
Oils and Fats-Largely Unexplored Source of 
Nutraceuticals

Olivia Dhara and Pradosh P Chakrabarti*
Centre for Lipid Science and Technology, CSIR-Indian Institute of Chemical Technology, Uppal 
Road, Tarnaka, Hyderabad, India

Introduction
Fats and oils are an integral part of our human diet. Apart from giving double the energy 

per unit weight compared to proteins and carbohydrates, this particular component of food 
serves many other functionalities. It provides pleasure to taste buds; and also serves the 
essential fatty acids which cannot be synthesized in human bodies. These fatty acids take an 
active role in metabolism and have a huge impact on general health and more importantly in 
controlling cardiovascular diseases. Oils and fats also supply oil-soluble vitamins like vitamins 
A, D, E and K. However, it is often forgotten that oils and fats are sources of many minor 
constituents that show health benefits and in many cases; they are used for the treatment 
of specific diseases. These compounds are known as nutraceuticals. Stephen L. DeFelice, the 
then chairman of Foundation for innovation in medicine framed the word “nutraceuticals” 
by combining the words “nutrition” and “pharmaceuticals”. He had proposed a definition for 
the term nutraceuticals. As per De Felie, nutraceutical is “….a nutritional product- a single 
entity or combination which includes special diets- that reasonable clinical evidences have 
shown to have medical benefit”….[1]. Pharmaceutical formulations are required to cure the 
patient of specific ailments on the other hand nutrition is required for good general health to 
be maintained. 

The Canadian health ministry later broadened the definition of nutraceuticals. According 
to that definition, nutraceuticals are products isolated or purified from different food items 
that show specific physiological benefits and can exhibit protection against known diseases 
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Abstract
Nutraceutical is a term derived from two words, “nutrition” and “pharmaceutical”. This particular group 
of food derived products shows various health benefits. These products are being used in the treatment 
of cancer, arthritis, osteoporosis, cardiovascular diseases, retinopathy, age-related problems and many 
more physiological and neurological disorders. In the post-COVID-19 scenario the whole world is looking 
for natural product-based treatment methods and immunity boosting products to improve the general 
wellness of people. Oils and fats are known as the category of food that supply more than double the energy 
compared to proteins and carbohydrates. It also gives texture and palatability of foods and enhances 
the taste of foods by providing characteristic flavour. It also supplies essential fatty acids that human 
body cannot generate on its own. The polyunsaturated fatty acids (PUFA) present in oils and fats regulate 
metabolic functions. Another well-known benefit of consumption of oils and fats in food servings is that 
it supplies the oil-soluble vitamins A, D, E, and K. Deficiencies of these vitamins can have a tremendous 
effect on the general health of a person. Triglycerides or triacylglycerols are the primary components of 
oils and fats. However, there are some minor components of oils and fats that show health benefits and 
can be used for the treatment of various diseases. A good processor tries to keep all these nutraceuticals 
and nutritionally important components intact in the refined oils and fats products to improve the quality 
of the oils. However, many of these important components get lost during the refining of oils and fats. 
Nutraceuticals like lecithin, carotenoids, isoflavones, phytosterol, steryl esters, tocopherols, etc. get 
concentrated in various by-products of oils and fats processing. Apart from few exceptions, most of these 
nutraceuticals are not recovered or utilized. There exists a huge scope to isolate these nutraceuticals 
and explore the health benefits for treatment of various diseases. In this article, the importance of these 
nutraceuticals that are derived from oils and fats will be discussed.
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[2]. These are not exactly taken as food products and are generally 
available as medicinal products. There are certain advantages of 
these products. For any specific disease, the pharmaceuticals are 
the primary medicines and those are mostly synthetically prepared 
drugs. They are governed by very strict regulatory restrictions 
[3]. It becomes highly expensive affair to bring a new drug for a 
specific disease by meeting all these regulations. Some of the drugs 
show inherent toxicities and have severe side effects. Scientists 
all over the world were looking forward to finding out some 
alternatives to these synthetic drugs. Nutraceuticals can have a very 
important role as they have the proven track record for showing 
health benefits. Moreover, since they are derived from food items, 
they are exempted from usual stringent regulations implied for 
pharmaceutical products [4].

It was estimated that in 2019, the nutraceutical ingredient 
market was around 152 billion USD whereas it was predicted 
to grow at 7% per annum to reach 225 billion USD by 2025 [5]. 
The demand in developed nations has already reached a high. 
The forecast predicts the demand in US Market alone will be 
around 134billion USD by 2025 [6]. In Europe, the nutraceutical 
market will see a CAGR of around 7.5% because of the increased 
occurrence of lifestyle-related diseases. People became more 
aware and are regularly taking nutraceuticals for the prevention or 
delaying of diseases [7]. Developing nations are also catching up 
and the Asia Pacific is going to be the largest growing region as far 
as nutraceutical business is concerned [5].

In the post-COVID-19 scenario, the nutraceutical market 
is expected to see further growth as many of these ingredients 
are known for their antioxidant activities, immunity-boosting 
properties, controlling serum cholesterol levels and maintaining 
overall wellness. These nutraceuticals are also known for their 
efficacies in either treating or delaying many diseases like cancer, 
metabolic disorders, osteoarthritis, eye problem, cardiovascular 
diseases, brain-related problems, Alzheimer’s disease, etc. [4,6]. 
The whole world is looking for newer sources of nutraceuticals as 
the demand is growing very fast.

There was a negative vibe about oils and fats as these are 
linked to obesity and many other diseases. However, as mentioned 
earlier only oils and fats supply essential fatty acids and fat-soluble 
vitamins apart from making the food tastier and healthier. Omega-3 
fatty acids like eicosapentaenoic acid (EPA), docosahexaenoic acids 
(DHA) and other polyunsaturated fatty acids (PUFA) are known 
for their beneficial effects on heart diseases, mental health, brain 
diseases, eye problems and many degenerative disorders [8]. The 
major sources of these fatty acids are fish oil, seal blubber oil, 
borage oil, evening primrose oil, blackcurrant oil, etc. Coconut oil 
is again the source of medium-chain triglycerides (MCT) and these 
are approved as GRAS for oral or external use [9]. MCT was used 
for the treatment of malabsorption [10]. Apart from dietary fatty 
acids, oils and fats contain many other minor constituents that 
exhibit health benefits. One of the most important nutraceuticals 
is tocopherol and tocotrienols. Tocopherols commonly known as 
vitamin E and act as antioxidants has many applications [11]. Most 

of the vegetable oils contain tocopherols whereas oils like palm and 
rice bran contain tocotrienols [12-14]. Oils like soybean, rice bran, 
sunflower, rapeseed, etc. are major sources of phospholipids. They 
are widely used in pharmaceutical formulations as excipients [15]. 
Phosphatidylcholine (PC) and phosphatidylserine (PS) are essential 
for the proper functioning of cell membranes and some derivatives 
are known for their use even in cancer treatment [16,17].

Oils and fats are the sources of another very important group 
of nutraceuticals known as phytosterols and stanols. These 
show antioxidant properties and they are known to lower serum 
cholesterol levels [18,19]. Rice bran oil contains γ-oryzanol. This 
is a group of compounds that have properties to lower serum 
cholesterol levels [20] and have many other health benefits. 
Oils like rice bran oil, olive oil, wheat germ oil, palm oil contain 
hydrocarbon squalene that exhibits various health benefits and 
have wide use in many pharmaceutical formulations. Shark liver 
oil is also an important source of squalene. It was projected to 
have anti-cancer properties [21]. Isoflavones are another group of 
nutraceuticals present primarily in soybean oil. These are projected 
to have health benefits against heart diseases, age-related problems, 
hormone-induced cancer, osteoporosis, etc. [22]. Carotenoids, 
more specifically β-carotene act as precursor of vitamin A, which 
is an important factor for treatment of eyes particularly against 
night blindness [23]. Various lignans present in oils like sesame 
are found to reduce oxidative stress in rats [24] and also found to 
act as metabolic regulators and having anti-mutagenic properties 
[25]. There are some other oils and fat derived nutraceuticals like 
glycolipids, gallic acid, ellaigic acid, policosanols, etc. which show 
numerous health benefits and can be used for the treatment of 
specific diseases. In this review, primarily, the occurrence of these 
nutraceuticals in various types of oils and fats and their health 
implications will be discussed.

Polyunsaturated fatty acids (PUFA) and Essential Fatty 
Acids (EFA)

Oils and fats are having a triglyceride structure where three 
molecules of fatty acids (FA) are esterified to a glycerol backbone. 
Presence of different types of fatty acids gives rise to various kinds 
of oils. The fatty acid composition is of utmost importance when 
evaluating the importance of the oil for nutraceutical applications. 
Fatty acids can be of basically three types: 

1) Saturated fatty acids (SAFA) with no unsaturation, 

2) Monounsaturated fatty acids with single unsaturation 
(MUFA) and 

3) Fatty acids with more than one unsaturation or poly 
unsaturated fatty acids (PUFA) [4]. It  is this PUFA that is of prime 
interest when it comes to an application as a nutraceutical. 

Several research communications reported that PUFA is 
effective against coronary artery disease as well as nerve diseases 
like Alzheimer’s, schizophrenia and metabolic syndrome [26-
29]. PUFA is further sub-divided based on the location of the first 
double bond with respect to the methyl end. n-3 and n-6 fatty acids 
are the two most important PUFA when it comes to the biological 
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application [30]. Amongst the several PUFA available only two 
are known to be essential fatty acid (EFA). ω-6 fatty acid Linoleic 
acid (LA) and ω-3 fatty acid α-linolenic acid (ALA), are considered 
essential fatty acids because they cannot be synthesized by the 
human body. Some other fatty acids like Gamma Linolenic Acid 
(GLA) or EPA/DHA are also considered to be essential in various 
developmental or disease conditions.

Linoleic acid is a popular fatty acid found in many plant oils 
like safflower (60-75%), sesame (40-50%) sunflower (60-68%), 
cottonseed (42-52%), soybean (43-56%), poppy (70-72%), hemp 
(54-56%), walnut (50-53%) and corn (34-62%) oils. Alpha-
linolenic acid on the other hand is abundantly available in oils like 
flaxseed oil (35-55%), hemp (15-25%), canola (9-11%), soybean 
(6-8%) etc. [16].

Linoleic acid is labeled as an essential fatty acid as it cannot be 
synthesized by our body but is necessary for the normal functioning 
of biological and physiological activities. Linoleic acid plays an 
important role in various body functions such as cell physiology, 
immunity and reproduction. In spite of being able to reduce serum 
cholesterol, one clinical trial reported that a high linoleic acid rich 
diet has been reported to have some effect as a promoter of cancer 
tumors in the human cell [31] especially breast, colon, and prostate. 
To date, no upper limit has been set for the intake of linoleic acid 
[32], however, intake that supplies 1-2% of energy is recommended 
[33].

Dietary alpha- linolenic acid (ω-3) has been reported to have 
a significant positive role in areas of high blood cholesterol, high 
blood pressure, etc. It helps strengthen the immune system function, 
reduces male infertility and also gives protection against cancer. 
Consumption of alpha- linolenic acid (2 to 3g per day) [34] helps 
maintain good heart and metabolism. It is also helpful in reduction 
of plaque calcification, reducing lipid content, proper maintenance 
of endothelial function and has effective antithrombotic functions. It 
also exhibits anti-arrhythmic and antiinflammatory effects. Alpha- 
linolenic acid thus protects the human body against cardiovascular 
risks [35]. 

Though both linoleic acid and alpha- linolenic acid exhibit 
excellent health effects, a balanced intake of the same is very 
important. A ratio of 0.3:1: linoleic acid: alpha- linolenic acid is 
important for proper physiological functioning [16]. Both linoleic 
acid and alpha-linolenic acid are been bio-converted to other 
important fatty acids required by our body including arachidonic 
acid (AA), gamma-linolenic acid (GLA), eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA).

Gamma-linolenic acid
GLA is the first bio-converted product formed from linoleic acid 

by the delta-6 desaturase (D6D) enzyme. Naturally, gamma-linolenic 
acid is found in oils like evening primrose (8-12%) and hempseed 
(6-8%), Borage oil (25%), black current seed oil, etc. [36]. Upon 
consumption, gamma-linolenic acid is converted into dihomo-ϒ-
linoleic acid (DGLA; 20:3, n-6) in the human body. This DGLA is 
particularly important as it is a precursor to prostaglandin PGE1 

and 15-OH-DGLA- two important anti-inflammatory metabolites 
[16]. A dosage of 1.4g/day of GLA has been reported to provide 
statistically significant improvements in pains like rheumatoid 
arthritis [37]. Gamma-linolenic acid when metabolized to DGLA 
reduces inflammation via competitive inhibition of leukotrienes 
and 2-series prostaglandins. It is also reported to work against 
atopic eczema, psoriasis, and premenstrual syndrome [38].

