
235

Animal Science Papers and Reports vol. 43 (2025) no. 3, 235-260 
  DOI: 10.2478/aspr-2025-0017 

Institute of Genetics and Animal Biotechnology  
of the Polish Academy of Sciences, Jastrzębiec, Poland

Omega-3 fatty acids: dietary components  
for the promotion of human and animal health 

Andy Wai Kan Yeung1,2#*, Magdalena Solka3#, Artur Jóźwik3, Natalia Ksepka3, 
Maima Matin3, Kamil Wysocki3, Emad M. Abdallah4,5, Arun Sundar Mohana 
Sundaram6, László Barna Iantovics7, Javier Echeverría8, Devesh Tewari9, 
Jarosław Olav Horbańczuk3, Massimo Lucarini10, Alessandra Durazzo10, 
Artur Stolarczyk11, Olga Adamska12, Siva Sai Chandragiri13, Nikolay T. 
Tzvetkov14, Farhan Bin Matin15, Małgorzata Łysek-Gładysinska16, Anupam 
Bishayee17, Hari Prasad Devkota18, Rajeev K. Singla19,20, Sara Frazzini21, 
Luciana Rossi21, Antonello Santini22, Michel-Edwar Mickael3, Bodrun Naher 
Siddiquea23, Dalibor Hrg24,25, Monika Szymańska-Czerwińska3, Krzysztof 
Niemczuk3, Patryk Sztandarski3, Aneta Jaszczyk3, Hanna Michnowska3, 
Joanna Marchewka3*, Magdalena Pieczyńka-Kovacs3, Artur Zelent3, Paweł 
Urbański3, Danuta Siwiec3, Olaf Horbańczuk26,27, Anna Charuta28, Marcin 
Łapiński29, Michał Ławiński3,30, Ahmed Fatimi31, Latifa Bouissane32, Nina 
Strzałkowska3, Piotr Poznański3, Barbara Wijas3, Grzegorz Pogorzelski3, 
Atanas G. Atanasov2,3,33*
1 Oral and Maxillofacial Radiology, Applied Oral Sciences and Community Dental Care,  

Faculty of Dentistry, The University of Hong Kong, Hong Kong, China
2 Ludwig Boltzmann Institute Digital Health and Patient Safety, Medical University of Vienna, 

Vienna Austria
3 Institute of Genetics and Animal Biotechnology of the Polish Academy of Sciences,  

Postępu 36A, 05-552 Magdalenka, Poland

*Corresponding authors: ndyeung@hku.hk; Atanas.Atanasov@dhps.lbg.ac.at; j.marchewka@igbzpan.pl 
#These authors contributed equally to this work.



236

4 Department of Biology, College of Science, Qassim University, Qassim 51452, Saudi Arabia
5 Faculty of Health and Life Sciences, INTI International University,  

Persiaran Perdana BBN, Putra Nilai, 71800 Nilai, Negeri Sembilan, Malaysia
6 School of Pharmacy, Sathyabama Institute of Science and Technology,  

Chennai, Tamil Nadu, India
7 Department of Electrical Engineering and Information Technology, George Emil Palade 

University of Medicine, Pharmacy, Science and Technology, Târgu Mureș, Romania
8 Departamento de Ciencias Del Ambiente, Facultad de Química y Biología,  

Universidad de Santiago de Chile, Santiago, Chile
9 Department of Pharmacognosy and Phytochemistry, School of Pharmaceutical Sciences,  

Delhi Pharmaceutical Sciences and Research University, New Delhi 110 017, India
10 CREA-Research Centre for Food and Nutrition, Via Ardeatina 546, 00178 Rome, Italy
11 Orthopedic and Rehabilitation Department, Medical University of Warsaw,  

Żwirki i Wigury 61, 02-091 Warsaw, Poland
12 Department of  Ophthalmology, Collegium Medicum, Cardinal Stefan Wyszynski University,  

Wóycickiego 1/3, 01-938 Warsaw, Poland
13 Department of Pathology University of Oklahoma Health Sciences  

Center Oklahoma City, OK, USA
14 Department of Biochemical Pharmacology and Drug Design, Institute of Molecular Biology 

“Roumen Tsanev”, Bulgarian Academy of Sciences, Sofia, Bulgaria
15 Department of Pharmacy, East West University, Aftabnagar, Dhaka, Bangladesh
16 Division of Medical Biology, Institute of Biology, University of Jan Kochanowski,  

25-406 Kielce, Poland
17 College of Osteopathic Medicine, Lake Erie College of Osteopathic Medicine,  

Bradenton, FL 34211, USA
18 Graduate School of Pharmaceutical Sciences, Kumamoto University,  

5-1 Oe-honmachi, Chuo-ku, 862-0973, Kumamoto, Japan
19 Joint Laboratory of Artificial Intelligence for Critical Care Medicine, Department of Critical 

Care Medicine and Institutes for Systems Genetics, Frontiers Science Center for Disease-related 
Molecular Network, West China Hospital, Sichuan University, Chengdu, China

20 School of Pharmaceutical Sciences, Lovely Professional University, Phagwara, Punjab, India
21 Department of Veterinary Medicine and Animal Sciences – DIVAS, University of Milan,  

Via dell’Università 6, 26900 Lodi, Italy
22 Department of Pharmacy, University of Napoli Federico II,  

Via D. Montesano 49, 80131 Napoli, Italy
23 Department of Epidemiology and Preventive Medicine, School of Public Health and Preventive 

Medicine, Monash University, Level 4, 553 St Kilda Road, Melbourne, VIC 3004, Australia
24 Hrg Scientific, Varazdin, Croatia
25 Artificial Intelligence and Innovation in Healthcare Lab, AI2H Laboratory, Varazdin, Croatia
26 Warsaw University of Life Sciences – SGGW, Ciszewskiego 8, 02-786 Warsaw, Poland
27 Association for Sustainable Agriculture & Food in Poland,  

Kopernika 34/405, 00-336 Warsaw, Poland
28 Institute of Health Sciences, Faculty of Medical and Health Sciences,  

University of Siedlce, Konarskiego 2, 08-110 Siedlce, Poland
29 Orthopedic and Rehabilitation Department, Medical University of Warsaw, 61 Żwirki i Wigury 

St., 02-091 Warsaw, Poland

A.W.K. Yeung et al.



237

30 Department of General, Gastroenterology, and Oncologic Surgery, Medical University of 
Warsaw, Banacha 1a, 02-097 Warsaw, Poland

31 Chemical Science and Engineering Research Team (ERSIC), Department of Chemistry, 
Polydisciplinary Faculty of Beni Mellal (FPBM), Sultan Moulay Slimane University (USMS), 
Mghila, Beni Mellal 23000, Morocco

32 Laboratory of Molecular Chemistry, Materials and Catalysis, Faculty of Sciences and Techniques, 
Sultan Moulay Slimane University, Beni Mellal 23000, Morocco

33 Laboratory of Natural Products and Medicinal Chemistry (LNPMC), Center for Global Health 
Research, Saveetha Medical College and Hospital, Saveetha Institute of Medical and Technical 
Sciences (SIMATS), Thandalam, Chennai, India

(Accepted June 9, 2025) 

Omega-3 fatty acids, commonly found in fish and other natural sources, are essential polyunsaturated 
fats with significant health benefits. This study provides an overall quantitative literature analysis 
on omega-3 fatty acids. Bibliometric data were collected through the search string TOPIC = 
(“omega-3 fatty acid*” OR “omega-3 polyunsaturated fatty acid*” OR “ω-3 fatty acid*” OR “ω-3 
polyunsaturated fatty acid*” OR “n-3 fatty acid*” OR “n-3 polyunsaturated fatty acid*” OR 
“omega-3 oil*”). It yielded 35,575 publications indexed in the online Web of Science Core Collection 
database. Using VOSviewer software, term maps were generated to visualize frequently mentioned 
terms together with their citation data. The literature had a steady growth since the 2000s and 
predominantly consists of original articles, with a ratio of 5.4:1 compared to reviews. The most 
productive author was Professor Philip C. Calder from University of Southampton, whereas the 
most productive country was the United States. Fish is a common source of omega-3 fatty acids 
mentioned by the literature, along with olive oil, corn oil, soybean oil, flaxseed, microalgae, linseed 
oil, vegetable oil, and seafood. Recurring medical conditions mentioned by the literature included 
inflammation, cardiovascular disease, cancer, obesity, depression, and diabetes. This bibliometric 
review highlights the dominant contributors, major research themes, and emerging applications of 
omega-3 fatty acids in human and animal health.

KEY WORDS: omega-3 fatty acids / docosahexaenoic acid / eicosapentaenoic acid /  
                                   alpha-linolenic acid / bibliometrics / Web of Science / VOS viewer 

Introduction

Omega-3 fatty acids are exogenous nutrients that must be obtained from external 
sources, primarily through diet or supplementation. They are essential for maintaining 
health in both humans and animals, playing important roles in the structure and 
function of cell membranes as well as the production of bioactive lipids. Their 
unique molecular structure enhances cell membrane fluidity, supporting optimal 
cellular function and overall well-being. [Stillwell and Wassall 2003, Saini and Keum 
2018]. Main dietary sources of these essential fatty acids include fish, red meat like 
ostrich meat, seafood, flaxseed, and plant oils [Horbańczuk et al. 1998, 2007, 2008, 
Simopoulos 1999, Cooper and Horbańczuk 2004, Jiang et al. 2011]. Omega-3 fatty 
acids are known for promoting heart health, reducing inflammation, and potentially 
lowering the risk of chronic diseases like cardiovascular disease, cancer, and diabetes 
[Mozaffarian and Wu 2011]. They are also linked to mental health benefits, such as 
reducing depression symptoms [Martins 2009]. The three primary types of omega-3s 
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vary in chain length and unsaturation, influencing their specific physiological roles 
[Gomez-Pinilla 2008].

Types of omega-3 fatty acid – characteristic 

Omega-3 fatty acids are a class of polyunsaturated fatty acids (PUFAs) and the 
most important fatty acids are alpha-linolenic acid (ALA), eicosapentaenoic acid 
(EPA), and docosahexaenoic acid (DHA) [Calder 2016].

