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Various science researches have shown that meat of ruminants has more desirable fatty acid composition and a ratio between w-6
and w-3 fatty acids (lower than 4.0) because of lower content of linoleic, and a higher content of w-3 polyunsaturated fatty acids,
especially linolenic fatty acid. The aim of the present study is to examine researches about feeding modulation of the fatty acid com-
position in lamb meat. The fatty acid composition in tissues of suckling lambs can be modified by fatty acid composition of ewes *
milk. Numerous investigations have shown that lambs on pastures have increased content of w-3 fatty acids, especially eicosapen-
i thoracis and m. semimembranosus. Addition of 10% flax oil in lambs *

fatty acids in m.

diet significantly increased the content of linoleic acid in m. longissimus lumborum (4.5 times), while fish oil stimulated deposition of
intramuscular fat in shoulder, leg and abdomen. The fatty acid content of intramuscular and subcutaneous tissues of suckling lambs
is influenced by fatty acid composition of ewes” milk, and depends on rearing and feeding systems of ewes. One of the advantages
in feeding of ruminants is the addition of rich linoleic source and source of linolenic acid in combination with fish oil in diets of lambs
that increases the content of conjugated linoleic acid (CLA) in different tissues. It is clear from the above mentioned data that fatty
acid composition of lamb meat may be modeled with the aim to decrease the content of saturated fatty acids and increase the con-
tent of polyunsaturated fatty acids in fat and muscle tissues of lambs.
Keywords: feeding of lambs, lamb meat, polyunsaturated fatty acids, conjugated linoleic acid.

Introduction

The popular perception of fats is
that they increase the risk of a num-
ber of health problems such as heart
diseases, stroke, diabetes, and some
cancers. However, fats are very im-
portant for human health. Nutrition-
ists have also focused on increasing
the consumption of the important
n-3 fatty acids; particularly eicosap-
entaenoic acid (EPA) and docosahex-
aenoic acid (DHA) that could have a
large influence on human health.
Many researches have been carried
outin feeding fish oil, a rich source of
DHA, to animals in attempts to trans-
fer the long chain fatty acids present
in the fish, to the meat (Demirel et al.,
2004a; Ponnampalam et al.,, 2001).
Omega-3 fatty acids are essential
fatty acids and they are necessary for

human health, but the body cannot
produce them. Omega-3 fatty acids
can be found in fish, such as salmon,
tuna, and halibut, other seafood in-
cluding algae, some plants, and di-
etary oils. Healthy benefits of these
fatty acids are in reducing inflam-
mation and contribution in lowering
the risk of chronic diseases such as
heart disease, cancer, and arthritis.
Omega-3 fatty acids are highly con-
centrated in the brain and appear to
be important for cognitive behav-
ioural function (University of Mary-
land, 2009). Omega-3 fatty acids as-
sist in reducing inflammation, whilst
most omega-6 fatty acids tend to
promote inflammation. Therefore, it
is important to have the balance of
omega-3 and omega-6 in the diet.
Omega-3 fatty acids are called “‘good

fats” because they play a vital role in
every cell and system in the body.

The fatty acid composition in
muscle and adipose tissues of rumi-
nants is much more variable than in
non-ruminants. The reason for this
is presence of trans fatty acids, fatty
acids with an odd number of car-
bon atoms, branched fatty acids and
fatty acids with conjugated double
bonds. These variations are the re-
sult of microbial enzymes presented
in rumen, which degrade plant struc-
ture and fatty acids from the diet.
Previous studies suggest that fatty
acid composition of ruminant meat
can be influenced by diet (Enser et
al,, 1998). However, the greater sus-
ceptibility to oxidation and flavour
defects of animal products enriched
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Figure 1 The content of fatty acids (mg/g of meat) in m. longissimus lumborum
of lambs fed flaxseed supplemented diets, compared with lambs fed no supple-

ment (Gruszecki et al., 2006)

in polyunsaturated fatty acids (PUFA)
must also be considered (Vatansever
et al., 2000). When oxidative rancid-
ity starts to develop, the products of
this process give rise to unpleasant
odours and tastes which reduces the
acceptability of the meat to consum-
ers. Oxidation of the lipids in meat
and meat by-products can be effec-
tively controlled with antioxidants.
Many recent studies have dealt with
the use of synthetic antioxidants. On
the other hand, vitamin E proved to
be an effective solution for that. Pas-
ture feeding, due to high content
of a-linolenic acid and vitamin E in
grass, provides more acceptable way
of increasing the n-3 unsaturation of
meat (Enser et al., 1998).

The aim of the study was to collect
and analyse scientific literature that
elaborates influence of different fac-
tors on the fatty acid composition in
lamb meat with a special regard to
the feeding modulation.

Fat content and fatty acid

composition of meats

from different species

Fatty acids are very important
source of energy for many organ-
isms. Excess glucose can be stored
efficiently as fat. All cell membranes
are made of phospholipids, each of

them containing two fatty acids.
Catabolic processes generate en-
ergy and primary metabolites from
fatty acids, while anabolic processes
create biologically important mol-
ecules from fatty acids and other
dietary carbon sources. Triglycerides
are storage form of fatty acids in an
organism, therefore, an important
source of energy. The energy yield
from a gram of fatty acids is approxi-
mately 9.3 kcal (39 kJ/g), compared
to 3.7 keal (15.5 kJ/g) for carbohy-
drates (Kulier, 1990). Besides, fats de-
crease rapidity of digested food flow
that may enable better absorption
of nutrients.

