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ABSTRACT

Flaxseed is one of the most important oilseed crops for industrial as well as food, feed, and fiber
purposes. The seed provides oil rich in essential fatty acids, digestible proteins, and lignans. Being one of the
richest sources of a-linolenic acid oil and lignans, flaxseed has considerable potential as a functional food. It
delivers health benefits beyond their traditional nutrient content. Phytoestrogen of flaxseed is in focus for
their benefits for a wide range of health conditions and may possess chemo-protective properties in animals
and humans. This paper presents a review for the nutritional composition of flaxseed, its health benefits for
disease prevention specially those relevant to cardiovascular system, diabetes, menopause, cancer, arthritis
and dry eye.

Keywords: flaxseed, food, oil.

Page No. 1944 6(4) RJPBCS 2015 July- August



ISSN: 0975-8585

INTRODUCTION

Flax (Linum usitatissimum) is a plant of the family Linaceae [1] with pale blue flower and brown to
yellow oval flat seeds with pointed tips, slightly bigger than sesames seeds 4-6 mm. Audible type is commonly
called flaxseed (FS) while that used in industry is known as linseed. The seeds have crisp and chewy texture
and a pleasant, nutty taste. Flax continues to surge forward in its recognition as a functional food as it is rich in
essential fatty acids, dietary fiber and proteins. This review will go through the flax benefits trying to give brief
description of chemical composition and review the beneficial effect for various ailments such as
cardiovascular disease, diabetes, menopausal disorders, cancer, arthritis, dry eye and others.

Composition of flaxseed (FS) and flaxseed oil (FO)

The composition of flax varies with genetics, growing environment, seed processing and method of
analysis [2]. FS and FO is superior in its composition compared to other edible fats and oils as it contains ALA
(omega3) as well as linoliec acid LA (omegab6) in specific ratio that make them more beneficial. These two
polyunsaturated fatty acids are essential for human but our bodies cannot synthesis them and should be
obtained from food. Analysis of different dietary oils and fats showed that flaxseed (FS) has the highest
percentage of ALA (omega3) compared to other plant derived fats [3]. ALA constitutes 57%, Linoleic acid
constitutes 16% while the nutritionally undesirable saturated fatty acids presents only 9% of total fatty acids of
flax. [4]

Protein: flax contains 18.3% protein [4]. Pattern of flax protein is similar to that of soybean protein, which is
viewed as one of the most nutritious plant proteins. Flax has rich content of essential amino acids, the body
cannot form, and is gluten-free [5] so flax is suitable for patients with celiac disease [6].

Carbohydrates: Flax is low in carbohydrates (sugars and starches), providing only 1.5 gram (g) per 100 g [4].

Dietary fiber: Total fiber accounts about 28% of the weight of flax seeds, composed of Cellulose, Mucilage
gums, Lignin and Lignans that not digested by the human and, therefore, pass relatively intact into the large
intestine [7]. Dietary fiber acts as a bulking agent in gut. It increases stool weight and the viscosity of digested
material, while also decreasing the transit time of material through the gut helping to control appetite and
blood glucose and reduces blood lipids. [8].

Phenolics: phenolics have anticancer and antioxidant effects in humans [9,10]. Flax contains Phenolic Acids,
Flavonoids and lignans. It contains about 8 to 10 mg of total phenolic acids per 100gm or about 64-80
milligrams (mg) of total phenolic acids/tbsp of milled flax. Concerning flavenoid, flax contains about 35-70 mg
of total flavonoids/100g which is equivalent to about 2.8-5.6 mg of flavonoids/tbsp of milled flax [11]. Lignans
plays an important role in cancer prevention and is considered as main source of plant estrogen, with good
effect as antioxidants. Flax contains up to 800 times more lignans than other plant food. [12].