Alpha-Linolenic Acid (ALA) is an essential omega-3 fatty acid and one of 
the most abundant sources of polyunsaturated fatty acids in the plant kingdom. It 
is particularly notable for its chemical diversity and serves as a precursor to plant 
oxylipins, which are produced through aerobic oxidation [Gerwick et al. 1991].  
ALA is an 18-carbon fatty acid with three double bonds, making it a polyunsaturated 
fatty acid. The “alpha” in its name refers to the position of the first double bond, 
which is located at the third carbon atom from the methyl end of the fatty acid chain. 
This positioning classifies ALA as an omega-3 fatty acid. The three double bonds in 
ALA are located at the 9th, 12th, and 15th carbon atoms, giving it a high degree of 
unsaturation. This structural feature contributes to ALA’s fluidity in cell membranes 
and its role in modulating membrane-associated functions [Calder 2018]. Primarily 
known for its anti-inflammatory and cardiovascular benefits, ALA also supports brain 
development, cellular signaling, and immune response. Being hydrophobic, ALA 
integrates into cell membranes, affecting their fluidity, permeability, and the function 
of membrane-bound proteins. Additionally, ALA can be metabolized through a series 
of desaturation and elongation steps to produce longer-chain omega-3 fatty acids, such 
as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are vital 
for numerous physiological processes [Burdge and Calder 2005]. ALA is primarily 
found in plant-based sources, including flaxseeds, chia seeds, walnuts, and canola oil 
[Lane et al. 2014]. The importance of ALA in human nutrition has been recognized 
for decades, particularly due to its role in reducing the risk of chronic diseases such 
as cardiovascular disease, type 2 diabetes, and certain cancers [Simopoulos 2002]. 
However, the metabolic conversion of ALA to EPA and DHA is limited in humans, 
leading to questions about the sufficiency of ALA as a sole source of omega-3 fatty 
acids [Plourde and Cunnane 2007, Szpicer et al. 2019].

Eicosapentaenoic Acid (EPA) – is a 20-carbon omega-3 fatty acid with five double 
bonds, which are located at the 5th, 8th, 11th, 14th, and 17th carbon atoms, making 
EPA a highly unsaturated fatty acid with significant fluidity in cell membranes [Calder 
2017].  EPA is classified as an omega-3 fatty acid due to the position of its first double 
bond, which is located at the third carbon from the methyl end of the molecule. EPA 
is metabolized in the body to produce eicosanoids, which are signaling molecules 
that influence various physiological processes, including inflammation, immunity, 
and blood clotting [Calder 2017]. The eicosanoids derived from EPA, such as 
prostaglandins and thromboxanes, generally have anti-inflammatory and vasodilatory 
effects, contrasting with the pro-inflammatory eicosanoids derived from omega-6 fatty 
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acids like arachidonic acid [Simopoulos 2002]. Along with docosahexaenoic acid 
(DHA), EPA is a critical component of omega-3 fatty acid supplementation strategies, 
particularly in Western diets that are often deficient in these nutrients [Kris-Etherton 
et al. 2002]. The significance of EPA in human health extends beyond its structural 
role in cell membranes. It serves as a precursor to bioactive lipid mediators such as 
resolvins and protectins, which play essential roles in resolving inflammation [Serhan 
et al. 2008]. EPA is primarily found in marine sources such as fish, krill, and algae.

Docosahexaenoic Acid (DHA) – is a 22-carbon omega-3 fatty acid with six 
double bonds, located at the 4th, 7th, 10th, 13th, 16th, and 19th carbon atoms, which 
contributes to DHA’s high degree of unsaturation and flexibility [Innis 2007].  This 
structural flexibility is critical for the function of cell membranes in the brain and retina, 
where DHA accounts for up to 40% of the total fatty acids [Lauritzen et al. 2016]. 
As a major structural component of the brain and retina, DHA is critical for cognitive 
function and visual acuity. DHA is essential for maintaining neuronal structure and 
function, supporting cognitive health, and protecting against neurodegenerative 
diseases [Bazinet and Layé 2014]. While DHA can be synthesized in small amounts 
from its precursor, alpha-linolenic acid (ALA), this conversion is inefficient, making 
dietary intake crucial to meet the body’s needs [Brenna et al. 2009].

DHA is primarily obtained from marine sources such as fish, shellfish, and algae. 
Due to its importance in early development and throughout life, DHA is a focus of 
research in nutrition and public health. DHA also plays a role in the production of 
neuroprotective and anti-inflammatory molecules, such as neuroprotectin D1 (NPD1), 
which helps protect neurons from oxidative stress and apoptosis [Bazinet and Layé 
2014].

Dietary sources of omega-3 fatty acids

Omega-3 fatty acids are found in various dietary sources. Alpha-linolenic acid 
(ALA) – the primary sources of that fatty acid are plant-based, with flaxseed oil being 
one of the richest sources, containing approximately 50-60% ALA by weight. Other 
significant sources include chia seeds, walnuts, hemp seeds, and canola oil [Lane 
et al. 2014]. Leafy green vegetables and soybeans also contribute to dietary ALA 
intake, although in smaller amounts. Given the plant-based nature of ALA, it is a 
key component of vegetarian and vegan diets, where direct sources of EPA and DHA 
(found in fish and seafood) are limited. Fortification of foods with ALA, such as 
margarine and certain bread products, has also been explored as a strategy to enhance 
omega-3 intake in the general population [Lane et al. 2014].

Eicosapentaenoic Acid (EPA) – the primary dietary sources of this fatty acid are 
marine-based, with oily fish such as salmon, mackerel, sardines, and herring being 
particularly rich in this fatty acid. Fish oil supplements are also a concentrated source 
of EPA and are commonly used to enhance omega-3 intake in populations with low 
fish consumption [Kris-Etherton et al. 2002]. Additionally, krill oil and certain types 
of algae provide EPA, offering alternatives for individuals who prefer non-fish-based 
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sources. The content of EPA in these sources varies depending on factors such as 
species, diet, and environment. For example, wild-caught fish typically contain higher 
levels of EPA compared to farmed fish, which may have diets lower in omega-3s 
[Givens and Gibbs 2008]. For vegetarians and vegans, algal oil supplements are an 
important source of EPA, as they provide a direct form of this fatty acid without the 
need for marine animal consumption.

Docosahexaenoic Acid (DHA) – similarly to EPA, is predominantly found in 
marine sources, with fatty fish such as salmon, mackerel, sardines, and herring. Other 
sources include fish oil supplements, krill oil, and algae-based supplements [Brenna et 
al. 2009]. Algal oil is particularly important for vegetarians and vegans, as it provides 
a non-fish-derived source of DHA. The content of DHA in fish and seafood varies 
depending on species, habitat, and diet. Wild-caught fish generally contain higher 
levels of DHA compared to farmed fish, as their diet in the wild includes DHA-rich 
microalgae and smaller fish [Givens and Gibbs 2008]. 

In addition to natural sources, many foods are fortified with omega-3 fatty acids, 
typically EPA and DHA derived from fish oil or algal oil, particularly in populations 
with low fish consumption [Koletzko et al. 2008].	 These foods include for example 
omega-3 enriched eggs, fortified dairy products  such as milk, yogurt, and cheese, 
fortified bread and cereals or infant formulas.

Health benefits of omega-3 fatty acids

One of the most well-established benefits of ALA is its positive effect on 
cardiovascular health (CVD), including heart attacks and strokes [Calder 2018]. ALA’s 
cardioprotective effects are attributed to its ability to reduce inflammation, lower blood 
pressure, improve endothelial function, and modulate lipid profiles by reducing total 
cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides [Simopoulos 
2002]. Additionally, ALA may offer neuroprotective benefits in older adults by reducing 
the risk of cognitive decline and neurodegenerative diseases such as Alzheimer’s disease 
[Simopoulos 2002]. Emerging research indicates that ALA may play a role in reducing 
the risk of type 2 diabetes and metabolic syndrome. ALA has been shown to improve 
insulin sensitivity, reduce inflammation, and modulate adipose tissue function, thereby 
contributing to better glucose regulation and metabolic health [Plourde and Cunnane 
2007]. Several studies have explored the potential role of ALA in cancer prevention, 
including breast, prostate, and colorectal cancer [Simopoulos 2002].     

EPA has been extensively studied also for its cardiovascular benefits. Higher intake 
of EPA has been associated with reduced risk of coronary heart disease (CHD) and 
other cardiovascular events. EPA exerts its cardioprotective effects through multiple 
mechanisms, including reducing triglyceride levels, lowering blood pressure, improving 
endothelial function, and preventing blood clot formation [Mozaffarian and Wu 2011]. 
Additionally, EPA has been shown to stabilize atherosclerotic plaques, reducing the risk 
of plaque rupture and subsequent cardiovascular events [Yokoyama et al. 2007]. EPA’s 
role in reducing inflammation is well-documented, with its anti-inflammatory effects 
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being mediated through the production of eicosanoids and specialized pro-resolving 
mediators (SPMs) such as resolvins [Serhan et al. 2008]. These lipid mediators are 
crucial in preventing chronic inflammatory diseases such as rheumatoid arthritis, 
inflammatory bowel disease, and asthma [Calder 2017] and neurodegenerative diseases 
such as Alzheimer’s disease and Parkinson’s disease by reducing neuroinflammation 
and oxidative stress [Freeman et al. 2006]. EPA can also help reduce the severity 
and progression of autoimmune conditions, including multiple sclerosis and lupus 
[Simopoulos 2002]. EPA also contributes to neurological function, particularly in the 
context of mood regulation and neuroinflammation [Freeman et al. 2006]. EPA has 
been shown to improve symptoms of depression [Sublette et al. 2011]. Moreover, 
EPA’s anti-inflammatory effects has beneficial effects on metabolic health, particularly 
in the management of hypertriglyceridemia and insulin resistance [Calder 2017]. By 
reducing triglyceride levels and improving lipid profiles, EPA can help mitigate the risk 
of metabolic syndrome and type 2 diabetes [Mozaffarian and Wu 2011]. 	

In turn, DHA is critical for brain development, particularly during the prenatal and 
early postnatal periods, where it supports the growth of neuronal cells, the formation 
of synapses, and the development of cognitive functions [Innis 2007]. Adequate DHA 
intake during pregnancy is associated with improved neurodevelopmental outcomes in 
infants, including better cognitive function, visual acuity, and motor skills [Koletzko et 
al. 2008].

