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Abstract

The human body cannot synthesize certain fatty acids: these essential fatty acids must be
consumed in the diet. Fish and other aquatic foods are known to be the main sources of
polyunsaturated fatty acids (PUFA); therefore, humans obtain most of their eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA) by consuming fish, aquatic inverte-
brates, and algae. The increasing demand for fish and the stabilization of marine fish and
freshwater landings have contributed to a widening gap between demand and supply
for fish and fish products. This leads to a necessity to improve aquaculture production.
Fish are the main contributors of n-3 PUFA in the human diet, although there are some
interspecific and intraspecific differences in fatty acid profiles. The fatty acid composi-
tion of fish differs depending on a variety of factors, including species, diet, as well as
environmental factors such as salinity, temperature, season, geographical location, and
whether the fish are farmed or wild. In this chapter, information will be provided on
fish fatty acids based on their ecology, feeding habits, lipid contents, and environmental
conditions where they are harvested.

Keywords: marine fish, freshwater fish, EPA, DHA, PUFA, HUFA, n3/n6

1. Introduction

Many studies have investigated the effects of lipids and fatty acids in human nutrition on
health. This has resulted in an increasing consumer interest and a tendency to consume healthy
foods.

Among the fatty acids, highly unsaturated n-3 fatty acids (n-3 HUFA) or long-chain n-3 poly
unsaturated fatty acids (LC n-3 PUFA), particularly 20:5 n-3 (eicosapentaenoic acid [EPA])
and 22:6 n-3 (docosahexaenoic acid [DHA]) affect human health, early development, and the
prevention of some diseases; therefore, dieticians increasingly recommend consuming foods
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containing these fatty acids [1]. The recommended n-6/n-3 fatty acid ratio in human nutrition
is 5:1, but this ratio (n-6/n-3) varies between 7:1 and 20:1 in the diets of most West Europeans
and North Americans [1, 2]. The n-3/n-6 fatty acid ratio recommended by the World Health
Organization is 1:1 or above [3]; hence, fish consumption should be increased or foods rich in
n-3 fatty acids should be consumed for proper nutrition and disease prevention.

Fish are the most important sources of these fatty acids; fatty fish, such as sardines, mackerel,
anchovies, and some salmon species, are rich in EPA and DHA. In these fish, the ratio of n-3
fatty acid to n-6 fatty acid approaches 7. Fish cannot synthesize these fatty acids; they obtain
them from food they consume (algae and planktons) [4].

However, lipid composition and thus fatty acid composition in fish differ depending on vari-
ous factors: usually, their aquatic environment (marine water, freshwater, and cold or warm
water) and the biological, physical, and chemical properties of that environment. Also, seasonal
changes, migration, sexual maturity and spawning period, species, feeding habits, and whether
reared in aquaculture or grown in natural habitats affect the lipid/fatty acid composition [5].

Therefore, detailed information on the changes in lipid and fatty acid compositions among
fish and the importance of fish consumption in human health are provided in this chapter by
examining these subjects.

2. The importance of fatty acids and fish consume

The interest in fat, which holds an important place in human nutrition, has increased with
the recently increasing interest in, and awareness of, human health. Fats are important com-
ponents of hormones, cell membranes, and signaling molecules, as well as being important
energy sources. Fat ingested into the body is first stored in the liver, hypodermic connective
tissues, mesentery, and muscles and used when necessary [6].