Vitamin and mineral content of flax:

Flax contains minor amounts of water- soluble vitamins like vit. B;,35¢ and fat-soluble vitamins like
vitamin E which is present as gamma-tocopherol that protects cell proteins and fats from oxidation; promotes
sodium excretion in the urine, which may lower blood pressure; and decrease risk of heart disease, some types
of cancer [13]. The gamma-tocopherol content can range from 8.5 to 39.5 mg/100 g of seed or about 0.7-3.2
mg/tbsp of milled flax. Flax contains a small amount of Vitamin K (0.3 microgram/g) in the form of
phylloguinone, the plant form of the vitamin, which plays an essential role in blood clotting and bone health.
The mineral content of one tablespoon of milled flax contains 34 mg of magnesium (392mg/100gm). 66 mg of
potassium (813mg/100gm) while sodium is minimal [6].

Biologic Effects of FS and FO in health and disease:

Both ALA and LA are essential fatty acids (EFA) which must be supplied in diet as the body cannot
manufacture them. EFAs are required for the structure and flexiblility of cell membrane. They are precursors of
long-chain fatty acids converted to powerful compounds that affect many biological processes as inflammation
and cell signaling. EFAs affect gene expression and cell protein formation [14] and have antibacterial actions.
ALA is the precursor of all omega 3 long chain FA manufactured in the body while LA is the precursor of all
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omega 6 long chain FA and arachidonic acid FA. The enzymes used in such metabolic steps are the same.
Competition can occur between the two families, the more LA is present the less the conversion of ALA to
beneficial eicosanoids [3]. About 96% of dietary ALA appears to be absorbed in the gut [15].after absorption,
ALA has several metabolic fates either undergo B-oxidation to produce energy, recycled to make other fatty
acids, serve as a substrate for ketogenesis, stored in adipose tissue for later use, incorporated into the
phospholipids of cell membranes or it can be converted to long-chain omega-3 fatty acids like
eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA) and docosahexaenoic acid (DHA), which have
important functions in many types of cells and organs.

Gender can affect the conversion of ALA where women can convert more ALA to EPA and HDA than
men. Estrogen appears to enhance this process as women need DHA during pregnancy and lactation [16].

Other dietary factors that interfere with ALA conversion include the intake of dietary cholesterol [17]
and saturated fat [18]. Also, smoking had a negative effect on the metabolism of omega-3 fatty acids in human
breast cells [19] and decrease the conversion to EPA and DHA. LA is converted through the same pathway as
ALA but to arachidonic acid (AA) which is converted to another type of eicosinoid (thromboxan A2, leukotarin
B4) which promote both the clotting of blood within blood vessels (thrombosis) and inflammatory reactions.
Diets high in LA or AA may result in increase of AA-derived eicosanoids that, in turn, may result in an over-
active immune system that result in chronic diseases like coronary heart disease, diabetes and cancer [20].
This eicosanoid is Docosapentaenoic acid (DPA) with the formula 22:5n-6 is a member of the omega-6 family.
It should not be confused with the omega-3 DPA (22:5n-3) which plays anti-inflammatory action.

Biological activity of flax is attributed to ALA and its derivatives EPA and DHA that make them useful in
preventing and managing chronic conditions such as type 2 diabetes, kidney disease, rheumatoid arthritis, high
blood pressure, coronary heart disease, stroke, Alzheimer disease, and certain types of cancer.

Effect of FS, FO during pregnancy and lactation

The growing fetus is supplied by essential fatty acids from the mother through the placenta. For this
reason, pregnant women must eat a diet containing adequate amounts of omega-3 and omega-6 fats for her
own needs and also for those of the developing fetus. The DHA and arachidonic acid derived from essential
fatty acids are especially vital, as they are building materials for the structure of nervous tissue of growing
fetus, including the brain and retina in late pregnancy[21]. Breast milk contains 3-10 times more ALA than
DHA, depending on the mother’s diet [20]. Children born to mothers who took DHA (present in flax or cod liver
oil) during pregnancy and lactation scored higher 1Q at 4 years old compared with children whose mother’s
diets were supplemented with corn oil. [22].