Fats are classified as saturated
(containing no double bonds in
their chemical structure) or unsatu-
rated (containing at least one dou-
ble bond). Saturated fats are less
disturbing to the microbes present
in rumen. The role of the rumen mi-
crobes is converting or hydrogenat-
ing unsaturated into saturated fats.

Body fat can be synthesized from
different sources in ruminantsii. e. (1)
from glucose, (2) from volatile fatty
acids as a metabolite of rumen fer-
mentation, particularly from acetic
acid and (3) from long chain fatty
acids.

lamb meat

In non-ruminant animals, glucose
derived from dietary carbohydrate is
the main precursor for the synthesis
of lipids (Hanson and Ballard, 1967).
The situation is different in rumi-
nants, where dietary carbohydrate
is converted into various short-chain
intermediates before absorption.
The available glucose in ruminants is
synthesized in liver and kidney and
the obvious premium on this source
of carbohydrate suggests that the
products of rumen metabolism,
such as acetate and butyrate, are the
major precursors for lipogenesis in
these animals (Hanson and Ballard,
1967).

There is a big difference between
ruminant and non-ruminant spe-
cies in their proportions of PUFA in
tissues and meat. These are greatly
changed by digestion in pig and
poultry and are incorporated di-
rectly in adipose tissue. While rumi-
nants consume forage, fatty acids
are hydrogenated by microorgan-
isms in the rumen. This microbial
action results in generally low levels
(10% or less) of dietary PUFAs being
available for absorption into body
tissues after passing through the ru-
men. However, the fatty acids may
be absorbed in the small intestine
as monoglycerol and free fatty ac-
ids. Those fatty acids can be used for
body fat synthesis in sheep without
any change.

In ruminants, most of esterified
plant lipids are hydrolysed after con-
sumption by microbial lipases, caus-
ing release of fatty acids. Anuerovi-
brio lipolytica, which is best known
for its lipase activity, produces ester-
ase and lipase. This lipase hydrolyzes
acylglycerols completely to fatty ac-
ids and glycerol. Glycerol is ferment-
ed rapidly, yielding propionic acid as
a major end product.

Unsaturated fatty acids have a
relatively short half-life in ruminal
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contents because they are rap-
idly hydrogenated by microbes to
more saturated end products. The
initial step in biohydrogenation is an
isomerization reaction that converts
the cis-12 double bond in unsatu-
rated fatty acids to a trans-11 isomer.
The extent to which trans-11 C18:1
is hydrogenated to C18:0 depends
on conditions in the rumen. For ex-
ample, complete hydrogenation to
stearic acid is promoted by the pres-
ence of cell-free ruminal fluid and
feed particles but it is inhibited irre-
versibly by large amounts of linoleic
acid.

Polyunsaturated fatty acids are
formed by sequential desaturation
and elongation reactions. The posi-
tion of further desaturation depends
very much on the organism. Ani-
mal enzymes insert new cis-double
bonds towards the carboxyl group
(mammalian systems dispose A9-,
A6-, A5-, and A4-desaturases, a mini-
mum chain length of 16-18 carbons
is required), but never beyond C-9.
Besides, plant and fungal enzymes
tend to insert additional cis-double
bonds between the existing dou-
ble bond and the methyl terminus
(A12- and A15-desaturases). Accord-
ingly, oleic acid is further desatu-
rated to octadeca-6,9-dienoic acid
(A6-desaturase) in mammals, but in
plants and fungi to octadeca-9,12-di-
enoic (linoleic) acid (A12-desaturase,
plastidal oleate desaturase), and fur-
ther to linolenic (a-linolenic) acid,
octadeca-9,12,15-trienoic acid (A15-
desaturase, plastidal linoleate de-
saturase). The inability of animal sys-
tems to desaturate closer to the me-
thyl terminus than C-9 renders them
unable to convert palmitic acid to
linoleic or a-linolenic acids. Accord-
ingly, linoleic and a-linolenic acids
are referred to as essential fatty acids
since they cannot be synthesised de
novo and must be obtained from the
plant materials in the diet.

A study by Wood and Enser (1997)
showed the fat content of steaks
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Table 1 Influence of feeding on the fatty acid composition in MLD of lambs (Rowe

etal.,, 1999)
Fatty acids Pasture eed mixture
C18:0 stearic 30.11+0.42 23.51+0.36
C18:1w9 oleic 30.73+0.40 38214044
C18:2w6 linoleic 2.63+0.14 3.85+0.13 p<0.01
C18:3w3 a-linolenic 1.14£0.04 0.20+0.02 p<0.01
C20:4w6 arachidonic 0.32+0.05 0.21+0.03 p<0.01
SFA® 55.07+0.43 49.36+0.54 p<0.01
MUFA® 31.37£0.35 40.68+0.49 p<0.01
PUFA< 5.36+0.40 4.74+£0.40 NS
P/S¢ 0.10 0.10 NS
“saturated; fatty acids; fatty

