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Abstract

Currently, public awareness of healthcare importance increase. Polyunsaturated fatty
acid is an essential nutrition for us, such docosahexaenoic acid and eicosapentaenoic acid
derivatives of omega-3. The need of omega-3 polyunsaturated fatty acid generally derived
from fish oil, but fish oil has a high risk chemical contamination. Algae are single cell
microorganism, which have relatively high content of omega-3. Commercial production of
omega-3 polyunsaturated fatty acid is very promising for both foods and feeds, because
the availability of abundant raw materials and suitable to develop in the tropics. This
chapter aims to give a mini review of biology and human health benefits of using algae
as a production platform for omega-3. In addition, this literature also reviews about the
stimulation of omega-3 production and biotechnological approach in algae with respect to
both challenges and opportunities.

Introduction

Omega-3 is unsaturated essential fatty acids which cannot be synthesized by human
due to lack of desaturase enzyme acts to insert double bonds at @3 position [1]. There are
three types of omega-3 fatty acids involved in human physiology are a-linolenic acid (ALA),
Eicosapentaenoic Acid (EPA), And Docosahexaenoic Acid (DHA).ALA Is The Shortest Chain
Of N-3 and mainly found in vegetables oil and nuts; other two important derivatives EPA and
DHA found in fish and many other microorganisms, such as microalgae and bacteria [2-5].
Even, ALA can be converted into EPA and DHA in the body, but the conversion is very limited
and inefficient [3], therefore omega-3 must be provided in the form of dietary supplement.
These long chains Polyunsaturated Fatty Acid (PUFA) in algae have profound benefits and
functions in dietetics and therapeutic uses [6-8]. They are believed to have positive effects
for the treatment of hypertension, premenstrual tension, hypertonia, cancer, hyperlipidemia
and number of other cases [7-11]. In addition, ALA is the precursors of prostaglandins (E2
and F2) which possess potent vasodilators, antiflammatory and antiaggrgatory properties
as well as may be useful to correct defects occur in metabolism of essential fatty acid and
imbalance of EPA [12]. EPA plays an important role in mammals as an agent to prevent blood
platelet aggregation [13-15] whereas DHA is significant for the reception and transmission
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of impulses between brain cells [16]. Furthermore, dietary omega-3 (T3) PUFAs especially
EPAand DHA are plays a major role in modulating the biosynthesis of eicosanoids and
in controlling the levels blood lipids and lipoproteins [17]. Currently, some government
agencies and nutritional organizations recommended daily intake level of DHA and EPA
ranging from 0.2-0.3 g/day for the general population [18-19] up to 1.0- 4.0 g/day
for patient with coronary heart disease [18].These important properties make omega-3
(T3) PUFAs valuable chemicals with extensive applications in dietary supplements,
pet nutrition, beveragesand pharmaceutical industries. Worldwidemarket analysis in
consumption of PUFAs estimated at 123.8 thousand metric tons worth US$2.3 billion in
2013, is forecast to be 134.7 thousand metric tons valued at US$2.5 billion in 2014. By
2020, it is projected that demand for Omega-3 PUFAs globally would reach 241 thousand
metric tons with a value of US$4.96 billion, thereby posting a volume Compound Annual
Growth Rate (CAGR) of almost 10% and a value CAGR of 11.6% between 2013 and 2020
[20].

It is known that global fish stocks are in danger, so, fish production may decrease
in the future. In addition to this, some fishes, especially marine fishes like salmon,
sardine, tuna, anchovy, mackerel or hake, are sometimes contaminated with heavy
metals as copper or mercury, and organic pollutants as PCBs or dioxins, which have a
toxic effect for human health [21]. For this reason, currently algaecame forwardas the
major alternative source for production of omega-3 PUFAs. There are various strains of
microalgae with a wide range of components, such as proteins, carbohydrates, fats, and
nucleic acids, though in varying proportions. Typically, fatty acids make up to 40 percent
of microalgae mass, and some of the fatty acids are unsaturated. The proportion of PUFA
differs greatly depending on the species. For example, Crypthecodinium cohnii microalgae
species possesses only DHA and no other PUFAs; Chaetoceros sp., Skeletonema costatum
and Nannochloropsis sp. contain predominantly EPA, whereas Porphyridium cruentum
contains predominantly ARA.

In addition, omega-3 biosynthesis can be stimulated by sudden change of growth
condition and metabolic engineering. There are several methods for extraction, purification
and quantification is existing for omega-3 productions from algae through lipid extraction.
Therefore, on the basis of commercial importance of omega-3 PUFAs production from
algae, microalgal biotechnology have emerged with current developments in genomics,
bioinformatics analyses, genetic and metabolic engineering. This article intends to
provide a mini review of the recent advances in algae-based omega-3 production.

Chemistry of Omega-3

Fatty acids are hydrocarbon-chains with a methyl group in one end of the molecule
(termed omega = ® or n) and an acid group (often called carboxylic acid) in the other end.
There are two major nomenclatures of fatty acids. In the most commonly used nomenclature
the carbon atom next to the carboxyl group is called the alpha-carbon (a-carbon) with the
consecutive carbons named B-carbon etc. The letter n is often used instead of the Greek
® to describe the methyl end. Furthermore, it is quite common to use the systematic
nomenclature for fatty acids where the locations of double bonds are indicated with reference
to the carboxyl group. In PUFAs the first double bond may be between the 3™ and the 4%
carbon atom from the o carbon, and these are called omega-3 fatty acids. Some physical
and chemical property of omega-3 has been given below [22]:

sMolecular Weight 909.36888 g/mol
Molecular Formula CgoHg,04
Hydrogen Bond Donor Count 3
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Hydrogen Bond Acceptor Count 6

Rotatable Bond Count 40
Exact Mass 908.689391 g/mol
Monoisotopic Mass 08.689391 g/mol
Topological Polar Surface Area 112 A2
Heavy Atom Count 66

Table 1: Chemical and physical properties of Omega-3.

There are three most important Omega-3 fatty acids are a-linolenic acid (18:3, n-3; ALA),
eicosapentaenoic acid (20:5, n-3; EPA), and docosahexaenoic acid (22:6, n-3; DHA) (Figure
1) [23].These three polyunsaturates have either 3, 5, or 6 double bonds in a carbon chain
of 18, 20, or 22 carbon atoms, respectively. As with most naturally-produced fatty acids,
all double bonds are in the cis-configuration, in other words, the two hydrogen atoms are
on the same side of the double bond; and the double bonds are interrupted by methylene
bridges (-CH 2-), so that there are two single bonds between each pair of adjacent double
bonds.

0]
9 6 3 1
W
HO 1% 9 12 15 18
a. o-linolenic acid (18:3, n-3; ALA)
O o)
CA\/\/ - - 1
HO™ 1 7 5 8 11 14 17 20
b. Eicosapentaenoic acid (20:5, n-3; EPA)
o [0
O)J\/\ 3 1
H _ _ _ _ _ __°
1 4 7 10 13 16 19

c. Docosahexaenoic acid (22:6, n-3; DHA)

Figure 1: Chemical structures of ALA, EPA and DHA.

The biosynthesis of omega-3 fatty acids begins with de novo synthesis of short chain
fattyacids, typically oleic acid, from acetate [23]. Most organisms are capable of de novo
fatty acid synthesis. Next, the oleic acid is subjected to a series of desaturation and
elongation reactions to form longer chain fatty acids as can be seen in Figure 2 [23].
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Docosahexaenoic Acid (22:6, w-3)

Figure 2: The biosynthetic pathways for omega-3 polyunsaturated fatty acids.

Importance of Omega-3 PUFA
Development and Growth

The combination of several months of omega-3 fatty acid deficiency and small stores of
essential omega-3 fatty acids in the adiopse tissue, prepares the ground for clinical signs
of omega-3 fatty acid deficiency such as scaly and haemorrhagic dermatitis, haemorrhagic
folliculitis of the scalp, impaired wound healing, reduced growth in children, reduced visual
acuity and neuropathy [24-31]. During foetal development the essential fatty acids are
transferred from the mother via placenta to the developing foetus [32]. There are special
proteins in placenta preferentially transporting DHA and AA [33-35]. Some studies suggest
that supplementation with long-chain PUFA during pregnancy promotes a small increase
in pregnancy duration, birth weight and a reduced risk of early preterm delivery in high
risk pregnancies [36-38]. Visual functions are incompletely developed at birth, but there is
a rapid development during the first year of life. DHA is a major structural lipid of retinal
photoreceptor outer segment membranes. Biophysical and biochemical properties of DHA
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may affect photoreceptor membrane function by altering permeability, fluidity, thickness,
and lipid phase properties. Tissue DHA status affects retinal cell signaling mechanisms
involved in photo transduction and DHA insufficiency is associated with alterations in
retinal function [39].

Biological Effect

Eicosanoids

Eicosanoids are important signal molecules including leukotrienes, prostaglandins,
thromboxanes, prostacyclins, lipoxins and hydroxy-fatty acids. In addition, two new families
of lipid mediators have been discovered, resolvins (resolution phase interaction products)
and protectins, both derived from omega-3 PUFA [40]. These have potent anti-inflammatory,
neuro protective and pro-resolving properties.

Membrane Fluidity

When large amounts of very long-chain omega-3 fatty acids are ingested, there is high
incorporation of EPA and DHA into membrane phospholipids, which may alter the physical
characteristics of cell membranes [41]. Altered fluidity may lead to changes of membrane
protein functions.

Lipid Peroxidation

Lipid peroxidation products may act as biological signals in certain cells [42]. One of the
major concerns with intake of omega-3 fatty acids has been the high degree of unsaturation
and thereby the possibility of promoting peroxidation. Modified Low-Density Lipoprotein
(LDL) might be endocytosed by macrophages and initiate development of atherosclerosis.
Oxidatively modified LDL has been observed in atherosclerotic lesions [43], and LDL rich in
oleic acid has been found to be more resistant to oxidative modification than LDL enriched
with omega-6 fatty acids in rabbits [44].

Acylation of Proteins

Acylation of proteins is important for anchoring certain proteins in membranes or
folding of the proteins, and it seems to be crucial for the function of these proteins [45-
46]. Although saturated fatty acids are most commonly linked to proteins, omega-3 fatty
acids may also acylate proteins [47]. It has been demonstrated that PUFAs (AA and EPA)
may inhibit palmitoylation and alter membrane localization of a protein kinase (Fyn) [48],
whereas C14:2 may be acylated to a protein kinase (Fyn), thereby altering its raft localization
and promote reduced T cell signal transduction and inflammation [49].

Gene Interactions

Fatty acids or their derivatives (acyl-CoA or eicosanoids) may interact with nuclear
receptor proteins that bind to certain regions of DNA and thereby alter transcription of
these genes. The receptor protein, often interacting with another nuclear receptor, may, in
combination with a fatty acid, function as a transcription factor.The omega-3 and omega-6
PUFAs are feed forward activators of Peroxisome Proliferator-Activated Receptors (PPARs),
whereas these same fatty acids are feed-back inhibitors of liver X receptorS (LXRs) and Sterol
regulatory element-binding proteins (SREBPs). Saturated fatty acyl coenzyme A thioesters
activate HNF-4a, whereas coenzyme A thioesters of PUFAs antagonize HNF-4a action. It has
also been shown that PUFAs including DHA are ligands for another transcription factor,
retinoid X receptor (RXR), which is important for expression of several genes regulated by
different nutrients [S0-51].

VLDL and Chylomicrons
Omega-3 fatty acids promote a striking reduction of Triacylglycerols (TAGs) in VLDL and
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chylomicron particles [52-54]. With daily intake of 2-4 g/day of very long-chain omega-3
fatty acids, the plasma concentration of TAGs is reduced by 20-30% [55], and the hepatic
synthesis of triaglycerols is decreased, probably because omega-3 fatty acids inhibit
esterification of other fatty acids in addition to being poor substrates for TAG-synthesising
enzymes [56]. Very long-chain omega-3 fatty acids may also reduce TAG production by
increasing fatty acid oxidation via peroxisomal 3-oxidation [57].

High Density Lipoprotein (HDL)

In most studies of human lipoprotein metabolism, gram quantities of very long-chain
omega-3 fatty acids cause a small increase (1-3%) in the plasma concentration of HDL
cholesterol [52, 54, 58]. Very often this increase in HDL occurs simultaneously with a fall
in plasma VLDL concentration. The increased concentration of HDL cholesterol may be
explained by the reduced concentration of free fatty acids in plasma [57, 59-60] causing
reduced net flux of cholesteryl esters from HDL to LDL and VLDL via reduced activity of the
cholesteryl ester transfer protein [61-62].

Vascular Changes

It has been suggested that blood platelets, viscosity, coagulation and fibrinolysis might be
influenced in advantageous ways by dietary intake of omega-3 fatty acids.Provision of very
long-chain omega-3 fatty acids to healthy volunteers as well as to subjects with increased
risk of cardiovascular disease, reduced the generation of platelet activating factor (PAF;
important for platelet aggregation) [63-64], which may be of importance for suppression of
rolling and adherence of monocytes on activated endothelial cells [65]. Supplementation
with omega-3 fatty acids may reduce blood pressure, in particular among hypertensives [66-
68]. From a meta-analysis of clinically controlled trials it has been estimated that systolic
and diastolic blood pressures are decreased by 0.66 and 0.35 mmHg, respectively, per gram
of very long-chain omega-3 fatty acids supplied through the diet [67]. It is also possible that
EPA and DHA might improve endothelial function [69] via eicosanoids or working as ligands
for transcription factors.

