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Abstract: Bioactives from natural sources are increasingly gaining importance due to their uses in human food and
animal feeds. The plant world represents a largely untapped reserve of bioactive ingredients, and considerable potential
exists for exploitation of these bioactives as functional food ingredients and nutraceuticals. Substances such as
polyphenols, lignans, ω-3 fatty acids, carotenoids, vitamins, minerals and peptides provide a myriad of health benefits.
Flaxseed (FS) is the richest sources of bioactives such as α-linolenic acid, dietary fibre, protein and secoisolariciresinol
diglucoside (SDG), due to which it is recently gaining much attention, because they act multifariously as anti-diabetic,
anticancer, anti-tumor antioxidant, antimicrobial, anti inflammatory agents; reduce the risk of cardiovascular diseases
and other degenerative diseases. This review focuses on the therapeutic potential and applications of FS bioactives viz.
α-linolenic acid, SDG, dietary fibre and some poyphenolics against a number of human diseases and it can be
recommended for consumers.
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I. INTRODUCTION
Bioactives are the substances occur in small amounts as natural constituents in plants, animals and microbes having
biological effects on living organisms. These effects can be either beneficial or adverse, depending on the nature of the
compounds and the dose or the bioavailability in maintenance of humans, animals and also plants health. Consumer‟s
interest is being shifted towards the healthy eating for potential health benefits which can be gained from the different
natural food sources. Polysaccharides, fatty acids, polyphenols, carotenoids, and phytosterols are the major bioactives
experiencing a growing interest in wide range of their applications in commercial sectors such as pharmacology, food
and chemical industries, biotechnology, nanoscience, cosmetics etc. [1]. The result of evolution of scientific research in
the last few decades led to the field of functional food and nutraceuticals, an emerging area, concerning the potential
applications of various natural bioactive components.
Bioactives are synthesized by a number of microbial sources such as fungi, bacteria, microscopic algae, actinomycetes
etc. The therapeutic drugs from these microbes are developed throughout the world. Animals are also one of the
sources of bioactives such as, polyunsaturated fatty acids (PUFA), carotenoids and polysaccharides, which exhibit a
variety of biological functions on human health [2]. Plants are the richest sources of bioactives, commonly found in a
vast range of foods consumed as a part of human and animal diets. Nutrients in plants are not included generally in the
term „Plant bioactives‟.
They may be consumed via., the leaves, stems, roots, barks, flowers, tubers, buds, fruits, seeds and whole grains or
consumed as plant derived food and drinks such as chocolate, tea, coffee and fermented foods such as wine and bread
[3]. Polysaccharides, fatty acids, vitamins, proteins, sterols, glucosinolates, sulphur containing compounds, flavonoids,
carotenoids and many phenolic compounds have been recognized as a major plant derived bioactives in diet. They help
reducing risk for developing many chronic diseases including cardiovascular disease (CVD), cancer, arthritis,
obstructive pulmonary disease, diabetes and obesity disorders [4,5,6,7].
For the last few decades, the evolution of scientific studies in the area of bioactives present in the flax plant and its
seeds and oil emerged it as a prime source of Functional or Designer food or a Nutraceutical. In this respect, flaxseed
represents a largely untapped reserve of considerable potential bioactive ingredients, which can be exploited as
functional food ingredients.
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II. FLAXSEED
Flaxseed (Linum usitatissimum) is belonging to family Linaceae, a blue flowering annual herb that produces small flat,
oval seed with a pointed tip, comprising of an embryo with two cotyledon surrounded by thin endosperm (Fig.1). Flax
seeds (Linseed) are little larger than a sesame seeds, measure about 4-6 mm (Fig.2) and having crisp, chewy texture
possessing a pleasant nutty taste [8]. The seed coat (hull) color ranging from yellow to dark reddish brown, often shiny
and it is economically important food and fiber crop, cultivated in cooler regions of the world [9,10]. Currently,
flaxseeds (FS) are cultivated in more than 50 countries, predominantly in the northern hemisphere. Canada is the
world‟s largest producer and exporter while India is the sixth largest producer of FS [11]. In 2014, world production of
FS was 2.65 million ton, led by Canada with 33% of the global total FS production [12].

Fig.1 Flax plant (A)

Flaxseeds (B)

Fig.2 Hand-cut sections of flaxseed (L. usitatissimum L., var. CDC Bethune) mounted in distilled water showing
anatomical structures. (A) The side of flaxseed. (B) Hand-cut section of flaxseed. Images were obtained (×1000
magnification) with a Canon Eos 300D digital camera mounted on a Zeiss Stemi SV 11 light microscope. The images
were subsequently processed in Photoshop 7.
Courtesy: Shim et. al., 2014
Flaxseed is used in natural and industrial health products due to its various health beneficial promising components
with multifarious effects. The bioactives of FS
Table 1: Proximate composition of flaxseedsa
Form of flaxseed
Proximate analysis
Whole flaxseed
Milled flaxseed

Flaxseed oil

Weight
(g)
100
180
11
4
130
8
2.7
100
14
5

Common
measure
1cup
1tbsp
1tsp
1cup
1tbsp
1tsp
1tbsp
1tsp

Energy
in Kcal
450
810
50
18
585
36
12
884
124
44

Total
fat (g)
41.0
74.0
4.5
1.6
53.0
3.3
1.1
100
14.0
5.0

ALAb
(g)
23.0
41.0
2.5
0.9
30.0
1.8
0.6
57.0
8.0
2.8

Protein
(g)
20.0
36.0
2.2
0.8
26.0
1.6
0.5
-

Total
CHOc,d (g)
29.0
52.0
3.0
1.2
38.0
2.3
0.8
-

Total dietary
fiber (g)
28.0
50.0
3.0
1.1
36.0
2.2
0.8
-

Based on a proximate analysis conducted by the Canadian Grain Commission (Anonymous, 2001). The fat content was
determined using the American Oil Chemists‟ Society (AOCS) Official Method Am 2-93. The moisture content was
7.7%.
b
ALA = Alpha-linolen ic acid, the essential omega-3 fatty acid.
c
CHO = Carbohydrate.
d
Total Carbohydrate includes carbohydrates like sugars and starches (1 g) and total dietary fibre (28 g) per 100 g flax
seeds.
Courtesy: Morris, 2007
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include linolenic acid, linoleic acid, lignans, polysaccharides, cyclic peptides A and B, alkaloids, and cyanogenic
glycosides. It is the richest source of α-linolenic acid and lignans, also an essential source of soluble mucilage, fiber and
high quality protein and has considerable source of phenolic compounds [11]. Most studies on FS have mainly focused
on extracts of FS containing ALA and lignans because other compounds have less attention. However, it is constituted
by little levels of undesirable health compounds such as cyanogenic glycosides, phytic acid, phenolics, trypsin
inhibitor, linatine, minerals, vitamins- tocopherol (α, β, γ forms), cadmium, selenium and cyclolinopeptides [14,15].
The proximate composition of FS is provided in Table 1. Owing to various beneficial effects, the FS is emerging as a
potential source of functional food ingredients.
1. Health potential of flaxseed
Many studies have proved the beneficial effects of FS in believing the presence of three important components omega3 fatty acids [α-linolenic acid (ALA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)], mainly ALA,
lignans [mainly secoisolariciresinol diglucoside (SDG)] and fibers are nutritionally important.
Numerous studies have reported that there is evidence of protective effects on consumption of FS products such as
whole flaxseed (WFS), ground FS, flaxseed oil (FO), fully and partially defatted meal (DFM), FS mucilage and flax
hulls in the form of human food and animal feeds. These products are associated with specific health benefits attributed
to the effects of the FS although each of them contained more than one bioactives. Many scientific evidences showed
that human consumption of FS or FO could help preventing many diseases and disorders such as chronic, CVDs,
cancer, obesity disorder, diabetes, arthritis and other health complications [4,6,7].
Flaxseed contains higher levels of lignans such as pinoresional, syringaresinol, lariciresional, secoisolariciresinol,
matairesinol and hydromatarisinol among which SDG alone contributes highest proportion to the total content. Since, it
is a functionally important principal lignan, specific attention has been focused on it due to its various potential
biological activities.
2. Flaxseed lignan- SDG
Secoisolariciresinol diglucoside (Fig.3) is the main plant lignan found in FS at levels of 0.6% to 1.8% [18].
Secoisolariciresinol diglucoside found in FS as SDG oligomers, after ingestion by the action of intestinal colon
bacteria, it is hydrolyzed to break the ester linkages for the release of SDG and the glycosidic bonds for the release of
secoisolariciresinol (SECO) [19]. Secoisolariciresinol is metabolised to enterodiol and then to enterolactone.
Matairesinol is also a FS lignan, metabolized to enterolactone. Other dietary enterolignan precursors include
lariciresinol, pinoresinol, medioresinol, syringaresinol, arctigenin and sesamin. These FS lignans as well as the
molecules enterodiol and enterolactone are metabolized by the body and excreted in the urine of mammals [20].