In adults, DHA continues to play a vital role in maintaining cognitive function 
and protecting against age-related cognitive decline, as well as a reduced risk of 
neurodegenerative diseases such as Alzheimer’s disease [Yurko-Mauro et al. 2010]. 
DHA has well-documented cardiovascular benefits, including the reduction of 
triglyceride levels, improvement in blood vessel function, and reduction of blood 
pressure [Mozaffarian and Wu 2011] and also improves lipid profiles, and stabilize 
atherosclerotic plaques [Maki et al. 2009].

Moreover, DHA plays a key role in reducing heart rate variability and arrhythmias, 
which are risk factors for sudden cardiac death [Mozaffarian and Wu 2011]. Its anti-
inflammatory properties also contribute to the prevention of atherosclerosis, which can 
lead to heart attacks and strokes [Schuchardt et al. 2014]. DHA is a crucial component 
of the retina, where it supports visual function and protects against age-related macular 
degeneration (AMD), a leading cause of blindness in older adults [SanGiovanni and 
Chew 2005]. DHA exerts significant anti-inflammatory effects through the production 
of specialized pro-resolving mediators (SPMs), including resolvins and protectins, 
which promote the resolution of inflammation [Calder 2017, Djuricic and Calder 
2021]. These mediators support the resolution of chronic inflammation, which is 
implicated in the development of various chronic diseases, including cardiovascular 
disease, cancer, and autoimmune disorders [Bazinet and Layé 2014]. DHA’s immune-
modulating effects are also beneficial in conditions such as asthma, inflammatory 
bowel disease, and rheumatoid arthritis, where chronic inflammation plays a key role 
in disease progression [Calder 2017].
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Impact on Animal Health

Omega-3 fatty acids have significant benefits for animal health. They support 
immune function, reduce inflammation, and improve cardiovascular health in animals 
[Bauer 2011]. In pets like dogs and cats, omega-3s can enhance skin and coat quality, 
reducing dryness and shedding [Lenox and Bauer 2013]. Additionally, these fatty 
acids promote joint health, especially in aging animals, and are also linked to better 
cognitive function [Watson 2009, Stelmasiak et al. 2018]. 

The growing number of research on omega-3 fatty acids has expanded significantly 
over the past few decades, reflecting increased scientific and public interest in their 
health-promoting properties. This research spans a wide range of fields, including 
nutrition, medicine, biochemistry, and public health. This study aims to perform a 
comprehensive bibliometric analysis of omega-3 fatty acid research, utilizing the Web 
of Science Core Collection database and VOSviewer software to visualize key trends 
and influential contributors. This study  provides a better understanding of the current 
state of research on omega-3 fatty acids and highlights future directions for exploration.

Material and methods

The online Web of Science (WoS) Core Collection database was queried on 7 May 
2024 with the following search string: TS = (“omega-3 fatty acid*” OR “omega-3 
polyunsaturated fatty acid*” OR “ω−3 fatty acid*” OR “ω−3 polyunsaturated fatty acid*” 
OR “n−3 fatty acid*” OR “n−3 polyunsaturated fatty acid*” OR “omega−3 oil*”). This 
search string identified publications mentioning omega-3 fatty acid or its word variants 
in titles, abstracts, or keywords. The query returned 35,575 papers. The search did not 
set limitations to other publishing aspects such as publication year, document type or 
language. The basic publication and citation data were exported directly from the WoS 
platform, whereas the full records of the 35,575 papers were exported to VOSviewer 
[van Eck and Waltman 2009] for further bibliometric analyses. VOSviewer was the 
software used to generate a term map that visualized terms appearing in >1% (n = 
356) of the titles and abstracts of the 35,575 papers and showed their publication count 
and citations per paper (CPP). A similar term map was generated to visualize author 
keywords that appeared in >0.1% (n = 36) of the papers. Except for these customized 
thresholds, default settings from VOSviewer were applied.

Results

The analyzed literature set contained 35,575 papers, which has demonstrated 
a literature body that experienced steady growth since the 2000s (Fig. 1). Most of 
the papers were classified as original articles by WoS (n = 26,381, 74.2%) and the 
rest were mainly reviews (n = 4861, 13.7%). The original article-to-review ratio was 
5.4:1. The top 5 most productive authors, affiliations, countries, journals, and journal 
categories are listed in Table 1. 
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 Fig. 1. Cumulative publication counts for the overall literature and the top 5 most productive countries/
regions.

 Table 1. The top-five most productive authors, affiliations, countries/regions, journals, and journal categories 
 

Entity 
 Number of 

papers (% of 
35,575) 

 Citations per 
paper (CPP) 

Author     
Philip C Calder  347 (1.0)  89.5 
William Stephen Harris  288 (0.8)  68.2 
Erik Berg Schmidt  182 (0.5)  30.5 
Jingxuan Kang  160 (0.5)  68.3 
Robert K McNamara  126 (0.4)  22.6 

Affiliation     
Harvard University  1310 (3.7)  74.6 
University of California system  819 (2.3)  53.1 
French National Institute of Health and Medical Research (INSERM)  688 (1.9)  40.1 
French National Research Institute for Agriculture, Food and 
Environment (INRAE) 

 578 (1.6)  42.0 

United States National Institute of Health (NIH)  504 (1.4)  70.0 
Country/region     

United States   10,260 (28.8)  45.0 
Canada  2652 (7.5)  39.8 
China  2598 (7.3)  20.5 
England  2182 (6.1)  54.4 
Italy  1990 (5.6)  40.1 

Journal     
Nutrients  797 (2.2)  25.0 
Prostaglandins Leukotrienes and Essential Fatty Acids  661 (1.9)  33.2 
American Journal of Clinical Nutrition  579 (1.6)  102.0 
Lipids  538 (1.5)  42.4 
FASEB Journal  478 (1.3)  8.3 

Journal category     
Nutrition Dietetics  8187 (23.0)  38.9 
Biochemistry Molecular Biology  5006 (14.1)  35.2 
Food Science Technology  3974 (11.2)  26.8 
Endocrinology Metabolism  2314 (6.5)  31.6 
Cell Biology  1993 (5.6)  29.2 
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The most productive author was Professor Philip C Calder (n = 347, CPP = 89.5) 
from University of Southampton. The United States (n = 10,260, CPP = 45.0) had 
contributions to nearly 30% of the papers, with Harvard University being the leading 
affiliation (n = 1310, CPP = 74.6). Among the top 5 most productive countries, China 
was a relatively newcomer that began to publish in 1990 and might overtake Canada 
as the 2nd most productive country in the near future (Fig. 1). Nutrients was the most 
productive journal (n = 797, CPP = 25.0) but American Journal of Clinical Nutrition had 
the highest CPP among the top 5 (n = 579, CPP = 102.0). Overall, Nutrition & Dietetics 
was the most productive journal category and had the highest CPP among the top 5 (n 
= 8187, CPP = 38.9).

Figure 2 shows a term map that visualized the recurring terms in the titles and 
abstracts of the papers. Fish is a common source of omega-3 fatty acids, with fish oil 
(n = 5135, CPP = 42.7) and fish (n = 3689, CPP = 45.0) being 2 recurring terms. Upon 
closer examination of the data, other common food sources mentioned included olive 
oil (n = 690, CPP = 47.8), corn oil (n = 634, CPP = 40.2), soybean oil (n = 576, CPP 
= 27.3), flaxseed (n = 500, CPP = 33.5), microalgae (n = 471, CPP = 38.2), linseed oil 
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Fig. 2. A term map that visualizes the recurring terms in the titles and abstracts of the omega-3 fatty acids 
papers. The node color indicates the citations per paper (CPP) of the terms, the node size indicates the 
number of papers, and the inter-node distance indicates the frequency of co-occurrence of the terms in the 
same papers.
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(n = 440, CPP = 28.1), vegetable oil (n = 440, CPP = 52.0), and seafood (n = 431, CPP 
= 58.1). Recurring medical conditions identified from the titles and abstracts are listed 
in Table 2. Nearly 10% of the papers mentioned inflammation (n = 3464, CPP = 47.1), 
with cardiovascular disease (n = 2208, CPP = 53.8), cancer (n = 2057, CPP = 49.8), 
obesity (n = 1418, CPP = 42.8), depression (n = 1089, CPP = 48.6), and diabetes (n 
= 996, CPP = 42.7) being the mostly mentioned diseases. Recurring acids mentioned 
in the titles and abstracts were docosahexaenoic acid (DHA, n = 7724, CPP = 44.9), 
eicosapentaenoic acid (EPA, n = 5986, CPP = 43.9), arachidonic acid (n = 2242, CPP 
= 48.2), alpha-linolenic acid (ALA, n = 2012, CPP = 45.7), linolenic acid (n = 1438, 
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Fig. 3. Chemical structures of frequently mentioned acids. In brackets are indicated the number of papers 
(n) in which the respective acid was cited and the citations per paper (CPP).

 
Table 2. Recurring medical conditions identified from the titles and abstracts of 

the omega-3 fatty acids papers 
 

Medical conditions  Number of papers 
(% of 35,575) 

 Citations per paper 
(CPP) 

Inflammation  3464 (9.7)  47.1 
Cardiovascular disease  2208 (6.2)  53.8 
Cancer  2057 (5.8)  49.8 
Obesity  1418 (4.0)  42.8 
Depression  1089 (3.1)  48.6 
Diabetes  996 (2.8)  42.7 
Insulin resistance  822 (2.3)  47.8 
Atherosclerosis  770 (2.2)  42.0 
Hypertension  664 (1.9)  48.0 
Coronary heart disease  632 (1.8)  72.7 
Myocardial infarction  622 (1.7)  74.8 
Alzheimer (Alzheimer’s disease)  563 (1.6)  55.5 
Stroke  512 (1.4)  72.1 
Hypertriglyceridemia  509 (1.4)  32.3 
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CPP = 43.9), oleic acid (n = 770, CPP = 34.3), docosapentaenoic acid (n = 659, CPP 
= 42.8), and palmitic acid (n = 437, CPP = 29.1) (Fig. 3).

