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Abstract

Aquatic organisms (fish, algaes and other sea organisms) are the main natural sources of essential fatty acids in
the human diet in particular. The fish oil is considered to have the highest amounts of n-3 PUFAs (Poly-
Unsaturated Fatty Acids), which play important roles in the human body, such as in the synthesis of specific
active compounds, in the brain and eye development of infants, as well as in the prevention of coronary heart
disease. However, public opinion is commonly that different species of fish are of similar nutritional value, and
fish selections are made only based on availability freshness, flavor, and other physical factors. Therefore, when
fish is suggested for consumption, the PUFA composition must be considered. Extensive research has been done
on fatty acids composition of some fish species. However, significant variations have been noted in the PUFA
composition of various fish species.
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1. Introduction

Sea and freshwater fish species, which constitute the majority of aquatic products, make up an important part of
animal food sources for human (Kandemir & Polat 2007). Fish constitutes almost 50% of the total number of
recognized vertebrate species. Approximately 39% of these fish species are found always or almost always in
fresh water (Cengiz et al. 2010). With more than 30.000 known species, fish forms the biggest group in the
animal kingdom that is used for the production of animal-based foods. Approximately 700 of these species are
commercially breaded and used for food production. Besides that, some 100 crustacean and 100 molluscan
species (for example mussels, snails and cephalopods) are processed as food for humans (Oehlenschlager &
Rhbein 2009).

Fish are nutritious and highly digestible. As fish contains low energy and a favourable composition of
amino acids, they are beneficially nutritionally. The fish is not only a source of beneficial protein, but it also
contains more omega-3 (o3 or n-3) PUFAs (Poly-Unsaturated Fatty Acids) than meat (beef, pork and veal) and
vegetable oils (Kandemir & Polat 2007; Osibona et al. 2009; Luczynska et al. 2012, Ljubojevic ef al. 2013).

The human diet has changed considerably over the last century and the levels of n-3 fatty acids are low
in many modern diets, particularly in those, in which highly processed foods predominate (Richardson 2003;
Abeywardena &Patten 2011). In most modern societies, the quantitatively most important source of n-3 fatty
acids is derived from a-linolenic acid (ALA, also designated 18:3n-3) found mostly in vegetable oils. Linseed oil,
canola oil and soybean oil contain approximately 57%, 8% and 7% a-linolenic acid, respectively, but these oils
are without any eicosapentaenoic acid (EPA, C20:5n-3) or docosahexaenoic acid (DHA, 22:6n-3) (Drevon 2009).
PUFAs are required for maintenance of optimal health. Recently, there has been an important increase in the
scientific scrutiny of and public interest in n-3 and n-6 fatty acids and their impact on personal health
(Maggie&Covington 2004). For example, the n-3 fatty DHA and the n-6 fatty acid arachidonic acid (AA) are the
major Long Chain PUFAs in the brain. DHA is also the preferred fatty acid for the correct construction and
functioning of all membranes in the body, particularly those in very active tissue such as nerves and active
muscle. Both EPA and DHA are important in the cardiovascular system. EPA, in particular, contributes to the
anti-inflammatory response. It is the building block of a group of cell messengers, called eicosanoids, which.
These affect blood pressure, blood clotting, immune function and allergic response. There is also a suggestive
evidence for a beneficial effect of early exposure to n-3 fatty acids on children’s cognitive development (IFFO
2017; Osendarp 2011).