Fig.3 Chemical structure of SDG
Courtesy: Moree et. al.,2013
A. Extraction, Isolation and Purification of SDG
Current dietary guidelines on prevention of chornic diseases, including cancer and coronary heart diseases (CHD),
recommend an increased intake of fruit, vegetables, seeds, oils, nuts, algae, microorganisms, marine products, and poly
phenols, which are rich sources of bioactives with wide range of heath beneficial and disease preventive effects.
Extraction, isolation and purification of SDG is conducted on WFS and DFM. Flaxseed lignan- SDG occur in esterlinkage form in the hulls enclosing the seeds, require special pretreatments including various steps and combinations of
enzymatic, acidic and alkaline hydrolysis before extraction and analysis [22]. A variety of organic solvents such as
methanol, ethanol, acetone, isopropanol, butanol and other chemical mixtures, and treatment with bases like sodium,
calcium, ammonium and potassium hydroxides for liberation of SDG from FS polymer are used [23]. Further,
structural elucidation of the extracted compound is confirmed by using infrared ray, mass and Nuclear Magnetic
Resonance spectra [24,25]. The first report of laboratory extraction of SDG from DFM was given by Bake and
Klosterman, using equal volume of 95% ethanol and 1,4-dioxane [26]. An effective method for purification of SDG
from FS extract is by using aqueous ethanol with microwave irradiation [27]. Many studies on extraction of SDG from
FS have used the methods involving time consuming, usage of organic solvents and high temperature which may cause
damage to the products and finally resulting in lesser yield of the products or bioactives [28]. Now a days, highCopyright to IARJSET
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throughput technologies like gas chromatography, high-performance liquid chromatography coupled with photodiode
array detector and mass spectrometric procedures are being used to extract bioactives of FS, considering their potential
in disease prevention and health promotion. Many studies have shown the benefits of consumption of SDG from any
sources, contributes several health benefits such as prevention and treatment of diabeties [29], CVDs, cancer [30,31],
atherosclerosis [32] and many other diseases and disorders.
B. Anti diabetic and antihypertensive activities of SDG
Secoisolariciresinol diglucoside is the main lignan, a phytoestrogen, present in FS known for its broad spectrum effects
on human health. It shows antiviral, antibacterial, antifungal, anti diabetic, anti cancer and anti oxidant properties [30,
33, 34, 35, 36]. SDG having a great potential for reducing the incidence of type-1 diabetes and also retarding the
development of diabetes, associated with increase in oxidative stress [37, 38]. Daily supplementation of flax lignan
resulted in glycemic control in type-2 diabetic patients without affecting the fasting glucose, lipid profiles and insulin
sensitivity [21,29]. Treatment with SDG proved its potential in neuropathic hyperalgesia and allodynia in mice with
type-1 diabetes. Mechanistically, the analgesic actions of SDG in diabetic mice are associated with its antioxidant
activity [39].
Peterson et. al., demonstrated that the flax lignan supplements showed beneficial effects with C-reactive protein and
also suggested that the lignans have a possible lipid and blood pressure lowering associations [40]. Flax lignan
concentrate exhibited antihypertensive effect via, modulation of endogenous enzymes in deoxycorticosterone acetate
salt induced renal hypertension in rats [41].
C. Anti cancer/anti tumor properties of SDG
Several animal and human studies have demonstrated the protective effects of flaxseed against many cancers, including
colon cancer, which is due to the presence of SDG [42]. Cell culture in animal studies have reported the inhibitory
effects of FS on colon and skin cancers [43,44]. Flaxseed SDG and/or FO combined with tamoxifen helped in reducing
MCF-7 tumor growth through estrogen receptor and growth factor-signaling pathways [45,46]. Dietary flax lignans and
ALA in combination, especially SDG helps in decreasing cell proliferation and increasing in apoptosis resulted in the
effective chemoprevention for intestinal and colon tumor development and reduced risk of certain types of cancer and
CVDs [30, 47]. Flaxseed lignans exhibited reduction in the level of breast cancer risk [31,48]. Flax lignan complex
supplementation potentially protects the normal lung parenchyma against radiation injury and also protects the cortical
neurons by inhibiting the expression of glutamate [NMDA] receptor subunit epsilon-2 (GluN2B) and regulating the B
cell lymphoma-2 family [49,50]. Boucher et. al., proved that the FS lignan, SECO helps to prevent breast cancer in
woman [51]. It is effective in reducing the growth of human breast tumors (MCF-7) at high levels of circulating
estrogen in athymic mice [52]. It is reported that SDG reduces acute asbestos induced peritoneal inflammation,
oxidative, and nitrosative stress and also it acts as a promising agent in malignant mesothelioma chemoprevention [53].
D. Antioxidant activity of flaxseed lignan SDG
An In-vitro study showed that the SDG and its metabolites secoisolariciresinol, enterolactone and enterodiol possess
antioxidant activity and SDG was effective in preventing lipid peroxidation of liver homogenate in a concentration
dependent manner [54]. Protective effects of flax lignans in alleviating lead toxicity and lowering the incidence of
coronary heart disease due to their antioxidant nature that combines free radical scavenging and metal chelating
properties have been reported [55,56,57]. In our previous study, feeding of WFS and flax hull containing SDG showed
antioxidant activity in carbon tetrachloride (CCl4) treated albino rats and hepatoprotective effects on male wistar rats,
respectively [33,34]. Secoisolariciresinol diglucoside and SECO both exhibited the strong antioxidant and protective
effects in quenching the 2,2-diphenyl-1-picrylhydrazyl (DPPH) stable free radical and inhibiting 2, 2'-Azobis (2amidinopropane) dihydrochloride (AAPH) peroxyl radical mediated damage of plasmid DNA and phosphatidylcholine
liposomes [58,59]. Flaxseed lignan diet showed its protective effects against pulmonary fibrosis, inflammation and
oxidative lung damage in murine model [60]. Additionally, effectively it slowed down the progression of
atherosclerosis by 31%, which is associated with a reduction in oxidative stress [35].
SDG content in the dairy beverages and its products significantly improve the resistance to heat and light induced
oxidation [61]. An In-vivo study has confirmed the antioxidant and free radical scavenging potential of naturally
occurring (S, S)-SDG-1 (major isomer) and (R,R)- SDG-2 (minor isomer) [62]. Gaafar et al., reported that lignan
extracts from different cultivars of FS exhibit high antioxidant potential for chelating with Fe2+ [63]. Ethanolic extract
of FS lignan, SECO and its hydrolysate showed antioxidant activity in frozen storage of meat products by protecting
them against lipid oxidation, deterioration of their nutritional quality, mayonnaise and dressing [64,65]. Genetically
modified (GM) and non-GM flaxseed cake enriched with SDG, ferulic and kaempferol, p-coumaric acids, quercetin
and their glycosyl derivatives significantly improved the total antioxidant status of mice serum and reduced the level of
pro-inflammatory tumor necrosis factor (TNF-α) [66].
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E. Antimicrobial activity of SDG
Secoisolariciresinol diglucoside is the main lignan component of flax seed, exerts multifarious effects including
antiviral, antibacterial and antifungal on human health. Genetically modified FS cake is an effective source of
antibacterial compounds and the promising alternative to antibiotic therapy [36]. Ethanolic and hydrolysate extracts of
FS exhibited antimicrobial activity against gram-positive (Bacillus subtilis and Staphylococcus aureus) and gramnegative (Escherichia coli and Pseudomonas aeruginosa) bacteria, which owe to the use of FS as a natural sanitizer
[63,67,68]. Genetically modified FS cakes show antibacterial action with a broad spectrum and partial selectivity with
highest activity against Pseudomonas aeruginosa and higher concentrations, inhibited the growth of even staphylococci
and enterococci [69].
3. Flaxseed Omega -3 fatty acid- ALA
Fatty acid is a carboxylic acid with a long aliphatic chain, which is either saturated or unsaturated. Essential fatty acids
(EFA) are essential for survival of humans and they are not synthesized in the body. Hence, they must be obtained
through the diet [70]. Alpha linolenic acid, an ω-3 FA and cis-linoleic acid (LA), an ω -6 fatty acid are the major types
of EFA. Marine organisms and phytoplankton are the primary sources of ω-3FA. Flaxseed, walnuts, algal oils, hemp oil
and edible seeds are the major sources of ALA. Fish, FO, squid oil, krill oil and some other marine organisms are the
major sources of EPA and DHA fatty acids [71]. Both ω-3 and ω-6 FA are required for the structure of cell membranes
and various other biological processes. Arachidonic acid (AA) is a precursor for 2 series of prostaglandins,
thromboxanes and the 4 series of leukotrienes. Alpha linolenic acid is converted to EPA by Δ-6-desaturase and Δ-5desaturase. Eicosapentaenoic acid acts as a precursor for the 3 series of prostaglandins, thromboxanes and the 5 series
of leukotrienes. Linoleic acid (LA), Gamma linolenic acid (GLA), di-homo-gamma linolenic acid (DGLA), AA, ALA,
EPA and DHA are all PUFAs, but only LA and ALA are EFAs. Arachidonic acid and EPA are also converted to their
respective leukotrienes. Prostaglandins, thromboxanes, and leukotrienes are biologically active and involved in diseases
such as atherosclerosis, bronchial asthma, inflammatory bowel disease, and several other inflammatory conditions [70].
A. Extraction, Isolation and Purification of ALA
Several solvent methods [72], supercritical fluid extraction [73] and cold pressing are used for extraction of oils from
the samples. Later, it was purified by using urea complexation [74,75], fractional distillation [76], Low temperature
crystallization [75] for the separation of PUFA, free fatty acids and omega fatty acids, respectively. The obtained fatty
acids are usually confirmed by using Gas chromatography–mass spectrometry (GC/MS) and NMR. Numerous
scientific findings have proven the benefits on consumption of ω-3FA from any sources, help in the prevention and
treatment of CVDs [77], hypertension [78], atherosclerosis [79], obesity [80], inflammatory diseases [81], diabetes
mellitus [82] and other diseases and disorders.
B. Anti diabetic activity of flaxseed ALA
Dietary supplementation of mixture of ω-3FA from flax and ω-6 FA from sesame seed to pregnant diabetic rats helped