Fatty acids have a methyl group on one end and have long hydrocarbon chains carrying a
carboxyl group on the other end. Fatty acid molecules are classified based on the presence and
number of double bonds: saturated fatty acids have no double bond, and monounsaturated
fatty acids have a single double bond; polyunsaturated fatty acids (PUFA) have two or more
double bonds. The number and position of the double bonds determine the physical proper-
ties and functional characteristics of fatty acids. The human body can produce some of these
fatty acids, but others, some of which also contain n-3 and n-6 PUFA, cannot be produced by
the body. These essential fatty acids (EFAs) need to be obtained through food intake. In current
human diets, n-6 fatty acid and, especially, linoleic acid (LA) sources are soya and maize oil,
and arachidonic acid (AA); the main n-3 alpha-linolenic acid (ALA) source is meat. Linoleic
acid (LA), an n-6 fatty acid, can be converted to fatty acids with longer chains, and n-3 ALA
can be converted to eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA); these con-
version rates vary between 1 and 10%. Even though EPA and DHA, with 20-22 long chain n-3
fatty acids, have a critical role in human health, their consumption is relatively low, stemming
from the deficiency in consumption of fish and fish products in developed countries [7-9].
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Many recent studies have shown the importance of and necessity for n-3 fatty acids in human
development and health. Some studies show that they have a positive effect on maternal and
fetal health during pregnancy and on newborn and childhood health. These studies empha-
size an important role for fatty acids in prevention of hormone-related cancers and important
functions in the prevention of cardiovascular diseases. These fatty acids also are purported to
relieve dementia, hyperactivity, and some psychiatric disorders [10].

Many studies have carefully evaluated the effects of the lack of fatty acids in the diet follow-
ing the onset of pregnancy on the prenatal and on postnatal development of newborns and
children [6, 10-12]. One study investigated the effect of the lack of n-6 and n-3 long chain
PUFA on children with attention-deficit hyperactivity [13]. Moreover, several studies have
evaluated the relationship between n-3 PUFA deficiency and depression and mood disor-
ders [14-16]. Various studies have reported the cardio-protective effect of n-3 PUFA (EPA and
DHA) supplementation and recommend 1 g EPA intake per day to prevent coronary heart
disease [17]. Although their anti-cancer roles have yet to be proven, many studies have shown
that n-3 and n-6 PUFA positively affected the prevention of development of different types of
tumors. The n-3 PUFA has been reported to alter cell growth by modulating cell replication,
interfering with the components of the cell cycle, or by increasing cell death through necrosis
or apoptosis [18, 19]. Other studies on the same subject have focused on breast cancer, colon
and colorectal cancers, prostate cancer, lung cancer, and neuroblastoma [20].

Fish consumption has an important role in n-3 PUFA (EPA and DHA) intake. Although fatty
acids of the n-3 group that cannot be synthesized in the body vary in different species and
individuals, fish contain significant amounts of n-3 fatty acids. The nutritional contents and
fatty acid compositions of fish differ, depending on various factors. For example, fatty fish,
such as herring and mackerel have 400 mg of PUFA per 15g; thus, weekly consumption
of 300 g fatty fish or a daily 200 mg EPA and DHA intake is reported to be sufficient [21].
Furthermore, the n-3/n-6 ratio is reported to be a good index for comparison of the relative
nutritional value of fish oils [22]. Although there is no specific recommendation for the n-3/n-6
ratio, evidence found in wild animals and estimated food intake during human evolution
indicates a dietary ratio of 1:1 [3].

3. How the fatty acid profiles vary in fish?

Among vertebrates, fish have the highest species diversity and, as stated previously, the
nutritional content and fatty acid compositions of fish vary. The most important causes of the
variation in the fatty acid profiles of fish are the differences among species. Moreover, living
in aquatic environments with different ecological conditions is an important source of varia-
tion in nutritional components. The fishing season, size, and reproduction status of the indi-
viduals from the same species living in a certain region also affect this variation. Moreover,
the aquaculture conditions and feeds used in fish aquaculture also cause variations in the fatty
acid compositions of fish that were supplied to the market using aquaculture. These factors
are elaborated in the sub-sections that follow.
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3.1. Fish bioecology

Fish are divided into two groups based on their habitat: marine fish and freshwater fish.
Water temperature and salinity are the most important environmental factors; thus, fishes are
first studied based on water temperature and then divided into two groups, the warm-water
fish group and cold-water fish group. The optimal temperatures for warm-water species are
around 25-30°C, whereas cold-water species prefer temperatures below 20°C: In addition to
this classification, both cold-water and warm-water fish are further classified as freshwater
and marine fish. Moreover, some fish species migrate from seas to fresh waters or from fresh
waters to seas. These fish, such as salmonids and eels, are termed diadromous species [23].
The nutritional compositions of fish (especially lipids and fatty acids) substantially vary due
to the differences in their habitats.