DGLA is further converted to arachidonic acid enzymatically. 
Once converted arachidonic acid is mostly incorporated in the 
phospholipid moiety of the cell membrane and brain membrane 
[39]. Along with being effective for inflammation, arachidonic acid 
is also recommended for pregnant ladies, babies and adults in 
limited dosage as it showed promising results against intestinal and 
blood flukes, maintains cell membrane fluidity and helps control 
ion channels [40].

EPA and DHA
EPA and DHA are formed from the precursor molecule of alpha-

linolenic acid. These two fatty acids are extremely important fatty 
acids for the normal functioning of the human body. However, they 
are not synthesized in the human body (or even if then in a small 
amount) and needs to be supplemented [41]. They are mostly found 
in marine oil such as salmon, fresh tuna, mackerel, and herring as 
well as certain microbial oils like algal oil. 

These fatty acids are present in various body parts including the 
cell membranes [42] and have been reported to play important role 
anti-inflammatory agents, as well as help maintain the viscosity of 
cell membranes [43,44]. Foetal development, health, and growth is 
highly influenced by EPA and DHA [45]. Proper brain functioning 
and retina health are dependent largely on DHA [46]. Several potent 
lipid mediators important for treatment of memory diseases like 
Alzheimer’s, Parkinson’s have been reported to develop from EPA, 
DHA, making them an inevitable food for the body [47].

Conjugated linoleic acid
Comprising of a family of 28 isomers of linoleic acid [48] 

Conjugated linoleic acid has two isomers which are found most 
abundantly as found- cis-9, trans-11 and trans-10, cis-12 isomers 
[48]. CLA is particularly an important nutraceutical as it has a 
significant role to play in lipid metabolism in association with 
inhibition of the entry of glucose in adipose tissues leading to 
changes in insulin metabolism [49]. In spite of being a trans-fatty 
acid, CLA has been given a generally recognized as safe (GRAS) 
status as it is a naturally occurring trans-fatty acid. Also, owing to 
its effectiveness in preventing cancer and heart diseases, improving 
immune function and above-mentioned lipid metabolism [50] 
intake of CLA is recommended highly.

Medium chain triglycerides
Medium-chain triglyceride (MCT) has a glycerol backbone 

where the -OH groups are esterified with at least two fatty acids 
having 6-12 carbon atoms. MCT is present in large quantities in 
coconut oil and palm kernel oil. It is expected that MCT will be 
broken easily into glycerol and MCFAs and will be directly absorbed 
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into the blood stream [51]. Because of enhanced energy utilization, 
MCT is reported to cause weight loss [52,53]. Medium-chain fatty 
acids have more solubility in water than long-chain fatty acids. It 
is believed that they easily get solubilized in aqueous intestinal 
fluid and hence get adsorbed faster [54]. Bray et al. [55] suggested 
that rats given diets containing MCT have more control over food 
consumption compared to those fed with food having (LCT) [55]. 
Similar effects were observed even in human beings [56]. It was 
also observed that MCT has a significant effect on muscle building 
and muscle strength [57]. It is also claimed that MCT enriched diets 
have a significant role in controlling diabetes [58]. Researchers have 

claimed to have beneficial effects for lowering total cholesterol and 
for regulating age-related problems. However, these claims are to 
be validated with more significant statistical data.

Vitamin E- tocopherol and tocotrienol
Vitamin E consists of primarily eight isomers of tocopherol and 

tocotrienol. These are combinedly known as tocols. Most of the 
vegetable oils contain tocopherols and oils like palm and rice bran 
contain tocotrienols. These are known as potential antioxidants 
(Figure 1). 

Figure 1: Major types of tocopherols and tocotrienols.

Alpha-tocopherol is the predominant variety of tocol in oil 
like sunflower, olive, groundnut, etc. [59-61]. On the other hand, 
oils like soybean, canola, corn, linseed, etc. contain more amount 
of gamma-tocopherol [62,63]. The major sources of tocotrienols 
are palm, rice bran, and annatto oil [64-66]. Palm oil was found to 
contain α, δ tocotrienols wherein α- tocotrienol is the predominant 
homologue [67]. The most important tocol rich oils are wheat germ 
oil, barley, and oat germ oil [68-70]. The health impact of vitamin 
E in the general wellness of the people is tremendous. Due to 
the deficiencies of Vitamin E, many health problems like anemia, 
neurological disorders, immunity-related problems, problems 
in retina, etc. occur [71]. However, these compounds have larger 
applications, and these are yet to be explored completely. Many 
studies revealed that the addition of tocopherols and tocotrienols 
have increased the oxidative stability and shelf life of many oils and 
fats [72,73]. These showed a synergistic effect with different types 
of phospholipids as far as antioxidant properties are concerned for 
oils containing higher amounts of polyunsaturated fatty acids [74]. 
The antioxidant properties were explored by food, pharmaceutical, 
and cosmetic industries [75,76]. Tocotrienol rich fractions also 
showed similar antioxidant properties and improved oxidative 
stabilities of various oils and food formulations [12].

Vitamin E helps in delaying or treating many age-related 
ailments [77]. Tocopherols break the free radical chain and protect 
the cell membranes [16]. Tocopherols and tocotrienols were found 

to have an important role in the treatment of Alzheimer’s disease 
[78]. Tocotrienols showed a significant role in lowering the risk 
of cardiovascular diseases [79]. In recent times tocotrienols were 
utilized as anti-cancer agents. It has shown anti-angiogenic and 
anti-inflammatory effects and was projected as anti-tumor agents. 
It may have an important role in the treatment of breast cancer 
[79,80]. The combined effect of tocotrienol with statin in the 
treatment of cancer via chemotherapy is also reported. There are 
many more recent reports showing the potential of vitamin E in 
the treatment of various diseases, especially in cancer treatment. 
Different types of tocopherol and specifically tocotrienols are 
reported to have significant effects on colorectal, prostate, lung 
cancer. Wong-Weng-Yew and Brown discussed the possibility of use 
of tocopherol in an anti-obesity formulation [81]. The research is 
still at its infancy and there exists tremendous scope to improve the 
understanding of tocotrienol as an anti-cancer agent as well as anti-
obesity agent. Tocols are commonly obtained from the deodorizer 
in a typical oil refining unit [82,83]. The bioavailability and stability 
of tocols are also important. 

Phytosterols, steryl esters and phytostanols
Oils and fats are sources of another very important group of 

compounds called phytosterols and phytostanols. Phytosterols 
are structurally similar to cholesterol-the sterol of the mammalian 
cell. In phytosterol, the steroidal molecule has unsaturation at Δ-5 
position whereas, in the case of stanols, it is saturated [84]. Most of 
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the oils and fats contain phytosterols, steryl esters, and these are 
primarily isolated from deodorizer distillates along with many other 
nutritional components. Enzymatic methods were also developed 
to prepare steryl esters and stanyl esters [85]. The major advantage 
of these molecules lies in the fact that they are capable of lowering 
serum cholesterol levels in human beings [19,84]. Westen showed 
that probable mechanism of lowering of cholesterol level may be 
due to less absorption of cholesterol in small intestine [86,87]. 
β- sitosterols, campesterol, stigmasterol, Δ 5-avenasterols are the 
major phytosterols present in oils like flaxseed, soybean, rice bran 
olive, peanut, sesame, corn, rapeseed, etc. Rice bran oil has more 
amount of all these sterols compared to other oils [14,88]. Stanol 
esters are often derived from tall oil [89] by hydrogenating the 
phytosterols. Both phytosteryl esters and phytostanyl esters had 
shown similar cholesterol-lowering properties [90]. Law indicated 
that intake of 2g/day of phytosterol or phytostanol may reduce the 
risk of heart disease by around 25% [91]. There are many products 

available in the markets that are enriched in steryl and stanol esters 
from plant sources. Some second-generation products are also 
going to be marketed soon. One of the promising products is corn 
fiber oil.

Phospholipids (Lecithin)
Many oils and fats have phospholipids as an important 

component. Soybean oil contains around 2.5-3.5% of gums. Rice 
bran oil, sunflower oil, rapeseed oil, cottonseed oil and other 
resources like egg yolk, bovine whole milk, and fish oils contain 
good number of phospholipids. Lecithin is the general term given 
to the mixture of phospholipids isolated from oils and fats. Soybean 
is the predominant source of lecithin for food applications. Lecithin 
is used in food industries as natural emulsifier and has a market 
of around 1.5 to 1.7 lakh tons. Apart from getting the emulsifier 
properties, lecithin may also show antioxidant properties [92]; 
(Figure 2). 

Figure 2: Major types of phospholipids.

Lecithin is prepared from crude gums obtained in the 
degumming process by using water/phosphoric acid whereas 
in the case of enzymatic degumming lysolecithin is formed as it 
hydrolyzes the lecithin and cleaves one fatty acid group from lecithin 
moiety and converts into a water-soluble product. Lecithin contains 
primarily four types of phospholipids like PC (Phosphatidylcholine), 
PE (phosphatidylethanolamine), PI (phosphatidylinositol), and PA 
(phosphatidic acid). Phosphatidylserine (PS) regulates the function 
of body cells and is available in the market as a memory enhancer 
[16]. The surface-active properties of lecithin due to the presence 
of hydrophilic and hydrophobic groups in single molecule made it 
useful as emulsifier, wetting agent, anti-spattering agent, etc. [92]. 
Apart from the industrial uses, phospholipid showed antioxidant 

properties also [93-95]. PC with some definite fatty acid profile 
has been projected for potential uses in various pharmaceutical 
formulations [96]. Phospholipid based vesicles or liposomes could 
also be used in the drug delivery system [97]. Some formulations 
showed specificity in delivering the drug [98]. Abnormal 
phospholipid metabolism is said to be associated with cancer and 
it has become an important area of research [99-101]. Lyso-PC 
was found to possess anti-cancer activities [17]. The research on 
phospholipids and their applications in health-related formulations 
is going on in full swing and newer uses are expected. This is one 
of the major by-products that is exploited considerably at least for 
soybean oil. Technologies are being developed for oils like rice bran.
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Isoflavones
Isoflavones are another group of nutraceuticals present in oils 

and fats more specifically in soybean and legume seeds [102] like 
lentils, beans, etc. These particular groups of compounds are known 
as phytoestrogen as these are obtained from plant sources and 
resemble the chemical structures of ‘estrogen’ [103]. Soybean oil is 
the richest source of these group of isoflavones namely Genistein, 
Daidzein, Genistin, Glycitein, and glycitin, etc. [104]. These 
isoflavones are found to possess antioxidant properties [105], to 
improve cardiovascular health [106] and also delay osteoporosis 
[107,108]. Isoflavones are reported to have anti-inflammatory 
properties [109]. However, higher dosages may have a risk [110]. 
Formulations with natural isoflavones are available in the open 
market particularly for pre and postmenopausal women. However, 
most of the naturally occurring isoflavones are underutilized 
because of the non-availability of proper technology.

Lignans
Lignans are a class of polyphenolic compounds founds in various 

plants as secondary metabolites. Oilseeds like flaxseed, sesame, and 
pumpkin are the most abundant source of these lignans [111]. Flax 
is a rich source of a lignan called secoisolariciresinol diglycoside 
(SDG) (1-4%) [112] which is found mainly in the fat-free portion of 
flax [113]. SDG is converted to enterodiol (ED) and enterolactone 
(EL) by bacteria in the colon of humans. Additionally, Whitting [114] 
and Mazur et al. [115] reported the presence of minor amounts of 
other lignans like matairesinol (MAT) (11μg/g of full-fat flaxseed), 
pinoresinol, pinoresinol diglucoside, isolariciresinol, etc. [114,115].

Flaxseed lignans are reported to exhibit antioxidant activity, 
[116-119] and also act as estrogenic and anti-estrogenic 
compounds [120,121]. However, its role is dependent on body 
estradiol levels. Under normal conditions, flaxseed lignans act as 
estrogen antagonists, but in postmenopausal women (having low 
estradiol levels) they can act as weak estrogens [122,123]. Flaxseed 
lignans have reported having an appreciable protective influence 
against various cancer treatments, especially breast, colon, skin, 
and prostate cancer. A low-fat diet rich in lignans namely enterodiol, 
and enterolactone (classified as phytoestrogen) showed growth 
inhibition in 3 human prostate cancer cell lines [124,125] as well 
as colon and skin cancers in cell cultures and in animal studies 
[126,127]. Flaxseed lignans particularly SECO, SDG, END, and ENL 
have also been reported to show appreciable results in reducing 
hypercholesterolemia, atherosclerosis, and diabetes [117,118]. 
Apart from flaxseed, sesame, one of the oldest indigenous oil-seed 
crops of India, is a rich source for lignans. Sesame oil is rich in (up to 
2.5%) furofuran lignans (dimers of phenyl propane units). 