in preventing diabetic complications in adult dams and their off springs [83]. Jangale et. al., proved the beneficial role
and protective effects of ω-FA diet in potential complications in injured liver tissue of streptozotocin-nicotinamideinduced diabetic rats [84]. Daily consumption of FS and FO decreases the glucose concentration, and improves insulin
sensitivity and lipid abnormalities in overweight individuals with pre-diabetes and type-2 diabetes [85]. Reduction in
the damage caused by maternal hyperglycemia, promoting normal pancreas histomorphometry and β-cell mass in
female offspring by FO is highly useful in the treatment of brain dysfunction in diabetes [86,87]. Co-supplementation
of ω-3FA (FO) and vitamin-E in gestational diabetes women proved beneficial effects on glucose homeostasis
parameters, serum triglycerides, very low density lipoproteins (VLDL)-cholesterol and high density lipoproteins (HDL)
and HDL-cholesterol levels [88]. In another study, supplementation of ω-3FA (FO) to diabetic nephropathy patients
resulted in decreasing the end products of the glycation in serum [89]. Flaxseed oil with trientine exerted its beneficial
effects in controlling serum oxidative stress, lipid abnormalities, restoring heart structure, reducing serum copper (II)
oxide (Cu2+) helps in slowing down the progression of diabetic nephropathy associated with oxidative stress, glycation,
and inflammation in the kidney of diabetic rats [90,91]. Diabetic patients with foot ulcer exhibited positive effects in
the ulcer size, markers of insulin metabolism and wound healing when they were subjected to ω-3FA for 12weeks [92].
Vicente et. al., demonstrated that FO helps to reduce damage caused by maternal hyperglycemia by promoting normal
blood pressure and elasticity of the aorta in female offspring rats [93].
C. Anti cancer/anti tumor properties of ω-3FA (ALA):
A study on FS proved that high dosage of ALA from FO is beneficial in delaying the growth of mammary tumors [94,
95]. Flaxseed oil helps in the reduction of cell growth across breast cancer cell lines with varying estrogen, and
progesterone receptor, human epidermal growth factor receptor-2 (HER2) and also it enhances the effectiveness of
trastuzumab (monoclonal antibody) in reducing HER2 in human breast tumors [9697,98]. Dietary combination of flax
seed meal and FO are effective in inhibiting the formation of aberrant crypt foci in azoxymethane induced colon cancer
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in fisher male rats [99,100,101]. Flaxseed combined with tamoxifen exhibited its agonistic property by enhancing antiestrogenic effect in premenopausal breast cancer patients and also reduced MCF-7 tumor growth through estrogen
receptor and growth factor-signaling pathways [47, 46,102]. Bommareddy et. al., reported that the ALA and lignans
from FS help in decreasing the cell proliferation level and increasing in apoptosis, which result in the effective
chemoprevention of colon and intestinal tumor development [47]. In a case study, supplementation of 10% FS to laying
hens for a period of one year resulted in a significant reduction in the severity of ovarian cancer [103]. Efficacy of
prebiotics improved by FO showed potential against colon cancer and treatment [104]. Flaxseed helps in reducing
PGE2 concentrations by blocking its expression which is a suitable target to reduce ovarian cancer [105].
Chamberland et. al demonstrated that ALA inhibits cell proliferation, adhesion and invasion in both human and
mouse colon cancer cell lines [106]. Protective effect of FO against lung cancer metastasis and also detoxification of
the enzymes in the dimethylbenzanthracene-croton oil induced skin carcinogenesis in mice model are reported
[107,108].
D. Anti oxidant properties of flaxseed ω-3FA (ALA)
In a study on rabbit meat indicated that the dietary inclusion of linseed from 3 to 6% shows the improved product
quality concerning lipid oxidation and sensory properties [109]. Combination of FS supplement and regular muscular
exercises showed cytoprotective effect against oxidative stress and inflammation caused by acute myocardial ischemia
[110]. Regular supplementation of combined vitamin E and phytosterols in FO exerted synergetic effects on improving
plasma oxidative stress and ameliorate the lipid profile in high-fat fed rats [111]. Haliga et. al., reported that high dose
of ground FS shows better cardioprotective effect by reducing total cholesterol, non-high density lipoprotein
cholesterol (HDL-C) levels and increasing HDL-C levels in diabetic hamsters [112]. In a recent study, ability of the
FO to counteract arsenic trioxide (As2O3) induced cardio toxicity and its maintenance in the proper balance between
pro-oxidant and antioxidant defense systems in the cells are demonstrated [113].
E. Anti microbial properties of flaxseed ω-3FA (ALA):
Nand et al., suggested that ALA solvent extract from FS helps to suppress the acne causing bacteria and also
antimicrobial screening indicated that the light petroleum extract was more active against Staphylococcus aureus and
Propioni bacterium acnes [114]. In-vitro evaluation of antimicrobial effects of fixed FO against Staphylococcus aureus,
Streptococcus agalactiae and Escherichia coli suppressed the activity while in-vivo study exhibited significant
reduction in California mastitis test (CMT) score and somatic cell count (SCC) in milk samples from the udders
infected with bovine mastitis [115].
4. Flaxseed dietary fibres
Dietary fibres are the type of carbohydrates found in FS and edible plant foods such as cereals, nuts, lentils, fruits,
vegetables and legumes, which cannot be digested by our body enzymes. Total fibre content in the FS (functional and
dietary fibres) accounts to 28% of its total weight. These fibers are grouped into soluble and insoluble [116]. Insoluble
fibres do not dissolve in water and mainly found in foods like wheat bran, whole meal bread, nuts, vegetables etc.
while, soluble fibres dissolve in water and mainly found in fruits, oats, beans and barley etc. Cellulose, hemicellulose
and lignins are the insoluble fibres of FS help in adding bulk to stools by absorbing water, soften stools and shorten
transit time through the intestinal tract, whereas, soluble fibres form a gel-like substance.
Consumption of dietary soluble fibers has been associated with health benefits such as lowering blood pressure and
cholesterol levels, reducing risk of colon cancer, heart disease, diabetes, obesity and inflammation, losing weight,
improving blood glucose control, treating various gastrointestinal disorders, controlling appetite and improving
immune function [117,118,119,120,121,122,123,124].
A. Biological activities of dietary fibres
Flaxseed holds a unique place among all the oil seeds, due to its appreciable amount of dietary fibres present in the
outer layers of the seed. It contains both soluble and insoluble dietary fibres (44). Flaxseed dietary fibers help to
improve laxation, prevent constipation by increasing fecal bulk and reduce bowel transit time [125]. Water soluble fiber
(mucilage gum) fraction of FS helps to maintain blood glucose level, improves liver functions and lowers blood
cholesterol levels [126]. Dugani et. al., demonstrated that FS mucilage and FO reduce the number and length of gastric
ulcers induced by ethanol in rats [127]. Incorporation of flax mucilage and ALA in the diet exerted cholesterol lowering
effects, regulated blood sugar levels and helped to reduce diabetes [15]. Polysaccharides from FS reduced the risk in a
variety of diseases such as lupus nephritis, hormone dependent types of cancer and arteriosclerosis [15,101,128]. A
study on flax drink and flax bread rich in dietary fibers reported that they help in decreasing plasma total and LDLcholesterol and increasing fat excretion [129]. Kristensen et. al., reported that dietary fibres extracted from FS help to
reduce fat digestibility and apparent energy, resulted in restriction of body weight gain in growing rats [130]. Some
studies have shown the effects of FS dietary fibre in suppression of the postprandial lipemia and appetite and
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unaffected subsequent energy intake [131,132]. Galvão et. al.,reported the beneficial effects of FS, oat bran and unripe
banana flour to shakes help to reduce post-prandial glycemic response and FS alone helps in prevention of type-2
diabetes, which is attributed to its dietary fibre [133].
5. Phytochemicals of flaxseed and their biological activities
Flaxseed is reported to contain several phytochemicals such as phenolic acids, cinnamic acids, flavonoids and lignins.
Total phenolic acids constitutes 8-10g/kg, out of which 5g/kg is esterified and 3-5g/kg is etherified phenolic acids.
About 0.3-0.71g of flavonoids are also present in FS [134,135]. Many evidences have suggested that FS is a hub of
natural antioxidants due to the presence of phenolic acids, which affect the cell growth and viability, and protect against
many cancers and heart diseases [136].
III. CONCLUSION AND FUTURE ASPECTS
Considering the lengthening of life expectancy, our eating habits will be crucial in preventing diseases and promoting
health in human. Flaxseed has nutritional and functional properties. The most important components of FS such as
PUFA, lignans and dietary fibers, that have immense potential for use direct or in various food formulations have made
FS as a complete functional food. Several research findings have shown that dietary supplementation of FS in livestock
helped in increasing milk, meat and eggs qualities and also showed synergistic beneficial effects with oilseeds, cereals,
microbial components, and some chemical drugs.
Many scientific findings are growing in support of FS consumption in the form of oil, whole seed, partially or fully
defatted meal, hull, and mucilage help in prevention and/or treating many diseases and disorders related to diabetes,
arthritis, CVDs, cancer, ulcer, obesity, and microbial infection. Thus, FS components with other bioactive molecules
also show another platform to treat health complications in human and animals and proved it, a promising nutraceutical
and functional food agent. Flaxseed bioactives could potentially develop as functional/designer food and nutraceutical
agents, since their biological activities appear to influence the pathogenesis and clinical course of some chronic and
cardiovascular diseases. Therefore, further research on FS bioactives is warranted in this direction in order to unravel
their new preventive and potential therapeutic strategies against several chronic and degenerative diseases.
ACKNOWLEDGEMENT
Authors immensely thank the Department of Science and Technology, New Delhi for providing financial support and
Yuvaraja‟s College, University of Mysore, Mysuru for providing access to journals, books and valuable database.
REFERENCES
1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

