www.jchps.com

ISSN: 0974-2115
Journal of Chemical and Pharmaceutical Sciences

Linum usitatissimum L. (Flax) plant and its seed oil a review
Kaushita Banerjee and Padma Thiagarajan*
School of Biosciences and Technology, VIT University, Vellore, India, 632014
*Corresponding author:E.Mail:padmadk4@gmail.com; Mob:09500359485
ABSTRACT
Linum usitatissimum L. is a very valuable crop cultivated for its high dietary nutrients. It is contains
substantial quantities of phenolic compounds, mainly lignans, that have several beneficial health effects. Lignans
are important plant derived phenols that reduce the risk of prostrate and colon cancers. Its seed, commonly known
as flax seed, is a remarkable dietary substitute and a rich source of omega-3 fatty acids (α-linolenic acid), omega6 fatty acids, phytochemicals and phytoestrogenic compounds. Whole flaxseed, flaxseed oil, lignan precursors, and
its mucilage also prevent and treat various diseases and ailments. They not only reduce inflammation, but also
regulate blood pressure and reproductive function, maintain the circadian rhythm and prevent the formation of
acne. These beneficial effects hence make the flax plant components complete functional food, which when
included in the daily diet, will be bestow several health benefits.
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1. INTRODUCTION
There has been an increasing demand for the isolation and extraction of plant products, because of the
beneficial role played by several biologically active components present in them (Edeoga, 2005; Sood, 2012). For
the past few decades, a variety of such plant products have been recognized and screened for the treatment of many
diseases. Currently, almost one-fourth of the contemporary medicaments are derived from plants. The present day
credence, that green medicine is more safe and reliable than the synthetic ones, has widened the scope for the
utilization of plant derived products. The latter are considered largely safe without many deleterious effects (Jones,
1996; Maity, 2009; Gheisari, 2011). Extraction and purification of antimicrobial compounds from plants,
incorporating essential phytochemicals, is thus a thrust area of research mainly because of their easy availability
and commercial viability (Agrawal and Srivastava, 2008).
Linum usitatissimum L. (Amin and Thakur, 2014) is an annual herb that belongs to the genus Linum of
Linaceae family. This plant, which grows in the temperate and Mediterranean belts, is the source of two significant
products, viz., flax oil derived from its seeds and fibers obtained from the stem. It is also associated with seedcakes
that are the remnants of the flax seeds after the oil has been extracted. Flaxseed oil is also known as linseed oil. It
is a primordial oil used in paints, varnishes, astringents, bio-insecticides and herbicides, due to its antifungal
properties (The Wealth of India, 2006).
Flaxseed is a primary source of phenols, flavonoids and lignins, that affects the growth and viability of the
cells in the body (Shahzad, 2006). Flaxseed is rich in protein and both soluble and insoluble fibers. It is also a pool
of several phenolic compounds (Amin and Thakur, 2014; Shahzad, 2006; Oomaha, 2001). This natural non-volatile
oil approximately contains 30-35% of oleic and linoleic acid as well as about 69% of linolenic acid (The Wealth
of India, 2006).
These unsaturated fatty acids contribute to the drying property of the oil that is useful when products are
packaged. α-linolenic acid is one of its major components that is known to lower inflammation thus making it
useful in the treatment of rheumatoid arthritis and other inflammatory diseases. It is also seen to inhibit carrageenan
induced inflammation (Singh and Majumdar, 1997). Reports have shown that the effect of Linum usitatissimum
fixed oil on acute and chronic arthritis in mice animal models are substantial (Kaithwas and Majumdar, 2010).
Flaxseed is one dietary component that has substantial quantity of phenolics, viz., lignans. These are known to
lower the occurrence of certain types of cancer.
Notably present in flaxseed is lignan secoisolariciresinol diglycoside (SDG). Its concentration, of
approximately 28,800-36,900μg /100 g, is the highest recorded in any type of food. Among the other lignans, are
inappreciable amounts of matairesinol, pinoresinol and isolariciresinol. Lignans, that are the major source of fibers,
can be found in grains like wheat, barley; legumes like beans and soybeans, and also in vegetables like garlic,
asparagus, carrots, etc. (Adlercreutz, 1981; Chen, 1998). The bacterial microbiota present in the human colon
transmutes SDG, the lignan antecedent, to two important lignans, viz., enterodiol and enterolactone, which are
present in the mammalian biological fluids.
Their polyphenolic derivatives, also called as monolignols, interact favorably with steroid hormones that
balance the growth and metabolism of the reproductive organs, and stimulate the development of secondary sexual
characteristics (Adlercreutz,1981). Plant-derived xenoestrogens have an estrogenic effect on one or more tissues