Figure 4 visualizes the recurring author keywords. Ten most recurring keywords 
(excluding omega-3 fatty acids and its word derivatives) included docosahexaenoic 
acid (n = 2283, CPP = 48.7), fish oil (n = 2130, CPP = 42.3), eicosapentaenoic acid 
(n = 1638, CPP = 46.1), inflammation (n = 1472, CPP = 44.3), polyunsaturated fatty 
acids (n = 1196, CPP = 38.4), diet (n = 964, CPP = 45.5), nutrition (n = 951, CPP 
= 39.0), oxidative stress (n = 662, CPP = 26.8), obesity (n = 579, CPP = 33.4), and 
alpha-linolenic acid (n = 570, CPP = 53.4).

A.W.K. Yeung et al. 

 Fig. 4. Term map of recurring author keywords of the papers. The node color indicates the citations 
per paper (CPP) of the terms, whereas the node size indicates the number of papers, and the inter-node 
distance indicates how frequently the terms co-occurred with each other in the same papers.

Discussion

Omega-3 fatty acids, particularly alpha-linolenic acid (ALA), eicosapentaenoic 
acid (EPA), and docosahexaenoic acid (DHA), have been extensively studied for their 
wide-ranging health benefits. The existing literature underscores their essential role 
in promoting cardiovascular health, supporting neurological and cognitive function, 
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enhancing immune response, and even improving animal health and productivity. 
The mechanisms by which these fatty acids exert their effects, alongside their dietary 
sources and required intake levels, are key areas of ongoing research. 

Analyzed data

The substantial part of literature on omega-3 fatty acids, represented by the 
analysis of 35,575 publications (Fig. 1), underscores the growing global interest in their 
health-promoting properties, particularly their potential therapeutic roles in managing 
chronic conditions such as cardiovascular diseases, inflammatory disorders, obesity, 
and mental health pathologies [Mozaffarian and Wu 2011, Calder 2020]. The increase 
in publications since the 2000s may also reflect broader shifts in dietary trends and 
public health priorities, particularly as the global burden of lifestyle-related diseases 
continues to rise [Rimm et al. 2018a].Most of the papers (n = 26,381, 74.2%) were 
classified as original research articles, with the remainder mainly comprising review 
papers (n = 4861, 13.7%). The original article-to-review ratio of 5.4:1 highlights 
the active generation of new empirical data in the field, which is vital for expanding 
knowledge about omega-3 fatty acids’ mechanisms and health impacts. The relatively 
lower percentage of reviews indicates that, while there is a wealth of original research, 
there may be a need for more synthesis and integration of these findings. Given the 
rapidly expanding nature of omega-3 research, more comprehensive reviews could help 
synthesize current knowledge and provide clearer guidance on topics such as optimal 
intake levels, therapeutic uses, and implications for public health [Simopoulos 2016a]. 

Leading Authors and Institutions

The analysis of the top contributors to the omega-3 fatty acid research literature, 
provides key insights into the leading figures, institutions, countries, journals, and 
categories driving scientific inquiry in this field (Tab. 1). The authors who have 
dedicated the most articles to omega-3 fatty acids are: Philip C Calder, William 
Stephen Harris, Erik Berg Schmidt, Jingxuan Kang and Robert K McNamara. The 
identification of the most productive author, Professor Philip C. Calder from the 
University of Southampton, highlights the central role played by individual researchers 
who have significantly shaped our understanding of omega-3 fatty acids and their 
health benefits. Professor Calder’s contribution of 347 papers and his high citation per 
publication (CPP) of 89.5 reflect his influence in advancing knowledge, particularly in 
the areas of omega-3s’ impact on inflammation, immune function, and cardiovascular 
health [Calder 2020].	

At the institutional level, Harvard University leads in omega-3 research with 
1310 papers and a citation per paper (CPP) of 74.6, followed by the University of 
California (819 papers, 53.1 CPP) and the French National Institute of Health and 
Medical Research (688 papers, 40.1 CPP), respectively. Harvard’s prominence in 
omega-3 research aligns with its reputation as a leader in public health and biomedical 
research. Harvard’s significant output and high CPP highlight its role in producing 
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influential research on essential nutrients  like omega-3s. These all listed institutions 
emphasize health prevention through evidence-based nutrition, addressing global 
health challenges like cardiovascular disease and obesity [Rimm et al. 2018a].

Geographically, the United States leads in omega-3 research with 10,260 papers, 
accounting for nearly 30% of global contributions, and a CPP of 45.0. The next two 
countries are Canada and China, whose articles account for only 7% of the global 
contribution in this field. The United States’ dominance in the field is driven by 
substantial funding, robust academic infrastructure, and a strong focus on evidence-
based dietary guidelines aimed at improving population health outcomes. However, it 
is worth noting that China, which began publishing research on omega-3 fatty acids in 
1990, is rapidly gaining ground. The country’s growing research output suggests that 
it may soon surpass Canada as the second most productive country. China’s increasing 
investment in research and development, coupled with its focus on improving public 
health, likely contributes to this trend.

Journals and Categories

The analysis of journal contributions further underscores the breadth and depth of 
omega-3 research. Nutrients, the most productive journal with 797 publications and a 
CPP of 25.0, reflects the growing focus on nutrition research in open-access formats, 
which increases accessibility and dissemination of findings across a broad audience. 
While Nutrients publishes a high volume of papers, the American Journal of Clinical 
Nutrition (AJCN) stands out for its higher impact, with 579 papers and the highest 
CPP among the top five journals at 102.0. AJCN’s influence suggests that it publishes 
highly cited, high-quality research, cementing its position as a leading journal in the 
field of clinical nutrition.

In terms of journal categories, Nutrition & Dietetics was the most productive 
category, contributing 8,187 papers with a CPP of 38.9. This reflects the central role of 
nutrition science in understanding the health impacts of omega-3 fatty acids [Calder 
2013]. The high productivity and CPP in this category indicate a strong alignment 
between dietary research and public health outcomes, reinforcing the importance 
of omega-3s as a focus for dietary guidelines and therapeutic interventions [Kris-
Etherton and Innis 2007].

Key Food Sources 

The term map presented in Figure 2 provides valuable insight into the recurring 
themes in the literature on omega-3 fatty acids, highlighting the importance of specific 
food sources as well as the focus on health-related applications. The visualization of 
frequently mentioned terms in the titles and abstracts of the analyzed papers reinforces 
the central role of fish and fish oil as primary sources of omega-3 fatty acids. 	

Fish oil (n = 5135, CPP = 42.7) and fish (n = 3689, CPP = 45.0) lead in omega-3 
research due to their high levels of EPA and DHA. Fish oil is typically derived from 
fatty fish such as salmon, mackerel, sardines, and anchovies. Mackerel is one of 
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the richest sources, with 4580 mg of omega-3s per 100g, along with vitamin B12 
and selenium. Salmon, especially the wild varieties (2260 mg omega-3s/100g) is 
also popular, providing additionally ample vitamin D [Kris-Etherton et al. 2002]. 
Herring (2366 mg omega-3s/100g), anchovies (2113 mg omega-3s/100g and also 
providing iron and calcium), farmed rainbow trout (2026 mg omega-3s/100g), and 
sardines (1480 mg omega-3s/100g also a good source of calcium, especially when 
eaten with the bones) are other nutrient-dense fish that are excellent omega-3 sources 
[Mozaffarian and Rimm 2006, Gogus and Smith 2010]. 	

Studies on plant-based omega-3 sources like olive oil (n = 690, CPP = 47.8), corn 
oil (n = 634, CPP = 40.2), and soybean oil (n = 576, CPP = 27.3) highlight a growing 
interest in alternative sources of essential fatty acids. These oils are rich in alpha-
linolenic acid (ALA), a shorter-chain omega-3 that can convert to EPA and DHA, 
though with limited efficiency [Jump 2011]. 	

Olive oil, while beneficial in the Mediterranean diet due to its monounsaturated 
fats (particularly oleic acid), contains minimal ALA (0.5-1%). Instead, olive oil is 
primarily rich in monounsaturated fats, particularly oleic acid (omega-9 fatty acid) 
[Pérez-Jiménez and Ruano 2006]. Corn oil is primarily omega-6, with linolenic acid 
composing 50–60% of its content and only trace ALA (typically less than 1%), which 
can contribute to an inflammatory profile when omega-6 is high relative to omega-3 
[Harris and Mozaffarian 2010]. In turn, soybean oil contains 7-8% ALA and is common 
in processed foods, cooking oils, and margarine due to  its high smoke point and neutral 
flavor. It is also found in  salad dressings, and baked goods. However, its omega-6 to 
omega-3 ratio (7:1) may influence health outcomes if consumed excessively.	

Flaxseed (n = 500, CPP = 33.5) and linseed oil (n = 440, CPP = 28.1) come from 
the seeds of Linum usitatissimum and stand out as key plant-based omega-3 sources, 
especially for their high content of alpha-linolenic acid (ALA). Flaxseed, widely used 
as a dietary supplement and functional food ingredient, supports digestive health and 
lowers cholesterol due to its soluble and insoluble fiber content. Linseed oil, extracted 
from flaxseeds, offers a concentrated source of omega-3 ALA but lacks fiber and lignans 
removed during extraction. Rich in ALA, linseed oil promotes heart health by reducing 
inflammation, supporting cholesterol balance, and improving heart function. Linseed 
oil’s fatty acid composition includes 40-60% ALA, 12-17% linolenic acid, 13-19% 
oleic acid, 5-8% palmitic acid, and 2-4.5% stearic acid, with polyunsaturated fatty acids 
(PUFA) making up about 73% of the oil’s lipids [Walkowiak et al. 2022]. The oil’s 
favorable n-6:n-3 ratio of 0.3:1 also makes it a key choice for vegetarian and vegan diets 
where marine sources of EPA and DHA are limited [Simopoulos 2016b].	

The notable appearance of microalgae (n = 471, CPP = 38.2) in the term map 
highlights its role as a sustainable source of omega-3 fatty acids, particularly EPA 
and DHA. As the original producers of these omega-3s in the marine food chain, 
microalgae offer the same health benefits as fish-derived sources, making them ideal 
for plant-based or vegan diets [Rymer et al. 2010]. Compared to fish oil, microalgae 
farming has a lower environmental impact, avoiding issues like fish stock depletion 
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and bycatch (the unintentional capture of non-target species during fishing) [Gordon 
et al. 2021]. Cultivated in controlled environments, microalgae oil is also free from 
contaminants such as heavy metals, dioxins, and PCBs.	