Diseases
Cardiovascular Diseases

Cardiovascular diseases are mainly caused by atherosclerosis, and give rise to
development of myocardial infarction, cerebral infarction, cognitive decline, and gangrene
and loss of function in the extremities.It has been shown that dietary factors such as
saturated and trans fatty acids, cholesterol, some coffee lipids and sodium, in addition to
lack of omega-3 fatty acids may promote development of atherosclerosis [70-74].

Atherosclerosis

The effects of very long-chain omega-3 fatty acids on some parameters of importance
for the development of atherosclerosis are outlined. Some of these effects of omega-3 fatty
acids have been demonstrated in controlled clinical trials, whereas other findings refer to
studies in animals or in vitro [42, 55, 75-77]. Among the positive effects of omega-3 fatty
acids are reduced activity of blood platelets via thromboxanes (TXA2), reduced Platelet
Activating Factor (PAF), reduced PDGF, reduced chemotactic effect via Leukotrienes (LTB4)
And Relaxation Of Smooth Muscle Cells Via EDRF Which Promotes Increased Blood Flow
and reduced blood pressure.

Arrhythmias

In cells and animal studies it has been shown that incorporation of marine omega-3
fatty acids reduces the risk of arrhythmias, probably due to inhibition of the fast voltage-
dependent sodium-channel [78-79]. Arrhythmias causing sudden cardiac death often arise
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from ischemia-induced electrical instability in the heart muscle. Ischemia may promote
depolarization of cardiac membranes by reducing the activity of sodium/potassium ATPase,
which enhances interstitial potassium concentration, making the resting membrane
potential more positive. This may make myocytes more likely to depolarize due to small
stimuli and thereby initiate an arrhythmia [80].

Cancer

In spite of the fact that animal fat is associated with many of the carcinogenic effects of
dietary fat [81], there is some scientific evidence that omega-3 fatty acids may protect against
development of certain types of cancers [82-83]. Narayanan et al., [84] observed altered
expression of genes important for apoptosis and regulators of colon cancer cell proliferation,
explaining how DHA might protect against colonic cancer development. Another explanation
for the inhibitory effect of omega-3 fatty acids on colorectal cancer may be due to cytotoxic
peroxidation products generated during lipid peroxidation of EPA and cyclooxygenase (COX)
activity [85]. Feeding experiments with rodents showed that omega-3 fatty acids decreased
colon carcinogenesis at both the initiation and promotion stages [86-88]. A large number of
studies in animals and in cultured cells demonstrate that omega-3 fatty acids may inhibit
initiation, growth and metastasis of malignant cells [65].

Inflammatory Diseases

A significant number of reports indicate that supplementation with a few grams daily of
very long-chain omega-3 fatty acids provide health benefits in relation to some inflammatory
diseases [76,79]. The mechanism behind these effects may be related to altered eicosanoid
formation or any of the other mechanisms described. For the eicosanoids, it has been shown
that LTBS derived from EPA may replace some of the more potent inflammatory agent LTB4
derived from AA. Omega-3 fatty acids may inhibit the adhesion of monocytes and endothelial
cells possibly due to generation of platelet activating factor [65].

Rhematoid Arthritis / Joints

Several studies have shown that dietary supplementation with very long-chain omega-3
fatty acids (>3 g/day) reduces the clinical symptoms of rheumatoid arthritis as evaluated by
morning stiffness and number of swollen joints, in meta-analyses [86-90].

Asthma and Allergy

In a randomized controlled study among asthmatic children, the results suggest that
dietary supplementation with long-chain omega-3 fatty acids was beneficial in a strictly
controlled environment in terms of inhalant allergens and diet [91].

Diabetes

In a meta-analysis it was concluded that intake of omega-3 fatty acids had no significant
effect on glycemic control or fasting insulin [92].

Effect on Central Nervous System

Several reports have suggested that supplementation with marine omega-3 fatty acids
are important for treatment of schizophrenia, depressions or borderline personality disorder
[93-97].

Schizophrenia

Data indicate that the level of omega-3 fatty acids is low in red blood cells as well as in
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some cortical areas of the brain in schizophrenic patients [98-99], although the data are
based on very small numbers of cases and are somewhat controversial [100].

Alzheimer’s and Parkinson Disease

The omega-3 fatty acids in fish might explain part of this beneficial effect. It is clearly
possible toinfluence the content of DHA in the brain by dietary intake [101]. In two prospective
studies it was observed that lower plasma DHA levels increased the risk of developing AD
later in life [102-103]. There are too few data on Parkinson disease in relation to dietary
intake of omega-3 fatty acids to conclude on the potential effects of supplementation.

Natural Source of Omega -3 Fatty Acid

Microalgae offer a promising non-polluted resource for biotechnology and bioengineering
of LC-PUFA production, as an alternative to fish oils [104-105]. Microalgae can also be grown
on low to no-cost nutrients, which make them an economically viable source of omega-3
fatty acids [106]. Compared to traditional source, microalgae present a few advantages for
n-3 LC-PUFA production, such as commonly occurring genes for the biosynthesis of these
nutrients, simpler fatty acid profiles and higher growth rates.

Various auto- and heterotrophic marine species from different classes produce EPA and
DHA, whereas AA is generally found in scarce amounts [107-108]. According to recent reviews
of total lipid extracts, Bacillariophyceae (diatoms) and Chrysophyceae species may be rich
sources of EPA and DHA; Cryptophyceae, Prasinophyceae, Rhodophyceae, Xanthophyceae,
Glaucophyceae and Eustigmatophyceae can represent interesting EPA sources, whereas
DHA is found in significant amounts mostly in Dinophyceae, Prymnesiophyceae, and
Euglenophyceae [109-110]. Moreover, some important microalge has been given in following
table 2 with their fatty acid profile [111].

Phaeod-

‘C:::Jgoco- ac_tylum Isochrysis Pavilova Oocystis |Tetraselmis Rho_domonas ’I:,ap:;r;:chlo-
sp tricornu- galbana sp. sp. sp. baltica oceanica
tum

Saturated
C12:0 2.1 - - - - - 2.0 1.2
C14:0 0.1 8.8 8.9 7.5 0.2 0.5 4.1 16.9
C16:0 21.3 16.6 11.5 13.4 3.8 6.3 6.0 17.2
C18:0 0.3 0.6 - 0.4 - 1.2 0.8 1.8
C20:0 0.2 - - - - - 0.1 -
C24:0 - 1.6 - - 0.1 - 4.0 -
Sum 24.0 27.6 20.4 21.3 4.1 8.0 17 371
Mono saturated
C 16:1 1.1 26.0 3.3 12.8 1.5 1.3 0.4 18.2
C 18:1¢ 04 1.8 13.1 2.9 3.9 10.7 34 4.1
C 20:1¢ - - - - - 0.9 0.1 0.5
C 22:1¢ 0.1 0.3 0.6 0.8 - - 0.1 -
gz:;/]unsaturated 1.6 28.1 17.0 16.5 5.4 12.9 4.0 22.8
C 18:2° 10.7 1.5 7.0 2.1 6.4 2.5 1.7 9.7
C 18:3° 1.0 0.3 3.8 1.8 8.1 6.4 12.0 0.5
C 18:4° - 3.3 12.5 4.3 0.7 4.1 5.1 -
C 20:2° 0.1 - - - - 0.1 0.5
C 20:4° 0.1 2.2 - 0.4 0.5 0.6 0.2 3.7
C 20:5° - 28.4 0.8 18.0 1.1 4.8 4.4 23.4
C22:5° - 1.3 - - - 0.2 -
C22:62 - 0.2 15.8 13.2 - 0.2 - -
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Sum 11.9 37.2 39.9 39.8 16.8 18.6 33.7 37.8
Table 2: Fatty acid profile of some microalgae. Data are given as mg g of dry weight.

Dashes indicate FA not detected, ax-3 fatty acids, bx-6 fatty acids, cx-9 fatty acids

Photoautotrophic Microalgae

It is generally thought that photosynthetic microalgae tend to produce higher levels of
EPA than heterotrophs. Nannochloropsis sp., Phaeodactylum tricornutum, Nitzschia laevis and
Porphyridium cruentum can present elevated levels of EPA in total fatty acids, although relatively
low cell lipid contents tend to result in small EPA amounts in the biomass (Table 3) [112].

Species EPA content (%TFA)’ EPA content (DW)?

Nannochloropsis sp. 38-39 2-3
Phaeodactylum tricornutum 31 5

Nitzschia laevis 25-33 3-4
Porphyridium cruentum 25 3
Odontella aurita 26 -
Pavlova lutheri 22-29 -
Cyclotella cryptica 17-23 1
Cylindrotheca sp. 24-25 -

Table 3. Examples of marine microalgae species characterized by EPA production.
% TFA, % of total fatty acids; 2 % DW, % of biomass dry weight

Heterotrophic Microalgae

Several marine heterotroph microalgae are considered as the most preeminent alternative
industrial sources of oils rich in DHA (Table 4) [113], with approved use in human foods,
especially for application in infant formulas, since they are considered to be non-pathogenic
and nontoxigenic.

Species DHA content (% TFA) ' DHA content (% DW) 2
Schizochytrium mangrovei 31-41 12-21
Schizochytrium limacinum 25-35 5-15
Thraustochytrium aureum 32-37 6-7
Thraustochytrium striatum 37 2

Ulkenia sp. 10-23 5
Aurantiochytrium sp. 40 18
Crypthecodinium cohnii 53-57 5-6

Table 4: Examples of marine microalgae species characterized by DHA production.

"% TFA, % of total fatty acids; 2 % DW, % of biomass dry weight

Stimulation of Omega-3 in Microalgae

Environmental Stress

Omega-3 fatty acid biosynthesis can be prompted by the applying of growth environmental
stresses, such as low temperature and change of salinity or UV radiation. For example,
Pavlova lutheri increased its relative EPA content from 20.3 to 30.3 % when the culture
temperature was reduced to 15°C [114]. Similarly, Phaeodactylum tricornutum had a higher
EPA content when the temperature was shifted from 25°C to 10°C for 12 h [115]. An increase
in PUFAs is expected as these fatty acids have good flow properties and would be predominately
used in the cell membrane to maintain fluidity during low temperatures. Salinity may also
regulate PUFA biosynthesis, although not in a consistent manner. For example, Crythecodinium
cohnii ATCC 30556 increased its total DHA content up to 56.9% of total fatty acids when cultured
in 9 g/L NaCl. Other treatments that cause the generation of reactive oxygen species and lipid
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peroxidation also result in higher PUFA contents. For example, Phaeodactylum tricornutum
increased its EPA content up to 19.84% when stressed with UV light [116].

Metabolic Engineering

Apart for external stresses, metabolic engineering is another promising approach to
increase the production of omega-3 in microalgae. Synthesis of @-3 fatty acids occurs via the
elongation and desaturation of long chain fatty acids. Work has been performed to create
recombinant sources of ®-3 fatty acids in a variety of systems with some success [117-118].
Canola (Brassica napus) seeds have been produced which overexpress the B. napus Al15
desaturase, as well as the A6 and Al12 desaturases from the commercially grown fungus
Mortierella alpine to synthesize the »-3 fatty acid Stearidonic Acid (SDA) [119]. Moreover, a
promising cisgenic approach for microalgae maybe to increase EPA or DHA production by
overexpressing at least some of their native elongases and desaturases. It may be necessary
to use promoters inducible by external stimuli rather than constitutive promoters that may
interfere with normal cell function and growth. Another, yet unexplored option may lie in
the inhibition of PUFA degradation. B-oxidation of fatty acids occurs in the peroxisomes
but before PUFAs can be metabolized, saturases are required to fill in the double bonds.
Mutations in one or several saturases may result in less efficient B-oxidation of PUFA and
a higher percentage of these fatty acids. However, at present the mechanism behind the
selection and storage of fatty acids for triacylglycerol production remains unclear.

Procedure of Omega-3 Production

Extraction of omega-3 depends on strain and physical properties of algae. A flow chart is
given below for the production of omega-3 (Figure 3),

1. Isolation from pond Isolation, purification and
2. Purification by plating identification of microalgae 1. Raceway
methods 2. Photoreactor
3. Identification by l <+ 3.0pen pond
authenticated standard
manual Cultivation and harvest
of microalgae 1. Flocculation
l 2. Centrifugation
3. Filtration
Dewatering of
1. Autoclave X g
2. Bead-beater microalgae
3. Microwave - 5 l 1. Mechanical methods
4. Sonication e Expression/Expeller
5. Osmotic shock processes Disruption of press
microalgae cell e Ultrasonic-assisted

2. Chemical methods

1. Molecular distillation e Hexane Solvent

(Fractional distillation) microalgae e Soxhlet extraction

2. Molecular sieves e Supercritical fluid

3. PUFA transformations extraction

4. Super Critical Fluid
Extraction

Lipid Extraction from

7

Purification of omega-3

5. Urea complexation (DHA, EPA)
Omega-3
(DHA, EPA)

Figure 3: Flow chart for omega-3 production.
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Conclusion and Future Perspectives

Natural limitations favor a novel approach for the production of omega-3 fatty acids. A
series of PUFAs including Eicosapentanoic Acid (EPA) and Docosahexanoic Acid (DHA) have
widespread nutritional and pharmaceutical values. Microalgae cells have the potential to
rapidly accumulate lipids, such as triacylglycerides that contain fatty acids important for
high value fatty acids (e.g., EPA and DHA) production. However, lipid extraction methods
for microalgae cells are not well established, and there is currently no standard extraction
method for the determination of the fatty acid content of microalgae. Production yields
are also highly dependent on microalgal cultivation conditions, biomass processing, cell
disruption and strain selection in addition to solvent polarity and extraction processing.

