Physiol. Res. 58 (Suppl. 1): §39-545, 2009

Importance of Knowledge on Lipid Composition of Foods to Support
Development towards Consumption of Higher Levels of n-3 Fatty

Acids via Freshwater Fish

J. PICKOVA'"“?

'Department of Food Science, Swedish University of Agricultural Sciences, Uppsala, Sweden,
*VURH, University of South Bohemia in Ceské Budgjovice, Voditany, Czech Republic

Received June 18, 2009
Accepted July 14, 2009

Summary

The need of better labelling of fats in processed animal origin
products is urgent. The lack of information makes it possible to
exclude n-3 fatty acids in preparations of foods. The higher fat
content, the higher n-6/n-3 ratio seems to be a rule. It is
desirable to broaden the labelling into which oils have been used
when foods are processed. The dietary balance of n-6 and n-3
fatty acids is important for homeostasis and normal development
in humans. The ratio between n-6/n-3 fatty acids suggested to
be evolutionary developed is between 1 and 4. The main
conclusion is that the fat sources used during processing and
preparation of convenient foods have the largest impact on the
food FA content and composition. A proposal is therefore that
this should be declared on the product label especially the n-3 FA
content. It is also of large importance to increase consumption of
freshwater fish fed suitable feeds containing n-3 fatty acids in
central Europe to enable a generally lower n-6/n-3 ratio in the
human diet. Therefore optimizing feeds to freshwater fish in
culture is urgent and important.
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Background

During the previous century and even more
pronounced in the latest decades an increasing part of the
Western diet is composed of fast and convenient foods

(Hagman et al. 1986, Baggio and Bragaguolo 2006),
saturated  fatty acids (SFA),
fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA) of the n-6 series,
(Taylor et al. 2000, Saguy and Dana 2003, Baggio and
Bragaguolo 2006). In general, the total amount of PUFA

often rich in
monounsaturated

in the Western diet has decreased, while at the same time,
the ratio between n-6/n-3 PUFA has increased (Ailhaud
et al. 2006, Anon, Dept of Health UK, 1994). This
change is very obvious in children’s diet and effects are
visible. A Swedish study of 4 year old children showed
on this trend, the intake of SFA was higher and total
PUFA, especially the n-3 fatty acids (FA), lower than the
general recommendations (Garemo ef al. 2007).

We know that fish consumption is low and meat
has become a relatively important source of long chain
PUFA for many people (Kyle and Arterburn 1998,
Scollan et al. 2001, Howe et al. 2006, De Henauw et al.
2007). As examples: in Sweden fish provides 5 % of the
total consumption of food and beverages at home, while
meat contributes with 17 % (www.scb.se), in Czech
Republic the fish consumption per year is 1.5 kg
compared to the average of total EU countries of 5 kg
freshwater fish (www.zdrava-vyziva.net). In the Swedish
study on 4 year old children 3 % of the total fat intake
came from fish while meat and egg contributed with
22 % (Garemo et al. 2007).

Earlier studies on lipid composition of animal
origin foods have shown that the FA composition of
animal products is significantly influenced by a number
of factors such as diet, species, breed, age and gender of
the animals (Sargent et al. 1999, Zanardi et al. 2000,
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Scollan et al. 2001, Regost et al. 2004, Olsson and
Pickova 2005, Estevez et al. 2006). Diet is most likely
the dominating factor in most cases. The say “You are
what you eat” is a real truth when it comes to fat
composition of animal tissues. In addition, the quality of
oils and fats during processing of the foods has a strong
influence on the FA composition of servings (Ansorena
and Astiasaran 2004). Analysis of FA composition of
some different brands of common fish and meat fast
foods (Sampels et al. 2009) was performed and compared
to the original raw product. In order to illustrate the
variation in fat composition, the obtained data were
compared to the data available in the official food
database of the same country (National Food
Administration 2008). In that study was found that the
highest variation in fat composition of the food products
was due to processing (Sampels et al. 2009). The
investigated fish products were based on lean fish
species, and the FA composition of the products was
markedly altered by the fat source used in the different
processes to fast food products. There was no information
on the packages about the fat used for production, except
that it was a vegetable oil. It was assumed that use of
different oils in the different brands caused these
differences. Some products were most probably based on
corn oil, while some others probably used palm oil. The
fat content and the values of 16:0 and 18:1n-9 were
increased in those products compared to the frozen fish.
The addition of oil to get a desirable crumb increased the
fat content and changed the total FA profile, markedly
increasing the n-6/n-3 ratio and fat content (Fig. 1)
(Sampels et al. 2009). The producers are not obliged to
list the used fat on the ingredient list, which is quite
unfortunate, as it had a large influence on the fat
composition. These values might further change when the
products are fried by the consumers (Saguy and Dana
2003, Ramirez et al. 2005), a factor which may further
increase the n-6/n-3 ratio (Soriguer ef al. 2003).