According to Shi et al. [128] sesame oil generally contains 
about 3.38 to 11.53mg/g of total lignan [128]. It is the presence of 
these lignans which makes sesame oil important in particular, for 
edible purposes. The major fat-soluble aglycon lignans of sesame 
include sesamin and sesamolin. Sesamol, sesaminol, sesamolinol, 
pinoresinol, matairesinol, lariciresinol, and episesamin form minor 
aglycons of sesame oil [129-135]. Among the various varieties of 

sesame cultivated, black sesame seeds in comparison to the white 
variety, contain higher amount of sesamin and sesamolin which is 
about 1.98-9.41mg/g and 1.06-3.35mg/g respectively [128]. They, 
singly or in combination, help cure or control various physiological 
activities and act as anti-hypertensive, anti-cancerous and hypo-
cholesterolemic agent, making sesame oil an oil of tremendous 
research interest in recent years [135]. 

Sesamin is found to assist lipid and glucose metabolism, play 
an important role in hypertension management, acts as anti-
inflammatory by inhibiting delta 5-desaturase and help in free 
radical scavenging mechanism [136]. Another important role of 
sesamin is in decreasing the low-density lipoprotein (LDL) and 
increasing high-density lipoprotein (HDL) levels [137,138] of 
blood thereby inhibiting blood cholesterol level absorption and 
biosynthesis which in turn burns fat and reduces risks of obesity, 
atherosclerosis and related diseases in human [139]. Sesaminol 
and sesamolin both have shown results in inhibiting membrane 
lipid peroxidation (140). The free radical activity is however 
seen to be highest for sesamol compared to that of sesamin, 
sesamolin, and Pinoresinol [140-143]. It, therefore, exhibits higher 
efficiency towards preventing cell membrane lipid peroxidation, 
as well as LDL oxidation [144]. Sesamol when packed into nearly 
spherical solid lipid nanoparticles of average particle size of nearly 
120.30nm showed enhanced hepatoprotective bioactivity than free 
sesamol against sub-chronic liver injury in rats [129]. Prisna et al. 
[145] mentioned that sesame lignans are now being explored for 
hormone therapy and replacement owing to its estrogen agonistic 
effect which is useful for postmenopausal women [145]. 

Episesamin has also been reported to show anti-cancer activity 
when tested against in-vitro leukemia cells. Lesser-known lignans 
found in sesame have also been reported to exhibit anti-fungal 
activities. Although found in minor amounts Chlorosesamone, 
hydroxysesamone and 2, 3- epoxysesamone have been reported to 
show inhibitory effects on the spore germination of the pathogenic 
fungus Cladosporium fulvum [146]. The episesamin was also 
reported to possess anticancer activity against human lymphoid 
leukemia cells in vitro [147]. Lignans are acquiring immense 
popularity in recent years due to their many fold applications as 
pharmaceutical and nutraceutical sectors. However, presently 
flaxseed and sesame oil are the only major sources of the same. 
Thus, more research in this respect regarding the exploration of 
other sources as well as increased synthesis of the same needs to be 
focused upon. Even technologies are to be developed for extraction 
of these lignans from oils and deoiled cakes for commercial 
explitation.

Oryzanol
This is an important group of compounds available in rice bran 

oil in the range of 1 to 1.3%. Chemically speaking these compounds 
are esters of triterpene alcohols and phytosterols with ferulic 
acid [148]; (Figure 3). The most important health benefit of this 
nutraceutical is its ability to reduce serum cholesterol level [149] 
and hence can be used for treatment of hyperlipidaemia [150].
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Figure 3: g- oryzanol.

γ- oryzanol is also believed to have a role in ameliorating insulin 
resistance [151]. Oryzanol was shown to have some benefits in the 
treatment of cirrhosis of the liver [16]. γ-oryzanol also possesses 
anti-atherosclerotic activity and antioxidant properties. Cicero and 
Goddi [152] reviewed the properties of rice bran oil and oryzanol 
in particular for use in various diseases. γ- oryzanol was found to 
modulate the secretion of the pituitary gland, inhibit gastric acid 
secretion, and also regulate platelet aggregation. γ - oryzanol also 
exhibits the ability to protect skin from UV radiation. This can also 
delay the aging of the skin [153]. Oryzanol is also used in various 
hair care products [154]. Different formulations and soft gels of γ- 
oryzanol are available in the market. This can be isolated from soap 
stock produced during the alkali refining of rice bran oil. Further 
research work is required to extract oryzanol from other refining 
by-products and also to understand completely the benefits of 
γ-oryzanol.

Squalene
This is another very important nutraceutical present in rice 

bran oil, olive oil, wheat germ oil, palm oil, etc. in minor quantities. 
This is a hydrocarbon used in the synthesis of cholesterol [16]. 
Squalene is known for its ability for oxygen quenching and 
regarded as antioxidants. Another important source of squalene 
is marine animal oil, particularly shark liver oil. However, due 
to stringent restrictions for the protection of marine animals, 
scientists are looking for alternative sources, specifically from plant 
sources [155]; (Figure 4). Squalene is known for its significant 
contribution to weight loss and cholesterol control [156]. Squalene 
also has tremendous scope for use in the cosmetics industry, more 
specifically for skincare products [157]. Squalene is projected as a 
hydrating agent for skin and it helps in regenerating healthy skin 
cells.

Figure 4: Squalene.

It also prevents premature aging. This is used in the formulation 
of treatment in various skin diseases [16]. It is also projected to have 
anti-cancer activities [158]. Rao et al reported that squalene intake 
may reduce the development of tumours [159]. Smith also proposed 
a mechanism for anti-cancer properties shown by squalene [160]. 
Some other reports also suggested low evidence of cancer and 

degenerative diseases by using squalene rich diet [161,162]. More 
importantly, an emulsion based on squalene and other surfactants 
were prepared as an effective stimulant to the immune system. In 
the post-COVID -19 scenario, the importance of squalene has been 
increased tremendously. It is effectively used in several vaccines 
for malaria, hepatitis B and C, HIV, and H1N1 viruses [163,164]. It 
may even have an important role in developing vaccines against the 
COVID-19 virus. World production of squalene is around 6000 tons 
with a commercial value of around 112 million USD. It is expected 
that the demand of squalene will be increased significantly, and 
technologies are to be developed for the extraction of squalene 
from various plant and animal sources. Supercritical carbon dioxide 
extraction is showing promises as a preferred method as no traces 
of solvents is detected [165].

Carotenoids
Carotenoids are fat-soluble isoprenoid group of molecules 

with more than 500 varieties. They are widely available in fruits, 
flowers and are found as pigments in oils and fats. It is found in 
various oils like corn oil, groundnut oil, soybean oil, rapeseed oil, 
sunflower oil, cotton-seed oil, olive oil etc. at a concentration less 
than 100ppm [166-172]. However, it is most widely found in palm 
and palm kernel oil at a concentration of nearly 500-700ppm in 
crude oil [173]. The major composition of carotenoids includes 
phytofluene, β-carotene, δ-carotene, lycopene, β-zeacarotene, 
etc. [174] of which β -carotene is of special importance to human 
health. β-carotene is the precursor of retinol, popularly known 
as vitamin A. β -carotene is converted to retinol by the action of 
enzyme carotene deoxygenase which is present in human liver and 
intestinal mucosa following cleavage at the central double bond of 
the molecule [16]. However, the rate of conversion is very low [175]. 
Carotenoids also serve various health benefits as it strengthens the 
immune system, reduces the risk of degenerative diseases [176], 
shows antioxidant properties by quenching of singlet oxygen. 
Carotenoids like α -carotene, lycopene, and β -carotene also showed 
antiobesity/hypolipidemic activities [174,177]. α -carotene is 
reported to exhibit appreciable activity as an anti-cancer agent 
[174]. Though present in crude oils, carotenoid is removed almost 
completely during bleaching and thus is obtained as a refinery by-
product. Recovery of the same is important owing to its importance 
as a nutraceutical.

Conclusion
It is quite evident from the discussion that oils and fat can be 

regarded as one naturally occurring major source for various types 
of nutraceuticals having varied health benefits. Though oils and fats 
are considered to be responsible for weight gain and a higher level of 
serum cholesterol, judicious uses of this commodity and prescribed 
uses of nutraceuticals present in the oils and fats can help to control 
the serum cholesterol levels. The antioxidant properties of some 
of these nutraceuticals help in maintaining general health. These 
nutraceuticals serve specific functional properties and are used 
in food, cosmetics, and pharmaceutical applications. However, the 
awareness level of common people about these nutraceuticals 
has to be improved. On the other hand, technologies are to be 
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developed for commercial exploitation of these oils and fats-based 
nutraceuticals.

References
1. (1989) The foundation for innovation in medicine-the nutraceutical 

revolution: fueling a powerful. New International Market.

2. Taylor CL (2004) Regulatory frameworks for functional foods and 
dietary supplements. Nutrition Reviews 62(2): 55-59. 

3. Nasri H, Baradaran A, Shirzad H, Kopaei MR (2014) New concepts in 
nutraceuticals as alternative for pharmaceuticals. International Journal 
of Preventive Medicine 5(12): 1487-1499.

4. Vergallo C (2020) Nutraceutical vegetable oil nano formulations for 
prevention and management of diseases. Nanomaterials 10(6): 1232.

5. (2019) Nutraceutical ingredient market report. Report code FB2211.

6. Radhika PR, Singh RB, Sivakumar T (2011) Nutraceuticals: An area of 
tremendous scope. International Journal of Research in Ayurveda and 
Pharmacy 2(2): 410-415.

7. h t t p : / / m o r d o r i n t e l l i g e n c e . c o m / i n d u s t r y - r e p o r t s /
europenutraceuticalmarket

8. Shahidi F (2006) Nutraceutical and specialty lipids and their co-
products. Taylor & Francis, CRC Press, USA.

9. Traul KA, Driedger A, Ingle DL, Nakhasi D (2000) Review of the 
toxicologic properties of medium-chain triglycerides. Food and chemical 
toxicology: an international journal published for the British Industrial 
Biological Research Association 38(1): 79-98.

10. Babayan VK (1987) Medium chain triglycerides and structured lipids. 
Lipids 22(6): 417-420.

11. Traber MG, Packer L (1995) Vitamin E: beyond antioxidant function. The 
American journal of clinical nutrition 62(6 Suppl) 1501S-1509S.

12. Zou L, Akoh CC (2015) Antioxidant activities of annatto and palm 
tocotrienol-rich fractions in fish oil and structured lipid-based infant 
formula emulsion. Food Chemistry 168: 504-511.

13. Ng MH, Choo YM, Ma AN, Chuah CH, Hashim MA (2004) Separation of 
vitamin E (tocopherol, tocotrienol, and tocomonoenol) in palm oil. 
Lipids 39(10): 1031-1035. 

14. Rukmini C, Raghuram TC (1991) Nutritional and biochemical aspects 
of the hypolipidemic action of rice bran oil: a review. Journal of the 
American College of Nutrition 10(6): 593-601.

15. Hoogevest P, Wendel A (2014) The use of natural and synthetic 
phospholipids as pharmaceutical excipients. European Journal of Lipid 
Science and Technology 116(9): 1088-1107.

16. Karuna MSL, Prasad RBN (2015) Vegetable oil-based nutraceuticals. In: 
Bahadur B, Venkat Rajam M, Sahijram L, et al. (Eds.), Plant Biology and 
Biotechnology. Springer, New Delhi, India, pp. 793-812.

17. Namba Y (1993) Medical applications of phospholipids. In: Gregor C 
(Ed.) Phospholipids handbook, Marcel Dekker, New York, USA, pp. 879-
894.

18. Boskou D, Morton ID (1976) Effect of plant sterols on the rate of 
deterioration of heated oils. Journal of the Science of Food and 
Agriculture 27(10): 928-932.

19. Azamard Damirchi S (2010) Minor compounds of olive oil: Phytosterols 
and tocopherols. In: Corrigan JD(Ed.), Olive pil and health. Nova Science 
Publishers, New York, USA, pp. 141-168.

20. Sharma RD, Rukmini C (1986) Rice bran oil and hypocholesterolemia in 
rats. Lipids 21(11): 715-717.

21. Newmark HL (1997) Squalene, olive oil, and cancer risk: a review and 
hypothesis. Cancer epidemiology, biomarkers & prevention: a publication 

of the American Association for Cancer Research, cosponsored by the 
American Society of Preventive Oncology 6(12): 1101-1103.