From a commercial perspective, a techno-economic assessment is needed and should
ideally be carried out for large scale extraction where costs are likely to be very different
compared to the presents laboratory-based study. It is necessary to study deeper about the
extraction and purification of omega-3 PUFA which is more economic with good quality and
quantity along with biotechnological approach.

Acknowledgements

The authors are thankful to the authorities of Designated Reference Institute for Chemical
Measurements (DRiCM), Bangladesh Council of Scientific and Industrial Research (BCSIR)
and Algasol Bangladesh Limited for providing required facilitates and financial support.

References

1. Van West Dirk, Maes, Michael (2003) Polyunsaturated fatty acids in depression. CtaNeuropsychiatrica 15 (1):
15-21.

2. Chew YL, Lim YY, Omar M, Khoo KS (2008) Antioxidant activity of three edible seaweeds from two areas in
South East Asia. LWT-Food Sci. Tech. 41: 1067-1072.

3. Kalogeropoulos N, Chiou A, Gavala E, Christea M, Andrilkopoulos NK, et al. (2010) Nutritional evaluation and
bioactive micro constituents (carotenoids, tocopherols, sterols and squalene) of raw and roasted chicken fed
on DHA-rich microalgae. Food Research International 43: 2006-2013.

4. Guedesb AC, Amaro HM, Barbosa CR, Pereira RD, Malcata FX (2011) Fatty Acid Composition of Several Wild
Microalgae and Cyanobacteria, with a focus on Eicosapentaenoic, Docosahexaenoic and Linolenic Acids for
Eventual Dietary Uses. Food Research International 2: 12-21.

5. Ward OP, Singh A (2005) Omega-3/6 fatty acids: Alternative sources of production. Process Biochemistry 40:
3627-3652.

6. Innis SM1 (1991) Essential fatty acids in growth and development. See comment in PubMed Commons below
Prog Lipid Res 30: 39-103.

7. Carlson SE, Salem N (1991) Essential of T3 fatty acids in growth and development of infants. In: Health effects
of T3 polyunsaturated fatty acids in seafood. Ed. Simopoulus AP, Kifer RR and Barlow SM. World Rev. Nutr.,
Karger, Basel, Switzerland, pp: 74-86.

8. Ogata J, Hagiwara Y, Hagiwara H, Shibamoto T (1996) Inhibition of malonaldehyde formation by antioxidants
from T3 polyunsaturated fatty acids. JAOCS 73: 654-656.

9. OtleAY S, Pire R (2001) Fatty acid composition of Chlorella and Spirulina microalgae species. See comment
in PubMed Commons below J AOAC Int 84: 1708-1714.

10. Roughan GP (1989). Spirulina: A source of dietarygamma-linolenic acid. J. Sci. Food Agric 47: 85-93.

11. Saito T, Saito T, Oka N (1992) Scientific reports on Chlorella in Japan, Japan Treatment Association, Silpaque
Publishing, Kyoto, Japan.

12. Quoc KP, Pascaud M (1996) Effects of dietary gamma-linolenic acid on the tissue phospholipid fatty acid
composition and the synthesis of eicosanoids in rats. See comment in PubMed Commons below Ann Nutr
Metab 40: 99-108.

11


https://www.researchgate.net/publication/229814374_Polyunsaturated_fatty_acids_in_depression
https://www.researchgate.net/publication/229814374_Polyunsaturated_fatty_acids_in_depression
http://www.sciencedirect.com/science/article/pii/S0023643807002356
http://www.sciencedirect.com/science/article/pii/S0023643807002356
http://www.sciencedirect.com/science/article/pii/S0963996910001729
http://www.sciencedirect.com/science/article/pii/S0963996910001729
http://www.sciencedirect.com/science/article/pii/S0963996910001729
http://www.sciencedirect.com/science/article/pii/S096399691100336X
http://www.sciencedirect.com/science/article/pii/S096399691100336X
http://www.sciencedirect.com/science/article/pii/S096399691100336X
http://www.sciencedirect.com/science/article/pii/S1359511305002199
http://www.sciencedirect.com/science/article/pii/S1359511305002199
http://www.ncbi.nlm.nih.gov/pubmed/1771170
http://www.ncbi.nlm.nih.gov/pubmed/1771170
http://www.ncbi.nlm.nih.gov/pubmed/11767135
http://www.ncbi.nlm.nih.gov/pubmed/11767135
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740470110/abstract
https://www.chlorella-therapy.com/en/chlorella/p07.php
https://www.chlorella-therapy.com/en/chlorella/p07.php
http://www.ncbi.nlm.nih.gov/pubmed/8773734
http://www.ncbi.nlm.nih.gov/pubmed/8773734
http://www.ncbi.nlm.nih.gov/pubmed/8773734
https://www.researchgate.net/publication/229814374_Polyunsaturated_fatty_acids_in_depression?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/229814374_Polyunsaturated_fatty_acids_in_depression?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/223364088_Antioxidant_activity_of_three_edible_seaweeds_from_two_areas_in_South_East_Asi?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/223364088_Antioxidant_activity_of_three_edible_seaweeds_from_two_areas_in_South_East_Asi?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/229061925_Author's_personal_copy_Fatty_acid_composition_of_several_wild_microalgae_and_cyanobacteria_with_a_focus_on_eicosapentaenoic_docosahexaenoic_and_a-linolenic_acids_for_eventual_dietary_uses?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/229061925_Author's_personal_copy_Fatty_acid_composition_of_several_wild_microalgae_and_cyanobacteria_with_a_focus_on_eicosapentaenoic_docosahexaenoic_and_a-linolenic_acids_for_eventual_dietary_uses?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/229061925_Author's_personal_copy_Fatty_acid_composition_of_several_wild_microalgae_and_cyanobacteria_with_a_focus_on_eicosapentaenoic_docosahexaenoic_and_a-linolenic_acids_for_eventual_dietary_uses?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/223824258_Omega-36_fatty_acids_Alternative_sources_of_production?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/223824258_Omega-36_fatty_acids_Alternative_sources_of_production?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/227315072_Inhibition_of_malonaldehyde_formation_by_antioxidants_from_o3_polyunsaturated_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/227315072_Inhibition_of_malonaldehyde_formation_by_antioxidants_from_o3_polyunsaturated_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11590947_Fatty_acid_composition_of_Chlorella_and_Spirulina_microalgae_species?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11590947_Fatty_acid_composition_of_Chlorella_and_Spirulina_microalgae_species?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/229504334_Spirulina_A_source_of_dietary_gamma-linolenic_acid?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14428548_Effects_of_Dietary_g-Linolenic_Acid_on_the_Tissue_Phospholipid_Fatty_Acid_Composition_and_the_Synthesis_of_Eicosanoids_in_Rats?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14428548_Effects_of_Dietary_g-Linolenic_Acid_on_the_Tissue_Phospholipid_Fatty_Acid_Composition_and_the_Synthesis_of_Eicosanoids_in_Rats?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14428548_Effects_of_Dietary_g-Linolenic_Acid_on_the_Tissue_Phospholipid_Fatty_Acid_Composition_and_the_Synthesis_of_Eicosanoids_in_Rats?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

12

Croft KD, Beilin LJ, Legge FM, Vandongen R (1987) Effects of diets enriched ineicospentaenoic or
docosahexaenoic acid onprostaglandin metabolism in rats. Lipids 22: 647-650.

Cohen Z, Vonshak A, Boussiba S, Richmond A (1988) The effect of temperature and cellconcentration on the
fatty acid composition of outdoor cultures of porphyridium cruentum. In: Algal Biotechnology: Ed. Stadler T,
Mollion J, Verdus MC, Karamanos Y, Christiaen D. ElsevierAppl. Sci. London, pp: 412-419.

Veloso V, Reis L, Gouveia L, Fernandes HL, Novias JM (1991) Lipid production by Phaeodactylum tricornum.
Bioresou. Technol. 38:115-119.

Hoffman DR, Birch EE, Birch DG, Uauy RD (1993) Effects of supplementation with omega 3 long-chain
polyunsaturated fatty acids on retinal and cortical development in premature infants. See comment in PubMed
Commons below Am J Clin Nutr 57: 807S-8128S.

Mokady S, Sukenik AS (1995) A marine unicellular alga in diets of pregnant and lactating asa source of T3 fatty
acids for the developing brain oftheir progeny. J. Sci. Food Agric. 68: 133-139.

Kalogeropoulos N, Chiou A, Gavala E, Christea M, Andrilkopoulos NK, et al. (2010) Nutritional evaluation and
bioactive micro constituents (carotenoids, tocopherols, sterols and squalene) of raw and roasted chicken fed
on DHA-rich microalgae. Food Research International 43: 2006-2013.

Ruxton CHS, Reed SC, Simpson MJA, Millington KJ (2004) The health benefits of omega-3 polyunsaturated
fatty acids: a review of the evidence. J Hum Nutr Dietet 70: 449-459.

Matthan NR, Ooi EM, Van Horn L, Neuhouser ML, Woodman R, et al. (2014) Plasma phospholipid fatty acid
biomarkers of dietary fat quality and endogenous metabolism predict coronary heart disease risk: a nested
case-control study within the Women’s Health Initiative observational study. See comment in PubMed
Commons below J Am Heart Assoc 3.

Domingo JL, Bocio A, Falcé G, Llobet JM (2007) Benefits and risks of fish consumption Part I. A quantitative
analysis of the intake of omega-3 fatty acids and chemical contaminants. See comment in PubMed Commons
below Toxicology 230: 219-226.

http://pubchem.ncbi.nlm.nih.gov/compound/56842239#section=Chemical-and-Physical-Properties

Wen ZY, Chen F (2003) Heterotrophic production of eicosapentaenoic acid by microalgae. See comment in
PubMed Commons below Biotechnol Adv 21: 273-294.

Bjerve KS (1989) n-3 fatty acid deficiency in man. See comment in PubMed Commons below J Intern Med
Suppl 731: 171-175.

Bjerve KS, Fischer S, Wammer F, Egeland T (1989) a-Linolenic acid and long-chain omega-3 fatty acid
supplementation in three patients with omega-3 fatty acid deficiency: effect on lymphocyte function, plasma
and red cell lipids, and prostanoid formation. Am J Clin Nutr 49:290-300.

Bjerve KS, Thoresen L, Barsting S (1988) Linseed and cod liver oil induce rapid growth in a 7-year-old girl
with N-3- fatty acid deficiency. See comment in PubMed Commons below JPEN J Parenter Enteral Nutr 12:
521-525.

Bjerve KS, Mostad IL, Thoresen L (1987) Alpha-linolenic acid deficiency in patients on long-term gastric-
tube feeding: estimation of linolenic acid and long-chain unsaturated n-3 fatty acid requirement in man. See
comment in PubMed Commons below Am J Clin Nutr 45: 66-77.

Carlson SE, Salem N Jr (1991) Essentiality of omega 3 fatty acids in growth and development of infants. See
comment in PubMed Commons below World Rev Nutr Diet 66: 74-86.

Carlson SE, Werkman SH (1996) A randomized trial of visual attention of preterm infants fed docosahexaenoic
acid until two months. See comment in PubMed Commons below Lipids 31: 85-90.

Uauy R, Peirano P, Hoffman D, Mena P, Birch D, et al. (1996) Role of essential fatty acids in the function of the
developing nervous system. See comment in PubMed Commons below Lipids 31 Suppl: S167-176.

Crawford MA (1993) The role of essential fatty acids in neural development: implications for perinatal nutrition.
See comment in PubMed Commons below Am J Clin Nutr 57: 703S-709S.