R. Srivastava, and D. K. Kulshreshtha, “Bioactive polysaccharides from plants,” Phytochemistry, vol. 28(11), pp. 2877-2883, Jan. 1989.
B. Hernández-Ledesma and M. Herrero, eds., Bioactive compounds from marine foods: plant and animal sources, John Wiley & Sons, 2013.
G. Goldberg, Plants: Diet and health. John Wiley & Sons, 2008.
S. J. Bhathena, A. A. Ali, C. Haudenschild, P. Latham, T. Ranich, A. I. Mohamed, C.T Hansen, and M. T. Velasquez, “Dietary flaxseed meal is more protective
than soy protein concentrate against hypertriglyceridemia and steatosis of the liver in an animal model of obesity,” Journal of the American College of Nutrition,
vol.22 (2), pp.157-164, Apr. 2003.
S. I. Denny, R. L. Thompson, and B. M. Margetts, “Dietary factors in the pathogenesis of asthma and chronic obstructive pulmonary disease,” Current allergy and
asthma reports, vol. 3(2), pp. 130-136, Mar. 2003.
C. M. Albert, K. Oh, W. Whang, J. E. Manson, C. U. Chae, M. J. Stampfer, W.C. Willett, and F. B. Hu, “Dietary α-linolenic acid intake and risk of sudden cardiac
death and coronary heart disease,” Circulation, vol. 112(21), pp. 3232-3238, Nov. 2005.
N. R. Shah, and B. M. Patel, “Secoisolariciresinol diglucoside rich extract of L. usitatissimum prevents diabetic colon cancer through inhibition of
CDK4,” Biomedicine & Pharmacotherapy, vol. 83, pp. 733-739, Oct. 2016.
J. F. Carter, “Sensory evaluation of flaxseed of different varieties,” In Proc. Flax Inst, 1996, vol. 56, p. 201-203.
J. K. Daun, V. J. Barthet, T. L. Chornick, and S. Duguid, “Structure, composition, and variety development of flaxseed,” Flaxseed in human nutrition, vol. 2, pp. 140, 2003.
P. Kajla, A. Sharma, and D. R. Sood, “Flaxseed- a potential functional food source,” Journal of food science and technology, vol. 52(4), pp. 1857-1871, Apr. 2015.
B. D. Oomah, “Flaxseed as a functional food source,” Journal of the Science of Food and Agriculture, vol. 81(9), pp. 889-894, Jul. 2001.
Flax (linseed) production in 2014, Crops/Regions/World List/Production Quantity (from pick lists)- UN Food and Agriculture Organization, Statistics Division
(FAOSTAT), 2017.
Y.Y. Shim, B. Gui, P.G. Arnison, Y. Wang, and M.J. Reaney, “Flaxseed (Linum usitatissimum L.) bioactive compounds and peptide nomenclature: A
review,” Trends in food science & technology, vol. 38(1), pp. 5-20, Jul. 2014.
R. Bhatty, Nutrient composition of whole flaxseed and flaxseed meal, Cunnane S.C, Thompson L.U, Ed. Flaxseed in Human Nutrition, AOCS press, Champaign,
IL, 1995.
M. Rubilar, C. Gutiérrez, M. Verdugo, C. Shene, and J. Sineiro, “Flaxseed as a source of functional ingredients,” Journal of soil science and plant nutrition, vol.
10(3), pp. 373-377, Jul. 2010.
Canadian Grain Commission, Nutritional profile of No. 1 Canada Western flaxseed and of yellow flaxseed samples, Can. Grain Comm., Winnipeg, Manitoba, 2001.
D. H Morris, Flax: A health and nutrition primer, Flax Council of Canada, 2007.
T. Sicilia, H. B. Niemeyer, D. M. Honig, and M. Metzler, “Identification and stereo chemical characterization of lignans in flaxseed and pumpkin seeds,” Journal of
agricultural and food chemistry, vol. 51(5), pp. 1181-1188, Feb. 2003.
S. S. Moree, & J. Rajesha, “Secoisolariciresinol diglucoside: a potent multifarious bioactive phytoestrogen of flaxseed,” Research and Reviews in Biomedicine and
Biotechnology, vol. 2(3, Cop), pp.1-24, 2011.
K. D. R. Setchell, A. M. Lawson, F. L. Mitchell, H. Adlercreutz, D. N. Kirk, and M. Axelson, “Lignans in man and in animal species,” Nature, vol. 287(5784), pp.
740-742. Oct. 1980.