22. Wong MC, Emery PW, Preedy VR, Wiseman H (2008) Health benefits of 
isoflavones in functional foods? Proteomic and metabonomic advances. 
Inflammopharmacology 16(5): 235-239.

23. Nagarajan J, Ramanan RN, Raghunandan ME, Galanakis CN, 
Krishnamurthy NP (2017) Carotenoids in nutraceuticals and functional 
food components. In: Galanakis CM (Ed.), (1St edn), Elsevier, London, UK, 
pp. 259-296.

24. Prasad MN, Sanjay KR, Prasad DS, Vijay N, Kothari R, et al. (2012) A 
review on nutritional and nutraceutical properties of sesame. Journal of 
Nutrition & Food Sciences 2: 127.

25. Liu Z, Saarinen NM, Thompson LU (2006) Sesamin is one of the major 
precursors of mammalian lignans in sesame seed (Sesamum indicum) as 
observed in vitro and in rats. The Journal of Nutrition 136(4): 906-912.

26. Ander BP, Dupasquier CM, Prociuk MA, Pierce GN (2003) Polyunsaturated 
fatty acids and their effects on cardiovascular disease. Experimental and 
Clinical Cardiology 8(4): 164-172.

27. Kewley SB, Friedman HS (1987) Psychological predictors of heart 
disease: A quantitative review. Psychological Bulletin 101(3): 343-362.

28. Kalmijn S, Feskens EJM, Launer LJ, Kromhout D (1997) Polyunsaturated 
fatty acids, antioxidants, and cognitive function in very old men. 
American Journal of Epidemiology 145(1): 33-41.

29. Horrobin DF (1998) The membrane phospholipid hypothesis as a 
biochemical basis for the neurodevelopmental concept of schizophrenia. 
Schizophrenia Research 30(3): 193-208.

30. Hulbert AJ, Turner N, Storlien LH, Else PL (2005) Dietary fats and 
membrane function: Implications for metabolism and disease. Biol Rev 
Camb Philos Soc 80(1): 155-169.

31. Pearce ML, Dayton S (1971) Incidence of cancer in men on a diet high in 
polyunsaturated fat. Lancet 1(7697): 464-467. 

32. (2005) Institute of medicine, dietary reference intakes for energy, 
carbohydrate, fat, fatty acids, cholesterol, protein, and amino acids. 
Washington, DC: National Academies Press, USA.

33. Barr LH, Dunn GD, Brennan MF (1981) Essential fatty acid deficiency 
during total parenteral nutrition. Annals of Surgery 193(3): 304-311.

34. Mozaffarianc D (2005) Does alpha-linolenic acid intake reduce the 
risk of coronary heart disease? A review of the evidence. Alternative 
Therapies in Health and Medicine 11(3): 24-31.

35. Rajaram S (2014) Health benefits of plant-derived α-linolenic acid. The 
American Journal of Clinical Nutrition 100 (suppl): 443S-448S.

36. Firouzi SR (2017) Herbal oil supplement with hot-nature diet for 
multiple sclerosis. Nutrition and Lifestyle in Neurological Autoimmune 
Diseases.

37. Joseph E, Pizzorno ND, Michael T, Murray ND, Bey ND (2016) Rheumatoid 
arthritis. The Clinician’s Handbook of Natural Medicine, (3rd edn), pp. 
875-893.

38. Lockwood GB (2009) The plant nutraceuticals. Trease and Evans’ 
Pharmacognosy (16th edn), Elsevier, pp. 459-470.

39. Van Leyen K (2017) Eicosanoids in cerebrovascular diseases. Primer on 
Cerebrovascular Diseases, academic press, pp. 86-89.

40. Tallima H, El Ridi R (2018) Arachidonic acid: Physiological roles and 
potential health benefits-A review. Journal of Advanced Research 11: 
33-41.

41. Neff LM, Culiner J, Rundles SC, Seidman C, Meehan D, et al. (2011) 
Algal docosahexaenoic acid affects plasma lipoprotein particle size 
distribution in overweight and obese adults. The Journal of Nutrition 
141(2): 207-213.

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1753-4887.2004.tb00024.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1753-4887.2004.tb00024.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336979/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336979/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336979/
https://pubmed.ncbi.nlm.nih.gov/32599957/
https://pubmed.ncbi.nlm.nih.gov/32599957/
https://ijrap.net/admin/php/uploads/432_pdf.pdf
https://ijrap.net/admin/php/uploads/432_pdf.pdf
https://ijrap.net/admin/php/uploads/432_pdf.pdf
https://europepmc.org/article/med/10685018
https://europepmc.org/article/med/10685018
https://europepmc.org/article/med/10685018
https://europepmc.org/article/med/10685018
https://pubmed.ncbi.nlm.nih.gov/7495251/
https://pubmed.ncbi.nlm.nih.gov/7495251/
https://www.sciencedirect.com/science/article/abs/pii/S0308814614011467
https://www.sciencedirect.com/science/article/abs/pii/S0308814614011467
https://www.sciencedirect.com/science/article/abs/pii/S0308814614011467
https://pubmed.ncbi.nlm.nih.gov/15691027/
https://pubmed.ncbi.nlm.nih.gov/15691027/
https://pubmed.ncbi.nlm.nih.gov/15691027/
https://www.tandfonline.com/doi/abs/10.1080/07315724.1991.10718181
https://www.tandfonline.com/doi/abs/10.1080/07315724.1991.10718181
https://www.tandfonline.com/doi/abs/10.1080/07315724.1991.10718181
https://onlinelibrary.wiley.com/doi/full/10.1002/ejlt.201400219
https://onlinelibrary.wiley.com/doi/full/10.1002/ejlt.201400219
https://onlinelibrary.wiley.com/doi/full/10.1002/ejlt.201400219
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740271006
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740271006
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740271006
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/BF02537246
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/BF02537246
https://europepmc.org/article/med/9419410
https://europepmc.org/article/med/9419410
https://europepmc.org/article/med/9419410
https://europepmc.org/article/med/9419410
https://pubmed.ncbi.nlm.nih.gov/18815737/
https://pubmed.ncbi.nlm.nih.gov/18815737/
https://pubmed.ncbi.nlm.nih.gov/18815737/
https://www.longdom.org/open-access/a-review-on-nutritional-and-nutraceutical-properties-of-sesame-2155-9600.1000127.pdf
https://www.longdom.org/open-access/a-review-on-nutritional-and-nutraceutical-properties-of-sesame-2155-9600.1000127.pdf
https://www.longdom.org/open-access/a-review-on-nutritional-and-nutraceutical-properties-of-sesame-2155-9600.1000127.pdf
https://academic.oup.com/jn/article/136/4/906/4664273
https://academic.oup.com/jn/article/136/4/906/4664273
https://academic.oup.com/jn/article/136/4/906/4664273
https://pubmed.ncbi.nlm.nih.gov/19649216/
https://pubmed.ncbi.nlm.nih.gov/19649216/
https://pubmed.ncbi.nlm.nih.gov/19649216/
https://pubmed.ncbi.nlm.nih.gov/3602244/
https://pubmed.ncbi.nlm.nih.gov/3602244/
https://academic.oup.com/aje/article/145/1/33/68189
https://academic.oup.com/aje/article/145/1/33/68189
https://academic.oup.com/aje/article/145/1/33/68189
https://pubmed.ncbi.nlm.nih.gov/9589514/
https://pubmed.ncbi.nlm.nih.gov/9589514/
https://pubmed.ncbi.nlm.nih.gov/9589514/
https://pubmed.ncbi.nlm.nih.gov/15727042/
https://pubmed.ncbi.nlm.nih.gov/15727042/
https://pubmed.ncbi.nlm.nih.gov/15727042/
https://pubmed.ncbi.nlm.nih.gov/4100347/
https://pubmed.ncbi.nlm.nih.gov/4100347/
https://pubmed.ncbi.nlm.nih.gov/6782957/
https://pubmed.ncbi.nlm.nih.gov/6782957/
https://europepmc.org/article/med/15945135
https://europepmc.org/article/med/15945135
https://europepmc.org/article/med/15945135
https://academic.oup.com/ajcn/article/100/suppl_1/443S/4576604
https://academic.oup.com/ajcn/article/100/suppl_1/443S/4576604
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6052655/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6052655/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6052655/
https://pubmed.ncbi.nlm.nih.gov/21178084/
https://pubmed.ncbi.nlm.nih.gov/21178084/
https://pubmed.ncbi.nlm.nih.gov/21178084/
https://pubmed.ncbi.nlm.nih.gov/21178084/


402

Nov Tech Nutri Food Sci       Copyright © Pradosh P Chakrabarti

NTNF.000603. 5(1).2020

42. Lazzarin N, Vaquero E, Exacoustos C, Bertonotti E, Romanini ME, et 
al. (2009) Low-dose aspirin and omega-3 fatty acids improve uterine 
artery blood flow velocity in women with recurrent miscarriage due to 
impaired uterine perfusion. Fertility and sterility 92(1): 296-300.

43. Smith GI, Atherton P, Reeds DN, Mohammed BS, Rankin D, et al. (2011) 
Dietary omega-3 fatty acid supplementation increases the rate of muscle 
protein synthesis in older adults: a randomized controlled trial. The 
American Journal of Clinical Nutrition 93(2): 402-412.

44. Conquer JA, Tierney MC, Zecevic J, Bettger WJ, Fisher RH (2000) Fatty 
acid analysis of blood plasma of patients with Alzheimer’s disease, other 
types of dementia, and cognitive impairment. Lipids 35(12): 1305-1312. 

45. Dunstan JA, Mitoulas LR, Dixon G, Doherty DA, Hartmann PE, et al. 
(2007) The effects of fish oil supplementation in pregnancy on breast 
milk fatty acid composition over the course of lactation: a randomized 
controlled trial. Pediatric Research 62(6): 689-694.

46. Etschmann SK, Shadid R, Campoy C, Hoster E, Demmelmair H, et al. 
(2007) Effects of fish-oil and folate supplementation of pregnant women 
on maternal and fetal plasma concentrations of docosahexaenoic acid 
and eicosapentaenoic acid: a European randomized multicenter trial. 
The American Journal of Clinical Nutrition 85(5): 1392-1400.

47. Serhan CN, Chiang N, Van Dyke TE (2008) Resolving inflammation: dual 
anti-inflammatory and pro-resolution lipid mediators. Nature Reviews 
Immunology 8(5): 349-361.

48. Banni S (2002) Conjugated linoleic acid metabolism. Current Opinion in 
Lipidology 13(3): 261-266.

49. Martins SV, Madeira A, Lopes PA, Pires VM, Alfaia CM, et al. (2015) 
Adipocyte membrane glycerol permeability is involved in the anti-
adipogenic effect of conjugated linoleic acid. Biochemical and Biophysical 
Research Communications 458(2): 356-361.

50. Whigham L, Cook M, Atkinson R (2001) Conjugated linoleic acid: 
Implications for human health. Pharmacological Research 42(6): 503-
510. 

51. Papamandjaris AA, MacDougall DE, Jones PJ (1998) Medium chain 
fatty acid metabolism and energy expenditure: obesity treatment 
implications. Life Sciences 62(14): 1203-1215.

52. Onge MP, Jones PJ (2002) Physiological effects of medium-chain 
triglycerides: potential agents in the prevention of obesity. Journal of 
Nutrition 132(3): 329-332. 

53. Mumme K, Stonehouse W (2015) Effects of medium-chain triglycerides 
on weight loss and body composition: a meta-analysis of randomized 
controlled trials. Journal of the Academy of Nutrition and Dietetics 
115(2): 249-263.

54. Marten B, Pfeuffer M, Schrezenmeir J (2006) Medium-chain triglycerides. 
International Dairy Journal 16(11): 1374-1382.

55. Bray GA, Lee M, Bray TL (1980) Weight gain of rats fed medium-chain 
triglycerides is less than rats fed long-chain triglycerides. International 
Journal of Obesity 4(1): 27-32.

56. Wymelbeke V, Himaya A, Sylvestre JL, Fantino M (1998) Influence of 
medium-chain and long-chain triacylglycerols on the control of food 
intake in men. American Journal of Clinical Nutrition 68(2): 226-234. 

57. Abe S, Ezaki O, Suzuki M (2016) Medium-chain triglycerides in 
combination with leucine and vitamin d increase muscle strength and 
function in frail elderly adults in a randomized controlled trial. Journal 
of Nutrition 146(5): 1017-1026. 

58. Han JR, Deng B, Sun J, Chen CG, Corkey BE (2007) Effects of dietary 
medium-chain triglyceride on weight loss and insulin sensitivity in a 
group of moderately overweight free-living type 2 diabetic Chinese 
subjects. Metabolism 56(7): 985-991.