The distinction between n-6 and n-3 fatty acids is based on the location of the first double bond,
counting from the methyl end of the fatty acid molecule. n-6 fatty acids are represented by linoleic acid (LA,
18:2n-6) and n-3 fatty acids-by alpha-linolenic acid (ALA, 18:3n-3), respectively. Both essential fatty acids are
metabolized to longer-chain fatty acids of 20 and 22 carbon atoms. The parent n-6 fatty acid, linoleic acid (LA)
is desaturated in the body to form arachidonic acid (AA, 20:4n-6), while parent n-3 fatty acid alpha-linolenic
acid (ALA) is desaturated by microsomal enzyme system through a series of metabolic steps to form
eicosapentaenoic acid (EPA, 20:5n-3) and decosahexaenoic acid (DHA, 22:6n-3). This can be achieved by
increasing the chain length and the degree of unsaturation by adding extra double bonds to the carboxyl end of
the fatty acid molecule. These fatty acids are effectively synthesized only by aquatic organisms; therefore
humans can receive these fatty acids by marine and freshwater fishes. Thus, regular ingestion of fish is important
in the maintenance of human health (Singh 2005; Chang et al. 2009; Cengiz et al. 2010; Bratu et al. 2013;
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Ljubojevic ef al. 2013, Simopoulos 2016).

2. Literature Review

2.1. Properties and Structure of Fatty Acids

Fatty acids consist of a hydrocarbon chain (CH,) or with an acid or carboxyl group (COOH) at one end and a
methyl group at the other. They have the general structure CH;(CH,),COOH. Fatty acids are commonly
classified as saturated or unsaturated, depending on the number of hydrogen atoms present. Saturated fats (SFAs)
have the maximum number of hydrogen atoms and therefore no double bonds, while PUFAs contain two or
more double bonds. Monounsaturated fatty acids (MUFAs) are made up of a chain of carbon atoms, containing
one double bond. The poly-unsaturated fatty acids, termed as n-3 fatty acids, are distinguished by having the first
double bond positioned on the third carbon atom from the methyl- or N-terminal end of the fatty acid chain
( Hossain 2001; Querques et al. 2011) The n-3 PUFAs family consists of a-linolenic acid and its longer-chain
metabolites, eicosapentaenoic acid (EPA, C20:5n-3), docosapentaenoic (C22:5n-3) and docosahexaenoic (DHA,
C22:6n-3) acids (Moussa et al. 2014). Structures of some of the n-3 fatty acids are shwon in figure 1
(http://chemistry.tutorvista.com/biochemistry/omega-3-fatty-acids.html).
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Alpha-linolenic acid (AL4, C18:3, omega-3)
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Eicosapentaenoic acid (EPA, C20:5, omega-3)

HO

0
Docosahexaenoic acid (DHA, C22:6, omega-3)

Figure 1. Structure of some of the n-3 fatty acids (http://chemistry.tutorvista.com/biochemistry/omega-3-fatty-
acids.html)

2.2. Importance of n-3 Fatty Acids in Fish for Human Diet

Today we know that the beneficial effect of fish consumption on human health for prevention of coronary artery
diseases, diabetes, hypertension and cancer. Especially, DHA and EPA play an important role in the prevention
of diseases (Visentainer et al. 2007; Cengiz et al. 2010; Ljubojevic ef al. 2013)

2.2.1.  Some Benefits of n-3 Fatty Acids

The n-3 fatty acids are essential for the living systems, as they are not produced in body. Thus, these acids must
be obtained from the diet. Some benefits of n-3 fatty acids are as follows.

1. Fish or n-3 fatty acids consumption has been shown to be related to reduce the cardiovascular risk
factors. In a population-based, nested, case control study, a strong negative relationship was reported
between fish intake and risk for sudden death (ie, 5.5 g of n-3 fatty acids per month, equivalent to two
fatty fish meals per week, was associated with a 50% reduced risk of primary cardiac arrest) (Etherton
et al. 2002).

2. Consumption of oily fish is essential for optimal development of the brain and neural system in children,
as n-3 fatty acids in the form of DHA rather than ALA are needed to secure optimal brain development.
Because n-3 fatty acids are important components of nerve cell membranes, they help the nerve cells to
communicate with each other, which is an essential step in maintaining good mental health. A recent
FAO/WHO expert consultation concluded that fish in the diet lowers the risk of women giving birth to
children with sub-optimal development of the brain and neural system, compared with women not
eating fish (Suvarna, 2008; FAO 2014). Hereby, the consumption of marine sourced n-3 LC PUFAs
also possesses many benefits for the women’s health, including depression, mental health, maternal and
poly-cystic ovarian syndrome, dysmenorrhoea and some cancers (Manus &Hunt, 2013).