acids ratio,; NS-not significant

from loin in beef, lamb and pork. The
results showed that the lean meat
(muscle) is low in fat of all three spe-
cies (20-50g/kg), but particularly
pork. While the fat contents in beef,
lamb and pork were 156, 302 and
211 g/kg, respectively. The fatty acid
composition of total lipid extracted
from the lean meat showed clear dif-
ferences between the species. Beef
and lamb had a low polyunsatu-
rated: saturated fatty acids (P: S) ra-
tio compared with pork due mainly
to the high linoleic acid content of
pork. However, this also caused beef
and lamb to have a more favour-
able n-6/n-3 fatty acids ratio. Recom-
mended values are 0.45 for P: S and
below 4.0 for n-6/n-3 (Wood and En-
ser, 1997). On the basis of results like
these, researchers have particularly
focused on ways to increase the P: S
ratio of ruminant meats and correct
the imbalance between n-6 and n-3
fatty acids in pork and also in poul-
try.

The total fatty acid composition
of the m. longissimus was the high-
est in lamb and lowest in pork. The
most obvious difference in fatty acid
composition was that linoleic acid,
C18:2, was higher in pork, causing
a higher P: S ratio. This is due to the
high content of C18:2 in the cereal-
based diets consumed by meat ani-
mals and this produced an undesir-
ably high n-6:n-3 ratio. The ruminant

meats had a more favourable n-6:
n-3 ratio, due to less C18:2 than in
pork and relatively high levels of n-3
PUFA, especially C18:3. The study
also showed that the long chain
(C20-C22) n-3 PUFA were at low but
significant levels in pork subcutane-
ous fat, reflecting a relatively greater
deposition of long chain derivatives
of C18:3 in pig neutral lipids (triacyl-
glycerols). Similar results werent de-
tected in beef and lamb. In ruminant
muscle and adipose tissue, PUFA are
restricted to the phospholipid frac-
tion. The relative content of C18:2 in
m. longissimus phospholipids was 12
times greater than in neutral lipids
of steers and 3 times greater in pigs.
Differences in muscle fibre type be-
tween muscles are reflected in dif-
ferences in fatty acid composition.
“Red” muscles have a higher propor-
tion of phospholipids than “white”
muscles and therefore a higher
content of PUFA. Studies on poultry
meat have shown similarities with
pork, i.e. the meat fatty acids are rel-
atively unsaturated although C18:2
is at a higher level (Enser, 1999).

Feeding with voluminous

forage and concentrates

Demirel et al. (2006) studied the
influence of feeding systems on the
content of fatty acids in m. longissi-
mus thoracis of Kivircik and Sakiz
breeds. The results showed that the
amount of stearic fatty acid (C18:0)

in m. longissimus thoracis was high-
er for the lambs fed hay. Bas and
Morand-Fehr (2000) reported that a
concentrate withoutany voluminous
forage diet gave the highest relative
content of oleic fatty acid (C18:1n-9).
The content of n-3 polyunsaturated
fatty acids (PUFA) weights were
higher in meat from lambs fed hay-
based diets. The high level of lino-
lenic acid (C18:3) in m. longissimus
thoracis from grass-based diets
probably results from the high C18:3
content in hay (Demirel et al., 2006).
The content of eicosapentaenoic
(EPA, C20:5n-3), docosapentaenoic
(DPA, €22:5n-3) and docosahexae-
noic acid (DHA, C22:6n-3) was 2.5
times higher in m. longissimus tho-
racis of lambs fed hay-based diets.
In the study of Fisher et al. (2000)
lambs of Soay breed fed grass had
the highest concentration of EPA (29
mag) in m. semimembranosus. Similar
to EPA, the DHA content of lambs
fed hay was 2.5 times higher than of
lambs fed concentrate-based diets.
Soay lambs also contained higher
amounts of C18:3n-3 as well as other
n-3 PUFA, although they had the
lowest total fatty acid content (1668
mg/100 g) in m. semimembranosus.
The contents of linoleic (C18:2 n-6)
and arachidonic fatty acid (C20:4
n-6) in m.longissimus thoracis of
concentrate fed lambs were higher
compared to lambs fed hay (Demirel
et al.,, 2006). Mentioned authors em-
phasise that the reason for this is
high level of C18:2n-6 and C20:4n-6
fatty acids in seeds.

In the m. longissimus lumborum
and m. semimembranosus, the rear-
ing systems influenced the relative
content of phospholipids poly-
unsaturated fatty acids (Popova,
2007). In the study of Popova (2007)
phospholipids of m. longissimus
lumb: and m. i b
nosus in pasture lambs, contained
more C18:3 (p<0.001) and less C18:2
(p<0.01). The relative contents of
EPA and DHA were significantly
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greater (p<0.001) than those of ani-
mals fed on concentrate diet. There-
fore, PUFA (n-6)/PUFA (n-3) ratio in
phospholipids of grass fed lambs
decreased by 50% (p<0.01) and 59%
(p<0.01) respectively for the m. long-
issimus lumborum and m. semimem-
branosus. Lower n-6/n-3 ratio, found
in muscles of grass fed animals, is
more desirable for human health.
The higher amount of C18:3 in both
muscles, in grazing animals, shows
that despite the hydrogenating ef-
fect of the rumen microorganisms,
a part of the essential linolenic acids
originating from the grass escaped
the saturation (Popova, 2007).