In ruminant origin animal products grass and
green feed lead to higher proportions of n-3 PUFA
compared to concentrates that are often produced with
cereals and oils rich in 18:2n-6 (Wood et al. 2003). Also
residue cakes and meals from rapeseed, hempseed and
linseed oil production can have the same impact on all
animal products. Therefore lard can be expected to have a
very variable composition depending on the feed of the
pigs. This is suspected to lead to variation of FA
composition in these types of products that should be
studied more extended.
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Fig. 1. Correlation between the lipid content (% w/w) and
omega-3 fatty acids (% of total lipid, log scale) in products which
were analyzed and data from the Swedish food database.
Adapted from Samples et a/. 2009.

The results from the analyzed foods in Sampels
et al. (2009) suggest that in general a higher fat content in
the products leads to a lower proportion of n-3 (Fig. 1).
The highest content of n-3 was found in the unprocessed
fish. If the unprocessed fish was excluded in the analysis,
there was no significant correlation between fat content
and n-3 FA.

Five-10 % of the energy intake per day is
recommended as PUFA, including about 1 % n-3 PUFA,
according to the nutritional recommendations in many
countries. The balance between LA and ALA (acids
further
transformation by desaturation and elongation to the
LCPUFA, and a high intake of n-6 FA will lead to a
decrease of n-3 long chain PUFA (LCPUFA). Depending
on the ratio of n-6/n-3 in the diet, the conversion of ALA

linoleic and linolenic, is important for

to longer chain n-3 PUFA can vary (Cunnane et al.
2003). It is expected, the total proportion of PUFA is
much lower in the meat products than in the fish
products. Despite the high n-6/n-3 ratio and the decreased
amount of 22:6 n-3 in the fish products, they still
contained ten times more of LCPUFA than the meat
products. Since meat dominates the food intake, the lower
ratio n-6/n-3 FA in alternative (such as organic and
ecological, fed mostly green feeds) production raised
animals might be important.

It would be desirable also to include information
about the livestock diet and information about animal
products produced in alternative production systems in
databases, as for example beef and mutton from grazing
animals or other food products, but it is even more
desirable that the added fat or vegetable oil is declared to
origin. Such knowledge can enable an interdisciplinary
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dialogue from feed producers and animal farmers, to food
industry and medical and nutritional professionals, in
order to optimize fat composition and the development of
convenient foods to be nutritionally favorable.

To address more real numbers when nutrition
studies on fat intake and composition are performed,
more data are needed. For the calculation of data in
studies including food frequency questionnaires, 24-hour
recall and 3-7 days of dietary recording, as exemplified in
references (Matthys et al. 2006, Garemo et al. 2007,
Sioen et al. 2007), the food items are not analysed but
available food databases are used (Nevo 1993, Nubel
1995, National Food Administration 2008). These
databases usually do not present different brands or refer
to different feeding strategies and processing methods.
There is presently no obligation for producers to declare
which types of fat were added during processing.