Available in liquid or capsule form, microalgae oil serves as a vegan alternative to 
fish oil and is being explored for uses in dairy substitutes, snack bars, and baby formulas. 
Additionally, microalgae-derived omega-3s are used in aquaculture to improve the 
nutritional quality of farmed fish, reducing the need for wild fish in their diets.	

Vegetable oil (n = 440, CPP = 52.0) and seafood (n = 431, CPP = 58.1) highlight 
the diversity of omega-3 sources.  The general term vegetable oil covers several types 
of oils that are rich sources of omega-3 acids. These include primarily linseed oil, 
canola oil, and soybean oil, which were discussed earlier. However, it is impossible 
not to mention perilla oil or hemp seed oil, which are less commonly used but are also 
rich in omega-3 acids.

Perilla oil (Perilla frutescens (L.) var. frutescens), though less common, contains 
50-60% omega-3 and has a favorable omega-6 to omega-3 ratio of about 1:6, which 
is considered optimal for reducing inflammation [Kim et al. 2019]. Popular in Korean 
and Japanese cuisine, perilla oil has a mild, nutty flavor and is used in salad dressings or 
as a finishing oil. Due to its delicate fatty acids, it is unsuitable for high-heat cooking. 
In skincare, perilla oil aids in hydration and reducing inflammation [Lempert 2021].

In turn, hemp seed oil contains about 15-25% ALA with an omega-6 to omega-3 
ratio of about 3:1, and is ideal for dietary balance [Callaway 2004]. Rich in antioxidants 
like vitamin E, it supports skin health and is commonly used in skincare for hydration 
and treating dryness. Hemp seed oil has a nutty flavor and is best for raw or lightly 
cooked dishes, such as salads and smoothies, to preserve its delicate fatty acids.

Seafood’s high CPP (58.1) underscores its association with omega-3 benefits, 
especially for heart and brain health, with a focus on shellfish like oysters, mussels, 
and clams. Oysters, with 329 mg of omega-3s per serving, are rich in zinc and support 
heart health, reducing inflammation, and benefiting cognitive function. Mussels offer 
500-600 mg of omega-3s per 3-ounce serving and are also rich in vitamin B12, iron, 
and selenium, making them a nutritious and sustainable seafood choice packed with 
health benefits. Clams provide 200-300 mg of omega-3s per serving, supporting 
cardiovascular and brain health and delivering protein, iron, and vitamin B12 [Kris-
Etherton et al. 2009].   

Health Conditions

The analysis of recurring medical conditions in omega-3 research shows significant 
health benefits (Tab. 2). With nearly 10% of studies mentioning inflammation (n = 3464, 
CPP = 47.1), omega-3s play a key role in modulating inflammatory responses [Calder, 
2020]. Omega-3s reduce inflammation through several mechanisms: EPA competes 
with omega-6s to produce anti-inflammatory eicosanoids; EPA and DHA are converted 
into anti-inflammatory resolvins and protectins; they regulate cytokine production to 
prevent chronic inflammation, and also they influence gene expression to reduce pro-
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inflammatory protein production. This means they help “turn off” genes that produce 
pro-inflammatory proteins and “turn on” genes that help reduce inflammation.	 

Cardiovascular disease (n = 2208, CPP = 53.8) is a major focus in omega-3 
research due to strong evidence of its cardioprotective effects. Omega-3s, particularly 
EPA and DHA, help lower risk factors for heart disease and stroke by reducing 
triglycerides by 15-30%, increasing HDL (good cholesterol), and lowering blood 
pressure by 2-5 mmHg [Mozaffarian and Wu 2011]. Omega-3s also stabilize heart 
rhythms, reduce blood clot formation, and slow atherosclerosis by reducing arterial 
inflammation. Omega-3s help reduce blood clot formation by making platelets in the 
blood less sticky. This effect helps prevent heart attacks and strokes. These benefits 
are reflected in dietary guidelines, such as those from the American Heart Association, 
which advocate for omega-3s in cardiovascular health.

Cancer (n = 2057, CPP = 49.8) is another frequently studied condition in relation to 
omega-3 fatty acids, with studies investigating their anti-tumor potential, particularly in 
reducing inflammation, modulating cell proliferation, and inducing apoptosis [Patterson 
et al. 2012]. Omega-3s, especially EPA, help lower pro-inflammatory molecules like 
cytokines and eicosanoids that can fuel tumor growth. They may also inhibit cancer 
progression by promoting apoptosis and preventing angiogenesis (the formation of 
new blood vessels tumors need to grow). Additionally, omega-3s may improve the 
effectiveness of cancer treatments like chemotherapy and radiation.	

The significant presence of obesity in the literature (n = 1418, CPP = 42.8) highlights 
growing concerns about metabolic diseases and dietary roles in managing obesity. 
Omega-3 fatty acids have been shown to impact lipid metabolism, improve insulin 
sensitivity, and reduce inflammation-key factors in obesity, metabolic syndrome, and 
type 2 diabetes [Jump 2011]. While not a standalone solution, including omega-3s in 
a balanced diet may support metabolic health and weight management.	

The frequent mention of depression in the literature (n = 1089, CPP = 48.6) 
reflects growing evidence linking omega-3 fatty acids, especially DHA, to brain health 
and mood regulation. Omega-3s, essential for neuronal membranes, play roles in 
neurotransmission and neuroinflammation. These essential fats are believed to aid brain 
function by modulating neurotransmitters like serotonin and dopamine, which are linked 
to mood regulation [Sublette et al. 2011]. Studies suggest that omega-3 supplementation 
may reduce depressive symptoms, especially alongside standard treatments [Grosso 
et al. 2014, Appleton et al. 2021]. Additionally, omega-3s help reduce inflammation 
in the brain, a factor that some studies associate with depression [Hibbeln 2009].
Research indicates that individuals with depression often show lower omega-3 levels, 
and supplementation, especially with higher EPA ratios, may help alleviate symptoms 
[Carlezon et al. 2005, Mischoulon and Freeman 2013]. Rich dietary sources like fatty 
fish may support mental well-being, with omega-3s offering potential benefits as part of 
a holistic approach to managing depression [Appleton et al. 2021].

Diabetes (n = 996, CPP = 42.7) is often discussed in omega-3 research for 
its potential to improve insulin sensitivity and reduce inflammation, key factors 
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in managing type 1 and type 2 diabetes [Bhan and Arora 2021]. While effects on 
glycemic control remain debated, omega-3s offer broader cardiovascular benefits, 
making them valuable in diabetic dietary management [Rimm et al. 2018b]. Omega-
3s may enhance insulin sensitivity and support better glycemic control, with potential 
reductions in insulin resistance [Esmaillzadeh and Mirmiran 2021]. Given the elevated 
cardiovascular risks in diabetes [Hooper and Sweeney 2020], omega-3s’ benefits on 
triglycerides, blood pressure, and inflammation make them supportive for metabolic 
health [Brenner and Aasly 2020, Kwak and O’Connor 2020].

Focus on Specific Fatty Acids

The data highlights eight fatty acids that were most frequently mentioned in the 
titles and abstracts of scientific publications (Fig. 3). 	

Docosahexaenoic acid (DHA) is the most frequently cited omega-3, with 7,724 
mentions and a Citations per Paper (CPP) of 44.9. Known for its vital role in brain 
development and retinal function [Tou et al. 2011], DHA is essential for cognitive 
function and visual health, especially in infants and children [Calder and Yaqoob 
2009, Lauritzen et al. 2016]. Research also links DHA to a reduced risk of age-
related macular degeneration [Shirai et al. 2006a]. Eicosapentaenoic acid (EPA), 
with 5,986 mentions and a CPP of 43.9, plays a key role in inflammation regulation, 
blood clotting, and immune response [Jump et al. 2012, Calvo et al. 2017]. Beneficial 
for cardiovascular health, EPA helps lower triglycerides, reduce blood pressure, 
and decrease heart disease risk [Lee and Jeong 2010].It also supports brain health, 
potentially aiding conditions like depression and cognitive decline [Shirai et al. 
2006b, Calder 2015, Ghanbari et al. 2018].

 Arachidonic acid (n = 2,242, CPP = 48.2), an omega-6 fatty acid, is frequently 
cited for its role in immune regulation and inflammation [Simopoulos 2008]. It serves 
as a precursor for both pro- and anti-inflammatory eicosanoids (prostaglandins, 
thromboxanes, and leukotrienes), which are key to immune function and conditions 
involving inflammation [Serhan 2014]. Found in cell membrane phospholipids, 
arachidonic acid contributes to brain health, supporting neuronal structure, 
neurotransmission, cognitive functions, and mood modulation [Meyer et al. 2018].

Oleic acid (n = 770, CPP = 34.3), a monounsaturated fat abundant in olive oil, 
was less frequently cited but is notable for its cardiovascular benefits, including 
cholesterol reduction and heart disease risk reduction, central to the Mediterranean 
diet [Schwingshackl and Hoffmann 2014].	 

Docosapentaenoic acid (DPA) (n = 659, CPP = 42.8), an omega-3 found in fish 
oil and algae, also supports cardiovascular health [Kaur et al. 2011]. It can also be 
synthesized in the body from EPA.	

Palmitic acid (n = 437, CPP = 29.1), a saturated fat common in animal and plant 
fats, is associated with metabolic disorders and plays a role in energy metabolism and 
cell membrane structure [Poirier et al. 2009]. It can be synthesized by the body from 
carbohydrates.
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Keyword Analysis and Emerging Themes

Figure 4 highlights the most frequently recurring author keywords in the literature, 
excluding terms directly related to omega-3 fatty acids and their derivatives. The most 
prominent keyword was “docosahexaenoic acid” (DHA), mentioned 2,283 times with 
a Citations per Paper (CPP) value of 48.7. DHA’s recurring presence is well justified 
by its critical role in brain development, cognitive function, and cardiovascular health, 
which has been extensively documented in studies [Innis 2007, Swanson et al. 2012].