Al MD, Hornstra G, van der Schouw YT, Bulstra-Ramakers MT, Huisjes HJ, et al. (1990) Biochemical EFA
status of mothers and their neonates after normal pregnancy. See comment in PubMed Commons below Early
Hum Dev 24: 239-248.


http://link.springer.com/article/10.1007%2FBF02533943
http://link.springer.com/article/10.1007%2FBF02533943
https://www.researchgate.net/publication/223439263_Lipid_production_by_Phaeodactylum_tricornutum
https://www.researchgate.net/publication/223439263_Lipid_production_by_Phaeodactylum_tricornutum
http://www.ncbi.nlm.nih.gov/pubmed/8475899
http://www.ncbi.nlm.nih.gov/pubmed/8475899
http://www.ncbi.nlm.nih.gov/pubmed/8475899
http://www.sciencedirect.com/science/article/pii/S0963996910001729
http://www.sciencedirect.com/science/article/pii/S0963996910001729
http://www.sciencedirect.com/science/article/pii/S0963996910001729
http://www.ncbi.nlm.nih.gov/pubmed/15357699
http://www.ncbi.nlm.nih.gov/pubmed/15357699
http://www.ncbi.nlm.nih.gov/pubmed/25122663
http://www.ncbi.nlm.nih.gov/pubmed/25122663
http://www.ncbi.nlm.nih.gov/pubmed/25122663
http://www.ncbi.nlm.nih.gov/pubmed/25122663
http://www.ncbi.nlm.nih.gov/pubmed/17161894
http://www.ncbi.nlm.nih.gov/pubmed/17161894
http://www.ncbi.nlm.nih.gov/pubmed/17161894
http://pubchem.ncbi.nlm.nih.gov/compound/56842239#section=Chemical-and-Physical-Properties
http://www.ncbi.nlm.nih.gov/pubmed/14499126
http://www.ncbi.nlm.nih.gov/pubmed/14499126
http://www.ncbi.nlm.nih.gov/pubmed/2565114
http://www.ncbi.nlm.nih.gov/pubmed/2565114
http://www.ncbi.nlm.nih.gov/pubmed/2563625
http://www.ncbi.nlm.nih.gov/pubmed/2563625
http://www.ncbi.nlm.nih.gov/pubmed/2563625
http://www.ncbi.nlm.nih.gov/pubmed/3184425
http://www.ncbi.nlm.nih.gov/pubmed/3184425
http://www.ncbi.nlm.nih.gov/pubmed/3184425
http://www.ncbi.nlm.nih.gov/pubmed/2053367
http://www.ncbi.nlm.nih.gov/pubmed/2053367
http://www.ncbi.nlm.nih.gov/pubmed/8649239
http://www.ncbi.nlm.nih.gov/pubmed/8649239
http://www.ncbi.nlm.nih.gov/pubmed/8729114
http://www.ncbi.nlm.nih.gov/pubmed/8729114
http://www.ncbi.nlm.nih.gov/pubmed/7682751
http://www.ncbi.nlm.nih.gov/pubmed/7682751
http://www.ncbi.nlm.nih.gov/pubmed/2151387
http://www.ncbi.nlm.nih.gov/pubmed/2151387
http://www.ncbi.nlm.nih.gov/pubmed/2151387
https://www.researchgate.net/publication/225335961_Effects_of_diets_enriched_in_eicosapentaenoic_or_docosahexaenoic_acids_on_prostanoid_metabolism_in_rats?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/225335961_Effects_of_diets_enriched_in_eicosapentaenoic_or_docosahexaenoic_acids_on_prostanoid_metabolism_in_rats?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/223439263_Lipid_production_by_Phaeodactylum_tricornutum?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/223439263_Lipid_production_by_Phaeodactylum_tricornutum?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14723213_Effects_of_o-3_long-chain_polyunsaturated_fatty_acid_supplementation_on_retinal_and_cortical_development_in_premature_infants?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14723213_Effects_of_o-3_long-chain_polyunsaturated_fatty_acid_supplementation_on_retinal_and_cortical_development_in_premature_infants?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14723213_Effects_of_o-3_long-chain_polyunsaturated_fatty_acid_supplementation_on_retinal_and_cortical_development_in_premature_infants?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/229865132_A_marine_unicellular_alga_in_diets_of_pregnant_and_lactating_rats_as_a_source_of_3_fatty_acids_for_the_developing_brain_of_their_progeny?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/229865132_A_marine_unicellular_alga_in_diets_of_pregnant_and_lactating_rats_as_a_source_of_3_fatty_acids_for_the_developing_brain_of_their_progeny?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/222981167_Nutritional_evaluation_and_bioactive_microconstituents_carotenoids_tocopherols_sterols_and_squalene_of_raw_and_roasted_chicken_fed_on_DHA-rich_microalgae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/222981167_Nutritional_evaluation_and_bioactive_microconstituents_carotenoids_tocopherols_sterols_and_squalene_of_raw_and_roasted_chicken_fed_on_DHA-rich_microalgae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/222981167_Nutritional_evaluation_and_bioactive_microconstituents_carotenoids_tocopherols_sterols_and_squalene_of_raw_and_roasted_chicken_fed_on_DHA-rich_microalgae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/227516977_The_health_benefits_of_omega-3_polyunsaturated_fatty_acids_A_review_of_the_evidence?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/227516977_The_health_benefits_of_omega-3_polyunsaturated_fatty_acids_A_review_of_the_evidence?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/264794421_Plasma_Phospholipid_Fatty_Acid_Biomarkers_of_Dietary_Fat_Quality_and_Endogenous_Metabolism_Predict_Coronary_Heart_Disease_Risk_A_Nested_Case-Control_Study_Within_the_Women's_Health_Initiative_Observat?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/264794421_Plasma_Phospholipid_Fatty_Acid_Biomarkers_of_Dietary_Fat_Quality_and_Endogenous_Metabolism_Predict_Coronary_Heart_Disease_Risk_A_Nested_Case-Control_Study_Within_the_Women's_Health_Initiative_Observat?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/264794421_Plasma_Phospholipid_Fatty_Acid_Biomarkers_of_Dietary_Fat_Quality_and_Endogenous_Metabolism_Predict_Coronary_Heart_Disease_Risk_A_Nested_Case-Control_Study_Within_the_Women's_Health_Initiative_Observat?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/264794421_Plasma_Phospholipid_Fatty_Acid_Biomarkers_of_Dietary_Fat_Quality_and_Endogenous_Metabolism_Predict_Coronary_Heart_Disease_Risk_A_Nested_Case-Control_Study_Within_the_Women's_Health_Initiative_Observat?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6637696_Benefits_and_risks_of_fish_consumption_Part_I_A_quantitative_analysis_of_the_intake_of_omega-3_fatty_acids_and_chemical_contaminants?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6637696_Benefits_and_risks_of_fish_consumption_Part_I_A_quantitative_analysis_of_the_intake_of_omega-3_fatty_acids_and_chemical_contaminants?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6637696_Benefits_and_risks_of_fish_consumption_Part_I_A_quantitative_analysis_of_the_intake_of_omega-3_fatty_acids_and_chemical_contaminants?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/9089573_Heterotrophic_production_of_eicosapentaenoic_acid_by_microalgae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/9089573_Heterotrophic_production_of_eicosapentaenoic_acid_by_microalgae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20591792_alpha-Linolenic_acid_and_long-chain_omega-3_fatty_acid_supplementation_in_three_patients_with_omega-3_fatty_acid_deficiency_effect_on_lymphocyte_function_plasma_and_red_cell_lipids_and_prostanoid_form?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20591792_alpha-Linolenic_acid_and_long-chain_omega-3_fatty_acid_supplementation_in_three_patients_with_omega-3_fatty_acid_deficiency_effect_on_lymphocyte_function_plasma_and_red_cell_lipids_and_prostanoid_form?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20591792_alpha-Linolenic_acid_and_long-chain_omega-3_fatty_acid_supplementation_in_three_patients_with_omega-3_fatty_acid_deficiency_effect_on_lymphocyte_function_plasma_and_red_cell_lipids_and_prostanoid_form?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/19972721_Linseed_and_Cod_Liver_Oil_Induce_Rapid_Growth_in_a_7-Year-Old_Girl_with_N-3_Fatty_Acid_Deficiency?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/19972721_Linseed_and_Cod_Liver_Oil_Induce_Rapid_Growth_in_a_7-Year-Old_Girl_with_N-3_Fatty_Acid_Deficiency?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/19972721_Linseed_and_Cod_Liver_Oil_Induce_Rapid_Growth_in_a_7-Year-Old_Girl_with_N-3_Fatty_Acid_Deficiency?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20277694_Alpha-linolenic_acid_deficiency_in_patients_on_long-term_gastric-tube_feeding_Estimation_of_linolenic_acid_and_long-chain_unsaturated_n-3_fatty_acid_requirement_in_man?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20277694_Alpha-linolenic_acid_deficiency_in_patients_on_long-term_gastric-tube_feeding_Estimation_of_linolenic_acid_and_long-chain_unsaturated_n-3_fatty_acid_requirement_in_man?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20277694_Alpha-linolenic_acid_deficiency_in_patients_on_long-term_gastric-tube_feeding_Estimation_of_linolenic_acid_and_long-chain_unsaturated_n-3_fatty_acid_requirement_in_man?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/226413709_A_randomized_trial_visual_attention_of_preterm_infant_fed_docosahexaenoic_acid_until_two_months?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/226413709_A_randomized_trial_visual_attention_of_preterm_infant_fed_docosahexaenoic_acid_until_two_months?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/225688449_Role_of_essential_fatty_acids_in_the_function_of_the_developing_nervous_system?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/225688449_Role_of_essential_fatty_acids_in_the_function_of_the_developing_nervous_system?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/15515916_The_Role_of_Essential_Fatty_Acids_in_Neural_Development_Implications_for_Perinatal_Nutrition?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/15515916_The_Role_of_Essential_Fatty_Acids_in_Neural_Development_Implications_for_Perinatal_Nutrition?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21005425_Biochemical_EFA_status_of_mothers_and_their_neonates_after_normal_pregnancy?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21005425_Biochemical_EFA_status_of_mothers_and_their_neonates_after_normal_pregnancy?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21005425_Biochemical_EFA_status_of_mothers_and_their_neonates_after_normal_pregnancy?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Innis SM (2005) Essential fatty acid transfer and fetal development. See comment in PubMed Commons below
Placenta 26 Suppl A: S70-75.

Duttaroy AK (2004 ) Fetal growth and development: roles of fatty acid transport proteins and nuclear transcription
factors in human placenta. See comment in PubMed Commons below Indian J Exp Biol 42: 747-757.

Koletzko B, Larqué E, Demmelmair H (2007) Placental transfer of long-chain polyunsaturated fatty acids (LC-
PUFA). See comment in PubMed Commons below J Perinat Med 35 Suppl 1: S5-11.

Smuts CM, Huang M, Mundy D, Plasse T, Major S, et al. (2003) A randomized trial of docosahexaenoic acid
supplementation during the third trimester of pregnancy. See comment in PubMed Commons below Obstet
Gynecol 101: 469-479.

Makrides M, Duley L, Olsen SF (2006) Marine oil, and other prostaglandin precursor, supplementation for
pregnancy uncomplicated by pre-eclampsia or intrauterine growth restriction. See comment in PubMed
Commons below Cochrane Database Syst Rev : CD003402.

Szajewska H, Horvath A, Koletzko B (2006) Effect of n-3 long-chain polyunsaturated fatty acid supplementation
of women with low-risk pregnancies on pregnancy outcomes and growth measures at birth: a meta-analysis of
randomized controlled trials. See comment in PubMed Commons below Am J Clin Nutr 83: 1337-1344.

SanGiovanni JP, Chew EY (2005) The role of omega-3 long-chain polyunsaturated fatty acids in health and
disease of the retina. See comment in PubMed Commons below Prog Retin Eye Res 24: 87-138.

Schwab JM, Serhan CN (2006) Lipoxins and new lipid mediators in the resolution of inflammation. See
comment in PubMed Commons below Curr Opin Pharmacol 6: 414-420.

Salem N (1989) Omega-3 fatty acids: molecular and biochemical aspects, in: Spiller G.A., Scala J. (Eds.),
Current Topics in Nutrition and Disease: New Protective Roles for Selected Nutrients, Alan R. Liss, New York
22:109-228.

Drevon CA, Baksaas |, Krokan HE Eds. (1993) Sources, chemistry and biochemistry of dietary lipids. In:
Omega-3 fatty acids. Metabolism and biological effects. Birkhduser, Basel pp 125-386.

Yla-Herttuala S, Palinski W, Rosenfeld ME, Parthasarathy S, Carew TE, et al. (1989) Evidence for the presence
of oxidatively modified low density lipoprotein in atherosclerotic lesions of rabbit and man. See comment in
PubMed Commons below J Clin Invest 84: 1086-1095.

Parthasarathy S, Khoo JC, Miller E, Barnett J, Witztum JL, Steinberg D (1990) Low density lipoprotein rich
in oleic acid is protected against oxidative modification: Implications for dietary prevention of atherosclerosis.
Proc Nat | Acad Sci USA 87: 3894-3898.

Mcllhinney RA (1990) The fats of life: the importance and function of protein acylation. See comment in
PubMed Commons below Trends Biochem Sci 15: 387-391.

Babu P, Deschenes RJ, Robinson LC (2004) Akr1p-dependent palmitoylation of Yck2p yeast casein kinase 1
is necessary and sufficient for plasma membrane targeting. See comment in PubMed Commons below J Biol
Chem 279: 27138-27147.

Muszbek L, Laposata M (1993) Covalent modification of proteins by arachidonate and eicosapentaenoate in
platelets. See comment in PubMed Commons below J Biol Chem 268: 18243-18248.

Webb Y, Hermida-Matsumoto L, Resh MD (2000) Inhibition of protein palmitoylation, raft localization, and T cell
signaling by 2-bromopalmitate and polyunsaturated fatty acids. See comment in PubMed Commons below J
Biol Chem 275: 261-270.

Liang X, Nazarian A, Erdjument-Bromage H, Bornmann W, Tempst P, et al. (2001) Heterogeneous fatty acylation
of Src family kinases with polyunsaturated fatty acids regulates raft localization and signal transduction. See
comment in PubMed Commons below J Biol Chem 276: 30987-30994.

de Urquiza AM, Liu S, Sjoberg M, Zetterstrom RH, Griffiths W, et al. (2000) Docosahexaenoic acid, a ligand for
the retinoid X receptor in mouse brain. See comment in PubMed Commons below Science 290: 2140-2144.