In general, freshwater fish require either linoleic acid (18:2 n-6), linolenic acid (18:3 n-3) or
both, whereas marine fish require EPA (20:5 n-3) and/or DHA (22:6 n-3) [24].

The studies on the essential fatty acid (EFA) requirement of marine fish showed that their n-3
EFA requirement can be met by EPA (20:5 n-3) and DHA (22:6 n-3). These two fatty acids are
termed n-3 HUFA (highly unsaturated fatty acid) or LC (long chain) n-3 PUFA (poly unsat-
urated fatty acid). The EPA and DHA requirements of fish respond to the n-3 HUFA rich
nutrients in marine environments because primary food sources, such as marine algae and
planktons, and also other food sources, are known to be rich in EPA and DHA and contain
lower levels of linoleic acid and linolenic acid [25, 26].

Studies on freshwater fish have shown that their n-3 EFA requirements are mostly focused
on linolenic acid (18:3n-3). The fact that EPA and DHA in vertebrates are biologically active
forms of n-3 EFA led to the conclusion that many freshwater fish can convert 18:3 n-3 fatty
acids to EPA and DHA. This is less straightforward in marine fish. When compared to
marine microalgae, freshwater microalgae contain higher levels of 18:3 n-3 fatty acids than
EPA and DHA. Moreover, even though there is not a great amount of 18:2 n-6 fatty acid in
marine microalgae, freshwater microalgae contain plenty of this fatty acid. This explains
why freshwater fish require higher amounts of linoleic and linoleic acid as compared to
marine fish [25, 26]. On the other hand, only one species among the freshwater fish (Esox
lucius) has the ability to convert 18:3 n-3 fatty acid to EPA and DHA. Because this fish species
is an extreme carnivore consuming smaller fish, it does not have high amounts of 18:3 n-3
and 18:2 n-6 fatty acids [27].

The nutritional compositions of the foods in the natural environment of marine and fresh-
water fish necessitate providing farmed fish with food sources that meet the requirements of
their species. The essential fatty acid amount required in the feeds of commercial freshwater
and marine fish (preadult or older juvenile) is determined in terms of dry diet%. For example,
the 18:3 n-3 fatty acid requirement of trout is 0.7-1.0, and the n-3 HUFA requirement of trout
is 0.4-0.5. The 18:2 n-6 fatty acid requirement of common carp is 1.0, whereas their 18:3 n-3
fatty acid requirement ranges from 0.5 to 1.0. The 18:2 n-6 fatty acid requirements of Tilapia
zilli and Oreochromis niloticus are 1.0 and 0.5, respectively. Channel catfish require 18:3 n-3
fatty acid between 1.0 and 2.0, and n-3 HUFA between 0.5 and 0.75. Among the marine fish



Fatty Acids in Fish
http://dx.doi.org/10.5772/68048

species, turbot require n-3 HUFA at a ratio of 0.8, and red sea bream (Pagrus major) require
n-3 HUFA at a ratio of 0.5. The EPA and DHA requirements of red sea bream are 1.0 and 0.5,
respectively. The n-3 HUFA requirement of gilthead sea bream (Sparus aurata) is between 0.9
and 1.9, whereas the n-3 HUFA requirement of sea bass (Dicentrarchus labrax), another impor-
tant marine species, is 1.0 [25, 26].

Many studies have focused on determining the lipid and fatty acid compositions of marine
and freshwater fish (both cold water and warm water). The goal of these studies was both
to find the differences among fatty acid compositions of fish from different aquatic environ-
ments and to evaluate these fatty acids in terms of human health.

