 3.2: TPC Calibration curve (Garlic acid)
A1 and A2 are duplicates of absorbance measured while AV is the average absorbance calculated from A1 and A2.




3.3	Result of DPPH Antioxidant Capacity and TPC of Sample 
	Sample 
	DPPH Scavenging Ability  
	Total phenolic 

	Flax 
	50.94%
	190



	Sample 
	IC50 (mg/mL)

	Flax extract
	54.42


3.4	IC50 Value of Flax


3.4.1	Determination of IC50 Values 
The IC50 values is the concentration of sample required to inhibit 50% of DPPH radicals, it is determined by plotting % inhibition against concentration and extrapolating the regression line.
3.4.1	Absorbance Values of Flax Extract at Different Concentration 
	Concentration 
	Absorbance 
	% inhibition 

	20
	1.693
	15.25

	40
	1.305
	34.80

	60
	0.880
	55.94



3.2 DISCUSSION
The antioxidant activity of linum usitatissimum (Flax seeds) is primarily attributed to its rich content of bioactive compounds, including polyphenol lignans (such as secoisolariciresinol diglucoside) and Omega-3 fatty acids. In the present study, flax seed extracts demonstrated significant free radical scavenging activity, particularly in methanolic extracts, indicating the presence of polar antioxidant compounds. The DPPH and ABTS assays confirmed the ability of these extract to neutralize reactive oxygen species (ROS), which are implicated in oxidative stress-related diseases such as cancer, cardiovascular disorders, and neurodegeneration. The strong antioxidant potential observed supports the traditional and emerging uses of flax seeds in dietary and the therapeutic applications. Overall, the finding highlight flaxseeds as a promising natural antioxidant source, warranting further investigation into their specific active components and potential for incorporation into health-promoting formulations.
Many polar and nonpolar solvents are used to extract oil from flaxseed. Here isopropanol was used as polar solvent and hexane was used as nonpolar solvent 35% flaxseed oil was extracted by polar solvent (isopropanol) and 40% flaxseed oil was extracted by nonpolar solvent (hexane). Table 1 shows the oil yield percentage by polar and non-polar solvent extraction method. (Kajla P, Sharma A, & Sood D.R (2015)).


CONCLUSION
The study confirms that Linum usitatissimum L. (Flax seeds) possesses notable antioxidant activity, primarily due to its rich composition of lignin’s, phenolic acids, and omega 3 fatty acids. 
Methanolic extracts showed the highest antioxidant potential, suggesting that polar solvents are most effective in extracting bioactive compounds. These natural antioxidants can play a crucial role in reducing oxidative stress, thereby offering protective effects against chronic diseases such as cancer, cardiovascular disorder and aging-related conditions. Given their nutritional benefits and bioactivity a flaxseeds represent a valuable addition to functional foods and neutraceuticals. 
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APPENDIX
DPPH
% DPPH =100 -  x 100
Absorbance standard = 0.7638
Absorbance blank = 0.000
Absorbance control = 1.557
% DPPH = 100 -  x 100
	= 100 -  
	= 100-49.055
	= 50.94%
For Total Phenolic Content (TPC)
TPC (mg GA Equipoly) = C x v/m
Concentration (C) = 1.9
Volume (V) = 10ml
Mass (m) = 0.1g
TPC =   = 190
For IC150
50= 1.017 x C-5.36
50+5.36 = 1.017 x C
   =  
C = 
1caii au = 54.43µg/mL
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