The quality of forage is very impor-
tantin the meaning of modelling the
fatty acid composition of body fat in
lamb meat. The fatty acid composi-
tion of the forage is the main deter-
minant in this respect. The amount
of a-linolenic acid in forages is vari-
able according to a number of fac-
tors including species, cutting date,
growth stage, fertilisation and con-
servation methods (Dewhurst et al.,
2001). Clapham et al. (2005) record-
ed that fatty acids composition var-
ied between different fresh grasses,
legumes and forbs but a-linolenic
acid was the predominant fatty acid
throughout, and that both total
fatty acid and a-linolenic acid con-
tents tended to decrease as plants
matured. Kliem et al. (2006) studied
influence of cutting date on the to-
tal lipid and a-linolenic acid content
in plants like red and white clover,
plantain, yarrow, dandelion. Men-
tioned authors concluded that lipid
and a-linolenic contents in plants
were higher in September than in
June. These authors suggested that
this observation may reflect the ef-
fect of differences in leaf/stem ratio
of the species studied. Preventing
or reducing biohydrogenation is
more challenging as fibrolytic bac-
teria tend to be powerful biohydro-
genators. One of the solutions is the
use of “stay green” grasses that are

deficiency in chlorophyll degrada-
tion enzyme and they resist lipid
degradation during leaf seasoning
(Harwood et al., 1982). Therefore in
lambs it leads to increase concentra-
tions of plasma total fatty acids and
conjugated linoleic acid compared
with conventional grass (Traill et al,,
2008).

Ray et al. (1975) investigated dif-
ferent levels of corn and alfalfa (0 to
100% with increase of 5%) in the diet
of lambs. They reported the changes
in fatty acid content of depot fat. As
the level of corn increased in the ra-
tion, the relative content of palmitic
(C16:0) and linoleic (C18:2n-6) acids
increased, whereas stearic (C18:0)
acid decreased. Also, oleic (C18:1)
acid increased and a-linolenic acid
(C18:3n-3) decreased as the level of
corn increased in the ration. Jenkins
(1992) reported that the presence of
C18:2 in high levels in diets may pre-
vent complete hydrogenation from
C18:1 to C18:0. That may explain the
increase of oleic acid in muscles of
lambs fed concentrates. Clarke et
al. (1977) studied lambs fed differ-
ent diet composition. Lambs were
fed diets based on barley and alfalfa
pellets with or without 3.4% corn
oil addition. Authors observed that
feeding barley increase the C18:2n-6
acid content and reduced C18:0 acid
content of the subcutaneous fat.
Addition of oil to barley diet further
increased linoleic acid and reduced
stearic acid, whereas oil addition to
alfalfa pellet diet did not alter fatty
acid composition. This suggests that
grain feeding reduce ruminal biohy-
drogenation and increase the depo-
sition of unsaturated fatty acids in
tissues.

Solomon et al. (1991) investigated
the influence of rapeseed meal, soy-
bean meal and whole rapeseed-soy-
bean meal addition in the diets on
the content of muscle and fat lipids.
M. longissimus dorsi (MLD), m. semi-
membranosus and m. triceps brachii
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of lambs fed rapeseed meal addi-
tion had higher content of palmitic,
but lower of stearic acid, compared
with lambs of other groups. St. John
et al. (1987) investigated feeding of
steers based on high energy corn

ion in lamb meat

Table 2 Fatty acid composition (%) of lambs’ leg fed on diets enriched with conju-
gated linoleic acid (CLA) and safflower oil (Mir et al., 2000)

Diets

Significance

based with 20%
for period of 100 days on the fatty
acid content in muscle of steers and
observed that rapeseed lowered
palmitic acid (C16:0) in the lean tis-
sue by as much as 10%. Solomon et
al. (1991) found out the increase in
C16:0 in the MLD for 9% as a result
of feeding with 6.5% rapeseed meal
in diet. In the same trial authors did
not find any significant results of
feeding influence on the content of
saturated (SFA), monounsaturated
(MUFA) and polyunsaturated (PUFA)
fatty acids in the investigated sam-
ples of muscles. Similar results were
reported in the trial by St. John et
al. (1987) that observed decreased
content of SFA while steers were fed
20% of rapeseed oil in the diet.