and are potent anti-cancer agents. Isoflavonoid is identified as one of the most common estrogenic compound that
exhibits estrogenic activity and lowers the prevalence of breast cancer by controlling the sex hormone metabolism
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and by coordinating their activity via cellular enzymes, RNA synthesis, growth factors, cell proliferations and
differentiation. These phytoestrogens are majorly diphenolic compounds with a 2, 3-dibenzylbutane framework
and might exhibit both estrogenic and antiestrogenic properties in vitro (Oomaha,2001; Cacace and Mazza, 2006;
Prasad, 2005).
The other indispensable and crucial organic compound that guards the plant from ultraviolet
rays, herbivores and pathogens, and mediate plant-pollination are the Phenylopropanoids. These are synthesized
by plants using the amino acid phenylalanine and contain flavonoids, phenolic acids, phenols, lignans and tannins.
These diverse organic compounds play a prime role in growth and development of plants, function as antioxidants,
photoreceptors and attractants and also safeguard and shield plants from pathogens. They also manifest potent
antioxidant properties and are strongly antibacterial, antifungal and antiviral in nature (Cowan, 1999; Cushnie and
Lamb, 2005; Buer, 2010). Flax is the copious source of these biologically active compounds and utilized to treat a
number of diseases such as skin, respiratory tract and gastrointestinal tract diseases, cancer and also to enhance the
immune system function (Wang, 2005; Korkina, 2007; Adolphe, 2010). Hence due to a multitude of favorable
properties, it may have extensive potential applications in food, healthcare and pharmaceutical industries.
Description, Ecology and History: Flax is a food and fiber crop harvested in the cold regions of the world. Some
perennial plants of the genus Linum have similar properties as that of Linum usitatissimum. The plant grows to a
length of 1.2-1.5m with a willowy stem and has greyish green leaves that are narrow, oval shaped and tapering
towards the end. The leaves are about 30-40mm long and 3-5mm wide. It has blue flowers that are 15-20mm in
diameter. The fruits are round, dry and capsular with shiny brown seeds that are 4-7mm long. Flax grows best in
cool weather, which can be as early as January or as late as May, depending on the area of cultivation. It requires
well drained and fertile soil with a smooth leveled seed beds. The Flax plant first originated in the Upper Paleolithic
age and flax fibers were found in the Dzudzuana Cave. The corroboration of flax utilized by humans was in
Republic of Georgia, where spun and knotted flax fibers for textiles were found. Flax was then domesticated and
naturalized in Egypt where the linen made from flax were used to entomb the mummies as it was considered a
symbol of saintliness and rectitude. It was later peddled in the whole of the Mediterranean by the Phoenicians who
used it for sails and linen textiles. Finally the linen industry came into light in the European Middle ages where
about 90% of the world’s output was concentrated in Russia (Allaby, 2005; Fu, 2011).
Medical and medicinal benefits of bioactive compounds present in flax and flaxseed oil: The essential fibers
present in flax play an important role in slackening and loosening of the fecal matter. Its insoluble and soluble
fibers minimize the duration of bowel movement and thus help in preventing constipation (Basch, 2007). The
dietary fibers are responsible for about 33% of the total fiber necessary in the regular diet. Water soluble fibers like
mucilage gum, present in flax, assist in balancing the blood sugar levels and in decreasing the cholesterol levels.
Flaxseeds improve digestion and support the proper functioning of the liver. Lucas (2004) have reported that the
presence of α-linolenic acid and mucilage is responsible for the maintenance of the blood glucose and cholesterol
levels in the body and for the control of diabetes mellitus (Lucas, 2004). The polysaccharides in flax reduce the
incidence of diseases like lupus, nephritis, arteriosclerosis, hormone-dependent cancer, etc. (Williams, 2007; Bilek,
2009; Rubilar, 2010).
Flax has been the plant of nature that heals heart, purifies blood, relieves joints, delays ageing, and most
importantly reduces the effects of cancer. Due to its multifarious health benefits, flaxseed has been considered as
the dietary supplement with numerous health benefits.
Flaxseed oil is a good source of in essential fatty acids (EFA). It is used to prevent and treat a variety of
inflammatory and hormone-related disorders, including infertility. The flax plant has been utilized as a healing herb
since prehistoric times. Its therapeutic oil has been very useful in the treatment of heart ailments. The most
important components in flax that increase the level of functional or metabolic efficiency of the body are α-linolenic
acid (ALA), the essential ω-3 fatty acid, and phytochemicals such as lignans (Basch, 2007). Flaxseed has the highest
amount of ω-3 fatty acid (α-linoleic acid) content. It contains about 48% of all the lipids that are essentially required