Fish farming and the beneficial effects of fish
consumption

The new strategy to increase fish availability
especially within EU, gives a strong demand of fish
feeds. These are often composed with fish as the main
part of the raw products used in the different brands. Fish
oils generally are processed mainly from marine pelagic
fatty fish species. The main intake of n-3 long chain
PUFA within EU is based on the production of salmonids
in Northern part of Europe, Norway and Scotland as the
main producers, and sea bass and sea bream in the
Mediterranean area. The traditional fish feeds for these
contained a

species large proportion of fish as

ingredients. Today, the situation is changing; fish
ingredients are both expensive and getting scarce
(Pickova 2009). Therefore, it is time now to develop
culture of these and other species not that much
dependent on fish ingredients, being suppliers of fish
fatty acids, in fact via the conversion of shorter n-3 fatty
acids from plant oils in fish feeds. Freshwater fish are at
the moment an underestimated resource and the feeding
strategies to carps, catfish and other freshwater species in
culture have to be developed to optimize the PUFA
content of these fish species. The fatty acids
eicosapentaenoic acid (EPA, 20:5 A5,8,11,14,17) and
docosahexaenoic acid (DHA, 22:6 A 4,7,10,13,16,19) are
important components of fish. Fish oil PUFAs are
sometimes also called highly unsaturated fatty acids
(HUFA), where highly means at least three double bonds.

The demand for fish continues to climb but

annual harvests of fish have remained roughly stable
since the mid-1980s, whereas aquaculture has been
growing with a rate of around 8-9 % per anno during this
period (FAO 2006).
aquaculture continues in almost all world regions.

statistics The expansion of
Aquaculture is crucial to meet the increasing demand for
fish and also to support the attempts to maintain wild fish
populations (Fig. 2). Therefore the challenge is to
increase the culture of species suitable in relation to the
feeds available without compromising the fish nutritional
quality for consumption, especially with optimized levels
of PUFA. Here the freshwater fish culture is of crucial
importance, generally having a relatively high capacity to
transform linolenic acid (ALA) to the longer and more
desaturated products such as EPA and DHA.
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Fig. 2. Total capture, total aquaculture production and human
consumption of fish from year 1994 to 2005, data are taken from
SOFIA 2002, 2004, 2006.

Ongoing trial

In ongoing trials (Mraz and Pickova 2009 and
unpublished), carp has been fed different supplements in
addition to the plankton available in ponds. Ongrowing
fish had access to plankton or plankton with addition of
cereals or pellets containing rapeseed cake. The fish
without any supplementation were characterized by high
content of n-3 PUFA, especially EPA and DHA. The fish
supplemented with rapeseed pellets had modest level of
n-3 PUFA and the fish supplemented with cereals were
characterized by high content of oleic acid and low levels
of n-3 FA. This tissue and in particular the storage
fraction have less favorable, with regard to human
nutrition, ratio polyunsaturated n-6/n-3 fatty acids than
total phospholipids, which can be improved by a change
in feed composition by other vegetable additives than
cereals. We conclude that common carp has a potential to



S42 pickova

Vol. 58

become an attractive fish in terms of lipid content and
composition. The nutritive value of the lipids in the
present carp production is high, especially in the lean
parts of the fillets, in relation to the amount of n-3 PUFA
in the total diet of central Europe. In addition, several
possibilities to improve the lipid composition of cultured
carp in the traditional pond production are discussed and
under evaluation (Mraz and Pickova 2009).

Discussion

The incorporation of fish fatty acids as healthy
additives in foods and as formulations in different forms
of health promoting capsules or oils is currently
increasing. This makes fish oils extremely valuable and
explains the continuous increase in their prices.

In general, the health effects of fish oils are
ascribed especially to EPA and DHA. These fatty acids
have a number of beneficial properties in human health.
A meta-analysis by Mozaffarian and Rimm (2006)
demonstrated the advantage of an intake of these fatty
acids in relation to cardio vascular disorders and
neurodevelopment during gestation and infancy. The
major conclusion from their study was that benefits of
fish intake exceed the potential risks of possible harmful
effect of pollutants (Mozaffarian and Rimm 2006). The
amount of DHA recommended for daily intake varies
(Mozaffarian and Rimm 2006).