The results obtained in a study from Turkey on the fatty acid compositions of eight different
marine fish species that were either farmed or caught in their natural habitats (waker, tub
gurnard, whiting, mackerel, blue fish, sea bream, sea bass, and marbled spinefoot) and six
different freshwater fish species caught in their natural habitats offer an insight into this sub-
ject. The PUFA ratios of the marine species were between 25.2 and 48.2%, whereas they were
between 23.2 and 43.8% in freshwater species. The EPA and DHA values of marine species
were 4.23-7.02% and 11.7-36.01%, respectively. The EPA and DHA values of freshwater spe-
cies were between 2.10 and 13.8%, and between 6.72 and 24.8%, respectively. Among marine
fish, at 22.6%, the lowest n-3 PUFA ratio was found in waker and, at 44.2%, the highest ratio
was found in blue fish. Among the freshwater fish, North African catfish had the lowest n-3
PUFA (11.05%) value, whereas at 28.4%, zander had the highest value. In addition, the n-6
PUFA ratios in the marine fish were between 0.43 and 14.4% and between 5.27 and 16.8% in
the freshwater fish [28]. The researchers reported that n-6/n-3 ratios in both the freshwater fish
and marine fish were below the ratio recommended by the UK Department of Health (4.0 at
maximum) [29].

The results obtained in a study on 34 different marine fish species from the Mediterranean
Sea showed that the fatty acid levels of all fish were at the desired levels for human health and
quality food consumption. The EPA and DHA values of fish were between 1.94 and 10.0%,
and 3.31 and 31.03%, respectively. The n-3 PUFA levels were between 12.66 (annular sea
bream) and 36.54% (European hake), whereas oceanic puffer had the lowest n-6 PUFA level at
1.24% and flathead mullet had the highest n-6 PUFA level at 12.76%; the n-6/n-3 ratio varied
between 0.04 and 0.91 [30].

A study was carried out with marine and freshwater fish from Malaysia found EPA ratios
in freshwater fish between 0.63 and 1.41%, whereas they were between 4.68 and 10.62% in
marine fish. The DHA levels were between 0.14 and 0.25%, and 2.50 and 10.05% in fresh-
water fish and marine fish, respectively. Moreover, that study reported that the n-3/n-6
ratios in all marine species were above 1, whereas the highest level reached was 0.73 in
freshwater fish [31]. The World Health Organization recommended that the n-3/n-6 ratio
should be at least 1 [3].

Overall, the studies reported that marine species and species that show carnivorous feeding
habits and species living in cold water contained high amounts of EPA and DHA and there-
fore can be used as an important source of food for human health.
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3.2. Feeding habits

Aquatic animals (organisms) have environmental and biological characteristics. The most
important biological characteristics are feeding habits. Fish are classified as carnivorous, her-
bivorous, omnivorous, and detritivorous (detritivore, detrivore, or detritus feeder) based on
their usual food source preferences in their natural habitats [32]. Moreover, each class is fur-
ther classified based on their food source preferences as euryphagous (feed on a great variety
of foods), stenophagous (feed on a limited variety of foods), or monophagous (feed on only
one type of food) [33]. The detritivorous species is Cirrhinus molitorella, known as mud carp,
and does not have much commercial value.

The most frequently consumed and farmed fish species worldwide have carnivorous, her-
bivorous, and omnivorous feeding habits; thus, these fish are rich in nutrients and popular
among consumers. The fish species that are widely farmed are: euryphagous carnivores, such
as salmon, basses, breams, halibut, flounders, and groupers; euryphagous herbivores, such
as some carp and tilapia species, milkfish; or euryphagous omnivores, such as common carp,
channel catfish, grey mullet, and eels.

The anatomic structures of fish digestion systems differ depending on their feeding habits.
Carnivores have shorter intestines and larger stomachs as compared with the other groups,
and their stomachs are usually tube-shaped [34]. The digestion ratio of food is higher in car-
nivorous fish when compared with other groups because semi-digested foods are stored in
the chyme, that is, in the stomach, for shorter periods [35].

Common carp, one of the omnivorous species, does not have a stomach because it tends to
consume herbal foods; however, some omnivorous species have pouch-shaped stomachs
that are smaller than those of the carnivorous species. Moreover, their intestinal structure is
more developed and longer. Herbivorous species do not have stomachs and have the lon-
gest and most complex intestinal structure because they consume only herbal food sources
[34, 36].