in a normal diet (Coskuner and Karababa, 2007).
Harper, (2006) has reported the benefits of flaxseed in lowering the incidence of cardiovascular diseases,
arthritis, eczema etc. The essential fatty acids present in the flaxseed oil are responsible for the healing of wounds
at a fast rate. These fatty acids provide the body with the essential nutrition, that otherwise the body cannot produce
independently. EFA safeguards the cell membranes making them selectively permeable and thus restricting the
entry of the toxic harmful substances into the cell. α-linolenic acid is the omega-3 fatty acid in flaxseed oil that
bestows numerous health benefits. The polyunsaturated fatty acids present in flaxseed oil confer the omega-3
benefits like decreasing the levels of lipids. As discussed earlier, seeds are the repertoire of lignans (phytoestrogens)
that are crucial in combating certain cancers like prostate cancer, and bacterial, fungal and viral infections,
including inflamed blisters in or around mouth, and a painful acute inflammation of the nerve ganglion followed
by skin eruptions. Omega-3 and omega-6 fatty acids abound in flaxseed oil that also contains essential fatty acid
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like ALA. ALA is converted into eicosa pentaenoic acid (EPA), and docosahexaenoic acid (DHA) in the body.
EPA and DHA are the omega-3 fatty acids found in fish oil (Harper, 2006).
Polyphenolic compounds, also known as lignans, which incorporate both antioxidants and phytoestrogens
such as Secoisolariciresinol (SDG), isolariciresinol, pinoresinol, mataresinol and other derivatives of ferulic acid,
are abundant in flaxseed (Daun, 2003). Linum usitatissimum L. is a repository of fifty times more lignans, than
most other edible plants. These lignans after consumption are metamorphosed to mammalian lignans, namely
enterodiol and enterolactone (Basch, 2007). These plant based lignans arrest the growth and proliferation of cancer
cells by hindering with enzymes that are associated with the metabolism of hormones and the growth and metastasis
of tumor cells (Brooks and Thompson, 2005). The potential health benefits of flax in lowering cardiovascular
disease, risk of breast, endometrium and prostate cancer, as well as inhibition of diabetes mellitus has been
immense. Flaxseed also contains many phytochemicals viz., phenolic acids, cinnamic acids, flavonoids and lignins,
which prevent the cell damage by oxygen species and help in maintaining the viability of the cells (Arts and
Hollman, 2005).
Flaxseed oil is a potent anti-inflammatory agent and diminishes signs of inflammation such as swelling,
puffiness, sensitivity, eruption and infection (Fitzpatrick, 2007; Madhusudhan, 2009). Omega-3 fatty acid in
flaxseed oil has proved to be beneficial in minimizing inflammatory disorders like arteriosclerotic vascular disease.
Lignans and ALA in seeds help to cease inflammation that affects the functioning of the immune system. In 40 to
60 year old men with inflammatory disorders, dietary augmentation with ALA resulted in a significant decrease in
the inflammation within 24 hours (Roy, 2007). The fatty acids in flaxseeds are broken down into prostaglandin
which is crucial for the regulation of inflammation.
The reservoir of omega-3 fatty acid in flaxseed oil serves to modulate the transcription, translation and
expression of certain genes by changing the enzyme synthesis and reforming various risk factors responsible for
coronary heart ailments including balancing serum triglycerides (Chen, 1998; Waldschlager, 2005; Dupasquier,
2007, Singh and Jain, 2011). It is observed that the oil does not essentially affect serum lipids but only reduces the
serum triglycerides and that ALA lowers C-reactive protein which is an inflammatory biomarker (Prasad, 2009).
Flaxseed oil has a beneficial effect on the reproductive system. Studies carried out by Tou (1998) have
shown that addition of about 10% of flaxseed to the pregnant rats showed alteration in the estrogen levels with an
increase in the relative weight of ovaries and uterus (Tou, 1998). Flaxseed powder induces sleep and calms down
the mind by relaxing the nerves. Its high levels of ω-3 fatty acids and tryptophan helps in enhancing serotonin
levels in blood. Further, the oil also contains magnesium that aids in controlling anxiety, stress and depression thus
enhancing the quality of sleep. Magnesium ions also relax the nervous system and muscles (Shima, 2014).
Secoisolariciresinol (SDG), transformed into mammalian metabolized lignans viz., enterodiol and enterolactone, have the ability to retard cancerous growth, especially the hormone sensitive ones related to breast, cervix
and prostate (Tour e and Xueming, 2010). Lignans mostly contribute to the anti-cancerous activity of flaxseed
because of their antioxidant activity (Yuan, 1999). Lignan, enterodiol and enterolactone have been observed to
control the proliferation of human prostate cancerous cells. Consumption of 30g of flaxseed per day reduces
proliferation of cancer cells and exacerbates their death (Lin, 2001).
Inflammation is to be one of the primary causes of acne formation. Flaxseed, due to the presence of ω-3