3. n-3 fatty acids are effective in the growth of children. They also possess effects on the cognitive
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performance, learning, and problems solving skills in the children, which, on the other hand, helps to
reduce risks of asthma in children, eyesight, and IQ (Visentainer et al. 2007).

4. There are indications that the consumption of fish or of n3-fatty acids might help reducing hypertension,
hyperlipidemia, hyperglycemia, inflammation, and the fish consumption has also positively influences
the risk of certain tumor diseases (Fisger&Glei 2015).

5. It is reported that the consumption of fatty fish reduces the risk of dementia by 28%, whereas the
consumption of lean fried fish had no protective effect (Fotuhi et al. 2009).

6. The researchers note that the n-3 fatty acids and fish oil especially may be effective in the prevention of
diabetic disease (Soltan 2012).

2.3. The Indices of PUFAS/SFAS, n-3/n-6 and n-6/n-3 Ratios in Fish and Seafood
Nutritional analysis of fatty acids can be classifed as qualitative and quantitative. Qualitative analysis of fatty
acids produces data regarding their composition in the form of percentages of total fatty acids (% of total fatty
acids). Meanwhile, quantitative analysis is able to quantify the actual amount (weight) of each fatty acid,
presenting in the food. Quantitative data are often presented in the form of weight of the fatty acid per weight of
food or fat (e.g., mg/g oil) (Aziz et al. 2013).

The two important classes of essential fatty acids, which are not interconvertible, are n-3 and n-6 FAs.
The ratio between n-3 and n-6 is a very useful index for comparing the nutritional value of fish lipid due to their
healthy effects on the human organism (Khoddami ez al. 2009). The ratio of n-3/n-6 in total lipids of marine fish
species changes mostly between 5 and 19.5 (Abedi&Sahari 2014; Olgunoglu&Artar 2016).The ratio of n-3/n-6
in total lipids of freshwater fishes changes mostly between 0.5 and 4 (Saglik et al. 2003; Abedi&Sahari 2014;
Giller et al. 2008). Medical experts recommend that n-3:n-6 are present in the diet at an optimal ratio of around
1:3 to 1:5. Currently, in the developed world the ratio is nearer 1:10 to 1:20. The amount of PUFAs/SFAs
(Saturated Fatty Acids) and the ratio of n-6/n-3 is known to be of nutritional importance as it is the key index for
balanced synthesis of eicosanoids in the body. In order to prevent cardiovascular disease, the ratio of
PUFASs/SFAs consumed should be less than 0.45 and within the PUFAs, and the n-6/n-3 ratio should not exceed
4.0 (Juszczak&Szymczak 2009; Abedi&Sahari 2014; Olgunoglu&Artar 2016).

2.4. n-3 Fatty Acids in Some Fish Species

Depending on their fat content, the fish species are classified as lean (up to 2% fat), medium fat (2-7% fat), fat
(7-15% fat), and very fat (over 15% fat) (Tang ef al. 2009). The fat content of a fish species varies depending on
the season, if it is sexually mature and spawning and what the fish eats. In farmed fish, the fat content is strongly
dependent on what feed it receives. In most cases, the amount of n-3 fatty acids is related to the total fat content
of the species. The darker fleshed fish species (such as herring, salmon, mackerel and bluefish) in general
contain a higher total fat content than the leaner, lighter colored flesh species, such as cod, flounder, and pollock.
In fact, all fish species contain EPA and DHA, but the quantities of these substances vary greatly among and
within the species according to environmental variables such as the temperature, salinity, season, life stage, diet
and habitat, but also depending of that whether the fishes are herbivorous, omnivorous or carnivorous (Cengiz et
al. 2010; Querques et al. 2011). Thus, dietary intake of EPA and DHA from fish and shellfish is strongly
dependent on the species consumed (Mahaffey et al. 2011). Fatty acid compositions of different parts (head, tail,
fins, and skin = HTFS, liver, viscera, and muscle tissue) of five commercially important fish species from the
Persian Gulf (Scomberomorus commersoni, Thunnus tonggol, Euthynnus affinis, Scomberomorus guttatus, and
Dussumieria acuta) as good sources of n-3 PUFAs were studied. The richest sources of n-3 were HTFES in S.
guttatus and S. commersoni, liver in S. guttatus, total body of D. acuta, liver of E. affinis and T. tonggol,
followed by viscera of E. affinis (Sahari et al. 2013)