59. Karmowski J, Hintze V, Kschonsek J, Killenberg M, Böhm V (2015) 
Antioxidant activities of tocopherols/tocotrienols and lipophilic 

antioxidant capacity of wheat, vegetable oils, milk and milk cream by 
using photochemiluminescence. Food Chemistry 175: 593-600.

60. Caporaso N, Savarese M, Paduano A, Guidone G, Marco E, et al. (2015) 
Nutritional quality assessment of extra virgin olive oil from the Italian 
retail market: Do natural antioxidants satisfy EFSA health claims? 
Journal of Food Composition and Analysis 40: 154-162. 

61. Camargo AC, Souza Vieira TM, Arce MAR, Alenca SM, Domingues MAC, 
et al. (2012) Gamma radiation induced oxidation and tocopherols 
decrease in in-shell, peeled and blanched peanuts. International Journal 
of Molecular Sciences 13(3): 2827-2845.

62. Grilo EC, Costa PN, Gurgel CSS, Beserra L, Almeida FN, et al. (2014) 
Alpha-tocopherol and gamma-tocopherol concentration in vegetable 
oils. Food Science and Technology 34(2): 379-385.  

63. Schwartz H, Ollilainen V, Piironen V, Lampi AM (2008) Tocopherol, 
tocotrienol and plant sterol contents of vegetable oils and industrial fats. 
Journal of Food Composition and Analysis 21(2): 152-161.

64. Rukmini C, Raghuram TC (1991) Nutritional and biochemical aspects of 
the hypolipidemic action of rice bran oil-A review. Journal of American 
College of Nutrition 10(6): 593-601.

65. Zou L, Akoh CC (2015) Antioxidant activities of annatto and palm 
tocotrienol-rich fractions in fish oil and structured lipid-based infant 
formula emulsion. Food Chemistry 168: 504-511.

66. Ng MH, Choo YM, Ma AN, Chuah CH, Hashim MA (2004) Separation of 
vitamin E (tocopherol, tocotrienol, and tocomonoenol) in palm oil. 
Lipids 39(10): 1031-1035.

67. Dauqan E, Sani HA, Abdullah A, Muhamad H, Top AGM, (2011) Vitamin E 
and beta carotene composition in four different vegetable oils. American 
Journal of Applied Sciences 8(5): 407-412.

68. Kumar GS, Krishna AGG (2013) Studies on the nutraceutical’s 
composition of wheat derived oils wheat bran oil and wheat germ oil. 
Journal of Food Science and Technology 52(2): 1145-1151.

69. Moreau RA, Wayns KE, Flores RA, Hicks KB (2007) Tocopherols and 
tocotrienols in barley oil prepared from germ and other fractions from 
scarification and sieving of hulless barley. Cereal Chemistry Journal 
84(6): 587-592. 

70. Peterson DM (1995) Oat tocols-concentration and stability in oat 
products and distribution within the kernel. Chemistry Journal 72(1): 
21-24.

71. Shahidi F, de Camargo A (2016) Tocopherols and tocotrienols in common 
and emerging dietary sources: occurrence, applications, and health 
benefits. International Journal of Molecular Sciences 17(10): 1745. 

72. Huang SW, Frankel EN, German JB, (1994) Antioxidant activity of - 
and -tocopherols in bulk oils and in oil-in-water emulsions. Journal of 
Agricultural and Food Chemistry 42: 2108-2114.

73. Damirchi S (2010) Minor compounds of olive oil: Phytosterols and 
tocopherols. In Olive Oil and Health. In: Corrigan JD (Ed.), Nova Science 
Publishers: New York, USA, pp. 141-168.

74. Khan MA, Shahidi F (2000) Tocopherols and phospholipids enhance 
the oxidative stability of borage and evening primrose triacylglycerols. 
Journal of Food Lipids 7(3): 143-150.

75. Burton GW, Traber MG, Acuff RV, Walters DN, Kayden H, et al. (1998) 
Human plasma and tissue alpha-tocopherol concentrations in response 
to supplementation with deuterated natural and synthetic vitamin E. 
The American Journal of Clinical Nutrition 67(4): 669-684.

76. Let MB, Jacobsen C, Meyer AS (2007) Ascorbyl palmitate, gamma-
tocopherol, and EDTA affect lipid oxidation in fish oil enriched salad 
dressing differently. Journal of Agricultural and Food Chemistry 55(6): 
2369-2375.

77. Serbinova E, Kagan V, Han D, Packer L (1991) Free radical recycling 
and intramembrane mobility in the antioxidant properties of alpha-

https://www.fertstert.org/article/S0015-0282(08)01162-X/pdf
https://www.fertstert.org/article/S0015-0282(08)01162-X/pdf
https://www.fertstert.org/article/S0015-0282(08)01162-X/pdf
https://www.fertstert.org/article/S0015-0282(08)01162-X/pdf
https://pubmed.ncbi.nlm.nih.gov/21159787/
https://pubmed.ncbi.nlm.nih.gov/21159787/
https://pubmed.ncbi.nlm.nih.gov/21159787/
https://pubmed.ncbi.nlm.nih.gov/21159787/
https://pubmed.ncbi.nlm.nih.gov/11201991/
https://pubmed.ncbi.nlm.nih.gov/11201991/
https://pubmed.ncbi.nlm.nih.gov/11201991/
https://pubmed.ncbi.nlm.nih.gov/17957152/
https://pubmed.ncbi.nlm.nih.gov/17957152/
https://pubmed.ncbi.nlm.nih.gov/17957152/
https://pubmed.ncbi.nlm.nih.gov/17957152/
https://academic.oup.com/ajcn/article/85/5/1392/4633024
https://academic.oup.com/ajcn/article/85/5/1392/4633024
https://academic.oup.com/ajcn/article/85/5/1392/4633024
https://academic.oup.com/ajcn/article/85/5/1392/4633024
https://academic.oup.com/ajcn/article/85/5/1392/4633024
https://pubmed.ncbi.nlm.nih.gov/18437155/
https://pubmed.ncbi.nlm.nih.gov/18437155/
https://pubmed.ncbi.nlm.nih.gov/18437155/
https://pubmed.ncbi.nlm.nih.gov/12045395/
https://pubmed.ncbi.nlm.nih.gov/12045395/
https://www.sciencedirect.com/science/article/abs/pii/S0006291X15001631
https://www.sciencedirect.com/science/article/abs/pii/S0006291X15001631
https://www.sciencedirect.com/science/article/abs/pii/S0006291X15001631
https://www.sciencedirect.com/science/article/abs/pii/S0006291X15001631
https://pubmed.ncbi.nlm.nih.gov/11058400/
https://pubmed.ncbi.nlm.nih.gov/11058400/
https://pubmed.ncbi.nlm.nih.gov/11058400/
https://pubmed.ncbi.nlm.nih.gov/9570335/
https://pubmed.ncbi.nlm.nih.gov/9570335/
https://pubmed.ncbi.nlm.nih.gov/9570335/
https://pubmed.ncbi.nlm.nih.gov/11880549/
https://pubmed.ncbi.nlm.nih.gov/11880549/
https://pubmed.ncbi.nlm.nih.gov/11880549/
https://pubmed.ncbi.nlm.nih.gov/25636220/
https://pubmed.ncbi.nlm.nih.gov/25636220/
https://pubmed.ncbi.nlm.nih.gov/25636220/
https://pubmed.ncbi.nlm.nih.gov/25636220/
https://www.sciencedirect.com/science/article/abs/pii/S0958694606001609
https://www.sciencedirect.com/science/article/abs/pii/S0958694606001609
https://pubmed.ncbi.nlm.nih.gov/7390698/
https://pubmed.ncbi.nlm.nih.gov/7390698/
https://pubmed.ncbi.nlm.nih.gov/7390698/
https://pubmed.ncbi.nlm.nih.gov/9701177/
https://pubmed.ncbi.nlm.nih.gov/9701177/
https://pubmed.ncbi.nlm.nih.gov/9701177/
https://pubmed.ncbi.nlm.nih.gov/27075909/
https://pubmed.ncbi.nlm.nih.gov/27075909/
https://pubmed.ncbi.nlm.nih.gov/27075909/
https://pubmed.ncbi.nlm.nih.gov/27075909/
https://pubmed.ncbi.nlm.nih.gov/17570262/
https://pubmed.ncbi.nlm.nih.gov/17570262/
https://pubmed.ncbi.nlm.nih.gov/17570262/
https://pubmed.ncbi.nlm.nih.gov/17570262/
https://pubmed.ncbi.nlm.nih.gov/25577124/
https://pubmed.ncbi.nlm.nih.gov/25577124/
https://pubmed.ncbi.nlm.nih.gov/25577124/
https://pubmed.ncbi.nlm.nih.gov/25577124/
https://www.sciencedirect.com/science/article/abs/pii/S0889157515000265
https://www.sciencedirect.com/science/article/abs/pii/S0889157515000265
https://www.sciencedirect.com/science/article/abs/pii/S0889157515000265
https://www.sciencedirect.com/science/article/abs/pii/S0889157515000265
https://pubmed.ncbi.nlm.nih.gov/22489128/
https://pubmed.ncbi.nlm.nih.gov/22489128/
https://pubmed.ncbi.nlm.nih.gov/22489128/
https://pubmed.ncbi.nlm.nih.gov/22489128/
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-20612014000200024
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-20612014000200024
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-20612014000200024
https://www.sciencedirect.com/science/article/abs/pii/S0889157507001226
https://www.sciencedirect.com/science/article/abs/pii/S0889157507001226
https://www.sciencedirect.com/science/article/abs/pii/S0889157507001226
https://pubmed.ncbi.nlm.nih.gov/1770191/
https://pubmed.ncbi.nlm.nih.gov/1770191/
https://pubmed.ncbi.nlm.nih.gov/1770191/
https://www.sciencedirect.com/science/article/abs/pii/S0308814614011467
https://www.sciencedirect.com/science/article/abs/pii/S0308814614011467
https://www.sciencedirect.com/science/article/abs/pii/S0308814614011467
https://pubmed.ncbi.nlm.nih.gov/15691027/
https://pubmed.ncbi.nlm.nih.gov/15691027/
https://pubmed.ncbi.nlm.nih.gov/15691027/
https://thescipub.com/abstract/10.3844/ajassp.2011.407.412
https://thescipub.com/abstract/10.3844/ajassp.2011.407.412
https://thescipub.com/abstract/10.3844/ajassp.2011.407.412
https://pubmed.ncbi.nlm.nih.gov/25694731/
https://pubmed.ncbi.nlm.nih.gov/25694731/
https://pubmed.ncbi.nlm.nih.gov/25694731/
https://onlinelibrary.wiley.com/doi/abs/10.1094/CCHEM-84-6-0587
https://onlinelibrary.wiley.com/doi/abs/10.1094/CCHEM-84-6-0587
https://onlinelibrary.wiley.com/doi/abs/10.1094/CCHEM-84-6-0587
https://onlinelibrary.wiley.com/doi/abs/10.1094/CCHEM-84-6-0587
https://www.semanticscholar.org/paper/Oat-Tocols%3A-Concentration-and-Stability-in-Oat-and-Peterson/ca244d331e40271836709becb3606d1e81aa3679
https://www.semanticscholar.org/paper/Oat-Tocols%3A-Concentration-and-Stability-in-Oat-and-Peterson/ca244d331e40271836709becb3606d1e81aa3679
https://www.semanticscholar.org/paper/Oat-Tocols%3A-Concentration-and-Stability-in-Oat-and-Peterson/ca244d331e40271836709becb3606d1e81aa3679
https://pubmed.ncbi.nlm.nih.gov/27775605/
https://pubmed.ncbi.nlm.nih.gov/27775605/
https://pubmed.ncbi.nlm.nih.gov/27775605/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4522.2000.tb00167.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4522.2000.tb00167.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4522.2000.tb00167.x
https://academic.oup.com/ajcn/article/67/4/669/4666045
https://academic.oup.com/ajcn/article/67/4/669/4666045
https://academic.oup.com/ajcn/article/67/4/669/4666045
https://academic.oup.com/ajcn/article/67/4/669/4666045
https://pubs.acs.org/doi/10.1021/jf062675c
https://pubs.acs.org/doi/10.1021/jf062675c
https://pubs.acs.org/doi/10.1021/jf062675c
https://pubs.acs.org/doi/10.1021/jf062675c
https://pubmed.ncbi.nlm.nih.gov/1649783/
https://pubmed.ncbi.nlm.nih.gov/1649783/


403

Nov Tech Nutri Food Sci       Copyright © Pradosh P Chakrabarti

NTNF.000603. 5(1).2020

tocopherol and alpha-tocotrienol. Free Radical Biology & Medicine 
10(5): 263-275.