“Fish oil” was the second most frequent keyword (n = 2,130, CPP = 42.3). As a 
common source of DHA and EPA, fish oil supports various health benefits, particularly 
reducing inflammation and promoting heart health [von Schacky 2014]. Its frequent 
study inclusion highlights its role in improving cardiovascular outcomes and reducing 
chronic disease risks, such as heart disease and arthritis [Mozaffarian and Wu 2011].

The keyword “eicosapentaenoic acid” (EPA) appeared 1,638 times (CPP = 46.1). 
Known for its anti-inflammatory properties, EPA helps prevent cardiovascular disease 
by reducing pro-inflammatory eicosanoids [Calder 2017]. This makes it a common 
focus in research on heart health and inflammatory diseases.	

The keyword “inflammation” appeared frequently (n = 1,472, CPP = 44.3) due to 
the role of omega-3s like DHA and EPA in regulating inflammation. These fatty acids 
inhibit inflammatory molecules, highlighting their therapeutic potential in chronic 
conditions such as cardiovascular disease and arthritis [Calder 2010, Serhan 2014]. 

The term “polyunsaturated fatty acids” (PUFAs) appeared 1,196 times (CPP = 
38.4). PUFAs, including omega-3 and omega-6, are widely studied for their health 
impacts. Maintaining a balance between these fatty acids is essential, as imbalances 
are linked to inflammation and chronic diseases [Simopoulos 2011].	

Keywords such as “diet” (n = 964, CPP = 45.5) and “nutrition” (n = 951, CPP 
= 39.0) highlight the role of diets rich in essential fatty acids. A balanced diet, 
especially with omega-3s, is crucial for preventing and managing chronic diseases 
like cardiovascular disease and obesity [Estruch et al. 2013, Mozaffarian 2016].

“Oxidative stress” (n = 662, CPP = 26.8) and “obesity” (n = 579, CPP = 33.4) 
were also prominent keywords. Omega-3 fatty acids help reduce oxidative damage, 
lowering risks for conditions like cardiovascular disease and cancer [Ross 2014]. 
Obesity, linked to chronic inflammation and metabolic syndrome, is also studied in 
relation to fatty acids, as omega-3s can reduce inflammation and improve metabolic 
health [Peyron-Caso et al. 2002]. 	Finally, “alpha-linolenic acid” (ALA) appeared 
570 times, with the highest CPP of 53.4. ALA is a plant-based omega-3 fatty acid, 
often researched for its conversion into DHA and EPA and its cardiovascular benefits. 
Although its conversion efficiency is limited, ALA has been associated with reduced 
risks of cardiovascular disease [Pan et al. 2012].

Omega-3 Fatty Acids in Animal Farming

Omega-3 fatty acids, traditionally linked to fish, are now valued in animal farming for 
improving animal health, productivity, and the nutritional quality of products like meat, milk, 
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and eggs. Supplementing livestock diets with omega-3s benefits health and productivity by 
reducing inflammation, supporting immunity, and enhancing reproductive performance. 
Omega-3s are crucial for brain development in young animals and help pregnant and 
lactating animals supports optimal neurological development in offspring [Crawford 
et al. 2013]. They also enhance the immune system of farm animals and improve 
immune responses and manage infections [Jenkins and McGuire 2006, Calder 2010]. 
Moreover, omega-3 fatty acids support cardiovascular health by reducing blood 
lipid levels and supporting heart function, and improve skin hydration, skin and coat 
quality [Bauer 2011]. Studies show that omega-3s improve growth, fertility, and milk 
production in cows [Moallem et al. 2018], reduce metabolic issues like ketosis and fatty 
liver [Grainger and Beauchemin 2011, Silvestre et al. 2011], and decrease mastitis risk 
[Lessard et al. 2003]. Also in dairy cows, omega-3 supplementation has been associated 
with improved fertility and reduced early embryonic loss [Silvestre et al. 2011], 
whereas in calves, they contribute to better weight gain and overall development [Gitto 
et al. 2002]. In poultry, omega-3 fatty acids help decrease the severity of inflammatory 
diseases such as avian coccidiosis [Khatibjoo et al. 2020], and to reduce stress-related 
behaviors such as feather pecking and aggression [Scheideler et al. 1997], while in 
broiler chickens, they enhance growth rates and improve feed efficiency [Scheideler 
et al. 1997]. In turn, in pigs, omega-3 fatty acids contribute to larger litter sizes and 
healthier piglets, it can lower cortisol levels, a hormone associated with stress and 
help manage chronic inflammatory conditions such as arthritis [Rooke et al. 2001]. 
Adding omega-3s can enhance welfare and sustainability of animal farming [Jenkins 
and McGuire 2006], as feeds like flaxseed, chia seeds, algal oil or agricultural by-
products rich in omega-3s, like flaxseed meal, are eco-friendly [Sprague et al. 2017, 
Rodriguez-Alcala and Fontecha 2018] and additionally enrich animal products for 
human consumption [Woods and Fearon 2009]. Omega-3-enriched products, such as 
DHA-rich eggs and pork, meet the growing demand for healthier foods [Surai et al. 
2001, Wood et al. 2008, Turner et al. 2014]. Challenges exist in integrating omega-3s 
into animal farming, primarily due to the higher cost of omega-3-rich feeds, which 
can impact farm profitability, especially for smaller farms. Additionally, omega-3s are 
prone to oxidation, reducing their nutritional value [Brenna 2009]. Research aims to 
address these issues by developing more stable feed formulations and using affordable 
plant-based sources to make omega-3 supplementation more accessible. They will be 
crucial for the future of animal farming.

Conclusions

Within the limitations of this study, the literature analysis showed that the omega-3 
fatty acids literature had a steady growth since the 2000s. The United States had 
contributions to nearly 30% of the papers, whereas China was a relatively newcomer 
that began to publish in 1990 and might overtake Canada as the 2nd most productive 
country in the near future. Fish is a common source of omega-3 fatty acids mentioned 
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by the literature, as well as olive oil, corn oil, soybean oil, flaxseed, microalgae, 
linseed oil, vegetable oil, and seafood. Recurring medical conditions mentioned by the 
literature included inflammation, cardiovascular disease, cancer, obesity, depression, 
and diabetes.

Conflict of interest

The authors declare no conflict of interest.

Author contributions

AWKY and AGA conceived the work. AWKY performed data collection and 
analyses. AWKY and MS drafted the manuscript. All authors critically reviewed and 
revised the manuscript, and approved its submission for publication in the journal 
Animal Science Papers and Reports.

REFERENCES

1.	 APPLETON K.M., VOYIAS P.D., SALLIS H.M., 2021 - Omega-3 fatty acids for depression in 
adults. Cochrane Database of Systematic Reviews 21(11). 

2.	 BAUER J.E., 2011 - Therapeutic use of fish oils in companion animals. Journal of the American 
Veterinary Medical Association 239(11), 1441-1451.

3.	 BAZINET R.P., LAYÉ S., 2014 - Polyunsaturated fatty acids and their metabolites in brain function 
and disease. Nature Reviews Neuroscience 15(12), 771-785.

4.	 BHAN A., ARORA M., 2021 - The role of omega-3 fatty acids in diabetes management: A review of 
clinical studies. Nutrition Journal 20(1), 12.

5.	 BRENNA J.T., 2009 - Challenges in omega-3 fatty acid incorporation in animal feeds. Annual 
Review of Nutrition 29, 135-154.

6.	 BRENNA J.T., SALEM N., SINCLAIR A.J., CUNNANE S.C., 2009 - Alpha-linolenic acid 
supplementation and conversion to n−3 long-chain polyunsaturated fatty acids in humans. 
Prostaglandins, Leukotrienes and Essential Fatty Acids 80(2-3), 85-91.

7.	 BRENNER A., AASLY J.O., 2020 - Omega-3 fatty acids: Effects on diabetes and cardiovascular 
disease. Frontiers in Nutrition 7, 43.

8.	 BURDGE G.C., CALDER P.C., 2005 - Conversion of α-linolenic acid to longer-chain polyunsaturated 
fatty acids in human adults. Reproduction Nutrition Development 45(5), 581-597.

9.	 CALDER P.C., 2010 - Omega-3 fatty acids and inflammatory processes. Nutritional Research 30(6), 
309-314.

10.	 CALDER P.C., 2013 - Omega-3 polyunsaturated fatty acids and inflammatory processes: Nutrition 
or pharmacology? British Journal of Clinical Pharmacology 75(3), 645-662.

11.	 CALDER P.C., 2015 - Eicosapentaenoic acid (EPA) and its effects on brain health and mental health 
conditions. European Journal of Clinical Nutrition 69(8), 948-960.

12.	 CALDER P.C., 2016 - Omega-3 polyunsaturated fatty acids and inflammatory processes: Nutrition 
or pharmacology? British Journal of Clinical Pharmacology 75(3), 645-662.

13.	 CALDER P.C., 2017 - Omega-3 fatty acids and inflammatory processes: from molecules to man. 
Biochemical Society Transactions 45(5), 1105-1115.

14.	 CALDER P.C., 2018 - Omega-3 fatty acids and inflammatory processes: from molecules to man. 
Biochemical Society Transactions 46(2), 1105-1115.

Omega-3 fatty acids research analysis



256

15.	 CALDER P.C., 2020 - Omega-3 fatty acids and inflammatory processes: From molecules to man. 
Biochemical Society Transactions 48(1), 21-33.

16.	 CALDER P.C., YAQOOB P., 2009 - DHA and the brain: Implications for the development and 
treatment of neurodegenerative disorders. British Journal of Nutrition 102(1), 14-25.

17.	 CALLAWAY J.C., 2004 - Hempseed as a nutritional resource: An overview of its composition and 
health benefits. Euphytica.

18.	 CALVO M.I., FERNÁNDEZ-QUINTELA A., PORTILLO M.P., 2017 - The role of eicosapentaenoic 
acid (EPA) in reducing triglycerides and lowering blood pressure. Nutrients 9(6), 550. 

19.	 CARLEZON W.A., MAGUE S.D., PAROW A.M., 2005 - Antidepressant-like effects of omega-3 
fatty acids in rats: Implications for the use of omega-3s as a treatment in depressive disorders. 
Biological Psychiatry 57(9), 987-994.