The energy requirements of fish differ depending on their feeding habits; therefore, lipid
digestion and requirement for lipids, the most important energy source, vary among the fish
species. In addition to fish species and feeding habits, some other factors also affect lipid
digestion. The age of the fish is the most important factor in lipid digestion [37-39]. The ability
of young fish and, especially, fish at the larval stage to digest foods containing high amounts
of lipid and lipids in feeds is markedly insufficient [36, 37, 39, 40]. Temperature also affects
lipid digestion: warm-water fish species have the greatest ability to digest lipids [41, 42].

In general, carnivorous species can better digest the lipids in high-fat nutrients in their natural
habitat—or pellet feeds under farming conditions [43—46]. Their ability to better digest lipids
is attributable to their genetic potential to store lipids [47]. In contrast, fish species that have
herbivorous and omnivorous feeding habits have a lower capacity to digest nutrients or feeds
with high lipid content [48]. Although the ability to digest lipids is affected by many factors,
the superior lipid digestion ability of carnivorous species is attributable to their more specific
and higher lipase activity when compared with herbivorous and omnivorous species [49].
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Based on the results obtained in relevant studies, the fatty acid requirements and composi-
tions of fish were divided into three groups. The first group is the salmon and rainbow trout
group, which are freshwater and anadromous carnivore species from the Salmonidae fam-
ily; the second group is the carnivorous marine fish group which contains sea bass and sea
bream; the third group is the temperate-climate fish group, that mostly have herbivorous and
omnivorous feeding habits (tilapia, carp, eel, among others) [50].

For the fish in the first group, a-linolenic acid (18:3 n-3) is the main fatty acid that must be in
their feeds, especially under farming conditions. Certain levels of EPA and DHA can only be
synthesized from linolenic acid by elongation if there is sufficient a-linolenic acid and insuf-
ficient of EPA and DHA in feeds. This does not imply that EPA and DHA are unimportant for
trout; on the contrary, trout require these two fatty acids in high amounts but can partially
met their requirements with linolenic acid when EPA and DHA are insufficient; however, in
some cases, the synthesized amount may itself be insufficient [46, 50].

The most important fatty acids for carnivorous marine fish, especially for sea bass and sea
bream, are EPA and DHA. Their ability to synthesize EPA and DHA using other fatty acids is
inferior to that of the fish of the Salmonidae group; therefore, they tend to feed on nutrients
rich in EPA and DHA, either in their natural habitats or under farming conditions [50].

Linoleic acid (18:2n-6) is known to be the most important fatty acid requirement of species
that have herbivorous and omnivorous feeding habits. These fish species, along with linoleic
acid, require linolenic acid (18:3n-3) and arachidonic acid (20:4n-6) [50].

Table 1 shows the fatty acid requirements of some carnivorous and herbivorous fish species
[50].

3.3. Lipid contents

There are three different lipid compositions of fish: lean fish (less than 5% fat), mid-fat fish
(5-10% fat), and fatty fish (10-25% fat). Although the lipid contents of fish depend on many
factors, they are generally divided into three groups based on their composition: lean, mid-fat
or medium fat, and fatty fish. This classification and the lipid levels in fish have been reported
somewhat inconsistently in publications and research. For example, in one paper, fish were
divided into four groups based on their lipid levels and lean fish were evaluated under two
categories. These groups were:

Very low fat (less than 2%): cod, haddock, flounder/sole, and tuna
Low fat (2-5%): tilapia, halibut, ocean perch, and salmon (chum, pink)
Medium fat (5-10%): bluefish, catfish, rainbow trout, and sword fish

High fat (10% or more): herring, mackerel, sardines, and salmon (Atlantic, sockeye, coho, and
chinook) [51].