Hormone regulatory function of FS

The effect of the ingestion of flax seed powder, known to produce high concentrations of urinary
lignans in cycling women. Studies showed that women who supplemented with FS for three cycles showed
ovulation associated with longer luteal phase in comparison to others not supplemented with FS who showed
2 out of three anovulatory cycles despite of the non significant differences in either estradiol or estrone during
all phases of the cycle in both groups [ 23 ] . Authors stated that FS ingestion had no effect on early follicular
phase hormone concentrations (estradiol, estrone, progesterone) or sex hormone-binding globulin and
referred the effect to flax to a specific role for lignans and the relationship between the dietary and natural
sex steroid action. They suggested a possible role of FS to control the risk of breast and other hormonally
dependent cancers [23].

Ten years before the cessation of menstrual cycle and at midlife, women suffer the peri-menopausal
symptoms such as irregular menstrual cycles, breast cysts, headaches, insomnia, fluid retention, anxiety,
irritability, mood swings, weight gain, lowered sex drive, brain fog, fibroid tumors, and heavy bleeding. The
most probable cause of all these problems is estrogen dominance while progesterone levels steadily decline.
As flaxseed regulates normal ovulation and prolong the luteal phase of the menstrual cycle, in which
progesterone is the dominant hormone and respectively restore hormonal balance [24].
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FS and bone formation:

FS and FO are beneficial to women having osteoporosis. Regulation of bone formation is due to
equilibrium between Sexual steroids, thyroid hormones, glycocorticoids and growth hormone are the maestro
of this regulation. As estrogen ceases during menopause, bone resorption increases [25]. FS contains phyto
estrogens such as daidzein and genistein that were proven to have an anabolic effect on bone metabolism and
prevent bone loss [26]. Phytoestrogen is a biologically active plant group with chemical structure similar to
estradiol and can bind to estrogen receptors in various cells [27]. Phytoestrogens may also exert their
biological effects via nonestrogen receptor. It inhibits the activity of several enzymes such as protein tyrosine
kinases, DNA topoisomerase | (EC 5.99.1.2) , DNA topoisomerase Il (EC5.99.1.3) [28], and ribosomal S6 kinase ,
which are involved in cell-signaling mechanisms and nuclear events such as cell proliferation and
differentiation.

Additionally, phytoestrogens are known to have potent antioxidant activity [29]. Lignans are
structurally similar to tamoxifen. It inhibits the TNF-a biosynthesis and consequently IL-1 & IL-6 in stromal and
osteoblastic cells [30] that cause bone resorption [31]. Flaxseed is a very rich source of a-linolenic acid , which
is known to decrease bone turnover and increase bone mineral density in the femur and lumber bones[32].
ALA acid is a precursor to Eicosapantaenoic acid (EPA) that has generated interest as a potential anti-
inflammatory agent. [33, 34].

The omega-3 fat found in flaxseed prevent excessive bone turnover, subjects' blood levels of N-
telopeptides, a marker of bone breakdown were found to be much lower following the omega-3-rich diet. [35]

FS and breast Cancer:

Flaxseed lignans are converted by beneficial gut flora into two hormone-like substances
called enterolactone and enterodiol that have a protective effects against breast cancer. Studies show that
women with breast cancer typically excrete much lower levels of lignans in their urine than women without
breast cancer. Animal studies conducted to evaluate lignans' beneficial effect, supplementing a high-fat diet
with flaxseed flour reduced early markers for mammary (breast) cancer in laboratory animals by more than
55%.[36]. When postmenopausal women ate a daily muffin containing flaxseed showed higher level of 2-
hydroxyestrone, a less biologically active estrogen metabolite thought to be protective against breast cancer.
While the level of 16alpha-hydroxyestrone (an estrogen metabolite thought to promote cancer) decreased.

So Eating about an ounce of ground flaxseed each day will affect the way estrogen is handled in
postmenopausal women in such a way that offers protection against breast cancer and not interfere with
estrogen's role in normal bone maintenance [36].