20.	 COOPER R.G., HORBAŃCZUK J.O., 2004 – Ostrich nutrition: a review from a Zimbabwean 
perspective. Monography. Revue Scientifique et Technique de L Office International Des Epizooites 
23(3), 1033-1042

21.	 CRAWFORD M.A., BLOOM M., CUNNANE S., ET AL., 2013 - Docosahexaenoic acid and the 
evolution of hominid brain development. Journal of Human Evolution 65(6), 716-722.

22.	 DJURICIC I., CALDER P.C., 2021 - Beneficial outcomes of omega-6 and omega-3 polyunsaturated 
fatty acids on human health: An update for 2021. Nutrients 13(7), 2421.

23.	 ESMAILLZADEH A., MIRMIRAN P., 2021 - Effects of omega-3 fatty acids on glycemic control 
and insulin resistance in patients with type 2 diabetes: A systematic review and meta-analysis of 
randomized controlled trials. Diabetes Care 44(4), 865-873.

24.	 ESTRUCH R., ET AL., 2013 - Primary prevention of cardiovascular disease with a Mediterranean 
diet. New England Journal of Medicine 368(14), 1279-1290.

25.	 FREEMAN M.P., HIBBELN J.R., WISNER K.L., ET AL., 2006 - Omega-3 fatty acids: Evidence 
basis for treatment and future research in psychiatry. Journal of Clinical Psychiatry 67(12), 1951-
1960.

26.	 GERWICK W.H., MOGHADDAM M., HAMBERG M., 1991 - Oxylipin metabolism in the red alga 
Gracilariopsis lemaneiformis: Mechanism of formation of vicinal dihydroxy fatty acids. Archives of 
Biochemistry and Biophysics 290(2), 436-444.

27.	 GHANBARI M., SADEGHI N., MOSHIRI M., 2018 - The effects of EPA on brain function, 
depression, and cognitive decline. Frontiers in Nutrition 5, 35.

28.	 GITTO E., REITER R.J., KARBOWNIK M., ET AL., 2002 - Effects of melatonin treatment in septic 
newborns. Pediatric Research 52(4), 526-529.

29.	 GIVENS D.I., GIBBS R.A., 2008 - Current intakes of EPA and DHA in European populations and 
the potential of animal-derived foods to increase them. Proceedings of the Nutrition Society 67(3), 
273-280.

30.	 GOGUS U., SMITH C., 2010 - n−3 Omega fatty acids: A review of current knowledge. International 
Journal of Food Science & Technology 45(3), 417-436.

31.	 GOMEZ-PINILLA F., 2008 - Brain foods: The effects of nutrients on brain function. Nature Reviews 
Neuroscience 9(7), 568-578.

32.	 GORDON R., MOZAFFARIAN D., WU J.H.Y., 2021 - Sustainability of seafood supply and omega-3 
fatty acids. Nature Reviews Cardiology 18(1), 1-2.

33.	 GRAINGER C., BEAUCHEMIN K.A., 2011 - Metabolic health benefits of omega-3 fatty acids in 
dairy cows. Animal Feed Science and Technology 166(1-2), 12-19.

34.	 GROSSO G., PAJAK A., MARVENTANO S., CASTELLANO S., GALVANO F., BUCOLO C., 
2014 - Role of omega-3 fatty acids in the treatment of depressive disorders: A comprehensive meta-
analysis of randomized clinical trials. PLoS ONE 9(5), e96905.

A.W.K. Yeung et al. 



257

35.	 HARRIS W.S., MOZAFFARIAN D., 2010 - Omega-6 and omega-3 fatty acids and cardiovascular 
disease. Journal of Cardiovascular Disease Research 1(3), 112-116.

36.	 HIBBELN J.R., 2009 - Omega-3 fatty acids: The missing link? American Journal of Psychiatry 
166(8), 858-861.

37.	 HOOPER L., SWEENEY K., 2020 - Omega-3 fatty acids and cardiovascular disease: A review of the 
current evidence and future directions. Journal of Clinical Lipidology 14(5), 668-679.

38.	 HORBAŃCZUK J.O., KAWKA M., SACHARCZUK M, COOPER R.G., BORUSZEWSKA K., 
PARADA P., JASZCZAK K., 2007 - A search for sequence similarity between chicken (Gallus 
domesticus) and ostrich (Struthio camelus) microsatellite markers. Animal Science  Papers and  
Reports 25, 283-288.

39.	 HORBAŃCZUK J., SALES J., CELEDA T., KONECKA A., ZIĘBA G., KAWKA P., 1998 - 
Cholesterol content and fatty acid composition of ostrich meat as influence by subspecies. Meat 
Science 150, 385-388.

40.	 HORBAŃCZUK J.O, TOMASIK C, COOPER R.G, 2008 - Ostrich farming in Poland - its history and 
current situation after accession to the European Union. Avian Poultry and Biology Reviews 1, 65-71.

41.	 INNIS S.M., 2007 - Dietary (n-3) fatty acids and brain development. The Journal of Nutrition 
137(4), 855-859.

42.	 JENKINS T.C., MCGUIRE M.A., 2006 - Major advances in nutrition: Impact on milk composition. 
Journal of Dairy Science 89(4), 1302-1310.

43.	 JIANG T., BUSBOOM J.R., NELSON M.L., MENGARELLI R., 2011 - Omega-3 fatty acids 
affected human perception of ground beef negatively. Meat Science 89(4), 390–399.

44.	 JUMP D.B., 2011 - Fatty acid regulation of hepatic lipid metabolism. Current Opinion in Clinical 
Nutrition and Metabolic Care 14(2), 115-120.

45.	 JUMP D.B., 2012 - The benefits of n-3 fatty acids in cardiovascular disease and inflammation. 
Journal of Lipid Research 53(1), 2525-2545.

46.	 KAUR G., 2011 - Docosapentaenoic acid (DPA): The lesser known n-3 long-chain polyunsaturated 
fatty acid. Prostaglandins, Leukotrienes, and Essential Fatty Acids 85(4), 197-201.

47.	 KHATIBJOO A., KARIMI T., AKBARI M., 2020 - Effects of dietary fish oil supplementation on 
immune responses and gut morphology of broiler chickens challenged with Eimeria tenella. Poultry 
Science 99(8), 3830-3841.

48.	 KIM K.H., SEO K.H., PARK J.H., 2019 - Perilla oil (Perilla frutescens): Omega-3 content and its 
role in inflammation reduction. Journal of the Science of Food and Agriculture 99(7), 3299-3307.

49.	 KOLETZKO B., CETIN I., BRENNA J.T., 2008 - Dietary fat intakes for pregnant and lactating 
women. British Journal of Nutrition 100(5), 871-877.

50.	 KRIS-ETHERTON P.M., HARRIS W.S., APPEL L.J., 2002 - Fish consumption, fish oil, omega-3 
fatty acids, and cardiovascular disease. Circulation 106(21), 2747-2757.

51.	 KRIS-ETHERTON P.M., INNIS S., 2007 - Dietary fatty acids-position of the American Dietetic 
Association and Dietitians of Canada. Journal of the American Dietetic Association 107(9), 1599-
1611.

52.	 KRIS-ETHERTON P.M., HARRIS W.S., APPEL L.J., 2009 - Omega-3 fatty acids and cardiovascular 
disease: New recommendations from the American Heart Association. Circulation 119(3), 351-357.

53.	 KWAK S.M., O’CONNOR E.A., 2020 - Omega-3 fatty acids for the primary and secondary 
prevention of cardiovascular disease. JAMA Network Open 3(4), e202128.

54.	 LANE K.E., DERBYSHIRE E., LI W., BRENNAN C., 2014 - Bioavailability and potential uses 
of vegetarian sources of omega-3 fatty acids: A review of the literature. Critical Reviews in Food 
Science and Nutrition 54(5), 572-579.

55.	 LAURITZEN L., BRAMBILLA P., MAZZOCCHI A., HARSLØF L.B.S., CIAPPOLINO V., 
AGOSTONI C., 2016 - DHA effects in brain development and function. Nutrients 8(1), 6.

Omega-3 fatty acids research analysis



258

56.	 LEE J., JEONG J., 2010 - EPA and cardiovascular health: A comprehensive review. American 
Journal of Clinical Nutrition 91(4), 1025-1030.

57.	 LEMPERT S.M., 2021 - Perilla: The essential oil with essential fatty acids. Journal of Nutritional 
Biochemistry 86, 108461.

58.	 LENOX C.E., BAUER J.E., 2013 - Potential adverse effects of omega-3 fatty acids in dogs and cats. 
Journal of Veterinary Internal Medicine 27(2), 217-226.

59.	 LESSARD M., GAGNON N., PETIT H.V., 2003 - Immune response of lactating dairy cows fed 
flaxseed. Journal of Dairy Science 86(8), 2647-2657.

60.	 MAKI K.C., DICKLIN M.R., RAINS T.M., 2009 - Effects of docosahexaenoic acid on serum 
lipoproteins and lipid particle size in hypertriglyceridemic adults. Journal of Clinical Lipidology 
3(4), 332-340.

61.	 MARTINS J.G., 2009 - EPA but not DHA appears to be responsible for the efficacy of omega-3 long-
chain polyunsaturated fatty acid supplementation in depression: Evidence from a meta-analysis of 
randomized controlled trials. Journal of Clinical Psychiatry 70(12), 1682-1693.

62.	 MEYER B.J., 2018 - The role of omega-6 fatty acids in the prevention and treatment of chronic 
disease. Nutrients 10(4), 551.

63.	 MISCHOULON D., FREEMAN M.P., 2013 - Omega-3 fatty acids in psychiatry. Psychiatric Clinics 
of North America 36(1), 15-23.

64.	 MOALLEM U., 2018 - The effect of feeding cows with omega-3-enriched diets on their productivity 
and fertility. Journal of Dairy Science 101(7), 5897-5907.

65.	 MOZAFFARIAN D., 2016 - Dietary and policy priorities for cardiovascular disease, diabetes, and 
obesity: A comprehensive review. Circulation 133(2), 187-225.

66.	 MOZAFFARIAN D., RIMM E.B., 2006 - Fish intake, contaminants, and human health: Evaluating 
the risks and the benefits. Journal of the American Medical Association 296(15), 1885-1899.

67.	 MOZAFFARIAN D., WU J.H.Y., 2011 - Omega-3 fatty acids and cardiovascular disease: Effects 
on risk factors, molecular pathways, and clinical events. Journal of the American College of 
Cardiology 58(20), 2047-2067.