Recommendation on intake of DHA and EPA are given

between studies
in several countries, e. g. from 1994 in United Kingdom
(Anon 1994) as well as in United States (Simopoulos e?
al. 2000). The need for DHA and EPA is caused by the
fact that the ability of mammals to elongate and
desaturate 18 carbon fatty acid chains, both n-6 and n-3,
is limited. The n-3 polyunsaturated fatty acids are
important for cell membrane fluidity, regulation of cell
signaling (Calder 2008). Dietary intake of n-3 fatty acids
is known to influence the expression of several genes,
such as PPARs and SRBPI (Price et al. 2000). An n-6/n-3
ratio 1:1 — 4:1 is suggested by many studies to be the
evolutionary developed optimum in the human diet
(Simopoulos 2000). Fish having such a low and lower
ratio are important as a beneficial part of the human diet,
whereas vegetable oils generally have higher ratio of
n-6/n-3. Plant oils which contain n-3 fatty acids in
significant amount are linseed (flaxseed), rapeseed
(canola) and hempseed (Table 1) but also these oils
almost lack the important long chain n-3 PUFA. The n-6
and n-3 fatty acids are metabolically and functionally

distinct and have many opposing physiological effects.
The dietary balance of n-6 and n-3 fatty acids is
important for homeostasis and normal development in
humans (Simopoulos 2002). Recently, EPA and DHA
have been suggested to increase the production of the
anti-inflammatory bioactive lipid modulators resolvins
(Massaro et al. 2008). Today, the importance of DHA as
a nutrient important in gene expression and thereby a
factor in lipid metabolism is recognised.

Table 1. Approximate proportions (% of total identified fatty
acids) of the main polyunsaturated fatty acids linoleic, 18:2n-6,
and linolenic, 18:3n-3, in the three plant oils. Values are from
own analytical data (unpublished).

Fatty acid %  18:2n-6  18:3n-3  Ratio n-6/n-3
Rapeseed 20 10 2.0
Hempseed 53 20 2.5
Linseed 15 55 0.3

Health claims can relate to contents of

nutritionally beneficial compounds or disease risk
reduction claims. Omega-3 health claims can be divided
in two different claims; omega-3 polyunsaturated fatty
acids (ALA rich PUFA oils) and long chain omega-3
polyunsaturated fatty acid containing oils (LC omega-3
rich PUFA oils, eg. fish oils), the latter containing mostly
EPA and DHA. The legislation related to the oil omega-3
fatty acid content and composition is still under revision
and will likely continue to undergo changes as new
research studies are published and scrutinized

Seafood (the common name for fish and
crustaceans also from freshwater) is the richest and most
efficient source of dietary very long chain n-3 fatty acids.
World freshwater and marine aquaculture will constitute
more than half of the world seafood (fish and others
produced both in freshwater and in marine environment)
production within only a few years time (FAO, 2007).
Therefore aquaculture is the world’s fastest growing food
production sector, bringing great potential for food
supply, and for enhanced trade and economic benefits.
Use of high-energy feeds has been of major importance
for the development of cost effective fish farming and
fast growing fish. Fishmeal and fish oil are limited
resources and the importance of plant seeds, rich in
protein and fat, in fish feeds is increasing. Grains and
other plant products are cost efficient in aquaculture feeds
and are considered more sustainable than fish meal and
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fish oil. Grains and other seeds often contain compounds
that affect nutrient uptake and utilization and possibly
fish health, positively or negatively, by their potential
modulating effects on the immune system, as well as
interaction with the fat metabolism. In addition, microbial
sources (algae, fungi and bacteria) are upcoming
alternatives to be included in aquaculture feeds. Such
sources add to the human food bank rather than only
transforming one human food source to another. Different
alternative sources of oils and proteins are being tested
with good results, except for the amounts of EPA and
DHA in the fish (reviewed in Pickova and Maerkere
2007). It was recently shown that addition of sesame
to different

percentages of DHA in white muscle of rainbow trout by

lignans vegetable oils increased the
approximately 30-40 % by increasing the desaturation
index of n-3 fatty acids (22:6/18:3). It was concluded that
supplementation of fish feed with n-3 fatty acids (e.g.

from rapeseed oil, linseed oil or mixed oils) and sesame

3 fatty acids, especially DHA. It so affects the expression
of a few nuclear receptors (Trattner et al. 2008). Recent
developments in the field of nutrigenomics and
metabonomics are foreseen to promote our understanding
of gene-nutrient interactions. Of special importance is the
effect of n-3 fatty acids including ALA, EPA and DHA
and lipid-soluble synergists on nuclear receptors
including peroxisome proliferators activated receptors
(PPARs), (RXR) and
regulatory element binding proteins (SREBPs) (Trattner

et al. 2008).

retinoid X receptors sterol
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