Copyright to IARJSET

DOI10.17148/IARJSET.2017.4909

60

UGC Approved Journal

IARJSET

ISSN (Online) 2393-8021
ISSN (Print) 2394-1588

International Advanced Research Journal in Science, Engineering and Technology
ISO 3297:2007 Certified
Vol. 4, Issue 9, September 2017
21.
22.
23.
24.
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

61.
62.

63.

S. S. Moree, G. B. Kavishankar, and J. Rajesha, “Antidiabetic effect of secoisolariciresinol diglucoside in streptozotocin-induced diabetic rats,” Phytomedicine, vol.
20(3), pp. 237-245, Feb. 2013.
N. D. Westcott, and A. D. Muir, “Variation in the concentration of the flax seed lignan concentration with variety, location and year,” In Proc 56th Flax Institute of
the United States Conference, 1996, p. 77-80).).
R. Shukla, A. K. Hilaly, and K. M. Moore, “Chemical method for the production of the lignan complex,” U.S. Patent No. 6,767,565. Washington, DC: U.S. Patent
and Trademark Office, 2004.
I.E. Popova, C. Hall, and A. Kubátová, “Determination of lignans in flaxseed using liquid chromatography with time-of-flight mass spectrometry,” Journal of
Chromatography A, vol.1216 (2), pp. 217-229, Jan. 2009.
S.A. Coran, V. Giannellini, and M. Bambagiotti-Alberti, “High performance thin-layer chromatographic-densitometric determination of secoisolariciresinol
diglucoside in flaxseed,” Journal of Chromatography A, vol.1045, pp. 217-22, Aug. 2004.
J. E. Bakke and H. J. Klosterman, A New Di glucoside from Flaxseed 1, 2. North Dakota Academy of Science, 1956.
F. S. Hosseinian, “Patented techniques for the extraction and isolation of secoisolariciresinol diglucoside from flaxseed,” Recent patents on food, nutrition &
agriculture, vol. 1(1), pp. 25-31, Jan. 2009.
C. Corbin, T. Fidel, E.A. Leclerc, E. Barakzoy, N. Sagot, A. Falguieres, S. Renouard, J.P. Blondeau, C. Ferroud, and J. Doussot, “Development and validation of an
efficient ultrasound assisted extraction of phenolic compounds from flax (Linum usitatissimum L.) seeds,” Ultrasonics Sonochemistry, vol. 26, pp.176-85,
Sep. 2015.
A. Pan, J. Sun, Y. Chen, X. Ye, H. Li, Z. Yu, Y. Wang, W. Gu, X. Zhang, X. Chen, and W. Demark-Wahnefried, “Effects of a flaxseed-derived lignan supplement
in type-2 diabetic patients: a randomized, double-blind, cross-over trial,” PLoS One, vol. 2(11), pp. e1148, Nov. 2007.
L. Meija, P. Söderholm, A. Samaletdin, G. Ignace, I. Siksna, R. Joffe, A. Lejnieks, V. Lietuvietis, I. Krams, and H. Adlercreutz, “Dietary intake and major sources
of plant lignans in Latvian men and women,” International journal of food sciences and nutrition, vol. 64(5), pp.535-543, Aug. 2013.
S. R. Sturgeon, S. L. Volpe, E. Puleo, E. R. Bertone-Johnson, J. Heersink, S. Sabelawski, K. Wähälä, C. Bigelow, and M. S. Kurzer, “Effect of flaxseed
consumption on urinary levels of estrogen metabolites in postmenopausal women,” Nutrition and cancer, vol. 62(2), pp. 175-180, Jan. 2010.
K. Prasad, “Flax lignan complex slows down the progression of atherosclerosis in hyperlipidemic rabbits,” Journal of cardiovascular pharmacology and
therapeutics, vol. 14(1), pp. 38-48, Mar. 2009.
J. Rajesha, K. N. C. Murthy, M. K. Kumar, B. Madhusudhan, and G. A. Ravishankar, “Antioxidant potentials of flaxseed by in vivo model,” Journal of Agricultural
and Food Chemistry, vol. 54(11), pp. 3794-3799, May 2006.
J. Rajesha, A. R. Rao, M. K. Kumar, and G. A. Ravishankar, “Hepato-protective potential of hull fraction from Indian flaxseed cultivar,” Asian Journal of Medical
Sciences, vol. 1(2), pp. 20-25, Jan. 2011.
K. Prasad, “Flax lignan complex slows down the progression of atherosclerosis in hyperlipidemic rabbits,” Journal of cardiovascular pharmacology and
therapeutics, vol. 14(1), pp. 38-48, Mar. 2009.
M. Czemplik, M. Zuk, A. Kulma, S. Kuc, and J. Szopa, “GM flax as a source of effective antimicrobial compounds,” Science against microbial pathogens:
communicating current research and technological advances, vol. 2, pp.1216-1224, Feb. 2011.
K. Prasad, “Secoisolariciresinol diglucoside from flaxseed delays the development of type-2 diabetes in Zucker rat,” Journal of laboratory and clinical
medicine, vol. 138(1), pp.32-39, Jul. 2001.
K. Prasad, and A. Dhar, “Flaxseed and diabetes,” Current pharmaceutical design, vol. 22(2), pp. 141-144, Jan. 2016.
P. Hu, Q. Y. Mei, L. Ma, W. G. Cui, W. H. Zhou, D. S. Zhou, Q. Zhao, D.Y. Xu, X. Zhao, Q. Lu, and Z. Y. Hu, “Secoisolariciresinol diglycoside, a flaxseed
lignan, exerts analgesic effects in a mouse model of type 1 diabetes: Engagement of antioxidant mechanism,” European journal of pharmacology, vol. 767, pp.183192, Nov. 2015.
J. Peterson, J. Dwyer, H. Adlercreutz, A. Scalbert, P. Jacques, and M. L. McCullough, “Dietary lignans: physiology and potential for cardiovascular disease risk
reduction,” Nutrition reviews, vol. 68(10), pp.571-603, Oct. 2010.
S. H. Sawant, and S. L. Bodhankar, “Flax lignan concentrate reverses alterations in blood pressure, left ventricular functions, lipid profile and antioxidant status in
DOCA-salt induced renal hypertension in rats,” Renal failure, vol. 38(3), pp. 411-423, Mar. 2016.
M. Jenab, and L. U. Thompson, “The influence of flaxseed and lignans on colon carcinogenesis and β-glucuronidase activity,” vol. 17(6), pp.1343-1348, Jun. 1996.
L.U. Thompson, Flaxseed, lignans, and cancer, 2nd ed., In: L.U. Thompson, S.C. Cunnane, Ed. Flaxseed in human nutrition. Champaign, Ill.: AOCS Press, 2003.
D.M. Morris, Flax, a health and nutrition primer, Winnipeg, Manitoba, Canada: Flax Council of Canada, 2003.
M. B. Jungeström, L. U. Thompson, and C. Dabrosin, “Flaxseed and its lignans inhibit estradiol-induced growth, angiogenesis, and secretion of vascular endothelial
growth factor in human breast cancer xenografts in vivo,” Clinical Cancer Research, vol. 13(3), pp.1061-1067, Feb. 2007.
J. K. Saggar, J. Chen, P. Corey, and L. U. Thompson, “Dietary flaxseed lignan or oil combined with tamoxifen treatment affects MCF‐7 tumor growth through
estrogen receptor‐and growth factor‐signaling pathways,” Molecular nutrition & food research, vol. 54(3), pp.415-425, Mar. 2010.
A. Bommareddy, X. Zhang, R. S. Kaushik, and C. Dwivedi, “Effects of components present in flaxseed on human colon adenocarcinoma Caco-2 cells: Possible
mechanisms of flaxseed on colon cancer development in animals,” Humanity & Society, vol. 34(2), May 2010.
E. C. Lowcock, M. Cotterchio, and B. A. Boucher, “Consumption of flaxseed, a rich source of lignans, is associated with reduced breast cancer risk,” Cancer Causes
& Control, vol. 24(4), pp. 813-816, Apr. 2013.
X. B. Li, Z. X. Yang, L. Yang, X. L. Chen, K. Zhang, Q. Yang, Y.M. Wu, S.B. Liu, K.S. Tao, and M. G. Zhao, “Neuroprotective Effects of Flax Lignan against
NMDA‐Induced Neurotoxicity In Vitro,” CNS neuroscience & therapeutics, vol.18(11), pp.927-933, Nov. 2012.
M. Christofidou-Solomidou, S. Tyagi, R. Pietrofesa, F. Dukes, E. Arguiri, J. Turowski, P.A. Grieshaber, C.C. Solomides, and K. A. Cengel, “Radioprotective role in
lung of the flaxseed lignan complex enriched in the phenolic secoisolariciresinol diglucoside (SDG),” Radiation research, vol.178(6), pp.568-580, Oct. 2012.
B. A. Boucher, M. Cotterchio, I. A. Curca, N. Kreiger, S. A. Harris, V. A. Kirsh, and P. J. Goodwin, “Intake of phytoestrogen foods and supplements among women
recently diagnosed with breast cancer in Ontario, Canada,” Nutrition and cancer, vol.64(5), pp.695-703, Jul. 2012.
J. S. Truan, J. M. Chen, and L. U. Thompson, “Comparative effects of sesame seed lignan and flaxseed lignan in reducing the growth of human breast tumors
(MCF-7) at high levels of circulating estrogen in athymic mice,” Nutrition and cancer, vol.64(1), pp.65-71, Jan. 2012.
R. A. Pietrofesa, A. Velalopoulou, E. Arguiri, C. W. Menges, J. R. Testa, T. W. Hwang, S.M. Albelda, and M. Christofidou-Solomidou, “Flaxseed lignans enriched
in secoisolariciresinol diglucoside prevent acute asbestos-induced peritoneal inflammation in mice,” Carcinogenesis, vol. 37(2), pp.177-187, Dec. 2015.
K. Prasad, “Hydroxyl radical-scavenging property of secoisolariciresinol diglucoside (SDG) isolated from flax-seed,” Molecular and cellular biochemistry, vol.168
(1-2), pp.117-123, Mar. 1997.
K. Prasad, “Reduction of serum cholesterol and hypercholesterolemic atherosclerosis in rabbits by secoisolariciresinol diglucoside isolated from flaxseed,”
Circulation, vol. 99(10), pp.1355-1362, Mar. 1999.
K. Prasad, “Hypocholesterolemic and antiatherosclerotic effect of flax lignan complex isolated from flaxseed,” Atherosclerosis, vol.179 (2), pp.269-275, Apr. 2005.
A. S. A. Newairy, and H. M. Abdou, “Protective role of flax lignans against lead acetate induced oxidative damage and hyperlipidemia in rats,” Food and Chemical
Toxicology, vol. 47(4), pp.813-818, Apr. 2009.
C. Hu, Y. V. Yuan, and D. D. Kitts, “Antioxidant activities of the flaxseed lignan secoisolariciresinol diglucoside, its aglycone secoisolariciresinol and the
mammalian lignans enterodiol and enterolactone in vitro,” Food and Chemical Toxicology, vol. 45(11), pp.2219-2227, Nov. 2007.
F. S. Hosseinian, A. D. Muir, N. D. Westcott, and E. S. Krol, “AAPH-mediated antioxidant reactions of secoisolariciresinol and SDG,” Organic & biomolecular
chemistry, vol. 5(4), pp. 644-654. 2007.
J. C. Lee, R. Krochak, A. Blouin, S. Kanterakis, S. Chatterjee, E. Arguiri, A. Vachani, C.C. Solomides, K.A Cengel, and M. Christofidou-Solomidou, “Dietary
flaxseed prevents radiation-induced oxidative lung damage, inflammation and fibrosis in a mouse model of thoracic radiation injury,” Cancer biology & therapy,
vol. 8(1), pp.47-53, Jan. 2009.
P. T. Matumoto-Pintro, H. V. Petit, H. J. Giroux, C. Côrtes, N. Gagnon, and M. Britten, “Effect of flaxseed lignans added to milk or fed to cows on oxidative
degradation of dairy beverages enriched with polyunsaturated fatty acids,” Journal of dairy research, vol. 78(1), pp. 111-117, Feb. 2011.
O. P. Mishra, N. Simmons, S. Tyagi, R. Pietrofesa, V. V. Shuvaev, R. A. Valiulin, P. Heretsch, K.C. Nicolaou, and Christofidou-Solomidou, M. “Synthesis and
antioxidant evaluation of (S, S)-and (R, R)-secoisolariciresinol diglucosides (SDGs),” Bioorganic & medicinal chemistry letters, vol. 23(19), pp. 5325-5328, Oct.
2013.
A. A. Gaafar, Z. A. Salama, M. S. Askar, D. M. El-Hariri, and B. A. Bakry, “In Vitro antioxidant and antimicrobial activities of Lignan flax seed extract
(Linumusitatissimum, L.),” Int. J. Pharm. Sci. Rev. Res, vol. 23(2), pp. 291-297, Nov. 2013.