Lengqvist J, De Urquiza AM, Bergman AC, Wilson TM, Sjovall J et al. (2004) Polyunsaturated fatty acids
including docosahexaenoic and arachidonic acid bind to the retinoid X receptor alpha ligand binding domain.
Mol Cell Proteomics 3: 692-703.

Harris WS (1997) n-3 fatty acids and serum lipoproteins: human studies. See comment in PubMed Commons
below Am J Clin Nutr 65: 1645S-1654S.

13


http://www.ncbi.nlm.nih.gov/pubmed/15837071
http://www.ncbi.nlm.nih.gov/pubmed/15837071
http://www.ncbi.nlm.nih.gov/pubmed/17302540
http://www.ncbi.nlm.nih.gov/pubmed/17302540
http://www.ncbi.nlm.nih.gov/pubmed/16856006
http://www.ncbi.nlm.nih.gov/pubmed/16856006
http://www.ncbi.nlm.nih.gov/pubmed/16856006
http://www.ncbi.nlm.nih.gov/pubmed/16762945
http://www.ncbi.nlm.nih.gov/pubmed/16762945
http://www.ncbi.nlm.nih.gov/pubmed/16762945
http://www.ncbi.nlm.nih.gov/pubmed/15555528
http://www.ncbi.nlm.nih.gov/pubmed/15555528
http://www.ncbi.nlm.nih.gov/pubmed/16750421
http://www.ncbi.nlm.nih.gov/pubmed/16750421
http://www.ncbi.nlm.nih.gov/pubmed/2794046
http://www.ncbi.nlm.nih.gov/pubmed/2794046
http://www.ncbi.nlm.nih.gov/pubmed/2794046
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC54010/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC54010/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC54010/
http://www.ncbi.nlm.nih.gov/pubmed/2251730
http://www.ncbi.nlm.nih.gov/pubmed/2251730
http://www.ncbi.nlm.nih.gov/pubmed/15105419
http://www.ncbi.nlm.nih.gov/pubmed/15105419
http://www.ncbi.nlm.nih.gov/pubmed/15105419
http://www.ncbi.nlm.nih.gov/pubmed/8349700
http://www.ncbi.nlm.nih.gov/pubmed/8349700
http://www.ncbi.nlm.nih.gov/pubmed/10617614
http://www.ncbi.nlm.nih.gov/pubmed/10617614
http://www.ncbi.nlm.nih.gov/pubmed/10617614
http://www.ncbi.nlm.nih.gov/pubmed/11118147
http://www.ncbi.nlm.nih.gov/pubmed/11118147
http://www.ncbi.nlm.nih.gov/pubmed/15073272
http://www.ncbi.nlm.nih.gov/pubmed/15073272
http://www.ncbi.nlm.nih.gov/pubmed/15073272
http://www.ncbi.nlm.nih.gov/pubmed/9129504
http://www.ncbi.nlm.nih.gov/pubmed/9129504
https://www.researchgate.net/publication/7900268_Essential_fatty_acid_transfer_and_fetal_development?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7900268_Essential_fatty_acid_transfer_and_fetal_development?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/8153151_Fetal_growth_and_development_Roles_of_fatty_acid_transport_proteins_and_nuclear_transcription_factors_in_human_placenta?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/8153151_Fetal_growth_and_development_Roles_of_fatty_acid_transport_proteins_and_nuclear_transcription_factors_in_human_placenta?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6502020_Placental_transfer_of_long-chain_polyunsaturated_fatty_acids_LC-PUFA?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6502020_Placental_transfer_of_long-chain_polyunsaturated_fatty_acids_LC-PUFA?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10856286_A_Randomized_Trial_of_Docosahexaenoic_Acid_Supplementation_During_the_Third_Trimester_of_Pregnancy?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10856286_A_Randomized_Trial_of_Docosahexaenoic_Acid_Supplementation_During_the_Third_Trimester_of_Pregnancy?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10856286_A_Randomized_Trial_of_Docosahexaenoic_Acid_Supplementation_During_the_Third_Trimester_of_Pregnancy?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6929865_Marine_oil_and_other_prostaglandin_precursor_supplementation_for_pregnancy_uncomplicated_by_pre-eclampsia_or_intrauterine_growth_restriction?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6929865_Marine_oil_and_other_prostaglandin_precursor_supplementation_for_pregnancy_uncomplicated_by_pre-eclampsia_or_intrauterine_growth_restriction?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6929865_Marine_oil_and_other_prostaglandin_precursor_supplementation_for_pregnancy_uncomplicated_by_pre-eclampsia_or_intrauterine_growth_restriction?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7020253_Effect_of_n-3_long-chain_polyunsaturated_fatty_acid_supplementation_of_women_with_low-risk_pregnancies_on_pregnancy_outcomes_and_growth_measures_at_birth_A_meta-analysis_of_randomized_controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7020253_Effect_of_n-3_long-chain_polyunsaturated_fatty_acid_supplementation_of_women_with_low-risk_pregnancies_on_pregnancy_outcomes_and_growth_measures_at_birth_A_meta-analysis_of_randomized_controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7020253_Effect_of_n-3_long-chain_polyunsaturated_fatty_acid_supplementation_of_women_with_low-risk_pregnancies_on_pregnancy_outcomes_and_growth_measures_at_birth_A_meta-analysis_of_randomized_controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7033371_Lipoxins_and_new_lipid_mediators_in_the_resolution_of_inflammation?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7033371_Lipoxins_and_new_lipid_mediators_in_the_resolution_of_inflammation?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20817217_Low_Density_Lipoprotein_Rich_in_Oleic_Acid_is_Protected_Against_Oxidative_Modification_Implications_for_Dietary_Prevention_of_Atherosclerosis?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20817217_Low_Density_Lipoprotein_Rich_in_Oleic_Acid_is_Protected_Against_Oxidative_Modification_Implications_for_Dietary_Prevention_of_Atherosclerosis?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20817217_Low_Density_Lipoprotein_Rich_in_Oleic_Acid_is_Protected_Against_Oxidative_Modification_Implications_for_Dietary_Prevention_of_Atherosclerosis?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/8600333_Akr1p-dependent_Palmitoylation_of_Yck2p_Yeast_Casein_Kinase_1_Is_Necessary_and_Sufficient_for_Plasma_Membrane_Targeting?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/8600333_Akr1p-dependent_Palmitoylation_of_Yck2p_Yeast_Casein_Kinase_1_Is_Necessary_and_Sufficient_for_Plasma_Membrane_Targeting?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/8600333_Akr1p-dependent_Palmitoylation_of_Yck2p_Yeast_Casein_Kinase_1_Is_Necessary_and_Sufficient_for_Plasma_Membrane_Targeting?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14849002_Covalent_modification_of_proteins_by_arachidonate_and_eicosapentaenoate_in_platelets?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14849002_Covalent_modification_of_proteins_by_arachidonate_and_eicosapentaenoate_in_platelets?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51363281_Inhibition_of_Protein_Palmitoylation_Raft_Localization_and_T_Cell_Signaling_by_2-Bromopalmitate_and_Polyunsaturated_Fatty_Acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51363281_Inhibition_of_Protein_Palmitoylation_Raft_Localization_and_T_Cell_Signaling_by_2-Bromopalmitate_and_Polyunsaturated_Fatty_Acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51363281_Inhibition_of_Protein_Palmitoylation_Raft_Localization_and_T_Cell_Signaling_by_2-Bromopalmitate_and_Polyunsaturated_Fatty_Acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11916105_Heterogeneous_Fatty_Acylation_of_Src_Family_Kinases_with_Polyunsaturated_Fatty_Acids_Regulates_Raft_Localization_and_Signal_Transduction?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11916105_Heterogeneous_Fatty_Acylation_of_Src_Family_Kinases_with_Polyunsaturated_Fatty_Acids_Regulates_Raft_Localization_and_Signal_Transduction?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11916105_Heterogeneous_Fatty_Acylation_of_Src_Family_Kinases_with_Polyunsaturated_Fatty_Acids_Regulates_Raft_Localization_and_Signal_Transduction?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/12210682_Docosahexaenoic_Acid_a_Ligand_for_the_Retinoid_X_Receptor_in_Mouse_Brain?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/12210682_Docosahexaenoic_Acid_a_Ligand_for_the_Retinoid_X_Receptor_in_Mouse_Brain?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14087842_n-3_Fatty_acids_and_serum_lipoproteins_Human_studies?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14087842_n-3_Fatty_acids_and_serum_lipoproteins_Human_studies?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71

72.

14

de Lorgeril M, Renaud S, Mamelle N, Salen P, Martin JL, et al. (1994) Mediterranean alpha-linolenic acid-rich
diet in secondary prevention of coronary heart disease. See comment in PubMed Commons below Lancet
343: 1454-1459.

Harris WS (1996) n-3 fatty acids and lipoproteins: comparison of results from human and animal studies. See
comment in PubMed Commons below Lipids 31: 243-252.

Harris WS, Miller M, Tighe AP, Davidson MH, Schaefer EJ, et al.(2008) Omega-3 fatty acids and coronary heart
disease risk: clinical and mechanistic perspectives. See comment in PubMed Commons below Atherosclerosis
197: 12-24.

Rustan AC, Nossen JO, Christiansen EN, Drevon CA (1988) Eicosapentaenoic acid reduces hepatic synthesis
and secretion of triacylglycerol by decreasing the activity of acyl-coenzyme A:1,2-diacylglycerol acyltransferase.
See comment in PubMed Commons below J Lipid Res 29: 1417-1426.

Rustan AC, Christiansen EN, Drevon CA (1992) Serum lipids, hepatic glycerolipid metabolism and peroxisomal
fatty acid oxidation in rats fed omega-3 and omega-6 fatty acids. See comment in PubMed Commons below
Biochem J 283 : 333-339.

Harris WS (1989) Fish oils and plasma lipid and lipoprotein metabolism in humans: a critical review. See
comment in PubMed Commons below J Lipid Res 30: 785-807.

Singer P, Wirth M, Berger | (1990) A possible contribution of decrease in free fatty acids to low serum
triglyceride levels after diets supplemented with n-6 and n-3 polyunsaturated fatty acids. See comment in
PubMed Commons below Atherosclerosis 83: 167-175.

Rustan AC, Hustvedt BE, Drevon CA (1993) Dietary supplementation of very long-chain n-3 fatty acids
decreases whole body lipid utilization in the rat. See comment in PubMed Commons below J Lipid Res 34:
1299-1309.

Barter PJ (1990) Enzymes involved in lipid and lipoprotein metabolism. Curr Opin Lipidol 1: 518-23.

Abbey M, Clifton PM, McMurchie EJ, Mclntosh GH, Nestel PJ (1990) Effect of a high fat/cholesterol diet with or
without eicosapentaenoic acid on plasma lipids, lipoproteins and lipid transfer protein activity in the marmoset.
See comment in PubMed Commons below Atherosclerosis 81: 163-174.

Sperling RI (1991) Effects of dietary fish oil on leukocyte leukotriene and PAF generation and on neutrophil
chemotaxis. See comment in PubMed Commons below World Rev Nutr Diet 66: 391-400.

Mori TA, Beilin LJ, Burke V, Morris J, Ritchie J, et al. (1997) Interactions between dietary fat, fish, and fish
oils and their effects on platelet function in men at risk of cardiovascular disease. See comment in PubMed
Commons below Arterioscler Thromb Vasc Biol 17: 279-286.

Mayer K, Merfels M, Muhly-Reinholz M, Gokorsch S, Rosseau S, et al. (2002) Omega-3 fatty acids suppress
monocyte adhesion to human endothelial cells: role of endothelial PAF generation. See comment in PubMed
Commons below Am J Physiol Heart Circ Physiol 283: H811-818.

Bonaa KH, Bjerve KS, Straume B, Gram IT, Thelle D, et al. (1990) Effect of eicosapentaenoic and docosa-
hexaenoic acids on blood pressure in hypertension. A population-based intervention trial from the Tromso
study. N Eng J Med 322: 795-801.

Morris MC, Sacks F, Rosner B (1993) Does fish oil lower blood pressure? A meta-analysis of controlled trials.
See comment in PubMed Commons below Circulation 88: 523-533.

Knapp HR (1996) n-3 fatty acids and human hypertension. See comment in PubMed Commons below Curr
Opin Lipidol 7: 30-33.

Chin JP, Dart AM (1995) How do fish oils affect vascular function? See comment in PubMed Commons below
Clin Exp Pharmacol Physiol 22: 71-81.

Keys A (1970) Coronary heart disease in seven countries. Circulation 41:1-211.

. Selwyn AP, Kinlay S, Libby P, Ganz P (1997) Atherogenic lipids, vascular dysfunction, and clinical signs of

ischemic heart disease. See comment in PubMed Commons below Circulation 95: 5-7.