Scerra et al. (2007) investigated
pregnant Italian Merino ewes that
were divided in two groups. The first
group of ewes was allowed to graze
a natural pasture, while the second
group was penned indoors and fed
hay (ad libitum) and concentrates.
Both groups of lambs were fed ma-
ternal milk. In the same trial it was
concluded that content of mono-
unsaturated fatty acids (MUFA) such
as palmitoleic (C16:1cis-9) and oleic
(C18:1cis-9) were higher in the in-
tramuscular fat of lambs” mother
fed concentrates. The content of
linoleic (C18:2n-6) and arachidonic
(C20:4) fatty acids in m. longissi-
mus lumborum of lambs did not
show significant differences among
groups depending on different feed-
ing. These results are in contrast
with other studies that investigated
lambs” mothers fed pasture or with
high amounts of grass silage (Valvo
et al., 2005; Velasco et al., 2001 and
2004; Rowe et al., 1999). Scerra et al.
(2007) reported significant influence
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Fatty acids =

Control (C) CLA saffloweroil (5) SE  C/S C/s

16:0 27.5 29.3 29.7 045 NS NS

e 18:0 14.7 125 16.9 0.47 NS NS

d addition

181 479 48.2 39.7 0.62 NS p<0.001
18:2 8.6 8.6 124 0.49 NS p<0.001
18:3 1.1 13 1.7 0.06 NS p<0.001

NS-not significant ; SE-standard error

of feeding on the content of linolen-
ic (C18:3n-3) acid in m. longissimus
lumborum of lambs, whereby they
didn’t observe the influence on the
content of linoleic and arachidonic
(C20:2n-6) acids. In the lambs from
ewes fed pasture, the content of li-
nolenic acid in meat increased two
times by comparison with lambs
from ewes fed concentrates.

The content of linolenic acid in
milk fat was two times higher from
ewes fed pasture. The increased con-
tent of linolenic acid is a result of
its presence in young meadow pas-
tures (Chillard et al., 2001). The con-
tent of eicosapentaenoic (C20:5n-3,
EPA) and docosahexaenoic (C22n-6,
DHA) acids were higher in intra-
muscular fat of lambs from ewes
that were grazing on the pastures in
comparison with lambs from ewes
fed concentrates. Therefore, intra-
muscular fat from lambs of ewes fed
pasture had higher content of n-3
polyunsaturated fatty acids (PUFA).
The content of PUSA, and PUFA: SFA
ratio was higher in lambs from ewes
grazing on pasture, while the con-
tent of saturated fatty acids (SFA)
was higher in lambs from mothers
fed concentrates.

The fatty acid composition of the
various adipose depots also varies
according to the length of lactation
and the feed consumed. Therefore,
the fat composition of suckling
animals is related to that of mater-
nal milk that may be modified by
the supplementary feedstuffs con-

sumed (Velasco et al., 2001). Whole
cereals can be used to provide an
energy supplement for lambs fed
grass. That favours grass digestibility
and increase intake and digestion
of pasture that contents high level
of C18:3, precursor of omega-3 fatty
acids (Rhee, 1992). Diet composi-
tion affects the rumen fermentation
model. Therefore, diets rich in con-
centrates affect decrease in acetic/
propionic acid ratio in rumen (Velas-
coetal, 2004). Berthelot et al. (2001)
confirmed the role of propionic acid
as important precursor of fatty acid
with odd number of carbon atoms.

Modelling of fatty acid composi-
tion with the aim to reduce saturat-
ed fatty acids and/or increase poly-
unsaturated fatty acids in tissues
of ruminants is more difficult than
in non-ruminants. The influence of
feeding on the fatty acid compo-
sition of the adipose and muscle
tissues of ruminants has been es-
tablished in samples of lambs™ m.
longissimus dorsi (MLD) in the trial by
Rowe et al. (1999). There are two fat-
tening systems, drylot and grazing
systems that had influence on the
chemical composition of lamb meat.
Animals fattened in the grazing
system presented higher contents
of saturated long-chain fatty acids,
in the form of stearic and arachidic
(C20:0) acids, a-linolenic (C18:3n-3),
y-linolenic (C18:3n-6) and arachi-
donic (C20:4n-6), but lower contents
of oleic and linoleic (C18:2n-6) acids
(Table 1.). These data are a very im-
portant factor from a nutrition as-

pect. When feeding pasture, rich in
omega-3 fatty acids ends, and lambs
are transported in feedlot, where
diets are based on the concentrates
that are poor in omega-3 fatty acids,
lambs begin to lose depots of good
fats. With each day that lambs spend
in a feedlot, a supply with omega-3
fatty acids decrease.

Feeding on fish and

flaxseed oil supplement

In recent years the subject of many
investigations was addition of fish oil
in diets of domestic animals. In the
meat of cattle and sheep, significant
influence on the fatness, fat con-
tent, increasing content of n-3 PUFA
(polyunsaturated fatty acids) was
observed as well as lowering n-6/n-3
ratio, which is recommended for hu-
man nutrition (Ponnampalam et al.,
2001).