78. Schauss AG, Endres JR, Clewell A (2013) Safety of unsaturated vitamin 
E tocotrienols and their isomers. In: Watson RR, Preedy VR, et al. (Eds.), 
(2nd edn), Tocotrienols: vitamin E beyond tocopherols. CRC Press, Boca 
Raton, USA, pp. 17-36.

79. Sylvester P, Theriault A (2003) Role of tocotrienols in the prevention of 
cardiovascular disease and breast cancer. Current Topics in Nutraceutical 
Research 1(2): 121-136.

80. Sylvester PW (2011) Synergistic anticancer effects of combined 
γ-tocotrienol with statin or receptor tyrosine kinase inhibitor treatment. 
Genes & Nutrition 7(1): 63-74. 

81. Wong WY, Lindsay B (2013) Tocotrienols as possible treatments for 
obesity. In: Tocotrienols: vitamin E beyond tocopherols, (2nd edn), Taylor 
& Francis (CRC Press), Boca Raton, FL, United States, pp. 195-208.

82. Shimada Y, Nakai S, Suenaga M, Sugihara A, Kitano M, et al. (2000) Facile 
purification of tocopherols from soybean oil deodorizer distillate in high 
yield using lipase. Journal of the American Oil Chemists’ Society 77(10): 
1009-1013. 

83. Bauer VR, Zambiazi RC, Mendonça CR, Cambra M, Ramos G (2012) 
γ-Oryzanol and tocopherol contents in residues of rice bran oil refining. 
Food Chemistry 134(3): 1479-1483.

84. Moreau RA, Nyström L, Whitaker BD, Moser JK, Baer DJ, et al. (2018) 
Phytosterols and their derivatives: Structural diversity, distribution, 
metabolism, analysis, and health-promoting uses. Progress in Lipid 
Research 70: 35-61.

85. Weber N, Weitkamp P, Mukherjee KD (2002) Cholesterol-lowering food 
additives: lipase-catalysed preparation of phytosterol and phytostanol 
esters. Food Research International 35(2-3): 177-181. 

86. Weststrate JA, Ayesh R, Plank CB, Drewitt PN (1999) Safety evaluation of 
phytosterol esters. Part 4. Faecal concentrations of bile acids and neutral 
sterols in healthy normolipidaemic volunteers consuming a controlled 
diet either with or without a phytosterol ester-enriched margarine. 
Food and chemical toxicology: an international journal published for the 
British Industrial Biological Research Association 37(11): 1063-1071.

87. Wester I (2000) Cholesterol-lowering effect of plant sterols. European 
Journal of Lipid Science and Technology 102(1): 37-44. 

88. Yang R, Xue L, Zhang L, Wang X, Qi X, et al. (2019) Phytosterol contents 
of edible oils and their contributions to estimated phytosterol intake in 
the chinese diet. Foods 8(8): 334.

89. Miettinen T, Vanhanen H, Wester I (1996) Use of a stanol fatty acid ester 
for reducing serum cholesterol level. US patent.

90. Hallikainen MA, Sarkkinen ES, Gylling H, Erkkilä AT, Uusitupa MI (2000) 
Comparison of the effects of plant sterol ester and plant stanol ester-
enriched margarines in lowering serum cholesterol concentrations in 
hypercholesterolaemic subjects on a low-fat diet. European Journal of 
Clinical Nutrition 54(9): 715-725.

91. Law M (2000) Plant sterol and stanol margarines and health. British 
Medical Journal 320(7238): 861-864.

92. Cui L, Decker E (2015) Phospholipids in foods: prooxidants or 
antioxidants? Journal of the Science of Food and Agriculture 96(1): 18-
31.

93. King MF, Boyd LC, Sheldon BW (1992) Antioxidant properties of 
individual phospholipids in a salmon oil model system. Journal of the 
American Oil Chemists Society 69(6): 545-551.

94. Sugino H, Ishikawa M, Nitoda T, Koketsu M, Juneja LR, et al. (1997) 
Antioxidative activity of egg yolk phospholipids. Journal of Agricultural 
and Food Chemistry 45(3): 551-554. 

95. Dacaranhe CD, Terao J (2001) A unique antioxidant activity of 
phosphatidylserine on iron-induced lipid peroxidation of phospholipid 
bilayers. Lipids 36(10): 1105-1110.

96. Krawezyh T (1996) Lecithin Inform 7: 1160-1167.

97. Çağdaş M, Sezer AD, Bucak S (2014) Liposomes as potential drug carrier 
systems for drug delivery. Application of Nanotechnology in Drug 
Delivery. 

98. Roy S, Banerjee R, Chakrabarti PP, Prasad RBN, (2017) Rice bran lipid-
based formulation and process for preparation thereof selective delivery 
of genes to cancer cells. US patent No. 9763881

99. Dobrzyńska I, Petelska B, Sulkowski S, Figaszewski Z (2005) Changes 
in electric charge and phospholipids composition in human colorectal 
cancer cells. Molecular and Cellular Biochemistry 276(1-2): 113-119.

100. Petelska BS, Dobrzyńska I, Skrodzka M, Darewicz B, Figaszewski ZA, 
et al. (2013) Phospholipid composition and electric charge in healthy 
and cancerous parts of human kidneys. The Journal of Membrane 
Biology 246(5): 421-425.

101. Sakai K, Okuyama H, Yura J, Takeyama H, Shinagawa N, et al. (1992) 
Composition and turnover of phospholipids and neutral lipids in 
human breast cancer and reference tissues. Carcinogenesis 13(4): 
579-584.

102. Gacek M (2014) Soy and legume seeds as sources of isoflavones: 
selected individual determinants of their consumption in a group of 
perimenopausal women. Menopausal Review 13(1): 27-31. 

103. Kurzer MS, Xu X (1997) Dietary phytoestrogens. Annual Review of 
Nutrition 17: 353-381.

104. Wang Q, Ge X, Tian X, Zhang Y, Zhang J, et al. (2013) Soy isoflavone: 
The multipurpose phytochemical (Review). Biomedical Reports 1(5): 
697-701. 

105. Kao TH, Chen BH (2006) Functional components in soybean cake and 
their effects on antioxidant activity. Journal of Agricultural and Food 
Chemistry 54(20): 7544-7555.  

106. Grajeta H (2004) Functional foods in prevention of cardiovascular 
disease. Advances in Clinical and Experimental Medicine 13: 503-510.

107. Dalais FS, Ebeling PR, Kotsopoulos D, McGrath BP, Teede HJ (2003) The 
effects of soy protein containing isoflavones on lipids and indices of 
bone resorption in postmenopausal women. Clinical Endocrinology 
58(6): 704-709.

108. Taku K, Melby MK, Nishi N, Omori T, Kurzer MS (2011) Soy isoflavones 
for osteoporosis: an evidence-based approach. Maturitas 70(4): 333-
338.

109. Kao T H, Wu WM, Hung CF, Wu WB, Chen BH (2007) Anti-inflammatory 
effects of isoflavone powder produced from soybean cake. Journal of 
Agricultural and Food Chemistry 55(26): 11068-11079.

110. Cassidy A (2003) Potential risks and benefits of phytoestrogen-rich 
diets. International Journal for Vitamin and Nutrition Research 73(2): 
120-126.

111. Touré A, Xueming X (2010) Flaxseed lignans: source, biosynthesis, 
metabolism, antioxidant activity, bio-active components, and health 
benefits. Comprehensive Reviews in Food Science and Food Safety 
9(3): 261-269. 

112. Frank J, Eliasson C, Nivard DL (2004) Dietary secoisolariciresinol 
diglucoside and its oligomers with 3-hydroxy-3-methyl glutaric acid 
decrease vitamin E levels in rats. British Journal of Nutrition 92(1): 
169-176. 

113. Bakke JE, Klosterman HJ (1956) A new diglucoside from flaxseed. 
Proceedings of the North Dakota Academy of Science. Grand Forks, 
North Dak, USA, pp. 18-21.

https://pubmed.ncbi.nlm.nih.gov/1649783/
https://pubmed.ncbi.nlm.nih.gov/1649783/
https://eurekamag.com/research/003/922/003922691.php
https://eurekamag.com/research/003/922/003922691.php
https://eurekamag.com/research/003/922/003922691.php
https://pubmed.ncbi.nlm.nih.gov/21533791/
https://pubmed.ncbi.nlm.nih.gov/21533791/
https://pubmed.ncbi.nlm.nih.gov/21533791/
https://link.springer.com/article/10.1007/s11746-000-0160-z
https://link.springer.com/article/10.1007/s11746-000-0160-z
https://link.springer.com/article/10.1007/s11746-000-0160-z
https://link.springer.com/article/10.1007/s11746-000-0160-z
https://www.sciencedirect.com/science/article/pii/S0308814612005250
https://www.sciencedirect.com/science/article/pii/S0308814612005250
https://www.sciencedirect.com/science/article/pii/S0308814612005250
https://www.sciencedirect.com/science/article/abs/pii/S0163782717300620
https://www.sciencedirect.com/science/article/abs/pii/S0163782717300620
https://www.sciencedirect.com/science/article/abs/pii/S0163782717300620
https://www.sciencedirect.com/science/article/abs/pii/S0163782717300620
https://www.sciencedirect.com/science/article/abs/pii/S0963996901001806
https://www.sciencedirect.com/science/article/abs/pii/S0963996901001806
https://www.sciencedirect.com/science/article/abs/pii/S0963996901001806
https://europepmc.org/article/med/10566877
https://europepmc.org/article/med/10566877
https://europepmc.org/article/med/10566877
https://europepmc.org/article/med/10566877
https://europepmc.org/article/med/10566877
https://europepmc.org/article/med/10566877
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291438-9312%28200001%29102%3A1%3C37%3A%3AAID-EJLT37%3E3.0.CO%3B2-1
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291438-9312%28200001%29102%3A1%3C37%3A%3AAID-EJLT37%3E3.0.CO%3B2-1
https://pubmed.ncbi.nlm.nih.gov/31404986/
https://pubmed.ncbi.nlm.nih.gov/31404986/
https://pubmed.ncbi.nlm.nih.gov/31404986/
https://europepmc.org/article/PAT/US5502045
https://europepmc.org/article/PAT/US5502045
https://www.nature.com/articles/1601083
https://www.nature.com/articles/1601083
https://www.nature.com/articles/1601083
https://www.nature.com/articles/1601083
https://www.nature.com/articles/1601083
https://pubmed.ncbi.nlm.nih.gov/10731187/
https://pubmed.ncbi.nlm.nih.gov/10731187/
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.7320
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.7320
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.7320
https://aocs.onlinelibrary.wiley.com/doi/10.1007/BF02636106
https://aocs.onlinelibrary.wiley.com/doi/10.1007/BF02636106
https://aocs.onlinelibrary.wiley.com/doi/10.1007/BF02636106
https://agris.fao.org/agris-search/search.do?recordID=US1997073628
https://agris.fao.org/agris-search/search.do?recordID=US1997073628
https://agris.fao.org/agris-search/search.do?recordID=US1997073628
https://link.springer.com/article/10.1007/s11745-001-0820-7
https://link.springer.com/article/10.1007/s11745-001-0820-7
https://link.springer.com/article/10.1007/s11745-001-0820-7
https://pubmed.ncbi.nlm.nih.gov/16132692/
https://pubmed.ncbi.nlm.nih.gov/16132692/
https://pubmed.ncbi.nlm.nih.gov/16132692/
https://pubmed.ncbi.nlm.nih.gov/23649039/
https://pubmed.ncbi.nlm.nih.gov/23649039/
https://pubmed.ncbi.nlm.nih.gov/23649039/
https://pubmed.ncbi.nlm.nih.gov/23649039/
https://academic.oup.com/carcin/article-abstract/13/4/579/279805?redirectedFrom=fulltext
https://academic.oup.com/carcin/article-abstract/13/4/579/279805?redirectedFrom=fulltext
https://academic.oup.com/carcin/article-abstract/13/4/579/279805?redirectedFrom=fulltext
https://academic.oup.com/carcin/article-abstract/13/4/579/279805?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/26327825/
https://pubmed.ncbi.nlm.nih.gov/26327825/
https://pubmed.ncbi.nlm.nih.gov/26327825/
https://www.annualreviews.org/doi/abs/10.1146/annurev.nutr.17.1.353
https://www.annualreviews.org/doi/abs/10.1146/annurev.nutr.17.1.353
https://www.spandidos-publications.com/10.3892/br.2013.129
https://www.spandidos-publications.com/10.3892/br.2013.129
https://www.spandidos-publications.com/10.3892/br.2013.129
https://pubs.acs.org/doi/full/10.1021/jf061586x
https://pubs.acs.org/doi/full/10.1021/jf061586x
https://pubs.acs.org/doi/full/10.1021/jf061586x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2265.2003.01771.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2265.2003.01771.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2265.2003.01771.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2265.2003.01771.x
https://pubmed.ncbi.nlm.nih.gov/21958941/
https://pubmed.ncbi.nlm.nih.gov/21958941/
https://pubmed.ncbi.nlm.nih.gov/21958941/
https://pubs.acs.org/doi/abs/10.1021/jf071851u
https://pubs.acs.org/doi/abs/10.1021/jf071851u
https://pubs.acs.org/doi/abs/10.1021/jf071851u
https://pubmed.ncbi.nlm.nih.gov/12747219/
https://pubmed.ncbi.nlm.nih.gov/12747219/
https://pubmed.ncbi.nlm.nih.gov/12747219/
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1541-4337.2009.00105.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1541-4337.2009.00105.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1541-4337.2009.00105.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1541-4337.2009.00105.x
https://pubmed.ncbi.nlm.nih.gov/15231000/
https://pubmed.ncbi.nlm.nih.gov/15231000/
https://pubmed.ncbi.nlm.nih.gov/15231000/
https://pubmed.ncbi.nlm.nih.gov/15231000/


404

Nov Tech Nutri Food Sci       Copyright © Pradosh P Chakrabarti

NTNF.000603. 5(1).2020

114. Whiting DA (1987) Lignans, neolignans and related compounds. 
Natural Product Reports 4: 499-525.

115. Mazur W, Fotsis T, Wahala K, Ojala S, Salakka A, et al. (1996) Isotope 
dilution gas chromatographic-mass spectrometric method for the 
determination of isoflavonoids, coumestrol, and lignans in food 
samples. Annals of Clinical Biochemistry 233: 169-180.