In another study, fish were separated into three different classes. Fish having lipid levels
below 2% were regarded as lean fish; fish having lipid levels between 2 and 8% were regarded
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Species

Requirements of fatty acids (in dry feed%)

1. Carnivores

Rainbow trout (Oncorhynchus mykiss)

Sea bass (Dicentrarchus labrax)

Sea bream (Sparus aurata)

2. Omnivores

Common carp (Cyprinus carpio)
Japanese eel (Anguilla japonicus)

3. Herbivores

Grass carp (Ctenopharyngodon idella)
Tilapia (Tilapia zilli)

Tilapia (Oreochromis niloticus)

Linolenic 1%
Linolenic 0.8%
EPA + DHA 0.4-0.5%

EPA + DHA 1%

EPA + DHA 1%, EPA:DAHA =1
EPA + DHA 1.9%, EPA:DAHA =0.5

Linoleic 1%; linolenic 0.5-1%

Linoleic 0.5%; linolenic 0.5%

Linoleic 1%; linolenic 0.5%
Linoleic 1%; arachidonic 1%

Linoleic 0.5%

Table 1. Fatty acid (in dry feed%) requirements of some carnivorous, omnivorous, and herbivorous fish species [50].

as mid-fat fish; fish having lipid levels above 8% were regarded as fatty fish. Cod fish was
given as the best example of lean fish, and some salmon species, herring and mackerel, were
placed in the fatty fish group. Another important issue, which should not be overlooked,
is that the lipid content in fish can vary significantly. In wild fish, seasonal changes, sexual
maturity, reproduction period, and the nutrients they consume; in farmed fish, the feed con-
tent and quality directly affect the lipid content [52].

The lipid ratio in lean or fatty fish usually depends on how and where the lipids are stored.
Cod fish are known to be lean fish; they do not store lipids in their muscle tissues (fillet) but
store them only in the liver, whereas salmon and trout species store lipids in their muscle tis-
sues and the surrounding organs and do not store lipids in their liver [53].

Table 2 shows the nutritional composition in lean, mid-fat, and fatty fish [52].

The lipids in fish vary with body composition. In general, the differences in lipid compositions
of certain fish species depend on the spawning period and seasonal changes. For instance,
seasonal changes were reported to significantly affect the lipid compositions of herring (Clupea
harengus) and mackerel (Scomber scombrus). In herring, the lowest lipid level was around 5%
and observed in April; the highest lipid level was above 25% and was observed in July. In fillets
of mackerel, the lowest lipid level was 5% and observed between June and July, whereas the
lipid level was above 20% during September—January and approached 30% in December [54].

Because these fish are rich in n-3 fatty acids, the consumption of fatty fish is also important for
human health, both EPA and DHA-rich species including salmon, herring, mackerel, ancho-
vies, and sardines. In these fish, the n-3 fatty acid contents are sevenfold or more higher than
their n-6 fatty acid contents [55].
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Fish species Fat (g) Protein (g) Water (g)
Lean fish

Haddock 0.2 16.6 81
Cod 0.3 18.1 80
Common sole 0.5 14.8 84
Bluefish tuna 1.0 24.0 74
European perch 1.3 18.1 81
Medium fat fish

Turbot 2.4 15.9 79
Redfish/ocean perch 2.8 17.1 79
Sea trout 3.3 20.0 74
Char 7.1 16.1 73
Fatty fish

Farmed trout 10.2 17.2 70
Halibut 104 16.2 72
Wild salmon 11.5 19.7 66
Farmed salmon 13.4 19.9 67
Mackerel 20.2 18.5 60
Fatty herring 25.0 17.0 56
Eel 32.5 17.3 46

Table 2. Nutritional content per 100 g in different fish species.

The lipid, EPA, and DHA levels in fillets determined in a study that investigated the lipid
levels in fish are given in Table 3 [52].

In India, researchers examined the EPA, DHA, and fatty acid compositions of 34 fish, 3 prawns,
and 2 mussels with different lipid contents (lean, mid-fat, and fatty) and, again, found that
EPA and DHA levels were high in the fatty fish group. Among these fish, 12 were obtained
from marine water, 3 were obtained from brackish water, 14 were obtained from freshwater,
and 5 were obtained from cold water. Sardinella longiceps (marine water) and Tenualosa ilisha
(freshwater) had the highest lipid contents (9.2 and 10.5%, respectively). It was observed that
the fatty acid compositions of both fatty fish were especially rich in HUFA, EPA, DHA, and
n-3 fatty acids. Sardinella longiceps had 12.3% EPA, 6.9% DHA, and 21.4% } n-3 fatty acid.
The fatty acid composition of Tenualosa ilisha, a freshwater species, contained 2.9% EPA, 8.9%
DHA, and 14.2% }" n-3 fatty acid [56].