Ross R (1993) The pathogenesis of atherosclerosis: a perspective for the 1990s. See comment in PubMed
Commons below Nature 362: 801-809.


http://www.ncbi.nlm.nih.gov/pubmed/7911176
http://www.ncbi.nlm.nih.gov/pubmed/7911176
http://www.ncbi.nlm.nih.gov/pubmed/7911176
http://www.ncbi.nlm.nih.gov/pubmed/8900453
http://www.ncbi.nlm.nih.gov/pubmed/8900453
http://www.ncbi.nlm.nih.gov/pubmed/18160071
http://www.ncbi.nlm.nih.gov/pubmed/18160071
http://www.ncbi.nlm.nih.gov/pubmed/18160071
http://www.ncbi.nlm.nih.gov/pubmed/2853717
http://www.ncbi.nlm.nih.gov/pubmed/2853717
http://www.ncbi.nlm.nih.gov/pubmed/2853717
http://www.ncbi.nlm.nih.gov/pubmed/1349473
http://www.ncbi.nlm.nih.gov/pubmed/1349473
http://www.ncbi.nlm.nih.gov/pubmed/1349473
http://www.ncbi.nlm.nih.gov/pubmed/2677200
http://www.ncbi.nlm.nih.gov/pubmed/2677200
http://www.ncbi.nlm.nih.gov/pubmed/2146966
http://www.ncbi.nlm.nih.gov/pubmed/2146966
http://www.ncbi.nlm.nih.gov/pubmed/2146966
http://www.ncbi.nlm.nih.gov/pubmed/8409764
http://www.ncbi.nlm.nih.gov/pubmed/8409764
http://www.ncbi.nlm.nih.gov/pubmed/8409764
http://journals.lww.com/co-lipidology/Citation/1990/12000/Enzymes_involved_in_lipid_and_lipoprotein.6.aspx
http://www.ncbi.nlm.nih.gov/pubmed/2053354
http://www.ncbi.nlm.nih.gov/pubmed/2053354
http://www.ncbi.nlm.nih.gov/pubmed/9081682
http://www.ncbi.nlm.nih.gov/pubmed/9081682
http://www.ncbi.nlm.nih.gov/pubmed/9081682
http://www.ncbi.nlm.nih.gov/pubmed/12124231
http://www.ncbi.nlm.nih.gov/pubmed/12124231
http://www.ncbi.nlm.nih.gov/pubmed/12124231
http://www.nejm.org/doi/full/10.1056/NEJM199003223221202
http://www.nejm.org/doi/full/10.1056/NEJM199003223221202
http://www.nejm.org/doi/full/10.1056/NEJM199003223221202
http://www.ncbi.nlm.nih.gov/pubmed/8339414
http://www.ncbi.nlm.nih.gov/pubmed/8339414
http://www.ncbi.nlm.nih.gov/pubmed/8925186
http://www.ncbi.nlm.nih.gov/pubmed/8925186
http://www.ncbi.nlm.nih.gov/pubmed/7621612
http://www.ncbi.nlm.nih.gov/pubmed/7621612
http://www.ncbi.nlm.nih.gov/pubmed/9131696
http://www.ncbi.nlm.nih.gov/pubmed/8994406
http://www.ncbi.nlm.nih.gov/pubmed/8994406
http://www.ncbi.nlm.nih.gov/pubmed/8479518
http://www.ncbi.nlm.nih.gov/pubmed/8479518
https://www.researchgate.net/publication/14307473_n-3_fatty_acids_and_lipoproteins_Comparison_of_results_from_human_and_animal_studies?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14307473_n-3_fatty_acids_and_lipoproteins_Comparison_of_results_from_human_and_animal_studies?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20301965_Eicosapentaenoic_acid_reduces_hepatic_synthesis_and_secretion_of_triacylglycerol_by_decreasing_the_activity_of_acyl-coenzyme_A12-diacylglycerol_acyltransferase?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20301965_Eicosapentaenoic_acid_reduces_hepatic_synthesis_and_secretion_of_triacylglycerol_by_decreasing_the_activity_of_acyl-coenzyme_A12-diacylglycerol_acyltransferase?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20301965_Eicosapentaenoic_acid_reduces_hepatic_synthesis_and_secretion_of_triacylglycerol_by_decreasing_the_activity_of_acyl-coenzyme_A12-diacylglycerol_acyltransferase?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20479433_Fish_oils_and_plasma_lipid_and_lipoprotein_metabolism_in_humans_A_critical_review?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20479433_Fish_oils_and_plasma_lipid_and_lipoprotein_metabolism_in_humans_A_critical_review?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21009003_A_possible_contribution_of_decrease_in_free_fatty_acids_to_low_serum_triglyceride_levels_after_diets_supplemented_with_n-6_and_n-3_polyunsaturated_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21009003_A_possible_contribution_of_decrease_in_free_fatty_acids_to_low_serum_triglyceride_levels_after_diets_supplemented_with_n-6_and_n-3_polyunsaturated_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21009003_A_possible_contribution_of_decrease_in_free_fatty_acids_to_low_serum_triglyceride_levels_after_diets_supplemented_with_n-6_and_n-3_polyunsaturated_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14789073_Dietary_supplementation_of_very_long-chain_n-3_fatty_acids_decreases_whole_body_lipid_utilization_in_the_rat?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14789073_Dietary_supplementation_of_very_long-chain_n-3_fatty_acids_decreases_whole_body_lipid_utilization_in_the_rat?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14789073_Dietary_supplementation_of_very_long-chain_n-3_fatty_acids_decreases_whole_body_lipid_utilization_in_the_rat?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/246458073_Enzymes_involved_in_lipid_and_lipoprotein_metabolism?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21044421_Effect_of_a_high_fatcholesterol_diet_with_or_without_eicosapentaenoic_acid_on_plasma_lipids_lipoproteins_and_lipid_transfer_protein_activity_in_the_marmoset?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21044421_Effect_of_a_high_fatcholesterol_diet_with_or_without_eicosapentaenoic_acid_on_plasma_lipids_lipoproteins_and_lipid_transfer_protein_activity_in_the_marmoset?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21044421_Effect_of_a_high_fatcholesterol_diet_with_or_without_eicosapentaenoic_acid_on_plasma_lipids_lipoproteins_and_lipid_transfer_protein_activity_in_the_marmoset?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21103368_Effects_of_dietary_fish_oil_on_leukocyte_leukotriene_and_PAF_generation_and_on_neutrophil_chemotaxis?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21103368_Effects_of_dietary_fish_oil_on_leukocyte_leukotriene_and_PAF_generation_and_on_neutrophil_chemotaxis?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14132727_Interactions_Between_Dietary_Fat_Fish_and_Fish_Oils_and_Their_Effects_on_Platelet_Function_in_Men_at_Risk_of_Cardiovascular_Disease?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14132727_Interactions_Between_Dietary_Fat_Fish_and_Fish_Oils_and_Their_Effects_on_Platelet_Function_in_Men_at_Risk_of_Cardiovascular_Disease?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14132727_Interactions_Between_Dietary_Fat_Fish_and_Fish_Oils_and_Their_Effects_on_Platelet_Function_in_Men_at_Risk_of_Cardiovascular_Disease?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21017935_Effect_of_Eicosapentaenoic_and_Docosahexaenoic_Acids_on_Blood_Pressure_in_Hypertension_A_Population-Based_Intervention_Trial_from_the_Tromso_Study?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21017935_Effect_of_Eicosapentaenoic_and_Docosahexaenoic_Acids_on_Blood_Pressure_in_Hypertension_A_Population-Based_Intervention_Trial_from_the_Tromso_Study?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/21017935_Effect_of_Eicosapentaenoic_and_Docosahexaenoic_Acids_on_Blood_Pressure_in_Hypertension_A_Population-Based_Intervention_Trial_from_the_Tromso_Study?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/17726057_Coronary_heart_disease_in_seven_countries_X_Rural_southern_Japan?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14214615_Atherogenic_Lipids_Vascular_Dysfunction_and_Clinical_Signs_of_Ischemic_Heart_Disease?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14214615_Atherogenic_Lipids_Vascular_Dysfunction_and_Clinical_Signs_of_Ischemic_Heart_Disease?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14718833_The_pathogenesis_of_atherosclerosis_A_perspective_for_the_1990s?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14718833_The_pathogenesis_of_atherosclerosis_A_perspective_for_the_1990s?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Johansson L, Drevon CA, Aa Bjgrneboe GE (1996) The Norwegian diet during the last hundred years in
relation to coronary heart disease. See comment in PubMed Commons below Eur J Clin Nutr 50: 277-283.

Harris WS, Miller M, Tighe AP, Davidson MH, Schaefer EJ (2008) Omega-3 fatty acids and coronary heart
disease risk: clinical and mechanistic perspectives. See comment in PubMed Commons below Atherosclerosis
197: 12-24.

Drevon CA (1992) Marine oils and their effects. See comment in PubMed Commons below Nutr Rev 50: 38-45.

Leaf A, Weber PC (1988) Cardiovascular effects of n-3 fatty acids. See comment in PubMed Commons below
N Engl J Med 318: 549-557.

Endres S, De Caterina R, Schmidt EB, Kristensen SD (1995) n-3 polyunsaturated fatty acids: update 1995.
See comment in PubMed Commons below Eur J Clin Invest 25: 629-638.

Nair SS, Leitch JW, Falconer J, Garg ML (1997) Prevention of cardiac arrhythmia by dietary (n-3) polyunsaturated
fatty acids and their mechanism of action. See comment in PubMed Commons below J Nutr 127: 383-393.

Leaf A, Xiao YF, Kang JX, Billman GE (2003) Prevention of sudden cardiac death by n-3 polyunsaturated fatty
acids. See comment in PubMed Commons below Pharmacol Ther 98: 355-377.

Jenkins DJA, Josse AR, Dorian P, Burr ML, LaBelle Trangmar R, et al. (2008) Heterogeneity in Randomized
Controlled Trials of Long Chain (Fish) Ome—ga-3 Fatty Acids in Restenosis, Secondary Prevention and
Ventricular Arrhythmias. J. Am. Coll. Nutr 27: 367-378.

Ames BN, Gold LS, Willett WC (1995) The causes and prevention of cancer. See comment in PubMed
Commons below Proc Natl Acad Sci U S A 92: 5258-5265.

Caygill CP, Charlett A, Hill MJ (1996) Fat, fish, fish oil and cancer. See comment in PubMed Commons below
Br J Cancer 74: 159-164.

Kaizer L, Boyd NF, Kriukov V, Tritchler D (1989) Fish consumption and breast cancer risk: an ecological study.
See comment in PubMed Commons below Nutr Cancer 12: 61-68.

Narayanan BA, Narayanan NK, Reddy BS (2001) Docosahexaenoic acid regulated genes and transcription
factors inducing apoptosis in human colon cancer cells. See comment in PubMed Commons below Int J Oncol
19: 1255-1262.

Dommels YE, Haring MM, Keestra NG, Alink GM, van Bladeren PJ, et al. (2003) The role of cyclooxygenase in
n-6 and n-3 polyunsaturated fatty acid mediated effects on cell proliferation, PGE(2) synthesis and cytotoxicity
in human colorectal carcinoma cell lines. See comment in PubMed Commons below Carcinogenesis 24: 385-
392.

Kromhout D (1990) The importance of N-6 and N-3 fatty acids in carcinogenesis. See comment in PubMed
Commons below Med Oncol Tumor Pharmacother 7: 173-176.

Singh J, Hamid R, Reddy BS (1997) Dietary fat and colon cancer: modulating effect of types and amount of
dietary fat on ras-p21 function during promotion and progres-sion stages of colon cancer. Cancer Res 57:
253-258.

Murray NR, Weems C, Chen L, Leon J, Yu W, et al. (2002) Protein kinase C betall and TGFbetaRlIl in omega-3
fatty acid-mediated inhibition of colon carcinogenesis. See comment in PubMed Commons below J Cell Biol
157: 915-920.

Fortin PR, Lew RA, Liang MH, Wright EA, Beckett LA, et al. (1995) Validation of a meta-analysis: the effects
of fish oil in rheumatoid arthritis. See comment in PubMed Commons below J Clin Epidemiol 48: 1379-1390.

Goldberg RJ, Katz J (2007) A meta-analysis of the analgesic effects of omega-3 polyunsaturated fatty acid
supplementation for inflammatory joint pain. See comment in PubMed Commons below Pain 129: 210-223.

Nagakura T, Matsuda S, Shichijyo K, Sugimoto H, Hata K, et al. (2000) Dietary supplementation with fish
oil rich in omega-3 polyunsaturated fatty acids in children with bronchial asthma. See comment in PubMed
Commons below Eur Respir J 16: 861-865.

Hartweg J, Perera R, Montori V, Dinneen S, Neil HA, et al. (2008) Omega-3 polyunsaturated fatty acids
(PUFA) for type 2 diabetes mellitus. See comment in PubMed Commons below Cochrane Database Syst Rev
: CD003205.