116. Prasad K (1997) Hydroxyl radical-scavenging property of 
secoisolariciresinol diglucoside (SDG) isolated from flaxseed. 
Molecular and Cellular Biochemistry 168: 117-123.

117. Prasad K (2000) Oxidative stress as a mechanism of diabetes in 
diabetic BB-prone rats: effect of secoisolariciresinol diglucoside (SDG). 
Molecular and Cellular Biochemistry 209: 89-96.

118. Prasad K (2000) Antioxidant activity of secoisolariciresinol 
diglucoside-derived metabolites, secoisolariciresinol, enterodiol, and 
enterolactone. International Journal of Angiology 9: 220-225.

119. Kitts DD, Yuan YV, Wijewickreme AN, Thompson LU (1999) Antioxidant 
activity of the flaxseed lignan secoisolariciresinol diglycoside and 
its mammalian lignan metabolites enterodiol and enterolactone. 
Molecular and Cellular Biochemistry 202: 91-100.

120. Waters AP, Knowler JT (1982) Effect of a lignan (HPMF) on RNA 
synthesis in the rat uterus. Reproduction, Fertility and Development 
66: 379-381.

121. Adlercreutz H, Mousavi Y, Clark J, Hockerstedt K, Hämälainen E, et al. 
(1992) Dietary phytoestrogens and cancer: in vitro and in vivo studies. 
Journal of Steroid Biochemistry and Molecular Biology 41: 331-337.

122. Rickard SE, Thompson LU (1997) Phytoestrogens and lignans: effects 
on reproduction and chronic disease. In: F Shahidi (Ed.), Antinutrients 
and phytochemicals in foods, Oxford Univ Press, New York, USA, pp. 
273-293.

123. Hutchins AM, Slavin JL (2003) EVects of flaxseed on sex hormone 
metabolism. In: LU Thompson, SC Cunnane (Eds.), Flaxseed in human 
nutrition. (2nd edn), AOCS Press, Champaign, Illinois, USA, pp. 126-149.

124. Lin X, Switzer BR, Wahnefried W (2001) Effect of mammalian lignans 
on the growth of prostate cancer cell lines. Anticancer Research 21: 
3995-3999.

125. Morton MS, Chan PSF, Cheng C, Blacklock N, Ferreira AM, et al. (1997) 
Lignans and isoflavonoids in plasma and prostatic fluid in men: 
Samples from Portugal, Hong Kong, and the United Kingdom. Prostate 
32(2): 122-128.

126. Thompson LU (2003) Flaxseed, lignans, and cancer. In: LU Thompson, 
SC Cunnane (Eds.), Flaxseed in human nutrition. (2nd edn), AOCS Press, 
Champaign, Illinois, USA, pp. 194-218.

127. Morris DM (2003) Flax, a health and nutrition primer. Winnipeg, 
Manitoba, Canada: Flax Council of Canada, pp. 9-19.

128. Shi L, Liu R, Jin Q (2017) The contents of lignans in sesame seeds and 
commercial sesame oils of China. Journal of the American Oil Chemists 
Society 94: 1035-1044.

129. Singh N, Khullar N, Kakkar V, Kaur IP (2016) Hepatoprotective effects 
of sesamol loaded solid lipid nanoparticles in carbon tetrachloride 
induced sub-chronic hepatotoxicity in rats. Environmental Toxicology 
31(5): 520-532.

130. Osawa T, Nagata M, Namiki M, Fukuda Y (1985) Sesamolinol a novel 
antioxidant isolated from sesame seeds. Agricultural and Biological 
Chemistry 49(11): 3351-3352. 

131. Katsuzaki H, Kawasumi M, Kawakishi S, Osawa T (1992) Structure 
of novel antioxidantive lignan glucosides isolated from sesame seed. 
Bioscience, Biotechnology, and Biochemistry 56(12): 2087-2088.

132. Chavali SR, Utsunomi T, Forse RA (2001) Increased survival after cecal 
ligation and puncture in mice consuming diets enriched with sesame 
seed oil. Critical Care Medicine 29(1): 140-143.

133. Liu Z, Saarinen NM, Lilian U, Thompson U (2006) Sesamin is one of 
the major precursors of mammalian lignans in Sesame Seed (Sesamum 
indicum) as observed in Vitro and in Rats. Journal of Nutrition 136(4): 
906-912.

134. Eldin A, Moazzami A, Washi S (2011) Sesame seed lignans: potent 
physiological modulators and possible ingredients in functional foods 
& nutraceuticals. Recent Patents on Food Nutrition & Agriculture 
3(1):17-29. 

135. Dar AA, Arumugam N (2013) Lignans of sesame: purification methods, 
biological activities and biosynthesis-a review. Bioorganic Chemistry 
50: 1-10. 

136. Penalvo JL, Hopia A, Adlercreutz H (2006) Effect of sesamin on serum 
cholesterol and triglycerides level in LDL-receptor deficient mice. 
European Journal of Nutrition 45: 439-444.

137. Ide T, Kushiro M, Takahashi Y, Shinohara K, Fukuda N, et al. (2003) 
Sesamin, a sesame lignan, as a potent serum lipid-lowering food 
component. Japan Agricultural Research Quarterly 37: 151-158. 

138. Hirata F, Fujita K, Ishikura Y, Hosoda K, Ishikawa T, et al. (1996) 
Hypercholesterolemic effect of sesame lignan in human. 
Atherosclerosis 122(1): 135-136.

139. Hirose N, Inoue T, Sugano M, Akimoto K, Shimizu H, et al. (1991) 
Inhibition of cholesterol absorption and synthesis in rats by sesamin. 
Journal of Lipid Research 32(4): 629-638.

140. Nishant P, Visavadiya AVRL, Narasimhacharya (2008) Sesame as a 
hypocholesteraemic and antioxidant dietary component. Food and 
Chemical Toxicology 46(6): 1889-1895.

141. Unnikrishnan MK, Kumar MS, Satyamoorthy K, Joshi R (2005) Free 
radical reactions and antioxidant activity of sesamol: Pulse radiolytic 
and biochemical studies. Journal of Agricultural and Food Chemistry 
53(7): 2696-2703. 

142. Juan X, Chen S, Qiuhui H (2005) Antioxidant activity of brown pigment 
and extracts from black sesame seed (Sesamum indicum L), Food 
Chem 91(1): 79-83.

143. Kang MH, Naito M, Sakai K, Uchida K, Osawa T (1999) Mode of action of 
sesame lignans in protecting low density lipoprotein against oxidative 
damage in vitro. Life Sciences 66(2): 161-171.

144. Lee J, Choe E (2006) Extraction of lignan compounds from roasted 
sesame oil and their effects on the autoxidation of methyl linoleate. 
Journal of food science 71(7): 430-436.

145. Prisna P, Apinya T, Nuchanart R, Piyajit W, Chulabhom M, et al. (2011) 
Estrogenic activities of sesame lignans and their metabolites on 
human breast cancer cells. Journal of Agricultural and Food Chemistry 
59(1): 212-221.

146. Fukui H, Hasan AFMF, Kyo M (1999) Formation and secretion of a 
unique quinone by hairy root cultures of Lithospermum erythrorhizon. 
Phytochemistry 51(4): 511-515.

147. Miyahara Y, Komiya T, Katsuzaki H, Imai K, Nakagawa M, et al. (2000) 
Sesamin and episesamin induce apoptosis in human lymphoid Molt 4B 
cells. International Journal of Molecular Medicine 1: 43-46.

148. Rogers EJ, Rice SM, Nicolosi RJ, Carpenter DR, McClelland CA, et al. 
(1993) Identification and quantitation of γ-oryzanol components 
and simultaneous assessment of tocols in rice bran oil. Journal of the 
American Oil Chemists’ Society 70(3): 301-307.

149. Sharma RD, Rukmini C (1986) Rice bran oil and hypocholesterolemia 
in rats. Lipids 21(11): 715-717. 

150. Yu S, Nehus ZT, Badger TM, Fang N (2007) Quantification of vitamin 
E and gamma-oryzanol components in rice germ and bran. Journal of 
agricultural and food chemistry 55(18): 7308-7313.

151. Cheng HH, Ma CY, Chou TW, Chen YY, Lai MH, (2010) Gamma-oryzanol 
ameliorates insulin resistance and hyperlipidemia in rats with 