The levels of EPA and DHA in seawater fish are higher than those in freshwater fish (Tang et al. 2009).
The saturated and monounsaturated fatty acids are generally abundant in fish from warm or temperate regions,
whereas PUFAs show higher levels in fish from cold regions (Dhaneesh ef al. 2012). In fact, the content of fatty
acid in the fish tissues reflects the fatty acid content of their diet.

Some studies have shown that the farmed fish contain more fat and a lower percentage of n-3 fatty
acids than the wild fish (Hardy 2003). However, the farmed fish shows more constant rates of EPA and DHA
synthesis, probably because the feed is controlled and balanced throughout the farming period (Moussa et al.
2014). Li&Hu (2009) investigated the n-3 PUFAs content in common commercially available wild and cultured
freshwater fishes. Four species of wild and cultured freshwater fishes—crucian carp, mandarin fish, silver fish,
and snakeheaded fish—were studied. Long-chain n-3 fatty acid contents in cultured samples were higher than in
the wild, except for EPA, and DHA for mandarin fish; DHA for silver fish and ALAs for snakeheaded fish were
higher in the wild fish compared to the cultured fish. Consequently, main aquatic species that have been shown
to have n-3 PUFAs include fishes, shrimps and shellfishes. The contents of n-3 fatty acids in some fish species
are presented in Table 1.
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Table 1. n-3 Fatty Acids Content in Fish and Seafood /100 g portion
Fish Species Source ALA EPA DHA Total References
(® (® (®
Mossul bleak . Freshwater | 2.07 1.54 397 | 7.58
(Alburnus mossulensis)
Barb
. Freshwater 1.87 13.39 26.89 42.15

(Barbus rajonorum)
Sangal
(Carasobarbus luteus) Freshwater 5.90 6.87 11.97 24.74
Kawar . Freshwater | 2.70 6.52 27.08 | 3630
(Leuciscus lepidus) .
Shebhe-nazy Cengiz et al. 2010
(Acanthobrama marmid) Freshwater 2.64 7.97 10.75 21.36
Large-mouthed barb Freshwater | 1.40 20.15 2219 | 43.74
(Cyprinion macrostomus)
Abu mullet Freshwater | 2.13 0.65 072 | 35
(Liza abu)
Picarel . Marine - 9.26 18.44 | 27.70
(Spicara smaris)
European hake Marine 1.79 4.60 14.53 | 20.92
(Merluccius merluccius)
Black-bellied angler .
(Lophius budegassa) Marine 0.42 2.03 14.92 17.37 Olgunoglu &
Blackbelly rosefish . Artar 2016
(Helicolenus dactylopterus) Marine 0.72 3.65 16.95 21.32
Shortnose greeneye .
(Chlorophthalmus agassizi) Marine 0.68 3.31 14.62 18.61
glzhrfdayd;:fgf)am Marine - 0.02 0.13 | 0.15
S é’; . Saglik et al. 2003
(Dicentrarchus labrax) Marine ) 0.26 0.41 0.67
Carps. . Freshwater | 0.70 483 6.66 | 12.19 | Giiler ar al. 2008
(Cyprinus carpio)
Shabut Freshwater 0.89 3.22 12.83 16.94 | Olgunoglu ef al.2011
(Barbus grypus) ) ) ) ) EUNog )
Mesopotamian catfish Freshwater | 2.19 2.92 422 | 933 | Olgunoglu, 2013
Silurus triostegus
Spiny eel,
(Mastacembelus Freshwater 2.65 1.76 9.36 13.77 | Olgunoglu 2011
mastacembelus)
Anchovy . Marine 1.56 10.24 20.05 | 31.85 | Gencay &Turhan 2016
(Engraulis encrasicolus)
z;ggx‘;‘sl ;Zg;im Freshwater | 1.13 2.45 023 | 381