fatty acids, may also help to reduce acne. Lignans in flaxseeds inhibit 5- alpha-reductase, an enzyme that is involved
in the transformation of testosterone to DHT. It thus helps to regulate androgen production, which if released in
high amounts, can result in acne. Essential fatty acids also support the skin cell membranes by moistening its
innermost layers. This makes the skin less prone to hormonal fluctuations and consequent infections (Singh and
Jain, 2011). The presence of ALA makes flaxseeds very useful in reducing the premenstrual syndromes. Flaxseeds
have the excellent ability to control and balance estrogen levels in body due to the presence of phytoestrogens
(Prasad, 1997; Singh and Jain, 2011).
Flaxseeds can sometimes regulate the blood fat in autoimmune diseases like lupus nephritis. Clinical trials
have demonstrated the optimum dietary supplementation of flaxseed for 12 weeks to patients with kidney damage
due to systematic lupus erythematosus (SLE), results in improvement of kidney function and reduction of
atherosclerotic development (Clark, 1995).
Toxicity concerns of Flax: Consumption of flax seeds does have several health benefits. However, its toxicity is
also a matter of considerable concern (Coskuner and Karababa, 2007). Presence of cyanogenic compounds and
cadmium in flaxseed might be one of the reasons of its restricted dosage. High temperatures can denature the
cyanides but may also destroy the healthy fats present in them. Consumption of raw flaxseeds may elevate the
levels of cyanide in blood. However, toxicity is reduced to two folds if it is cooked properly and utilized according
to the recommended dosage (Basch, 2007).
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2. CONCLUSION
There has always been a demand for nutritious and health promoting foods in the global market and more
so in the recent times. Flaxseed has considerable potential to be utilized as a whole grain and in food formulations
as a dietary source. Flaxseeds are not only rich in polysaccharides and oil contents but are also abundant in ω-3
fatty acids, soluble and insoluble fibers, lignans and phytochemicals, phytoestrogens. In spite of this, until recently,
flaxseeds were not very consumer compliant. However, there has now been a revival in its usage as a functional
food. Consumers are reverting back to the usage of flaxseed in the diet due to its multifarious advantages. Therefore,
the incorporation of flaxseeds in nutraceuticals and in dietary supplements will bestow considerable health benefits
on the consumers.
3. ACKNOWLEDGEMENT
The authors thank the Management of VIT University, Vellore, India for providing the facilities and work
ambience for the preparation of this review.
REFERENCES
Adlercreutz H, Fotsis T, Heikkinen R, Dwyer JT, Goldin BR, Gorbach SL, Lawson AM and Setchell KD, Diet
and urinary excretion of lignans in female subjects, Biology and Medicine, 59, 1981, 259-261.
Adolphe JL, Whiting SJ, Jurlink BH, Thorpe LU and Alcorn J, Health effects with consumption of the flax lignin
secoisolariciresinol diglucoside, British Journal of Nutrition, 103, 2010, 929-938.
Agrawal A and Srivastava M, Structural elucidation of bioactive principle of root of Boerhavia diffusa for its
antifungal properties, National Academy Science Letters, 31, 2008, 215-219.
Allaby R, Peterson G, Merriwether D and Fu Y B, Evidence of the domestication history of flax (Linum
usitatissimum L.) from genetic diversity of the sad2 locus, Theoretical and Applied Genetics, 112, 2005, 58-65.
Amin T and Thakur M, Linum usitatissimum L.(Flaxseed) A multifarious functional food, Online International
Inter disciplinary Research Journal, 4, 2014, 220-238.
Arts I C and Hollman PC, Polyphenols and disease risk in epidemiologic studies, American Journal of Clinical
Nutrition, 81, 2005, 317-325.
Basch E, Bent S, Collins J, Dacey C, Hammerness P, Harrison M, Smith M, Szapary P, Ulbricht C, Vora M,
Weissner W, Flax and flaxseed oil (Linum usitatissimum): A Review by the Natural Standard Research
Collaboration, Journal of the Society for Integrative Oncology, 5, 2007, 92-105.
Bilek E T, Enhancement of the nutritional status of beef patties by adding flaxseed flour, Meat Science, 82, 2009,
472-477.
Brooks J and Thompson L, Mammalian lignans and genistein decrease the activities of aromatase and 17 betahydroxy steroid dehydrogenase in MCF-7 cells, The Journal of Steroid Chemistry and Molecular Biology, 94,
2005, 461-467.
Buer CS, Imin N and Djordjevic M A, Flavonoids: new roles for old molecules, Journal of Integrated Plant Biology,
52, 2010, 98-111.
Cacace J E and Mazza G, Pressurized low polarity water extraction of lignans from whole flaxseed, Journal of
Food Engineering, 77, 2006, 1087-1095.
Chen H L, Teng J Li, Park R, Mold D, Gnabre J, Hwu R, Tseng W, Huang R, Antiviral activities of methylated
nor dihydro guaiaretic acid, Targeting herpes simplex virus replication by the mutation in sensitive transcription
inhibitor tetra O-methyl- NDGA, Journal of Medicinal Chemistry, 41, 1998, 3001-3007.
Clark W, Flaxseed: a potential treatment for lupus nephritis, Kidney International, 48, 1995, 475-480.