Although the lipid level of Catla catla fish, which is a freshwater species having low lipid lev-
els (2-4%) and was obtained from farms, was low in the body composition, it had high levels
of EPA, DHA and ) n-3 fatty acid. Again, although Rastrelliger kanagurta and Stolephorus waitei
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Fish species Fat (g) EPA (g) DHA (g)
Lean fish

Haddock 1.0 0.07 0.27
Cod 0.6 0.07 0.16
Saithe/coalfish 0.3 - -
Tusk 0.3 - -
European plaice 1.5 0.24 0.26
Medium fat fish

Halibut 3.9 0.28 0.41
Atlantic wolffish 2.7 0.40 0.20
Rainbow trout 6.7 0.32 1.16
Spotted wolffish 4.8 0.70 0.40
Fatty fish

Greenland Halibut 15.6 1.00 0.90
Salmon 10.0 0.65 1.80
Mackerel 244 1.27 3.17
Herring (summer) 14.5 0.57 1.25
Herring (winter) 19.0 248 2.24
Eel 315 1.27 2.07

Table 3. Fat, EPA, and DHA content in selected fish species.

(lean fish; less than 2% fat) from marine water had low lipid content, they were rich in EPA,
DHA, and }’ n-3 fatty acid relative to the other fish in the same group [56].

3.4. Wild or farmed fish

There are significant differences in nutritional compositions of farmed fish and wild fish.
Many recent studies have focused on this issue and have tried to determine to what degree
the nutritional composition of fish affects human health and has nutritional benefits [57-64].
The nutritional quality of farmed fish has improved in the recent years thanks to environmen-
tally friendly and advanced aquaculture techniques. In addition, the advancing feed sector
now can offer the most suitable and best quality feeds.

In its early years, aquaculture was carried out in small areas using artificial feeds and simple
techniques, and the only way to handle disease factors was to use antibiotics. However, more
recently, aquaculture has improved significantly and has begun to yield quality products that
are both environmentally friendly and beneficial to human health. Many studies have shown
that the nutritional, and especially, the lipid compositions in farmed fish are more consistent
than in wild fish; therefore, they are richer in n-3 fatty acids [59, 63, 65].
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A study that compared individual farmed fish with individual wild fish using the sharp snout
sea bream (Diplodus puntazzo). In the farmed fish, EPA, DHA, }PUFA, }'n-3 fatty acid levels,
and the n-3/n-6 ratio were 4.23 (g/100 g total fatty acid), 10.09 (g/100 g total fatty acid), 35.39,
28.65, and 4.25, respectively. In the wild fish, the EPA level was 6.86, DHA level was 9.28,
Y PUFA level was 32.29, Y'n-3 level was 24.75, and n-3/n-6 ratio was 3.53 [57].

Sea bass (Dicentrarchus labrax) is frequently farmed, both in Europe and in Turkey; many
studies have focused on this species. Alasavar et al. reported the nutritional compositions of
farmed and wild sea bass. In the farmed fish, EPA and DHA values were 6 and 18.1%, respec-
tively, whereas they were 10.06 and 19.5% in the wild fish. In that study, the n-3/n-6 ratios
were 2.88 and 3.02 in farmed and wild fish, respectively. The researchers attributed the lower
levels in farmed fish to SFA and MUFA-rich, but PUFA-poor, feeds. They also stated that the
wild fish were living in a nutrient-rich region and fed on n-3 fatty acid-rich food sources [58].