Effect of FS and vascular disease:

The term cardiovascular disease (CVD) refers to all diseases of the blood vessels and circulation
system, including heart attacks and stroke. The main nutrients in flax particularly, alpha-linolenic acid (ALA),
dietary fiber; and the lignan (SDG) contribute to its healthy effects on CV system [1]. Nutritionists advise paying
attention to the kinds of fats eaten. They suggest you have to eat less saturated fat (SF) and trans-fats (TF) but
more polyunsaturated fat (PUF) which is provided by flax.

Studies showed that diet high in ALA reduces the risk of heart disease by lowering cholesterol level
and preventing the buildup of harmful deposits in arteries [37]. Over time, with exposure to risk factors as
cigarette smoke, high blood glucose (diabetes), high blood cholesterol, high blood Pressure, diet composition
and low physical activity, all damages the endothelium and increases inflammatory reactions leading to CVD.

Eating food rich in fiber, such as flaxseed may prevent heart disease. Almost 10,000 adult Americans
participated in this study and were followed up for 19 years. the study showed that people fed on high fiber
diets (21 grams per day) had 12% less CVD compared to others consumed 5 grams of fibers daily. This may be
referred to the beneficial effect of ALA [38, 39].

Atherosclerosis begins in childhood and involves unhealthy changes in the lining of blood vessels or
endothelium. The endothelium maintains vascular homeostasis by controlling the balance between agents
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causing vasodilatation and vasoconstriction, Also preserving vascular homeostasis by balancing the actions of
clotting and anti-clotting agents. When the endothelium becomes inflamed, cholesterol and other lipids
especially low density lipoproteins LDL begin to accumulate in blood vessel walls. This process is a complex
series of events involving increased oxidative stress and the release of inflammatory compounds like harmful
eicosanoids, cytokines and acute-phase proteins. like interleukin-1f (IL- B) interleukin-6 (IL-6), tumor necrosis
factor a(TNFa). In response to these cytokines, cell adhesion molecules (CAM) are released and promote the
sticking of white blood cells to the endothelium [40].Vascular cell adhesion molecule type 1 (VCAM-1),
intercellular adhesion molecule type 1 (ICAM-1) plaque is formed consequently cause thrombus which block
the blood supply to the vital organs supplied by this vessel causing infarction.[37].

Flaxseeds and Walnut, ALA-rich vegetable oils and omega-3 fats in general improve endothelial
function and increase vasodilatation [41]. previous study showed that elderly men, who fed on ALA rich
vegetable oils have the lowest risk of heart attack and fatal heart disease. decrease blood levels of cell
adhesion molecules CAM. Which are considered as biomarkers of early events in the development of
atherosclerosis. [42]

In another study authors mentioned that n-3 PUFA consumption lowers plasma triglycerides, resting
heart rate, and blood pressure and might also improve myocardial filling and efficiency, lower inflammation,
and improve vascular function. Experimental studies demonstrate direct anti-arrhythmic effects, which have
been challenging to document in humans, but this effect was to lesser extent as regard fatal outcome of stroke
or myocardial infarction.[43]

Also, studies suggested that flax lignans have a lowering effect on plasma total and low-density
lipoprotein cholesterol. The associations between lignans and decreased risk of cardiovascular disease are
promising, but they are yet not well established [44]. Decrease of cholesterol by flaxseed ingestion was
documented in animal study [45]. The researchers also found that omega-3s from nuts, seeds, and vegetable
oils , such as walnuts and flaxseed, had just as much impact on blood pressure as omega-3s from fish. [46].
Healthy menopausal women who consumed 40 g (5 tbsp) of milled flax daily for one year experienced
significant reductions of 5% in systolic blood pressure and 4.1% in diastolic blood pressure at 12 months [47].
The findings from these few studies suggest that interventions of at least 3 months are needed to show an
effect of flax consumption on blood pressure [48].