68.	 PAN A., 2012 - Alpha-linolenic acid and risk of cardiovascular disease: A systematic review and 
meta-analysis. American Journal of Clinical Nutrition 96(6), 1262-1273.

69.	 PATTERSON R.E., FLATT S.W., NEWMAN V.A., NATARAJAN L., ROCK C.L., THOMSON 
C.A., PIERCE J.P., 2012 - Marine fatty acids and breast cancer prognosis: Omega-3 fatty acid 
consumption and potential anti-tumor effects. Nutrition and Cancer 64(5), 763-770.

70.	 PÉREZ-JIMÉNEZ F., RUANO J., 2006 - Olive oil and the cardiovascular system. Pharmacological 
Research 55(3), 175-186.

71.	 PEYRON-CASO E., ET AL., 2002 - Dietary (n-3) polyunsaturated fatty acids alter plasma glucose 
and insulin concentrations and liver carbohydrate metabolism in insulin-resistant rats. Journal of 
Nutrition 132(3), 2235-2242.

72.	 PLOURDE M., CUNNANE S.C., 2007 - Extremely limited synthesis of long-chain polyunsaturates 
in adults: Implications for their dietary essentiality and use as supplements. Applied Physiology, 
Nutrition, and Metabolism 32(4), 619-634.

73.	 POIRIER H., 2009 - Palmitic acid, metabolic diseases, and inflammation: Emerging roles of saturated 
fatty acids. Journal of Clinical Investigation 119(3), 685-693.

74.	 RIMM E.B., APPEL L.J., CHIUVE S.E., DJOUSSE L., ENGLER M.B., KRIS-ETHERTON P.M., 
2018a - Seafood long-chain n-3 polyunsaturated fatty acids and cardiovascular disease: A science 
advisory from the American Heart Association. Circulation 138(1), e35-e47.

75.	 RIMM E.B., MOZAFFARIAN D., BURING J.E., 2018b - Reevaluation of the role of fish in the 
American diet. American Journal of Clinical Nutrition 107(2), 190-192.

A.W.K. Yeung et al. 



259

76.	 RODRIQUEZ-ALCALA L.M., FONTECHA J., 2018 - Utilizing flaxseed by-products in animal feed 
for omega-3 enrichment. Food Chemistry 246, 72-79.

77.	 ROOKE J.A., BLAND I.M., 2001 - The acquisition of passive immunity in the new-born piglet. 
Livestock Production Science 78(1), 13-23.

78.	 ROSS B.M., 2014 - Omega-3 fatty acids and the oxidative stress-induced aging process. Oxidative 
Medicine and Cellular Longevity 2014, 1-8.

79.	 RYMER C., GIVENS D.I., ABEYWARDENA M.Y., 2010 - Algal oil as a sustainable source of DHA 
in animal farming. Journal of Animal Science 88(10), 3370-3380.

80.	 SAINI R.K., KEUM Y.S., 2018 - Omega-3 and omega-6 polyunsaturated fatty acids: Dietary sources, 
metabolism, and significance — A review. Life Sciences 203(January), 255–267.

81.	 SANGIOVANNI J.P., CHEW E.Y., 2005 - The role of omega-3 long-chain polyunsaturated fatty 
acids in health and disease of the retina. Progress in Retinal and Eye Research 24(1), 87-138.

82.	 SCHEIDELER S.E., FRONING G.W., 1997 - The combined influence of dietary flaxseed variety 
and molting on egg production, composition, and shell quality. Poultry Science 76(3), 1225-1231.

83.	 SCHUCHARDT J.P., SCHNEIDER I., MEYER H., NEUBRONNER J., VON SCHACKY C., 
HAHN A., 2014 - Incorporation of EPA and DHA into plasma phospholipids in response to different 
omega-3 fatty acid formulations—a comparative bioavailability study of fish oil vs. krill oil. Lipids 
in Health and Disease 13(1), 1-8.

84.	 SCHWINGSHACKL L., HOFFMANN G., 2014 - Effects of Mediterranean diet on cardiovascular 
outcomes. Progress in Cardiovascular Diseases 58(1), 1-29.

85.	 SERHAN C.N., 2014 - Pro-resolving lipid mediators in inflammation: A review. The Lancet 
384(9946), 1521-1530.

86.	 SERHAN C.N., GABAY C., VAN DYKE T.E., 2008 - Resolution of inflammation: State of the art, 
definitions and terms. FASEB Journal 22(3), 649-659.

87.	 SERHAN C.N., HONG S., GRONERT K., 2008 - Anti-inflammatory effects of EPA mediated 
through production of eicosanoids and specialized pro-resolving mediators (SPMs) such as resolvins. 
Nature Reviews Immunology 8(5), 341-349.

88.	 SHIRAI K., SATO T., NISHIDA K., 2006a - Docosahexaenoic acid (DHA) and its association with 
the reduction of age-related macular degeneration risk. American Journal of Clinical Nutrition 
83(6), 1521-1526.

89.	 SHIRAI K., SATO T., NISHIDA K., 2006b - EPA and its role in supporting brain health in conditions 
like depression and cognitive decline. Journal of Nutritional Biochemistry 17(8), 526-535.

90.	 SILVESTRE F.T., SANTOS J.E.P., THATCHER W.W., 2011 - The effect of adding fish oil to a dairy 
cow’s diet on production and reproductive performance. Journal of Dairy Science 94(3), 1687-1700.

91.	 SIMOPOULOS A.P., 1999 - Essential fatty acids in health and chronic disease. American Journal 
of Clinical Nutrition 70(3), 560S-569S.

92.	 SIMOPOULOS A.P., 2002 - The importance of the ratio of omega-6/omega-3 essential fatty acids. 
Biomedicine & Pharmacotherapy 56(8), 365-379.

93.	 SIMOPOULOS A.P., 2008 - The importance of the omega-6/omega-3 fatty acid ratio in inflammation 
and chronic diseases. Experimental Biology and Medicine 233(6), 674-688.

94.	 SIMOPOULOS A.P., 2011 - Omega-3 fatty acids in health and disease and in growth and development. 
American Journal of Clinical Nutrition 83(6), 1456S-1462S.

95.	 SIMOPOULOS A.P., 2016a - An increase in the omega-6/omega-3 fatty acid ratio increases the risk 
for obesity. Nutrients 8(3), 128.

96.	 SIMOPOULOS A.P., 2016b - Evolutionary aspects of diet: The importance of omega-6/omega-3 
balance. Biomedicine & Pharmacotherapy 110, 365-376.

Omega-3 fatty acids research analysis



260

97.	 SPRAGUE M., BETANCOR M.B., TOCHER D.R., 2017 - Sustainable alternatives to fish oil in 
aquaculture. Progress in Lipid Research 62, 15-35.

98.	 STELMASIAK A., WYRWISZ J., WIERZBICKA A., 2018 - Pig diet with bioactive compounds 
influences quality of meat and smoked ham. South African Journal of Animal Sciences 48(6), 
1032–1041.

99.	 STILLWELL W., WASSALL S.R., 2003 - Docosahexaenoic acid: Membrane properties of a unique 
fatty acid. Chemistry and Physics of Lipids 126(1), 1-27.

100.	 SUBLETTE M.E., ELLIS S.P., GEANT A.L., MANN J.J., 2011 - Meta-analysis of the effects of 
eicosapentaenoic acid (EPA) in clinical depression. Journal of Clinical Psychiatry 72(12), 1577-
1584.

101.	 SURAI P.F., 2001 - The relationship between the diet of laying hens and omega-3 content of eggs. 
Journal of Poultry Science 38(2), 86-92.

102.	 SWANSON D., 2012 - Omega-3 fatty acids EPA and DHA: Health benefits throughout life. 
Advances in Nutrition 3(1), 1-7.

103.	 SZPICER A., ONOPIUK A., PÓŁTORAK A., WIERZBICKA A., 2019 - Influence of tallow 
replacement by oat β-glucan and canola oil on the fatty acid and volatile compound profiles of low-
fat beef burgers. CYTA - Journal of Food 17(1), 926-936.

104.	 VAN ECK N.J., WALTMAN L., 2009 - Software survey: VOSviewer, a computer program for 
bibliometric mapping. Scientometrics 84, 523-538.

105.	 TOU J.C., QIAO M., GERBER M., 2011 - Docosahexaenoic acid (DHA) and its effects on brain 
development and retinal function. Journal of Nutritional Biochemistry 22(5), 439-446.

106.	 TURNER T.D., 2014 - Influence of flaxseed in pig diets on omega-3 content of pork. Meat Science 
97(2), 215-221.

107.	 VON SCHACKY C., 2014 - Omega-3 fatty acids in cardiovascular disease - an uphill battle. 
Prostaglandins, Leukotrienes and Essential Fatty Acids 92, 41-47.

108.	 WALKOWIAK M., SPASIBIONEK S., KRÓTKA K., 2022 - Variation and genetic analysis of fatty 
acid composition in flax (Linum usitatissimum L.). Euphytica 218(2), 1-16.

109.	 WATSON T.D.G., 2009 - Diet and skin disease in dogs and cats. Journal of Nutrition 128(12), 
2783S-2789S.

110.	 WOOD J.D., ET AL., 2008 - Nutritional value of omega-3 enriched pork from pigs fed flaxseed. 
Animal Feed Science and Technology 147(3-4), 121-132.

111.	 WOODS V.B., FEARON A.M., 2009 - Dietary sources of unsaturated fatty acids for animals and 
their transfer into meat, milk, and eggs: A review. Livestock Science 126(1-3), 1-20.

112.	 YOKOYAMA M., ORIGASA H., MATSUZAKI M., 2007 - Effects of EPA on atherosclerotic 
plaque stabilization and cardiovascular events. Journal of Clinical Lipidology 1(2), 139-147.

113.	 YURKO-MAURO K., MCCARTHY D., ROM D., NELSON E.B., RYAN A.S., BLACKWELL A., 
SALEM N., 2010 - Beneficial effects of docosahexaenoic acid on cognitive function in age-related 
cognitive decline. Alzheimer’s & Dementia 6(6), 456-464.

A.W.K. Yeung et al. 