Copyright to IARJSET

DOI10.17148/IARJSET.2017.4909

61

UGC Approved Journal

IARJSET

ISSN (Online) 2393-8021
ISSN (Print) 2394-1588

International Advanced Research Journal in Science, Engineering and Technology
ISO 3297:2007 Certified
Vol. 4, Issue 9, September 2017
64.
65.

K. Waszkowiak, K. Szymandera-Buszka, and M. Hęś, “Effect of ethanolic fl ax (Linum usitatissimum L.) extracts on lipid oxidation and changes in nutritive value
of frozen-stored meat products,” Acta Scientiarum Polonorum Technologia Alimentaria, vol. 13(2), pp. 135-144, Jun. 2014.
A. Slavova-Kazakova, M. Karamać, V. Kancheva, and R. Amarowicz, “Antioxidant activity of flaxseed extracts in lipid systems,” Molecules, vol. 21(1), pp.17,
Dec. 2015.

66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

83.
84.

85.
86.

87.
88.

89.
90.
91.
92.

93.
94.
95.
96.
97.

M. Matusiewicz, I. Kosieradzka, M. Zuk, and J. Szopa, “Genetically Modified Flax Expressing NAP-SsGT1 Transgene: Examination of Anti-Inflammatory
Action,” International journal of molecular sciences, 15(9), 16741-16759, Sep. 2014.
A. I. Pag, D. G. Radu, D. Draganescu, M. I. Popa, and C. Sirghie, “Flaxseed cake-a sustainable source of antioxidant and antibacterial extracts,” Cellul Chem
Technol, vol. 48, pp. 265-273, Mar. 2014.
H. J. Son, and K. B. Song, “Antimicrobial Activity of Flaxseed Meal Extract against Escherichia coli O157: H7 and Staphylococcus aureus Inoculated on Red
Mustard,” Journal of microbiology and biotechnology, vol. 27(1), pp. 67-71, Jan. 2017.
M. Zuk, A. Dorotkiewicz-Jach, Z. Drulis-Kawa, M. Arendt, A. Kulma, and Szopa, J. “Bactericidal activities of GM flax seedcake extract on pathogenic bacteria
clinical strains,” BMC biotechnology, vol. 14(1),pp. 70, Jul. 2014.
U. N. Das, “Essential fatty acids: biochemistry, physiology and pathology,” Biotechnology journal, vol. 1(4), 4pp. 20-439, Apr. 2006.
S. K. Gebauer, T. L. Psota, W. S. Harris, and P. M. Kris-Etherton, “n- 3 fatty acid dietary recommendations and food sources to achieve essentiality and
cardiovascular benefits,” The American journal of clinical nutrition, vol. 83(6), pp. S1526-1535S, Apr. 2006.
AOAC (Association of Official Analytical Chemists), Official Methods of Analysis, 16 th Edition, AOAC International, Gaithersburg, M D. 1995.
V. K. Mishra, F. Temelli, and B. Ooraikul, “Extraction and purification of ω-3 fatty acids with an emphasis on supercritical fluid extraction-A review,” food
research international, vol.26(3), pp.217-226, Jan. 1993.
A. E. Smith, “The crystal structure of the urea–hydrocarbon complexes,” Acta Crystallographica, vol. 5(2), pp. 224-235, Mar. 1952.
D. S. Han, B. H. Ahn, and H. K. Shin, “Separation of EPA and DHA from fish oil by solubility differences of fatty acid salts in ethanol,” Korean Journal of Food
Science and Technology, vol. 19(5), pp. 430-434, 1987.
L.B. Brown, and D.X. Klob “Application of low temperature crystallization in separation of fatty acids and their compounds,” Progress in Lipid Research, vol. 3,
pp. 57-94, Dec. 1955.
M. De Lorgeril, S. Renaud, P. Salen, I. Monjaud, N. Mamelle, J. L. Martin, J. Guidollet, P. Touboul, and J. Delaye, “Mediterranean alpha-linolenic acid-rich diet in
secondary prevention of coronary heart disease,” The Lancet, vol. 343(8911), pp. 1454-1459, Jun. 1994.
I. Toft, K. H. Bonaa, O. C. Ingebretsen, A. Nordoy, and T. Jenssen, “Effects of n-3 Polyunsaturated Fatty Acids on Glucose Homeostasis and Blood Pressure in
Essential HypertensionA Randomized, Controlled Trial,” Annals of Internal Medicine, vol. 123(12), pp. 911-918, Dec. 1995.
C. Von Schacky, P. Angerer, W. Kothny, K. Theisen, and H. Mudra, “The Effect of Dietary ω-3 Fatty Acids on Coronary AtherosclerosisA Randomized, DoubleBlind, Placebo-Controlled Trial,” Annals of internal medicine, vol. 130(7), pp. 554-562, Apr. 1999.
T. A. Mori, D. Q. Bao, V. Burke, I. B. Puddey, G. F. Watts, and L. J. Beilin, “Dietary fish as a major component of a weight-loss diet: effect on serum lipids,
glucose, and insulin metabolism in overweight hypertensive subjects,” The American journal of clinical nutrition, vol. 70(5), pp. 817-825, Nov. 1999.
W. Matsuyama, H. Mitsuyama, M. Watanabe, K. I. Oonakahara, I. Higashimoto, M. Osame, and K. Arimura, “Effects of omega-3 polyunsaturated fatty acids on
inflammatory markers in COPD,” Chest, vol. 128(6), pp. 3817-3827, Dec. 2005.
M. Kabir, G. Skurnik, N. Naour, V. Pechtner, E. Meugnier, S. Rome, A. Quignard-Boulangé, H. Vidal, G. Slama, K. Clément and M. Guerre-Millo, “Treatment for
2 mo with n− 3 polyunsaturated fatty acids reduces adiposity and some atherogenic factors but does not improve insulin sensitivity in women with type 2 diabetes: a
randomized controlled study,” The American journal of clinical nutrition, vol. 86(6), pp. 1670-1679, Dec. 2007.
M. Makni, M. Sefi, E. M. Garoui, H. Fetoui, T. Boudawara, and N. Zeghal, “Dietary polyunsaturated fatty acid prevents hyperlipidemia and hepatic oxidant status
in pregnant diabetic rats and their macrosomic offspring,” Journal of Diabetes and its Complications, vol. 25(4), pp. 267-274, Aug. 2011.
N. M. Jangale, P. P. Devarshi, A. A. Dubal, A. E. Ghule, S. J. Koppikar, S. L. Bodhankar, A.D. Chougale, M.J.Kulkarni, and A. M. Harsulkar, “Dietary flaxseed oil
and fish oil modulates expression of antioxidant and inflammatory genes with alleviation of protein glycation status and inflammation in liver of streptozotocin–