Effect of FS, FO on inflammatory disease and arthritis

FO eases symptoms of rheumatoid arthritis, Lubricates joints and lessens stiffness and joint pain as it
is high in alpha-linolenic acid (ALA), a type of omega-3 fatty acids which are known as anti inflammatory.

Both tumor necrosis factor a (TNFa) and interleukin |  ( IL- | B3) have been implicated as mediators of
the joint pathology that occurs in the inflammatory disorder rheumatoid arthritis (RA) and as mediators of the
cellular pathology including synovial hyperplasia . [49]

Use of flaxseed oil in domestic food preparation for 4 wk inhibited TNF a and IL-1 B production by
approximately 30%.There was a significant inverse exponential relation between TNF a or IL-1B synthesis and
mononuclear cell content of eicosapentaenoic acid (EPA), an n--3 fatty acid of ingested alpha-linolenic acid
(flaxseed oil). Cytokine production decreased as cellular EPA increased to approximately 1% of total fatty acids
[49].

Effect of FS on diabetes and obesity

Cell membranes are the cells’ gatekeepers, allowing the flow of needed nutrients while promoting the
elimination of wastes. Flexible cell membranes respond to insulin and absorb glucose better than the rigid non
flexible membranes that result from high saturated and/or hydrogenated (trans) fats, rich diets. Dietary fiber
such as flaxseed may help to reduce the risk of diabetes and obesity because it have the omega-3 fats that are
needed to produce flexible cell membranes [15].

Oxidative stress has been shown to be one of the causes of both type 1 and type 2 diabetes.
Secoisolariciresinol diglucoside (SDG) is isolated from flaxseed and has antioxidant activity. It can prevent
hypercholesterolemic atherosclerosis and development of diabetes in rats. Also studying a model of human
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type | diabetes [insulin dependent diabetes mellitus (IDDM)] showed that SDG prevents the development of
diabetes via its antioxidant effect [50].

Studies on the role of flaxseed and its components in obesity and diabetes in humans are few. In
healthy females, 50 g carbohydrate from flaxseed or 25 g flaxseed mucilage (soluble fiber) lowered
postprandial glucose by 27%. and lowered serum cholesterol [51]. Flaxseed oil significantly improved insulin
sensitivity, increased HDL cholesterol, and decreased LDL oxidation [52].

Effect of FS on cancer

Flaxseed ingestion proved anticarcinogenic effect in colon. Following a single injection of
azoxymethane (15 mg/kg body wt.) , rats were fed 5% or 10% flaxseed meal (FM) or flaxseed flour (FF) for four
weeks showed less number of aberrant crypts and foci, in histological examination of intestinal section, by
41-53% and 48-57%, respectively. The labeling index (LI) was also 10-22% lower in these groups, except for the
5% FM group [53]. Since lignans have been suggested to have some cancer-protective effects, flaxseed , the
most abundant source of lignan precursors, reduced the epithelial cell proliferation by 38.8-55.4% and nuclear
aberrations by 58.8-65.9% in female rat mammary gland[54].

Also, flaxseed reduced the formation, growth and spread of prostate cancer and melanoma. As well it
enhanced the effectiveness of tamoxifen, a standard drug for hormonal therapy of breast cancer [55,56]

Effect of FS on eye

Dry eye syndrome (DES) affects more than 10 million Americans. Artificial tears offer only temporary
relief. Study involving nearly 40,000 female aged 45-84 , enrolled in the Women's Health study Researcher, to
know whether omega-3 fats (found in high amounts in cold water fish and flaxseeds), and the omega-6 fats
(found in red meat, safflower, sunflower, soy and corn oils) play a role in treatment. Women whose diets
provided the highest amounts of omega-3 fatty acids had a 17% lower risk of dry eye syndrome compared with
those consuming the least of these beneficial fats. In contrast, women whose diets supplied a high ratio of
omega-6 to omega-3 fatty acids had a 2.5-fold higher risk of DES syndrome compared to those with a more
balanced intake of fatty acids [57].
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