https://link.springer.com/article/10.1023/A:1006847310741
https://link.springer.com/article/10.1023/A:1006847310741
https://link.springer.com/article/10.1023/A:1006847310741
https://link.springer.com/article/10.1023/A:1007079802459
https://link.springer.com/article/10.1023/A:1007079802459
https://link.springer.com/article/10.1023/A:1007079802459
https://link.springer.com/article/10.1007/BF01623898
https://link.springer.com/article/10.1007/BF01623898
https://link.springer.com/article/10.1007/BF01623898
https://link.springer.com/article/10.1023/A:1007022329660
https://link.springer.com/article/10.1023/A:1007022329660
https://link.springer.com/article/10.1023/A:1007022329660
https://link.springer.com/article/10.1023/A:1007022329660
https://www.sciencedirect.com/science/article/abs/pii/096007609290359Q
https://www.sciencedirect.com/science/article/abs/pii/096007609290359Q
https://www.sciencedirect.com/science/article/abs/pii/096007609290359Q
https://pubmed.ncbi.nlm.nih.gov/11911282/
https://pubmed.ncbi.nlm.nih.gov/11911282/
https://pubmed.ncbi.nlm.nih.gov/11911282/
https://pubmed.ncbi.nlm.nih.gov/9215400/
https://pubmed.ncbi.nlm.nih.gov/9215400/
https://pubmed.ncbi.nlm.nih.gov/9215400/
https://pubmed.ncbi.nlm.nih.gov/9215400/
https://flaxcouncil.ca/resources/nutrition/technical-nutrition-information/flax-a-health-and-nutrition-primer/
https://flaxcouncil.ca/resources/nutrition/technical-nutrition-information/flax-a-health-and-nutrition-primer/
https://europepmc.org/article/agr/ind605745838
https://europepmc.org/article/agr/ind605745838
https://europepmc.org/article/agr/ind605745838
https://pubmed.ncbi.nlm.nih.gov/25410024/
https://pubmed.ncbi.nlm.nih.gov/25410024/
https://pubmed.ncbi.nlm.nih.gov/25410024/
https://pubmed.ncbi.nlm.nih.gov/25410024/
https://www.tandfonline.com/doi/10.1080/00021369.1985.10867272
https://www.tandfonline.com/doi/10.1080/00021369.1985.10867272
https://www.tandfonline.com/doi/10.1080/00021369.1985.10867272
https://www.tandfonline.com/doi/abs/10.1271/bbb.56.2087
https://www.tandfonline.com/doi/abs/10.1271/bbb.56.2087
https://www.tandfonline.com/doi/abs/10.1271/bbb.56.2087
https://europepmc.org/article/med/11176174
https://europepmc.org/article/med/11176174
https://europepmc.org/article/med/11176174
https://academic.oup.com/jn/article/136/4/906/4664273
https://academic.oup.com/jn/article/136/4/906/4664273
https://academic.oup.com/jn/article/136/4/906/4664273
https://academic.oup.com/jn/article/136/4/906/4664273
https://www.eurekaselect.com/95573/article/sesame-seed-lignans-potent-physiological-modulators-and-possible-ingredients?trendmd-shared=4
https://www.eurekaselect.com/95573/article/sesame-seed-lignans-potent-physiological-modulators-and-possible-ingredients?trendmd-shared=4
https://www.eurekaselect.com/95573/article/sesame-seed-lignans-potent-physiological-modulators-and-possible-ingredients?trendmd-shared=4
https://www.eurekaselect.com/95573/article/sesame-seed-lignans-potent-physiological-modulators-and-possible-ingredients?trendmd-shared=4
https://pubmed.ncbi.nlm.nih.gov/23933354/
https://pubmed.ncbi.nlm.nih.gov/23933354/
https://pubmed.ncbi.nlm.nih.gov/23933354/
https://pubmed.ncbi.nlm.nih.gov/17039285/
https://pubmed.ncbi.nlm.nih.gov/17039285/
https://pubmed.ncbi.nlm.nih.gov/17039285/
https://www.jircas.go.jp/en/publication/jarq/37/3/151
https://www.jircas.go.jp/en/publication/jarq/37/3/151
https://www.jircas.go.jp/en/publication/jarq/37/3/151
https://pubmed.ncbi.nlm.nih.gov/8724120/
https://pubmed.ncbi.nlm.nih.gov/8724120/
https://pubmed.ncbi.nlm.nih.gov/8724120/
https://pubmed.ncbi.nlm.nih.gov/1856608/
https://pubmed.ncbi.nlm.nih.gov/1856608/
https://pubmed.ncbi.nlm.nih.gov/1856608/
https://pubmed.ncbi.nlm.nih.gov/18353516/
https://pubmed.ncbi.nlm.nih.gov/18353516/
https://pubmed.ncbi.nlm.nih.gov/18353516/
https://pubs.acs.org/doi/abs/10.1021/jf0489769
https://pubs.acs.org/doi/abs/10.1021/jf0489769
https://pubs.acs.org/doi/abs/10.1021/jf0489769
https://pubs.acs.org/doi/abs/10.1021/jf0489769
https://www.sciencedirect.com/science/article/abs/pii/S0308814604004480
https://www.sciencedirect.com/science/article/abs/pii/S0308814604004480
https://www.sciencedirect.com/science/article/abs/pii/S0308814604004480
https://www.sciencedirect.com/science/article/abs/pii/S0024320599005743
https://www.sciencedirect.com/science/article/abs/pii/S0024320599005743
https://www.sciencedirect.com/science/article/abs/pii/S0024320599005743
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3841.2006.00137.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3841.2006.00137.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3841.2006.00137.x
https://pubs.acs.org/doi/10.1021/jf102006w
https://pubs.acs.org/doi/10.1021/jf102006w
https://pubs.acs.org/doi/10.1021/jf102006w
https://pubs.acs.org/doi/10.1021/jf102006w
https://www.sciencedirect.com/science/article/abs/pii/S0031942299000242
https://www.sciencedirect.com/science/article/abs/pii/S0031942299000242
https://www.sciencedirect.com/science/article/abs/pii/S0031942299000242
https://www.spandidos-publications.com/10.3892/ijmm.6.1.43
https://www.spandidos-publications.com/10.3892/ijmm.6.1.43
https://www.spandidos-publications.com/10.3892/ijmm.6.1.43
https://link.springer.com/article/10.1007/BF02545312
https://link.springer.com/article/10.1007/BF02545312
https://link.springer.com/article/10.1007/BF02545312
https://link.springer.com/article/10.1007/BF02545312
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/BF02537246
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/BF02537246
https://pubs.acs.org/doi/10.1021/jf071957p
https://pubs.acs.org/doi/10.1021/jf071957p
https://pubs.acs.org/doi/10.1021/jf071957p
https://pubmed.ncbi.nlm.nih.gov/20533244/
https://pubmed.ncbi.nlm.nih.gov/20533244/


405

Nov Tech Nutri Food Sci       Copyright © Pradosh P Chakrabarti

NTNF.000603. 5(1).2020

streptozotocin/nicotinamide-induced type 2 diabetes. International 
Journal for Vitamin and Nutrition Research 80(1): 45-53. 

152. Cicero AFG, Gaddi A (2001) Rice bran oil and γ-oryzanol in the 
treatment of hyperlipoproteinaemias and other conditions. 
Phytotherapy Research 15(4): 277-289. 

153. Noboru K, Yusho T (1970) Oryzanol containing cosmetics. Japanese 
Patent 70: 32078

154. Shugo M, (1970) Anti dandruff and anti-itching shampoo. Japanese 
Patent 79: 36306

155. Turchini GM, Ng W, Tocher D (2011) Fish oil replacement and 
alternative lipid sources in aquaculture feeds. CRC Press Boca Raton. 
Florida, USA.

156. Grande MAL, Gorinstein S, Rangel E, Ortiz G, Ayala ALM (2018) Plant 
sources, extraction methods, and uses of squalene. International 
Journal of Agronomy, pp. 1-13.

157. Wołosik K, Knaś M, Zalewska A, Niczyporuk M, Przystupa AW 
(2013) The importance and perspective of plant-based squalene in 
cosmetology. Journal of Cosmetic Science 64(1): 59-66.

158. Newmark HL (1999) Squalene, Olive Oil, and Cancer Risk: Review and 
Hypothesis. Annals of the New York Academy of Sciences 889(1): 193-
203.

159. Rao C, Newmark H, Reddy B (1998) Chemopreventive effect of 
squalene on colon cancer. Carcinogenesis 19(2): 287-290.

160. Smith TJ (2000) Squalene: potential chemopreventive agent. Expert 
Opinion on Investigational Drugs 9(8): 1841-1848.

161. Owen RW, Giacosa A, Hull WE, Haubner R, Würtele G, et al. (2000) 
Olive-oil consumption and health: the possible role of antioxidants. 
The Lancet Oncology 1: 107-112.

162. Owen RW, Haubner R, Würtele G, Hull E, Spiegelhalder B, et al. (2004) 
Olives and olive oil in cancer prevention. European Journal of Cancer 
13(4): 319-326.

163. Lippi G, Targher G, Franchini M (2010) Vaccination, squalene and anti-
squalene antibodies: facts or fiction? European Journal of Internal 
Medicine 21(2): 70-73.

164. Hagan DT, Ott GS, Nest GV (1997) Recent advances in vaccine adjuvants: 
the development of MF59 emulsion and polymeric microparticles. 
Molecular Medicine Today 3(2): 69-75. 

165. Krulj J, Brlek T, Pezo L, Brkljača J, Popović S, et al. (2016) Extraction 
methods of Amaranthus sp grain oil isolation. Journal of the Science of 
Food and Agriculture 96(10): 3552-3558. 

166. Ong ASH, Tee ES (1992) Natural sources of carotenoids from plants 
and oils. In: Packer L (Ed.), Methods in enzymology. Carotenoids. 
Academic Press, San Diego, Calif, USA, 213: 142-67.

167. Patte HE, Purcell AK (1969) Changes in carotenoid and oil content 
during maturation of peanut seeds. Journal of the American Oil 
Chemists’ Society 46: 629-631. 

168. Harold EP, Purcell AK (1967) Carotenoid pigments of peanut oil. 
Journal of the American Oil Chemists’ Society 44(5): 328-330. 

169. Froehling PE, Bosch G, Boekenoogen HA (1972) Fatty acid composition 
of carotenoid esters in soybean and rapeseed oils. Lipids 7: 447-449. 

170. Zonta F, Stancher B (1987) Carotenoid content and the quality of olive 
oils. Rivista Italiana Delle Sostanze Grasse 64: 53-55 

171. Mosquera Ml, Fernandez JG (1986) Composition and evaluation of 
chlorophylls and carotenoids during the development and maturation 
of the olive tree fruits. Grasas y aceites (Seviller) 37: 33742. 

172. Demchenko Al (1969) Levels of carotenes and tocopherols in barley 
oil. Izv Vyssh Cheb Zaved Pishch Tekhnol 5: 18-20.

173. Jacobsberg B (1974) Palm oil characteristics and quality. In: Chai OS, 
Awalludin A, (Eds.) Proceedings of the 1st Choo Yuen May 7 MARDI 
Workshop on Oil Palm Technology. Kuala Lumpur, Malaysia: Malaysia 
Agricultural Research and Development Insitute (MARDI), pp. 48-70.

174. May CY (1994) Palm oil carotenoids. Food and Nutrition Bulletin 
15(2): 1-8.

175. Thompson SY (1964) Factors affecting the absorption of carotene and 
its conversion into vitamin A. Experimental Eye Research 3(4): 392-
404.

176. Bell JG, McEvoy J, Tocher DR, Sargent JR (2000) Depletion of 
α-tocopherol and astaxanthin in Atlantic salmon (Salmo salar) affects 
autoxidative defense and fatty acid metabolism. Journal of Nutrition 
130(7): 1800-1808.

177. Mezzomo N, Tenfen L, Farias MS, Friedrich MT, Pedrosa RC, et al. 
(2015) Evidence of anti-obesity and mixed hypolipidemic effects of 
extracts from pink shrimp (Penaeus brasiliensis and Penaeus paulensis) 
processing residue. Journal of Supercritical Fluids 96: 252-261.

For possible submissions Click below: 

Submit Article

https://pubmed.ncbi.nlm.nih.gov/20533244/
https://pubmed.ncbi.nlm.nih.gov/20533244/
https://pubmed.ncbi.nlm.nih.gov/11406848/
https://pubmed.ncbi.nlm.nih.gov/11406848/
https://pubmed.ncbi.nlm.nih.gov/11406848/
https://www.hindawi.com/journals/ija/2018/1829160/
https://www.hindawi.com/journals/ija/2018/1829160/
https://www.hindawi.com/journals/ija/2018/1829160/
https://pubmed.ncbi.nlm.nih.gov/23449131/
https://pubmed.ncbi.nlm.nih.gov/23449131/
https://pubmed.ncbi.nlm.nih.gov/23449131/
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1999.tb08735.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1999.tb08735.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1999.tb08735.x
https://pubmed.ncbi.nlm.nih.gov/11060781/
https://pubmed.ncbi.nlm.nih.gov/11060781/
https://pubmed.ncbi.nlm.nih.gov/11905662/
https://pubmed.ncbi.nlm.nih.gov/11905662/
https://pubmed.ncbi.nlm.nih.gov/11905662/
https://pubmed.ncbi.nlm.nih.gov/15554560/
https://pubmed.ncbi.nlm.nih.gov/15554560/
https://pubmed.ncbi.nlm.nih.gov/15554560/
https://europepmc.org/article/med/20206873
https://europepmc.org/article/med/20206873
https://europepmc.org/article/med/20206873
https://www.cell.com/trends/molecular-medicine/fulltext/S1357-4310(96)10058-7
https://www.cell.com/trends/molecular-medicine/fulltext/S1357-4310(96)10058-7
https://www.cell.com/trends/molecular-medicine/fulltext/S1357-4310(96)10058-7
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.7540
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.7540
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.7540
https://link.springer.com/article/10.1007/BF02544984
https://link.springer.com/article/10.1007/BF02544984
https://link.springer.com/article/10.1007/BF02544984
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/BF02635627
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/BF02635627
https://journals.sagepub.com/doi/10.1177/156482659401500212
https://journals.sagepub.com/doi/10.1177/156482659401500212
https://www.sciencedirect.com/science/article/abs/pii/S0014483564800518
https://www.sciencedirect.com/science/article/abs/pii/S0014483564800518
https://www.sciencedirect.com/science/article/abs/pii/S0014483564800518
https://academic.oup.com/jn/article/130/7/1800/4686241
https://academic.oup.com/jn/article/130/7/1800/4686241
https://academic.oup.com/jn/article/130/7/1800/4686241
https://academic.oup.com/jn/article/130/7/1800/4686241
https://www.sciencedirect.com/science/article/abs/pii/S0896844614002988
https://www.sciencedirect.com/science/article/abs/pii/S0896844614002988
https://www.sciencedirect.com/science/article/abs/pii/S0896844614002988
https://www.sciencedirect.com/science/article/abs/pii/S0896844614002988
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	Oils and Fats-Largely Unexplored Source of Nutraceuticals
	Abstract
	Introduction
	Polyunsaturated fatty acids (PUFA) and Essential Fatty Acids (EFA)
	Gamma-linolenic acid
	EPA and DHA
	Conjugated linoleic acid
	Medium chain triglycerides
	Vitamin E- tocopherol and tocotrienol
	Phytosterols, steryl esters and phytostanols
	Phospholipids (Lecithin)
	Isoflavones
	Lignans
	Oryzanol
	Squalene
	Carotenoids

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