nicotinamide induced diabetic rats,” Food chemistry, vol. 141(1), pp. 187-195, Nov. 2013
A. M. Hutchins, B. D. Brown, S. C. Cunnane, S. G. Domitrovich, E. R. Adams, and C. E. Bobowiec, “Daily flaxseed consumption improves glycemic control in
obese men and women with pre-diabetes: a randomized study,” Nutrition research, vol. 33(5), pp. 367-375, May 2013.
A. M. Correia‐Santos, G. C. Vicente, A. Suzuki, A. D. Pereira, J. S. Anjos, K. C. Lenzi‐Almeida, and G. T. Boaventura, “Maternal use of flaxseed oil during
pregnancy and lactation prevents morphological alterations in pancreas of female offspring from rat dams with experimental diabetes,” International journal of
experimental pathology, vol. 96(2), pp. 94-102, Apr. 2015.
E. A. Badawy, W. I. Rasheed, T. R. Elias, J. Hussein, M. Harvi, S. Morsy, and Y. E. L. Mahmoud, “Flaxseed oil reduces oxidative stress and enhances brain
monoamines release in streptozotocin-induced diabetic rats,” Human & experimental toxicology, vol. 34(11), pp. 1133-1138, Nov. 2015.
M. Taghizadeh, M. Jamilian, M. Mazloomi, M. Sanami, and Z. Asemi, “A randomized-controlled clinical trial investigating the effect of omega-3 fatty acids and
vitamin E co-supplementation on markers of insulin metabolism and lipid profiles in gestational diabetes,” Journal of clinical lipidology, vol. 10(2), pp. 386-393,
Apr. 2016.
S. M. Mirhashemi, F. Rahimi, A. Soleimani, and Z. Asemi, “Effects of Omega-3 Fatty Acid Supplementation on Inflammatory Cytokines and Advanced Glycation
End Products in Patients with Diabetic Nephropathy: a Randomized Controlled Trial,” Iranian journal of kidney diseases, vol. 10(4), pp. 197-204, Jul. 2016.
A. Rezaei, and E. Heidarian, “Co-administration of trientine and flaxseed oil on oxidative stress, serum lipids and heart structure in diabetic rats,” Indian Journal of
Experimental Biology, vol. 51, pp. 646-52, Aug. 2013.
N. M. Jangale, P. P. Devarshi, S. B. Bansode, M. J. Kulkarni, and A. M. Harsulkar, “Dietary flaxseed oil and fish oil ameliorates renal oxidative stress, protein
glycation, and inflammation in streptozotocin–nicotinamide-induced diabetic rats,” Journal of physiology and biochemistry, vol. 72(2), pp. 327-336, Jun. 2016.
Z. Soleimani, F. Hashemdokht, F. Bahmani, M. Taghizadeh, M. R. Memarzadeh, and Z. Asemi, “Clinical and metabolic response to flaxseed oil omega-3 fatty acids
supplementation in patients with diabetic foot ulcer: a randomized, double-blind, placebo-controlled trial,” Journal of Diabetes and its Complications, vol. 31(9),
pp.1394-1400, Sep. 2017.
G. C. Vicente, A. M. Correia-Santos, M. A. Chagas, and G. T. Boaventura, “Evaluation of blood pressure and aortic elasticity of offspring of diabetic wistar rats
who have consumed flaxseed oil during pregnancy and lactation,” The Journal of Maternal-Fetal & Neonatal Medicine, vol. 30(8), pp. 983-986, Apr. 2017.
L. U. Thompson, S. E. Rickard, L. J. Orcheson, and M. M. Seidl, “Flaxseed and its lignan and oil components reduce mammary tumor growth at a late stage of
carcinogenesis,” carcinogenesis, vol. 17(6), pp. 1373-1376, Jun. 1996.
G. N. Rao, E. Ney, and R. A. Herbert, “Effect of melatonin and linolenic acid on mammary cancer in transgenic mice with c-neu breast cancer oncogene,” Breast
cancer research and treatment, vol.64(3), pp. 287-296, Dec. 2000.
J. Chen, P. M. Stavro, & L. U. Thompson, “Dietary flaxseed inhibits human breast cancer growth and metastasis and downregulates expression of insulin-like
growth factor and epidermal growth factor receptor,” Nutrition and cancer, vol. 43(2), pp. 187-192, Jul. 2002.
J. K. Mason, J. Chen, and L. U. Thompson, “Flaxseed oil- trastuzumab interaction in breast cancer,” Food and Chemical Toxicology, vol. 48(8), pp. 2223-2226, Sep.
2010.

98.
99.
100.
101.
102.
103.
104.

A. K. Wiggins, S. Kharotia, J. K. Mason, and L. U. Thompson, “α-linolenic acid reduces growth of both triple negative and luminal breast cancer cells in high and
low estrogen environments,” Nutrition and cancer, vol. 67(6), pp. 1001-1009, Aug. 2015.
C. Dwivedi, K. Natarajan, and D. P. Matthees, “Chemopreventive effects of dietary flaxseed oil on colon tumor development," Nutrition and cancer, vol. 51(1), pp.
52-58, Jan. 2005.
A. Bommareddy, B. L. Arasada, D. P. Mathees, and C. Dwivedi, “Chemopreventive effects of dietary flaxseed on colon tumor development,” Nutrition and
cancer, vol. 54(2), pp. 216-222, Jul. 2006.
D. Williams, M. Verghese, L. T. Walker, J. Boateng, L. Shackelford, and C. B. Chawan, “Flax seed oil and flax seed meal reduce the formation of aberrant crypt
foci (ACF) in azoxymethane-induced colon cancer in Fisher 344 male rats,” Food and Chemical Toxicology, vol. 45(1), pp. 153-159, Jan. 2007.
J. Chen, K. A. Power, J. Mann, A. Cheng, and L. U. Thompson, “Flaxseed alone or in combination with tamoxifen inhibits MCF-7 breast tumor growth in
ovariectomized athymic mice with high circulating levels of estrogen,” Experimental biology and medicine, vol. 232(8), pp. 1071-1080, Sep. 2007.
K. Ansenberger, C. Richards, Y. Zhuge, A. Barua, J. M. Bahr, J. L. Luborsky, and D. B. Hales, “Decreased severity of ovarian cancer and increased survival in hens
fed a flaxseed-enriched diet for 1 year,” Gynecologic oncology, vol.117(2), pp. 341-347, May 2010.
E. Hijova, A. Chmelarova, and A. Bomba, “Improved efficacy of prebiotic by flaxseed oil and horse chestnut in experimental colon cancer,” Bratisl Lek Listy, vol.
112(4), pp. 161-164, Nov. 2011.