15


http://www.ncbi.nlm.nih.gov/pubmed/8735307
http://www.ncbi.nlm.nih.gov/pubmed/8735307
http://www.ncbi.nlm.nih.gov/pubmed/18160071
http://www.ncbi.nlm.nih.gov/pubmed/18160071
http://www.ncbi.nlm.nih.gov/pubmed/18160071
http://www.ncbi.nlm.nih.gov/pubmed/3277056
http://www.ncbi.nlm.nih.gov/pubmed/3277056
http://www.ncbi.nlm.nih.gov/pubmed/7498235
http://www.ncbi.nlm.nih.gov/pubmed/7498235
http://www.ncbi.nlm.nih.gov/pubmed/9082021
http://www.ncbi.nlm.nih.gov/pubmed/9082021
http://www.ncbi.nlm.nih.gov/pubmed/12782244
http://www.ncbi.nlm.nih.gov/pubmed/12782244
http://www.ncbi.nlm.nih.gov/pubmed/18838524
http://www.ncbi.nlm.nih.gov/pubmed/18838524
http://www.ncbi.nlm.nih.gov/pubmed/18838524
http://www.ncbi.nlm.nih.gov/pubmed/7777494
http://www.ncbi.nlm.nih.gov/pubmed/7777494
http://www.ncbi.nlm.nih.gov/pubmed/8679451
http://www.ncbi.nlm.nih.gov/pubmed/8679451
http://www.ncbi.nlm.nih.gov/pubmed/2710648
http://www.ncbi.nlm.nih.gov/pubmed/2710648
http://www.ncbi.nlm.nih.gov/pubmed/12663496
http://www.ncbi.nlm.nih.gov/pubmed/12663496
http://www.ncbi.nlm.nih.gov/pubmed/12663496
http://www.ncbi.nlm.nih.gov/pubmed/12663496
http://www.ncbi.nlm.nih.gov/pubmed/2232934
http://www.ncbi.nlm.nih.gov/pubmed/2232934
http://www.ncbi.nlm.nih.gov/pubmed/9000564
http://www.ncbi.nlm.nih.gov/pubmed/9000564
http://www.ncbi.nlm.nih.gov/pubmed/9000564
http://www.ncbi.nlm.nih.gov/pubmed/12058013
http://www.ncbi.nlm.nih.gov/pubmed/12058013
http://www.ncbi.nlm.nih.gov/pubmed/12058013
http://www.ncbi.nlm.nih.gov/pubmed/7490601
http://www.ncbi.nlm.nih.gov/pubmed/7490601
http://www.ncbi.nlm.nih.gov/pubmed/17335973
http://www.ncbi.nlm.nih.gov/pubmed/17335973
http://www.ncbi.nlm.nih.gov/pubmed/11153584
http://www.ncbi.nlm.nih.gov/pubmed/11153584
http://www.ncbi.nlm.nih.gov/pubmed/11153584
http://www.ncbi.nlm.nih.gov/pubmed/18254017
http://www.ncbi.nlm.nih.gov/pubmed/18254017
http://www.ncbi.nlm.nih.gov/pubmed/18254017
https://www.researchgate.net/publication/5689510_Omega-3_fatty_acids_and_coronary_heart_disease_risk_Clinical_and_mechanistic_perspectives?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5689510_Omega-3_fatty_acids_and_coronary_heart_disease_risk_Clinical_and_mechanistic_perspectives?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5689510_Omega-3_fatty_acids_and_coronary_heart_disease_risk_Clinical_and_mechanistic_perspectives?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14467822_The_Norwegian_diet_during_the_last_hundred_years_in_relation_to_coronary_heart_disease?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/14467822_The_Norwegian_diet_during_the_last_hundred_years_in_relation_to_coronary_heart_disease?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/15701338_n-3_Polyunsaturated_fatty_acids_Update_1995?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/15701338_n-3_Polyunsaturated_fatty_acids_Update_1995?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10729851_Prevention_of_sudden_cardiac_death_by_n-3_polyunsaturate_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10729851_Prevention_of_sudden_cardiac_death_by_n-3_polyunsaturate_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/23302982_Heterogeneity_in_Randomized_Controlled_Trials_of_Long_Chain_Fish_Omega-3_Fatty_Acids_in_Restenosis_Secondary_Prevention_and_Ventricular_Arrhythmias?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/23302982_Heterogeneity_in_Randomized_Controlled_Trials_of_Long_Chain_Fish_Omega-3_Fatty_Acids_in_Restenosis_Secondary_Prevention_and_Ventricular_Arrhythmias?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/23302982_Heterogeneity_in_Randomized_Controlled_Trials_of_Long_Chain_Fish_Omega-3_Fatty_Acids_in_Restenosis_Secondary_Prevention_and_Ventricular_Arrhythmias?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20444883_Fish_consumption_and_breast_cancer_risk_An_ecological_study?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/20444883_Fish_consumption_and_breast_cancer_risk_An_ecological_study?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11640909_Docosahexaenoic_acid_related_genes_and_transcription_factors_inducing_apoptosis_in_human_colon_cancer_cells?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11640909_Docosahexaenoic_acid_related_genes_and_transcription_factors_inducing_apoptosis_in_human_colon_cancer_cells?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11640909_Docosahexaenoic_acid_related_genes_and_transcription_factors_inducing_apoptosis_in_human_colon_cancer_cells?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6470744_A_meta-analysis_of_the_analgesic_effects_of_o-3_polyunsaturated_fatty_acid_supplementation_for_inflammatory_joint_pain?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6470744_A_meta-analysis_of_the_analgesic_effects_of_o-3_polyunsaturated_fatty_acid_supplementation_for_inflammatory_joint_pain?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/12175148_Dietary_supplementation_with_fish_oil_rich_in_o-3_polyunsaturated_fatty_acids_in_children_with_bronchial_asthma?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/12175148_Dietary_supplementation_with_fish_oil_rich_in_o-3_polyunsaturated_fatty_acids_in_children_with_bronchial_asthma?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/12175148_Dietary_supplementation_with_fish_oil_rich_in_o-3_polyunsaturated_fatty_acids_in_children_with_bronchial_asthma?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5598256_Omega-3_polyunsaturated_fatty_acids_PUFA_for_type_2_diabetes_mellitus?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5598256_Omega-3_polyunsaturated_fatty_acids_PUFA_for_type_2_diabetes_mellitus?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5598256_Omega-3_polyunsaturated_fatty_acids_PUFA_for_type_2_diabetes_mellitus?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

105
106

107.

108.

109.

110.

11.

16

Arvindakshan M, Ghate M, Ranjekar PK, Evans DR, Mahadik SP, et al.(2003) Supplementation with a
combination of omega-3 fatty acids and antioxidants (vitamins E and C) improves the outcome of schizophrenia.
See comment in PubMed Commons below Schizophr Res 62: 195-204.

Su KP, Huang SY, Chiu CC, Shen WW (2003) Omega-3 fatty acids in major depressive disorder. A preliminary
double-blind, placebo-controlled trial. See comment in PubMed Commons below Eur Neuropsychopharmacol
13: 267-271.

Tiemeier H, van Tuijl HR, Hofman A, Kiliaan AJ, Breteler MM, et al.(2003) Plasma fatty acid composition and
depression are associated in the elderly: the Rotterdam Study. See comment in PubMed Commons below Am
J Clin Nutr 78: 40-46.

Saugstad LF (2002) Human nature is unique in the mismatch between the usual diet and the need for “food for
the brain” (marine fat, DHA). Adding marine fat is beneficial in schizophrenia and manic-depressive psychosis.
This underlines that brain dysfunction in these neurological disorders is associated with deficient intake of
marine fat (DHA). Nutr Health 16: 41-44

Zanarini MC, Frankenburg FR (2003) omega-3 Fatty acid treatment of women with borderline personality
disorder: a double-blind, placebo-controlled pilot study. See comment in PubMed Commons below Am J
Psychiatry 160: 167-169.

Reddy RD, Keshavan MS, Yao JK (2004) Reduced red blood cell membrane essential polyunsaturated fatty
acids in first episode schizophrenia at neuroleptic-naive baseline. See comment in PubMed Commons below
Schizophr Bull 30: 901-911.

McNamara RK, Jandacek R, Rider T, Tso P, Hahn CG, et al. (2007) Abnormalities in the fatty acid composition
of the postmortem orbitofrontal cortex of schizophrenic patients: gender differences and partial normalization
with antipsychotic medications. See comment in PubMed Commons below Schizophr Res 91: 37-50.

.Peet M1 (2008) Omega-3 polyunsaturated fatty acids in the treatment of schizophrenia. See comment in
PubMed Commons below Isr J Psychiatry Relat Sci 45: 19-25.

Calon F, Cole G (2007) Neuroprotective action of omega-3 polyunsaturated fatty acids against
neurodegenerative diseases: evidence from animal studies. See comment in PubMed Commons below
Prostaglandins Leukot Essent Fatty Acids 77: 287-293.

Heude B, Ducimetiere P, Berr C; EVA Study (2003) Cognitive decline and fatty acid composition of erythrocyte
membranes--The EVA Study. See comment in PubMed Commons below Am J Clin Nutr 77: 803-808.

Schaefer EJ, Bongard V, Beiser AS, Lamon-Fava S, Robins SJ, et al. (2006) Plasma phosphatidylcholine
docosahexaenoic acid content and risk of dementia and Alzheimer disease: the Framingham heart study,
Arch. Neurol 63: 1545-1550.

Khozin-Goldberg |, Iskandarov U, Cohen Z (2011) LC-PUFA from photosynthetic microalgae: occurrence,
biosynthesis, and prospects in biotechnology. See comment in PubMed Commons below Appl Microbiol
Biotechnol 91: 905-915.

. Apt KE, Behrens PW (1999) Commercial developments in microalgal biotechnology. J Phycol 35: 215-226.

. Certik M1, Shimizu S (1999) Biosynthesis and regulation of microbial polyunsaturated fatty acid production.

See comment in PubMed Commons below J Biosci Bioeng 87: 1-14.

Thompson GA Jr1 (1996) Lipids and membrane function in green algae. See comment in PubMed Commons
below Biochim Biophys Acta 1302: 17-45.

Bigogno C, Khozin-Goldberg |, Boussiba S, Vonshak A, Cohen Z (2002) Lipid and fatty acid composition of
the green oleaginous alga Parietochloris incisa, the richest plant source of arachidonic acid. See comment in
PubMed Commons below Phytochemistry 60: 497-503.

Hu Q, Sommerfeld M, Jarvis E, Ghirardi M, Posewitz M, et al. (2008) Microalgal triacylglycerols as feedstocks
for biofuel production: perspectives and advances. See comment in PubMed Commons below Plant J 54:
621-639.

Lang |, Hodac L, Friedl T, Feussner | (2011) Fatty acid profiles and their distribution patterns in microalgae: a
comprehensive analysis of more than 2000 strains from the SAG culture collection. See comment in PubMed
Commons below BMC Plant Biol 11: 124.

Vishwanath Patil, Torsten Ka" liqvist, Elisabeth Olsen, Gjermund Vogt, et al.(2007) Fatty acid composition of
12 microalgae for possible use in aquaculture feed. Aquacult Int 15:1-9.