— — Asmah et al. 2014
Long tail shad (Hilsa (clupea) |y, oo 5.98 11.83 596 | 23.77
macrura)
Rainbow Trout .
(Oncorhynchus mykiss) Freshwater 2.96 7.18 5.39 15.53 | Celik et al. 2008
Thornback ray Marine 0.63 1,52 1221 | 1436 | Turan et al. 2007
Raja clavata
Pike Freshwater | 1.93 8.11 2272 | 32.76 | Bulut et al. 2010
Esox lucius
Pintado
Pseudoplatystoma corruscans Freshwater 3.0 0.5 2.8 6.3 Tanamati et al. 2009
Pacu : Freshwater 1.9 0.7 1.9 4.5
Piaractus mesopotamicus
Pearl Mullet . Freshwater 0.77 5.25 8.09 | 14.11 | Misir et al., 2013
Chalcalburnus tarichi
Atlantic bonito Marine - 8.12 21.52 | 29.64 | Misir et al. 2014
Sarda sarda
Spotless shad Marine 3.9 5.48 18.08 | 27.46 | Misir ef al. 2016
Alosa immaculata,
Salmon Marine 427 4.18 6.81 | 15.26 | Luczyfiska et al. 2014

Salmo salar
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Fish Species Source ALA EPA DHA Total References
(2 (® (®

Cod Marine
Gadus morhua 0.31 16.38 2697 | 43.66
Common sole Marine 0.17 19.00 1234 | 3151
Solea solea
European flounder Marine
Platichthys flesus 0.99 9.50 6.67 | 17.16
Catfish Freshwater | o) 4.67 8.88 | 1546
(Clarias gariepinus)

Nile tilapia

(Oreochromis niloticus) Freshwater 1.36 0.60 332 7.28

Pangasius

(Pangasianodon Freshwater 0.82 0.78 2.46 4.06

hypophthalmus)

European Eel

(Anguilla anguilla) Freshwater 0.7 34 23 6.40 Ghazali et al. 2013
Vimba (Vimba vimba

tenella) Freshwater 2.12 5.27 6.67 14.06 Kalyoncu ef al., 2009

Sardine .

(Sardina pilchardus) Marine ] 10.67 2083 1 3150 | o anos &Laskaridis
Plcarel . Marine - 9.26 1844 | 27.70 | 20

(Spicara smaris)

Giant red shrimp .

(Aristacomorpha foliacea) Marine - 12.41 9.56 21.97 | Olgunoglu et al. 2015
Jinga shrimps . . .
(Metapenaeus affinis) Marine - 13.54 8.28 21.82 | Dinger& Aydin 2014
Warty Crab Marine 0.4 7.87 439 | 12.66 | Kaya et al. 2009
(Eriphia verrucosa)

Swimming crab .

(Portunus trituberculatus) Marine 0.53 15.74 15.63 31.90 | Heetal 2017

Blue Swimming Crab Marine 1.85 6.12 7.88 | 15.85 | Jahaheri et al. 2016
(Portunus pelagicus)

Atlantic spider crab .

(Maja brachydactyla) Marine - 22.10 12.53 34.63 | Marques et al.2010
Chinese mitten crab Freshwater | 242 2.17 285 | 744 | Chenetal. 2007
(Eriocheir sinensis)

Blue crab . .