Popova et al. (2008) investigated
the influence of fish oil supplement
in the diets of lambs on the fatty acid
composition of fat tissues. Relative
content of subcutaneous tissue of
carcass did not change in the lambs
fed diets supplemented with the ad-
dition of fish oil, but in comparison
with lambs that had no addition
of fish oil, increased content (16%)
of intramuscular fat was reported.
Mentioned data indicates that ad-
dition of fish oil leads to increased
deposition of intramuscular fat. Fish
oil supplemented diet results in dif-
ferent changes in fatness of the car-
cass cuts of lambs. Subcutaneous fat
tended to increase in the leg and ab-
domen, but in the leg, shoulder and
neck of the fish oil fed animals, the
subcutaneous fat significantly de-
creased by 40% (p<0.05), 16% and
28%, respectively, as compared to
control lambs. Fish oil supplement
significantly stimulated deposition
of more intermuscular fat in the
shoulder by 30% (p<0.05), leg by
10% and abdomen by 18%, but did
not change the amount of intermus-
cular fat in the neck. In the leg, not
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only the subcutaneous, but also the
intermuscular fat was significantly
decreased. Despite of the different
anatomical locations of the fat de-
pots, the major fatty acids of the tria-
cylglycerols of both groups of lambs
were palmitic (C16:0), stearic (C18:0)
and oleic (C18:1) fatty acids in lamb
meat. The content of linoleic (C18:2)
and linolenic (C18:3) in the triacyl-
glycerols in control group of lambs
were between 3.20% and 4.42%,
and between 0.6% and 0.75%, re-
spectively. Fish oil did not change
the content of C18:2 in the perire-
nal and intermuscular fat, whereas
C18:2 content tended to decrease
in the triacylglycerol fraction of the
subcutaneous fat over m. longissi-
mus dorsi (MLD) and at the base
of the tail. Higher PUFA content of
thymus fat, abdominal caul and fat
around the breast is the result of a
higher content of C18:2 and C18:3.
Probably the increased flow of PUFA
from fish oil blocked the complete
dehydrogenation of C18:2 in the ru-
men and may have caused different
accumulation of more C18:2 in the
triacylglycerols of the adipose tissue
(Popova et al., 2008). The addition of
fish oil in diet of lambs significantly
increased the content of C16:1 in
perirenal fat depot (p<0.001), ab-
dominal caul (p<0.01), and over m.
longissimus dorsi (p<0.05). The con-
tent of the saturated fatty acids (SFA)
in triacylglycerols in most of the fat
depots was reduced, accompanied
with higher content of monounsatu-
rated fatty acids (MUFA). Mentioned
data displays that fish oil had influ-
ence on lipid metabolism in lambs
fed diets supplemented with fish
oil. The increase of the MUFA con-
tent suggest that fish oil had an ef-
fect on the lipid metabolism of the
lambs fed fish supplemented diets.
In the same group of lambs con-
tents of C16:1, C18:1 and C18:0 were
changed, because fish oil affects the
activity of steroyl-CoA-desaturase. It
was observed that composition of
the diet and location of fat depot in-

fluence the activity of enzyme ster-
oyl-CoA-desaturase which index was
increased. Authors concluded that
addition of fish oil in diets of lambs
increased the storage of intermuscu-
lar and internal fat, compared with
subcutaneous fat of lambs (Popova
etal, 2008).

Except fish oil, flax oil also presents
good source of w-3 fatty acids of
which influence on the content of
fatty acids in lamb meat was inves-
tigated in the trial by Gruszecki et al.
(2006). In the experimental diet part
of soy meal was substituted with
10% of crushed flax seeds. Signifi-
cant differences among the groups
were in the content of linolenic acid
(C18:3n-3) and total amount of PUFA
(Figure 1.). M. longissimus lumborum
of lambs fed flax seeds supplement-
ed diet had 4.5 times higher content
of C18:3, whereas the difference in
the content of other fatty acids was
not significant. The content of PUFA
was significant higher in the m. long-
issimus lumborum of the same group
of lambs, whereas content of SFA
and UFA (unsaturated fatty acids)
was not significant.

Conjugated linoleic acid

(CLA) in lamb meat

Food products derived from rumi-
nant animals are the major source
of CLA in human diets (Chin et al,
1992). Many investigations found di-
etary CLA to be able to reduce the in-
cidence of tumors in animal models
for mammary, colon, and skin tumor
(Belury and Kempa-Steczko, 1997;
Banni and Martin, 1998). Many posi-
tive health effects associated with
CLA in experiments have been ex-
tended to include reduction in body
fat increasing and altered nutrient
partitioning, antidiabetic effects,
reduction of atherosclerosis devel-
opment, enhanced bone mineraliza-
tion, and modulation of the immune
system (Belury and Kempa-Steczko,
1997; Banni and Martin, 1998). The
main isomer is cis-9, trans-11 that is
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presented in food which originates
from biohydrogenation of linoleic
acid to stearic acid by rumen bac-
teria or from A9-desaturation of
trans-11 vaccenic acid (Kepler et al.,
1966).

Food products from ruminants fed
grass are good sources of CLA, and
contain much more of it than those
from animals fed grain (Dhiman et
al., 2000). Therefore, meat products
from grass fed animals can produce
300-500% more CLA than those of
animals fed the usual diet of 50%
hay and silage, and 50% grain (Dhi-
man, 2001). Rumenic acid has been
proposed as the common name for
this specific CLA isomer (Kramer et
al., 1998). The CLA found in fat from
ruminants” milk and meat origi-
nates from two sources (Griinari and
Bauman, 1999). One source is CLA
formed during ruminal biohydro-
genation of linoleic acid, while the
second source is CLA synthesized
by the animal’s tissues from trans-11
C18:1, another intermediate in the
biohydrogenation of unsaturated
fatty acids. Therefore, the unique-
ness of CLA in food products derived
from ruminants relates to the incom-
plete biohydrogenation of dietary
unsaturated fatty acids in the rumen.
According to Dugan et al. (1997)
supplementation of ruminants” di-
ets with CLA, is not possible because
CLA would be rapidly hydrogenated
in the rumen to stearic acid. In order
to avoid this biohydrogenation, the
addition of CLA in diets has to occur
when the animals are not ruminat-
ing; it means prior to weaning when
they are identical to non-ruminants.