http://www.ncbi.nlm.nih.gov/pubmed/12837515
http://www.ncbi.nlm.nih.gov/pubmed/12837515
http://www.ncbi.nlm.nih.gov/pubmed/12837515
http://www.ncbi.nlm.nih.gov/pubmed/12888186
http://www.ncbi.nlm.nih.gov/pubmed/12888186
http://www.ncbi.nlm.nih.gov/pubmed/12888186
http://www.ncbi.nlm.nih.gov/pubmed/12816769
http://www.ncbi.nlm.nih.gov/pubmed/12816769
http://www.ncbi.nlm.nih.gov/pubmed/12816769
http://www.ncbi.nlm.nih.gov/pubmed/12083411
http://www.ncbi.nlm.nih.gov/pubmed/12083411
http://www.ncbi.nlm.nih.gov/pubmed/12083411
http://www.ncbi.nlm.nih.gov/pubmed/12083411
http://www.ncbi.nlm.nih.gov/pubmed/12505817
http://www.ncbi.nlm.nih.gov/pubmed/12505817
http://www.ncbi.nlm.nih.gov/pubmed/12505817
http://www.ncbi.nlm.nih.gov/pubmed/15957200
http://www.ncbi.nlm.nih.gov/pubmed/15957200
http://www.ncbi.nlm.nih.gov/pubmed/15957200
http://www.ncbi.nlm.nih.gov/pubmed/17236749
http://www.ncbi.nlm.nih.gov/pubmed/17236749
http://www.ncbi.nlm.nih.gov/pubmed/17236749
http://www.ncbi.nlm.nih.gov/pubmed/18037281
http://www.ncbi.nlm.nih.gov/pubmed/18037281
http://www.ncbi.nlm.nih.gov/pubmed/18037281
http://www.ncbi.nlm.nih.gov/pubmed/12663275
http://www.ncbi.nlm.nih.gov/pubmed/12663275
http://www.ncbi.nlm.nih.gov/pubmed/17101822
http://www.ncbi.nlm.nih.gov/pubmed/17101822
http://www.ncbi.nlm.nih.gov/pubmed/17101822
http://www.ncbi.nlm.nih.gov/pubmed/21720821
http://www.ncbi.nlm.nih.gov/pubmed/21720821
http://www.ncbi.nlm.nih.gov/pubmed/21720821
http://onlinelibrary.wiley.com/doi/10.1046/j.1529-8817.1999.3520215.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/16232418
http://www.ncbi.nlm.nih.gov/pubmed/16232418
http://www.ncbi.nlm.nih.gov/pubmed/8695653
http://www.ncbi.nlm.nih.gov/pubmed/8695653
http://www.ncbi.nlm.nih.gov/pubmed/12052516
http://www.ncbi.nlm.nih.gov/pubmed/12052516
http://www.ncbi.nlm.nih.gov/pubmed/12052516
http://www.ncbi.nlm.nih.gov/pubmed/18476868
http://www.ncbi.nlm.nih.gov/pubmed/18476868
http://www.ncbi.nlm.nih.gov/pubmed/18476868
http://www.ncbi.nlm.nih.gov/pubmed/21896160
http://www.ncbi.nlm.nih.gov/pubmed/21896160
http://www.ncbi.nlm.nih.gov/pubmed/21896160
http://link.springer.com/article/10.1007%2Fs10499-006-9060-3#page-1
http://link.springer.com/article/10.1007%2Fs10499-006-9060-3#page-1
https://www.researchgate.net/publication/10638701_Omega-3_fatty_acids_in_major_depressive_disorder_A_preliminary_double-blind_placebo-controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10638701_Omega-3_fatty_acids_in_major_depressive_disorder_A_preliminary_double-blind_placebo-controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10638701_Omega-3_fatty_acids_in_major_depressive_disorder_A_preliminary_double-blind_placebo-controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10969896_Omega-3_fatty_acid_treatment_of_women_with_borderline_personality_disorder_A_double-blind_placebo-controlled_pilot_study?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10969896_Omega-3_fatty_acid_treatment_of_women_with_borderline_personality_disorder_A_double-blind_placebo-controlled_pilot_study?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/10969896_Omega-3_fatty_acid_treatment_of_women_with_borderline_personality_disorder_A_double-blind_placebo-controlled_pilot_study?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7786046_Reduced_Red_Blood_Cell_Membrane_Essential_Polyunsaturated_Fatty_Acids_in_First_Episode_Schizophrenia_at_Neuroleptic-Naive_Baseline?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7786046_Reduced_Red_Blood_Cell_Membrane_Essential_Polyunsaturated_Fatty_Acids_in_First_Episode_Schizophrenia_at_Neuroleptic-Naive_Baseline?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7786046_Reduced_Red_Blood_Cell_Membrane_Essential_Polyunsaturated_Fatty_Acids_in_First_Episode_Schizophrenia_at_Neuroleptic-Naive_Baseline?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6565811_Abnormalities_in_the_fatty_acid_composition_of_the_postmortem_orbitofrontal_cortex_of_schizophrenic_patients_Gender_differences_and_partial_normalization_with_antipsychotic_medications?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6565811_Abnormalities_in_the_fatty_acid_composition_of_the_postmortem_orbitofrontal_cortex_of_schizophrenic_patients_Gender_differences_and_partial_normalization_with_antipsychotic_medications?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/6565811_Abnormalities_in_the_fatty_acid_composition_of_the_postmortem_orbitofrontal_cortex_of_schizophrenic_patients_Gender_differences_and_partial_normalization_with_antipsychotic_medications?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5810965_Neuroprotective_action_of_omega-3_polyunsaturated_fatty_acids_against_neurodegenerative_diseases_Evidence_from_animal_studies?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5810965_Neuroprotective_action_of_omega-3_polyunsaturated_fatty_acids_against_neurodegenerative_diseases_Evidence_from_animal_studies?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5810965_Neuroprotective_action_of_omega-3_polyunsaturated_fatty_acids_against_neurodegenerative_diseases_Evidence_from_animal_studies?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51459254_LC-PUFA_from_photosynthetic_microalgae_Occurrence_biosynthesis_and_prospects_in_biotechnology?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51459254_LC-PUFA_from_photosynthetic_microalgae_Occurrence_biosynthesis_and_prospects_in_biotechnology?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51459254_LC-PUFA_from_photosynthetic_microalgae_Occurrence_biosynthesis_and_prospects_in_biotechnology?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/280786826_Commercial_developments_in_microalgal_biotechnology?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11320290_Lipid_and_fatty_acid_composition_of_the_green_oleaginous_alga_Parietochloris_incisa_the_richest_plant_source_of_arachidonic_acid?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11320290_Lipid_and_fatty_acid_composition_of_the_green_oleaginous_alga_Parietochloris_incisa_the_richest_plant_source_of_arachidonic_acid?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/11320290_Lipid_and_fatty_acid_composition_of_the_green_oleaginous_alga_Parietochloris_incisa_the_richest_plant_source_of_arachidonic_acid?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5374454_Microalgal_Triacylglycerols_as_Feedstocks_for_Biofuel_Production_Perspectives_and_Advances?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5374454_Microalgal_Triacylglycerols_as_Feedstocks_for_Biofuel_Production_Perspectives_and_Advances?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/5374454_Microalgal_Triacylglycerols_as_Feedstocks_for_Biofuel_Production_Perspectives_and_Advances?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51623494_Fatty_acid_profiles_and_their_distribution_patterns_in_microalgae_A_comprehensive_analysis_of_more_than_2000_strains_from_the_SAG_culture_collection?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51623494_Fatty_acid_profiles_and_their_distribution_patterns_in_microalgae_A_comprehensive_analysis_of_more_than_2000_strains_from_the_SAG_culture_collection?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/51623494_Fatty_acid_profiles_and_their_distribution_patterns_in_microalgae_A_comprehensive_analysis_of_more_than_2000_strains_from_the_SAG_culture_collection?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/223467330_Fatty_acid_composition_of_12_microalgae_for_possible_use_in_aquaculture_feed?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/223467330_Fatty_acid_composition_of_12_microalgae_for_possible_use_in_aquaculture_feed?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/291692261_Omega_3_fatty_acids_in_major_depressive_disorder_A_preliminary_double-blind_placebo-controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/291692261_Omega_3_fatty_acids_in_major_depressive_disorder_A_preliminary_double-blind_placebo-controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/291692261_Omega_3_fatty_acids_in_major_depressive_disorder_A_preliminary_double-blind_placebo-controlled_trial?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==

112.

113.

114.

115.

116.

117.

118.

119.

Martins DA, Custédio L, Barreira L, Pereira H, Ben-Hamadou R, et al. (2013) Alternative sources of n-3 long-
chain polyunsaturated fatty acids in marine microalgae. See comment in PubMed Commons below Mar Drugs
11: 2259-2281.

Tatsuzawa H, Takizawa E (1995) Changes in lipid and fatty acid composition of Pavlova lutheri. Phytochemistry
40(2): 397—-400.

Jiang H, Gao K (2004) Effects of lowering temperature during culture on the production of polyunsaturated
fatty acids in the marine diatom Phaeodactylum tricornutum (bacillaryophyceae). J Phycol 40(4): 651-654.

Liang Y, Beardall J, Heraud P (2006) Effect of UV radiation on growth, chlorophyll fluorescence and fatty acid
composition of Phaeodactylum tricornutum and Chaetoceros muelleri (bacillariophyceae). Phycologia 45(6):
605-615.

Amiri-Jami M, Griffiths MW (2010) Recombinant production of omega-3 fatty acids in Escherichia coli using
a gene cluster isolated from Shewanella baltica MAC1. See comment in PubMed Commons below J Appl
Microbiol 109: 1897-1905.

Li YT, Li MT, Fu CH, Zhou PP, Liu JM, et al. (2009) Improvement of arachidonic acid and eicosapentaenoic
acid production by increasing the copy number of the genes encoding fatty acid desaturase and elongase into
Pichia pastoris. See comment in PubMed Commons below Biotechnol Lett 31: 1011-1017.

Ursin VM (2003) Modification of plant lipids for human health: development of functional land-based omega-3
fatty acids. See comment in PubMed Commons below J Nutr 133: 4271-4274.

Catalina Adarme-Vega T, David Lim KY, Matthew Timmins, Felicitas Vernen, Yan Li et al. (2012): Microalgal
biofactories: a promising approach toward sustainable omega-3 fatty acid production. Microbial Cell Factories
11: 96.

17


http://www.ncbi.nlm.nih.gov/pubmed/23807546
http://www.ncbi.nlm.nih.gov/pubmed/23807546
http://www.ncbi.nlm.nih.gov/pubmed/23807546
https://www.researchgate.net/publication/225379515_Changes_in_Lipid_Class_and_Fatty_Acid_Composition_of_Cultures_of_Pavlova_lutheri_in_Response_to_Light_Intensity
https://www.researchgate.net/publication/225379515_Changes_in_Lipid_Class_and_Fatty_Acid_Composition_of_Cultures_of_Pavlova_lutheri_in_Response_to_Light_Intensity
http://onlinelibrary.wiley.com/doi/10.1111/j.1529-8817.2004.03112.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1529-8817.2004.03112.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/16388965
http://www.ncbi.nlm.nih.gov/pubmed/16388965
http://www.ncbi.nlm.nih.gov/pubmed/16388965
http://www.ncbi.nlm.nih.gov/pubmed/20666868
http://www.ncbi.nlm.nih.gov/pubmed/20666868
http://www.ncbi.nlm.nih.gov/pubmed/20666868
http://www.ncbi.nlm.nih.gov/pubmed/19306085
http://www.ncbi.nlm.nih.gov/pubmed/19306085
http://www.ncbi.nlm.nih.gov/pubmed/19306085
http://www.ncbi.nlm.nih.gov/pubmed/14652387
http://www.ncbi.nlm.nih.gov/pubmed/14652387
http://microbialcellfactories.biomedcentral.com/articles/10.1186/1475-2859-11-96
http://microbialcellfactories.biomedcentral.com/articles/10.1186/1475-2859-11-96
http://microbialcellfactories.biomedcentral.com/articles/10.1186/1475-2859-11-96
https://www.researchgate.net/publication/242653329_Alternative_Sources_of_n-3_Long-Chain_Polyunsaturated_Fatty_Acids_in_Marine_Microalgae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/242653329_Alternative_Sources_of_n-3_Long-Chain_Polyunsaturated_Fatty_Acids_in_Marine_Microalgae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/242653329_Alternative_Sources_of_n-3_Long-Chain_Polyunsaturated_Fatty_Acids_in_Marine_Microalgae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/248228336_Changes_in_lipid_and_fatty_acid_composition_of_Pavlova_lutheri?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/248228336_Changes_in_lipid_and_fatty_acid_composition_of_Pavlova_lutheri?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/227695441_Effects_of_Lowering_Temperature_During_Culture_on_the_Production_of_Polyunsaturated_Fatty_Acids_in_the_Marine_Diatom_Phaeodactylum_Tricornutum_Bacillariophyceae_1?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/227695441_Effects_of_Lowering_Temperature_During_Culture_on_the_Production_of_Polyunsaturated_Fatty_Acids_in_the_Marine_Diatom_Phaeodactylum_Tricornutum_Bacillariophyceae_1?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7382385_Effects_of_Nitrogen_Source_and_UV_Radiation_on_the_Growth_Chlorophyll_Fluorescence_and_Fatty_Acid_Composition_of_Phaeodactylum_tricornutum_and_Chaetoceros_muelleri_Bacillariophyceae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7382385_Effects_of_Nitrogen_Source_and_UV_Radiation_on_the_Growth_Chlorophyll_Fluorescence_and_Fatty_Acid_Composition_of_Phaeodactylum_tricornutum_and_Chaetoceros_muelleri_Bacillariophyceae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/7382385_Effects_of_Nitrogen_Source_and_UV_Radiation_on_the_Growth_Chlorophyll_Fluorescence_and_Fatty_Acid_Composition_of_Phaeodactylum_tricornutum_and_Chaetoceros_muelleri_Bacillariophyceae?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/45405249_Recombinant_production_of_omega-3_fatty_acids_in_Escherichia_coli_using_a_gene_cluster_isolated_from_Shewanella_baltica_MAC1?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/45405249_Recombinant_production_of_omega-3_fatty_acids_in_Escherichia_coli_using_a_gene_cluster_isolated_from_Shewanella_baltica_MAC1?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/45405249_Recombinant_production_of_omega-3_fatty_acids_in_Escherichia_coli_using_a_gene_cluster_isolated_from_Shewanella_baltica_MAC1?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/24219471_Improvement_of_arachidonic_acid_and_eicosapentaenoic_acid_production_by_increasing_the_copy_number_of_the_genes_encoding_fatty_acid_desaturase_and_elongase_into_Pichia_pastoris?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/24219471_Improvement_of_arachidonic_acid_and_eicosapentaenoic_acid_production_by_increasing_the_copy_number_of_the_genes_encoding_fatty_acid_desaturase_and_elongase_into_Pichia_pastoris?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/24219471_Improvement_of_arachidonic_acid_and_eicosapentaenoic_acid_production_by_increasing_the_copy_number_of_the_genes_encoding_fatty_acid_desaturase_and_elongase_into_Pichia_pastoris?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/8979763_Modification_of_Plant_Lipids_for_Human_Health_Development_of_Functional_Land-Based_Omega-3_Fatty_Acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/8979763_Modification_of_Plant_Lipids_for_Human_Health_Development_of_Functional_Land-Based_Omega-3_Fatty_Acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/230566447_Microalgal_biofactories_A_promising_approach_towards_sustainable_omega-3_fatty_acid_production?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/230566447_Microalgal_biofactories_A_promising_approach_towards_sustainable_omega-3_fatty_acid_production?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/230566447_Microalgal_biofactories_A_promising_approach_towards_sustainable_omega-3_fatty_acid_production?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/298180935_Modification_of_plant_lipids_for_human_health_Development_of_functional_land-based_omega-3_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==
https://www.researchgate.net/publication/298180935_Modification_of_plant_lipids_for_human_health_Development_of_functional_land-based_omega-3_fatty_acids?el=1_x_8&enrichId=rgreq-c92c1dd95051ab14843eeea2ad5fd3a4-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNjgzMztBUzozMTU2MjY3NzI0Njc3MTNAMTQ1MjI2MjY5NDYwNQ==