October-December 2015

626

JCPS Volume 8 Issue 4

ISSN: 0974-2115
www.jchps.com
Journal of Chemical and Pharmaceutical Sciences
Coskuner Y and Karababa E, Some physical properties of flaxseed (Linum usitatissimum L.), Journal of Food
Engineering, 78, 2007, 1067-1073.
Cowan MM, Plant products as antimicrobial agents, Clinical Microbiology Reviews, 12, 1999, 564-582.
Cushnie PT and Lamb AJ, Antimicrobial activity of flavonoids, International Journal of Antimicrobial Agents, 26,
2005, 343-356.
Daun J, Barthet V, Chornick T and Duguid S, Structure, composition and variety development of flaxseed, Flaxseed
in Human Nutrition, Edn.2, Vol.1, Champaign, Illinois, 2003, 1-40.
Dupasquier CM, Dibrov E, Kneesh AL, Cheung PK, Lee KG, Alexander HK, Yeganeh BK, Moghadasian MH and
Pierce GN, Dietary flaxseed inhibits atherosclerosis in the LDL receptor-deficient mouse in part through
antiproliferative and anti-inflammatory actions, American Journal of Heart and Circulatory Physiology, 293, 2007,
2394-2402.
Edeoga H, Okwu D, and Mbaebie B, Phytochemical constituents of some Nigerian medicinal plants, African
Journal of Biotechnology, 4, 2005, 685-688.
Fitzpatrick K, Innovation in Western Canadian functional food ingredients, Cereal Foods World, 52, 2007, 289290.
Fu YB, Genetic evidence for early flax domestication with capsular dehiscence, Genetic Resources and Crop
Evolution, 58, 2011, 1119-1128.
Gheisari H, Amiri F and Zolghadri Y, Antioxidant and antimicrobial activity of Iranian Bael (Aegle marmelos)
fruit against some food borne pathogens, International Journal of Current Pharmaceutical Research, 3, 2011, 8588.
Harper CR, Edwards MJ, DeFilipis AP and Jacobson TA, Flaxseed oil increases the plasma concentrations of
cardioprotective (n-3) fatty acids in humans, Journal of Nutrition, 136, 2006, 183-87.
Jones FA, Herbs-useful plants, Their role in history and today, European Journal of Gastroenterology and
Hepatology, 8, 1996, 1227-1231.
Kaithwas G and Majumdar DK, Therapeutic effect of Linum usitatissimum (flaxseed/linseed) fixed oil on acute
and chronic arthritic models in albino rats, Inflammo pharmacology, 18, 2010, 127-136.
Korkina LG, Phenylpropanoids as naturally occurring antioxidants: from plant defense to human health, Cell and
Molecular Biology, 53, 2007, 15-25.
Lin X, Switzer B and Demark-Wahnefried W, Effect of mammalian lignans on the growth of prostate cancer cell
lines, Anticancer Research, 21, 2001, 3995 - 4000.
Lucas E, Lightfoot S, Hammond L, Devareddy L, Khalil D Daggy BP, Smith BJ, Westcott N, Mocanu V, Soung
DY and Arjmandi BH, Flaxseed reduces plasma cholesterol and atherosclerotic lesion formation in ovariectomized
Golden Syrian hamster, Atherosclerosis, 173, 2004, 223 - 229.
Madhusudhan B, Potential benefits of flaxseed in health and disease - A Perspective, Agriculturae Conspectus
Scientificus, 72, 2009, 67-72.
Maity P, Hansda D, Bandyopadhyay U and Mishra D, Biological activities of crude extracts and chemical
constituents of Bael, Aegle marmelos (L.) Corr., Indian Journal of Experimental Biology, 47, 2009, 849-861.
Oomaha BD, Flaxseed as a functional food source, Journal of the Science of Food and Agriculture, 81, 2001,
889-894.
Prasad K, Dietary flax seed in prevention of hypercholesterolemic atherosclerosis, Atherosclerosis, 13, 1997, 6976.
October-December 2015