Different results were obtained in a study that compared the nutritional compositions of three
different fish species (sea bass, sea bream, and rainbow trout) to each other. For sea bass, the
EPA level was 7.32%, the DHA level was 14.8%, and the ) n-3 level was 26.2%; for sea bream,
the levels were 5.48, 12.4, and 23.3%, respectively; for rainbow trout, the levels were 6.16,
19.04, and 31.1%, respectively. The n-3/n-6 ratios for each fish species were 3.84, 2.85, and
4.54, respectively. Considering that, in general, the n-3/n-6 ratio in a healthy aquaculture food
should be at least 1:1, and these three species were well above this value, an indicator of the
quality of the aquaculture environment and feeds used in aquaculture [59].

In a study carried out in Turkey, the nutritional compositions of wild fish caught in the
Atatiirk Dam Lake were investigated: the EPA level was 7.18%, the DHA level was 5.39%, the
Y PUFA level was 23.09%, the Y n-3 level was 15.64%, the ) n-6 level was 7.45%, and the n-3/n-6
ratio was 2.10 [60].

Males and females (a total of 10 individual fish) from the shabbout (Barbus grypus) species
obtained from the same region were used. The samples taken from the species, an omnivo-
rous and rapidly growing species, weighed between 1.5 and 2 kg. Evaluating individual fishes
separately showed that EPA values to be between 2.7 and 3.7% and DHA values between
5.2 and 10.7%; the highest value was determined in a male fish. Their ) PUFA values were
between 19.2 and 26.1%; ) n-3 values between 14.7 and 18.2%, and, again, the highest value
was determined in a male fish. The lowest ) n-6 value was 3.9 and determined in a female,
whereas the highest }'n-6 value was 7.6 and determined in a male fish; thus, at 2.4, the lowest
n-3/n-6 ratio was determined in male fish and, at 4.8, the highest n-3/n-6 was determined in
female fish [61].

A similar study was carried out on spiny eel (Mastacembelus mastacembelus) and EPA and DHA
values were 1.62 and 8.41%, respectively. The } PUFA level was 21.74%; ) n-3 level, 14.16%,
and Y n-6 level, 7.11%. The researchers found a n-3/n-6 ratio =2, and asserted that it could be
a beneficial species for human health [62]. The researchers asserted that these were the first
studies on wild shabbout and spiny eel in the region studied and stated that their results
showed that the nutritional and fatty acid compositions of both species were of high quality
and can have economic value.
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Interesting results were obtained in a study carried out with individual farmed and wild trout.
The nutritional compositions of fish obtained from earthen ponds, sea cages, lake (freshwater)
cages, and from their natural habitats in lakes were compared. The highest EPA value (8.74%)
was found in the wild fish, whereas the lowest EPA value (3.14%) was determined in the
lake-caged fish. To the contrary, at 5.66%, the lowest DHA level was determined in the wild
fish and, at 18.49%, the highest DHA value was determined in sea-caged fish. The }'n-3 levels
varied between 18.21 and 26.31%; the highest value was determined in sea-caged fish, the
Y n-6 values varied between 7.11% (wild fish) and 13.1% (lake-caged fish). The n-3/n-6 ratios
were 1.33, 1.75, 2.58, and 2.71 for lake-caged fish, earthen pond fish, sea-caged fish, and wild
fish, respectively. The n-3/n-6 ratios of fish from each different environment were reported to
be at acceptable values [63].

4. Conclusion

The nutrients in fish are important for human health, but are easily obtained from fish oils.
Fish fatty acids and particularly poly unsaturated fatty acids (PUFA) play an important
role in human health, from embryological development to prevention and treatment of
some diseases— including arthritis and inflammation, autoimmune disease, type 2 dia-
betes, hypertension, kidney and skin disorders, and cancer in children and in adults. The
human body cannot synthesize certain fatty acids: these essential fatty acids must be con-
sumed in the diet. Therefore, consumption of fish should routinely take place in human
nutrition. The fish resources attract consumer interest and have been discussed in detail
in the recent years; therefore, many studies have been carried out to investigate the nutri-
tional value of farmed fish. Most of the studies showed that there was no significant dif-
ference between farmed and wild fish in terms of nutritional composition. A significant
number of these studies mostly focused on the quantity and quality of fish feeds and the
edible parts of fish.
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