(Callinectes sapidus) Marine 1.70 8.41 5.30 15.41 | Celik et al., 2004
Brown crab Marine - 215 11.32 | 32.85 | Barrento et al. 2016
(Cancer pagurus)

King Crab . . .
(Lithodes santolla) Marine 1.42 17.1 11.00 29.52 | Risso&Carelli 2012
Danube crayfish Freshwater 1.02 22.29 777 | 31.08 | Oksiiz& Mazlum 2016
(Astacus leptodactylus)

Caviar from Marine 1.71 0.77 263 | 5.11 | Abbas& Hrachya 2015
(Huso huso)

Caviar from . Olgunoglu & Olgunoglu
(Mugil cephalus) Marine - 7.29 5.36 12.65 2011

Oyster _ Marine - 20.21 7.63 | 27.84 | Dagom et al.2016
(Crassostrea gigas)

Mangrove Oyster (Crassostrea Marine 3.5 8.75 4.87 | 17.12 | Martino& Cruz 2004
rhizophorae)

ALA = alpha linolenic acid (18:3n-3), EPA = eicosapentaenoic acid (20:5n-3), DHA = docosahexaenoic acid
(22:6n-3)

2.5. n-3 Fatty Acids in Algae

The algae obtain energy from the lightand can produce valuable metabolites, for example, antimicrobials,
antioxidants, and PUFAs ( Abedi&Sahari 2013). Therefore, the only organisms that are able to easily produce
EPA and DHA are marine algae. A recent commercial development of the current century has been the
production of oils, rich in DHA and EPA, from micro-algae. These algal oils are already established for use in
infant formula and are now increasingly being used in health supplements and enriched food products. Currently,
the most common micro-algae, used for the production of DHA-rich algal oil and biomass, are from the marine
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members of the families Thraustochytriaceae and Crypthecodiniaceae (Winwood 2013).

2.6. Recommendations for EPA and DHA intake

Many countries have suggested daily EPA and DHA intake levels ranging from 500 mg/day in France to 1-2
g/day in Norway. In the USA, the adequate intakes for adults have been set at 1.6 g n-3 fatty acids (ALAs) per
day for men, 1.1 g/day for women respectively, and 17 g n-6 fatty acids (LA) per day for men (19-50 years of
age), 12 g/day for women (19-50 years of age) respectively (Candela et al. 2011; www.nutri-facts.org). As
regards international organizations, the World Health Organization (WHO) recommends the consumption of
between 0.3-0.5 g/day, while the International Society for the Study of Fatty Acids and Lipids (ISSFAL)
advocates 500 mg/day, and the North Atlantic Treaty Organization (NATO) recommends 800 mg/day. The
American Heart Association and Academy of Nutrition and Dietetics recommend an intake of two 4-ounce
servings of fish, preferably fatty fish, per week (especially, n-3 fatty acids can be found in fatty fish, such as
salmon, tuna, anchovies and sardines, other marine life such as algae). This amount of fish intake correlates
roughly to 500 mg of EPA and DHA per day (Candela ef al. 2011; Watters et al. 2012).

It is significant to maintain an appropriate balance of n-3 and n-6 PUFAs in the diet, as these two
substances work together to prevention of coronary heart disease and possibly other chronic diseases. The n-3
fatty acids, help reduce inflammation, and most n-6 fatty acids tend to promote inflammation. An inappropriate
balance of these essential fatty acids contributes to the development of disease whereas a proper balance helps
maintain and even improve health (Simopoulos 2010; Mirajkar et al. 2011). Intake of omega-3 fatty acids is
much lower at the present time because of the decrease in fish consumption and the industrial production of
animal feeds rich in grains containing omega-6 fatty acids, leading to production of meat rich in omega-6 and
poor in omega-3 fatty acids (Simopoulos, 2004). Therfore, the diets of Western countries tend to contain 11 to 30
times more omega-6 than omega-3 fatty acids. In contrast, the current Mediterranean diet is made up of a
healthier and more appropriate balance between n-3 and n-6 fatty acids (Dhikav et al. 2004).

3. Conclusion

The results, presented in the current review, indicated the importance and role of fish consumption in terms of
including high PUFAs values in human nutrition, due to the lowering of cardiovascular diseases. Also, the great
variety in the fatty acids content in different fish species is confirmed.
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