627

JCPS Volume 8 Issue 4

ISSN: 0974-2115
Journal of Chemical and Pharmaceutical Sciences

www.jchps.com

Prasad K, Flaxseed and cardiovascular health, Journal of Cardiovascular Pharmacology, 54, 2009, 369-377.
Prasad K, Hypocholesterolemic and antiatherosclerotic effect of flax lignan complex isolated from flaxseed,
Atherosclerosis, 179, 2005, 269-275.
Rubilar M, Gutierrez C, Verdugo M, Shene, C and Sineiro J, Flaxseed as a source of functional ingredients, Journal
of Soil Science and Plant Nutrition, 10, 2010, 373-377.
Shahzad H, Anjum F M, Butt M S, Khan M I and Asghar A, Physical and sensoric attributes of flaxseed flour
supplemented cookies, Turkish Journal of Biology, 30, 2006, 87-92.
Shima YY, Guia Bo, Arnisonb PG, Wangc Y, Reaney MJT, Flaxseed (Linum usitatissimum L.) bioactive
compounds and peptide nomenclature: A review, Trends in Food Science and Technology, 38, 2014, 5-20.
Singh K and Jain SC, Role of flaxseeds in human health, Food Science Research Journal, 2, 2011, 214-218.
Singh S and Majumdar D K, Evaluation of anti-inflammatory activity of fatty acids of Ocimum sanctum fixed oil,
Indian Journal of Experimental Biology, 35, 1997, 380-383.
Sood A, Kaur P and Gupta R, Phytochemical screening and antimicrobial assay of various seeds extract of
Cucurbitaceae family, International Journal of Applied Biology and Pharmaceutical Technology, 3, 2012, 401409.
The Wealth of India, A dictionary of Indian raw materials and industrial products, Edn.1, Vol.4, National Institute
of Science Communication and Information Resources, CSIR, New Delhi, 2006, 41-44.
Tou JC, Chen J and Thompson LU, Flaxseed and Its Lignan Precursor, Secoisolariciresinol Diglycoside, affect
Pregnancy Outcome and Reproductive Development in Rats, American Society of Nutritional Services, 128, 1998,
1861-1868.
Tour e and Xueming X, Flaxseed Lignans: Source, Biosynthesis, Metabolism, Antioxidant Activity, Bio-Active
Components, and Health Benefits, Comprehensive reviews in food science and food safety, 9, 2010, 261-269.
Waldschlager J, Bergemann C, Ruth W, Effmert U, Jeschke U, Richter DU, Kragl U, Piechulla B and Briese V,
Flaxseed extracts with phytoestrogenic effects on a hormone receptor positive tumor cell line, Anticancer Research,
25, 2005, 1817-1822.
Wang L, Chen J and Thompson LU, The inhibitory effect of flaxseed on the growth and metastasis of estrogen
receptor negative human breast cancer xenografts is attributed to both its lignan and oil components, International
Journal of Cancer, 116, 2005, 793-798.
Williams D, Verghese M, Walker L, Boateng J, Shackelford L and Chawan CB, 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, 45, 2007, 153-159.
Yuan Y, Rickard S and Thompson L, Short-term feeding of flaxseed or its lignan has minor an influence on in vivo
hepatic antioxidants status in young rats, Nutrition Research, 19, 1999, 1233-1243.

October-December 2015

628

JCPS Volume 8 Issue 4