In the trial by Mir et al. (2000), a
comparison of conjugated linoleic
acid (CLA) content in lamb meat re-
lating to different feeding treatment
was investigated for 21 days. In that
trial all lambs were fed milk replacer
with addition 5 ml of olive oil. Experi-
mental group of lambs was fed 0.33
g of CLA supplement dissolved in 5
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ml of olive oil, after weaning lambs
received diets with 6% of safflower
oil. Safflower oil constituted 78% of
linoleic acid and 0.7 mg CLA/g of fat.
Dietary supplementation with saf-
flower oil increased fat content of
subcutaneous adipose tissue only,
whereas the CLA content of all the tis-
sues was increased (p<0.05) by more
than 200%. However, the content of
CLA in tissues wasn’t under the im-
pact by CLA content in lambs” diets
before weaning. In the trial by Mir
et al. (2000), dietary supplement of
safflower oil significantly increased
the content of linoleic acid in leg of
lambs (Table 2.). Results indicated
that addition of linoleic acid source
was a successful method of increas-
ing CLA content of tissues. In the first
feeding treatment, CLA supplement
was added to diets of unweaned
lambs for direct deposition into the
tissues. In the second treatment diet
was supplemented with linoleic acid
rich safflower oil to enhance ruminal
bacterial activity for the conversion
of linoleic acid to CLA isomers. Direct
feeding of CLA to unweaned lambs
did not increase the CLA content in
any of the examined tissues. The CLA
was probably metabolized for ener-
gy by the growing lambs (Mir et al.,
2000). The change in configuration
of C18:2 may disable the system to
actuate fibroblasts to differentiate
into adipocytes and may be the rea-
son for the lower fat content in ma-
ture adipose tissue in lambs fed CLA
prior to weaning (Mir et al.,, 2000).
In weaned lambs, supplemented
with safflower oil, the availability of
CLA from rumen did not decrease
fat content of adipose tissue, sug-
gesting that CLA is not effective in
restricting lipid accumulation once
fibroblast differentiation into adipo-
cytes has occurred. The content of
CLA in muscle samples from control
lambs ranged from 0.64 to 3.13 mg
CLA/g lipid and was within the range
of values reported for various mus-
cle tissue from lambs (Hansen and
Czochanska, 1976). However, values

for muscle from control lambs in the
present study were lower than the
value of 5.6 mg CLA/g lipid in lambs
(Chin et al,, 1992). Mentioned au-
thors established that safflower oil
supplement increased the CLA con-
tent in rib muscle to 8.4 mg CLA/g
lipid, which was 1.7 higher than in
the rib muscle from control animals.
In this study the average content of
CLA for leg and rib muscle for lambs
in control and safflower oil treatment
was 76.6 and 178.6 mg/100 g tissue,
respectively. Content of CLA in liver
and adipose tissue from lambs fed
safflower oil were not as high as the
values of 12.6 and 16.9 mg CLA/g li-
pid reported by Banni et al. (1996) in
liver and adipose, respectively. That
was perhaps due to the differences
in the age of the animals and dietary
conditions. In the study of Mir et al.
(2000), the average age was about
3.5 months and the lambs received
milk replacer and high concentrate
diets, while the suckling lambs in the
study by Banni et al. (1996) were one
month of age and were nursed by
ewes grazing on grass pasture.

Kott et al. (2010) investigated the
influence of diets supplemented
with safflower seeds and vitamin E
on the content of fatty acids in lamb
meat. M. longissimus dorsi (MLD)
from lambs fed safflower seed sup-
plemented diets had higher con-
tents of the conjugated linoleic acid
(CLA), polyunsaturated fatty acids
(PUFA), total unsaturated fatty ac-
ids (TUFA) and higher ratio among
polyunsaturated and  saturated
fatty acids (PUFA:SFA), compared
with lambs received diets with no
safflower supplement. Influence of
safflower supplementation on total
fatty acid composition in lamb mus-
cle was variable. Authors from pre-
vious experiments concluded that
supplementation with safflower oil
or seeds increased the contents of
linoleic acid, CLA, and C18:1 isomers
in lamb muscle, whereas content of
oleic acid decreased (Mir et al., 2000;

Kott et al,, 2003).