Copyright to IARJSET

DOI10.17148/IARJSET.2017.4909

62

UGC Approved Journal

IARJSET

ISSN (Online) 2393-8021
ISSN (Print) 2394-1588

International Advanced Research Journal in Science, Engineering and Technology
ISO 3297:2007 Certified
Vol. 4, Issue 9, September 2017
105. E. Eilati, J. M. Bahr, and D. B. Hales, “Long term consumption of flaxseed enriched diet decreased ovarian cancer incidence a nd prostaglandin E 2 in
hens,” Gynecologic oncology, vol. 130(3), pp. 620-628, Sep. 2013.
106. J. P. Chamberland, and H. S. Moon, “Down-regulation of malignant potential by alpha linolenic acid in human and mouse colon cancer cells,” Familial cancer, vol.
14(1), pp. 25-30, Mar. 2015.
107. J. Han, S. S. Lu, Z. J. Wang, and Y. L. Li, “Flax seed oil inhibits metastatic melanoma and reduces lung tumor formation in mice,” Journal of BU ON.: official
journal of the Balkan Union of Oncology, vol. 20(6), pp. 1546-1552, Nov. 2015.
108. J. Sharma, R. Singh, and P. K. Goyal, “Chemomodulatory potential of flaxseed oil against DMBA/croton oil–induced skin carcinogenesis in mice, Integrative
cancer therapies, vol. 15(3), pp. 358-367, Sep .2016.
109. M. Petracci, M. Bianchi, and C. Cavani, “Development of rabbit meat products fortified with n-3 polyunsaturated fatty acids,” Nutrients, vol. 1(2), pp. 111-118, Oct.
2009.

110. H. A. Nounou, M. M. Deif, and M. A. Shalaby, “Effect of flaxseed supplementation and exercise training on lipid profile, oxidative stress and inflammation in rats
with myocardial ischemia,” Lipids in health and disease, vol. 11(1), pp. 129, Oct. 2012.
111. Q. Deng, X. Yu, J. Xu, C. Liu, F. Huang, Q. Huang, and J. Yang, “Effect of flaxseed oil fortified with vitamin E and phytosterols on antioxidant defense capacities
and lipids profile in rats,” Journal of food science, vol. 77(6), pp. H135-H140, Jun. 2012.
112. R. E. Haliga, V. Mocanu, and M. Badescu, “Antioxidative and antiatherogenic effects of flaxseed, α-tocopherol and their combination in diabetic hamsters fed with
a high-fat diet,” Experimental and therapeutic medicine, vol. 9(2), pp. 533-538, Feb. 2015.
113. M. V. Varghese, M. Abhilash, M. Alex, M. V. Sauganth Paul, A. Prathapan, K. G. Raghu, and R. Harikumaran Nair, “Attenuation of arsenic trioxide induced
cardiotoxicity through flaxseed oil in experimental rats,” Redox Report, pp.1-7, Feb. 2017.
114. P. Nand, S. Drabu, and R. K. Gupta, “Antimicrobial investigation of Linum usitatissimum for the treatment of acne,” Natural product communications, vol. 6(11),
pp. 1701-1704, Nov. 2011.
115. G. Kaithwas, A. Mukerjee, P. Kumar, and D. K. Majumdar, “Linum usitatissimum (linseed/flaxseed) fixed oil: antimicrobial activity and efficacy in bovine
mastitis,” Inflammopharmacology, vol. 19(1), pp. 45-52, Feb. 2011.
116. P. Trumbo, S. Schlicker, A. A. Yates, and M. Poos, “Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein and amino
acids,” Journal of the American Dietetic Association, vol. 102(11), pp. 1621-1630, Nov. 2002.
117. L. Brown, B. Rosner, W. W. Willett, and F. M. Sacks, “Cholesterol-lowering effects of dietary fiber: a meta-analysis,” The American journal of clinical
nutrition, vol. 69(1), pp. 30-42, Jan. 1999.
118. S. Liu, W. C. Willett, J. E. Manson, F. B. Hu, B. Rosner, and G. Colditz, “Relation between changes in intakes of dietary fiber and grain products and changes in
weight and development of obesity among middle-aged women,” The American journal of clinical nutrition, vol.78(5), pp. 920-927, Nov. 2003.
119. C.S. Brennan, “Dietary fibre, glycaemic response, and diabetes,” Mol. Nutr. Food Res., vol. 49, pp. 560-570, Jun. 2005.
120. L. Cordain, S.B. Eaton, A. Sebastian, N. Mann, S. Lindeberg, B.A. Watkins, J.H. O‟Keefe, and J. Brand-Miller, “Origins and evolution of the Western diet: health
implications for the 21st century,” Am. J. Clin. Nutr., vol. 81, pp. 341-354, Feb. 2005.
121. C.C. Lim, L.R. Ferguson and G.W. Tannock, “Dietary fibres as „prebiotics‟: implications for colorectal cancer,” Mol. Nutr. Food Res., vol. 49(6), pp. 609-619, Jun.
2005.
122. Y. Ma, J.A. Griffith, L. Chasan-Taber, B.C. Olendzki, E. Jackson, E.J. Stanek, W. Li, S.L. Pagoto, A.R. Hafner, and I.S. Ockene, “Association between dietary fiber
and serum C-reactive protein,” Am. J. Clin. Nutr., vol. 83, pp.760-766, Apr. 2006.
123. L. A. Tucker, and K. S. Thomas, “Increasing total fiber intake reduces risk of weight and fat gains in women,” The Journal of nutrition, vol. 139(3), pp. 576-581, Mar.
2009.

124. H. Du, H. C. Boshuizen, N. G. Forouhi, N. J. Wareham, J. Halkjær, A. Tjønneland, K. Overvad, M.U. Jakobsen, H. Boeing, B. Buijsse, and Masala, G. “Dietary
fiber and subsequent changes in body weight and waist circumference in European men and women,” The American journal of clinical nutrition, vol. 91(2), pp. 329-336,
Feb. 2010.

125. P. Greenwald, C.K. Clifford and J.A. Milner, “Diet and cancer prevention,” Eur J Cancer, vol. 37, pp. 948–965, May 2001.
126. F. C. Canada, Flax- A Health and Nutrition, Primer, Winnipeg, M B, 2003.
127. A. Dugani, A. Auzzi, F. Naas, and S. Megwez, “Effects of the oil and mucilage from flaxseed (Linum usitatissimum) on gastric lesions induced by ethanol in
rats,” Libyan Journal of Medicine, vol. 3(4), pp. 1-5, May 2008.
128. E. T. Bilek, “Enhancement of the nutritional status of beef patties by adding flaxseed flour,” Meat Sci., vol. 82, pp. 472–477, Aug. 2009.
129. M. Kristensen, M. G. Jensen, J. Aarestrup, K. E. Petersen, L. Søndergaard, M. S. Mikkelsen, and A. Astrup, “Flaxseed dietary fibers lower cholesterol and increase
fecal fat excretion, but magnitude of effect depend on food type,” Nutrition & metabolism, vol. 9(1), pp. 8, Feb. 2012.
130. M. Kristensen, K. E. B. Knudsen, H. Jørgensen, D. S. Oomah, Bügel, S. Toubro, I. Tetens, and A. Astrup, “Linseed dietary fibers reduce apparent digestibility of
energy and fat and weight gain in growing rats,” Nutrients, vol. 5(8), pp. 3287-3298, Aug. 2013.
131. S. Ibrügger, M. Kristensen, M. S. Mikkelsen, and A. Astrup, “Flaxseed dietary fiber supplements for suppression of appetite and food intake,” Appetite, vol. 58(2),
pp. 490-495, Apr. 2012.
132. M. Kristensen, F. Savorani, S. Christensen, S. B. Engelsen, S. Bügel, S. Toubro, I. Tetens, and A. Astrup, “Flaxseed dietary fibers suppress postprandial lipemia and
appetite sensation in young men. Nutrition, Metabolism and Cardiovascular Diseases, vol. 23(2), pp. 136-143, Feb. 2013.
133. F. Galvão Cândido, W. T. Silva Ton, and R. D. C. Gonçalves Alfenas, “Addition of dietary fiber sources to shakes reduces postprandial glycemia and alters food
intake,” Nutricion hospitalaria, vol. 31(1), pp. 299-306, Jan. 2015.
134. B. D. Oomah, E. O. Kenaschuk, and G. Mazza, “Phenolic acids in flaxseed,” Journal of Agriculture and Food Chemistry, vol.43, pp. 2016-2019, Aug. 1995.
135. B. D. Oomah, G. Mazza, and E. O. Kenaschuk, “Flavonoid content of the flaxseed, influence of cultivar and environment,” Euphytica, vol. 90, pp.163-167, Jan.
1996.
136. I. C. Arts, and P. C. Hollman, “Polyphenols and disease risk in epidemiologic studies,” The American journal of clinical nutrition, vol. 81(1), pp. 317S-325S, Jan.
2005.

Copyright to IARJSET

DOI10.17148/IARJSET.2017.4909

63