Feeding modulation of fatty acid
composition in lamb meat with spe-
cial regard on the content of conju-
gated linoleic acid was investigated
by Demirel et al. (2004 b). During tri-
al lambs were also fed supplements
that constituted different source of
fat for 60 days. Lambs were divided
into three groups from which the
first group received Megalac sup-
plement (high content of palmitic
fatty acid), the second flaxseed (high
content of linolenic fatty acid), and
the third group received addition of
flaxseed and fish oil (high content of
n-3 fatty acid) in diets. Influence of
different feeding treatment on the
content of conjugated linoleic fatty
acid (CLA) in liver of lambs did not
display significant results. Lambs
fed flaxseed and fish oil supplement
had significant increased (p<0.01)
content of CLA in m. semimembra-
nosus in comparison with lambs
fed other mentioned supplements.
In m. semimembranosus of lambs
fed equal feeding treatment signifi-
cantly increased (p<0.01) the con-
tent of trans C18:1, fatty acid which
is one of metabolites from incom-
plete biohydrogenation from which
CLA originates. Noble et al. (1974)
observed that long-chain fatty acids
from fish oil inhibits microbial reduc-
tase activity in rumen and therefore
prevent complete biohydrogenation
from unsaturated to saturated fatty
acids. Consequently, incomplete
biohydrogenation of fatty acids in
rumen results in development of
intermediate trans C18:1 that is ab-
sorbed in small intestine of lambs.
In present trial, the combination of
fish oil and flaxseed rich in linolenic
acid (C18:3n-3) indicated as the best
feeding treatment with the aim to
increase CLA content in m. semi-
membranosus of lambs.

Conclusion
Fatty acid composition, as well as
n-6/n-3 ratio in adipose and mus-

cle tissues of lambs, is influenced
by feeding. The ratio below 4 is de-
sirable, and may be expected to-
wards feeding animals with pasture,
whereas n-6 polyunsaturated fatty
acids (PUFA) supply is lower. Hay and
pasture, as well as the addition of
flaxseed and fish oil in diets increase
the content of n-3 PUFA in lambs”
muscle tissue, compared to diets
based on concentrates. Therefore,
feeding modulation of fatty acid
composition should be focused on
composition of diets that decrease
saturated fatty acids and increase
polyunsaturated fatty acids in lamb
meat.
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Modellierung der fettsauerlichen Z
von Lammfleisch durch die Fiitterung

Zusammenfassung
Verschiedene wissenschaftliche Untersuchungen haben gezeigt, dass das Fleisch von Wiederkéiuern eine giinstige fettsciuerliche
Zusammensetzung hat, und ein Verhdltnis w-6/w-3 unter 4,0 wegen des geringeren Anteils der Linolsiure und des relativ hohen
Gehalts w-3 poliungesdgti teséuren, besonders Li vorzeigt. Das Ziel dieser Arbeit ist, die Untersuchungen iiber die
Méglichkeiten der 7 duerlichen von Lammfleisch durch die Fiitterung zu studieren. Durch die
Futterung der Ldmmer und deren Miitter vor dem Abstillen ist es méglich, fettsduerliche Zusammensetzung und deren Verhdltnis in
Lammfleisch zu modellieren. Zahlreiche Untersuchungen haben gezeigt, dass das Weiden der Léimmer auf der Weide den Gehalt von
w-3 Fettsduren erhoht, besonders bezieht sich das auf Ei iuren und D in m. longissimus thoracis
und m. semimembranosus . Der Zusatz von 10% Leindl in Portionen hat bei den Limmern den Gehalt der Linolensdure in m. Longis-
simus lumborum (sogar 4,5 mal) bedeutend vergroBert, wéihrend der Zusatz von Fischél die Lagerung des Zwischenmuskelfettes im
Vorderschinken, in der Keule und im Abdomen stimmuliert. Die fettsciuerliche des Zwisc und des

Unterhautfettgewebes von Lémmern, die noch gestillt werden, steht unter dem Einfluss des fettséiuerlichen Gehaltes in Muttermilch
und hiingt somit von der Haltung und Fiitterung der Mutter ab. Einer der Vorteile bei Fiitterung von Lémmern ist der Zusatz von Lin-

undLi in mit Fischél, wobei s zu bedeutender VergrBerung des Gehaltes der konju-
gierten Linolséiure (CLA)in verschiedenen Geweben kommt. Aus angefiihrten Angaben geht hervor, dass man durch die Fiitterung die
fettséiurleiche Zusammensetzung von Lammfleisch modellieren kann, mit dem Ziel der Verminderung des Gehaltes von gesattigten
Fettsduren und des Gehaltes von Fettsciuren im Fett- und Muskelgewebe der Limmer.
Schliisselwérter: Fiitterung von Lémmern, Lammfleisch, poliungesdttigte Fett

g della composizi di acidi grassi
di carne d’agnello tramite I'ali i

Somario
Varie ricerche scientifiche hanno rivelato che la carne di ruminanti ha una composizione gradevole di acidi grassi e la percentuale
w-6/w-3 sotto il 4,0 a causa della minore quantita di acido linolico e di una quantita relativamente alta degli w-3 acidi grassi polin-
saturi, specialmente del linoleico. Lo scopo di quest articolo era le ricerche che la possibilita di
della composizione di acidi grassi di carne d'agnello tramite I'alimentazione. Alimentando gli agnelli o loro madri prima di svezza-
mento é possibile aggiustare la composizione chimica di acidi grassi e la loro percentuale in tessuti di agnelli. Le numerose ricerche
hhanno dimostrato che pascendo gli agnelli al pascolo aumenta la percentuale degli w-3 acidi grassi, soprattutto leikozapentaenoico
e quel ico nei m. thoracis e m. Semi . Con l'aggiunta del 10% di olio di lino negli alimenti
previsti per agnelli & notevolmente aumentata la percentuale di acido linoleico nel m. longissimus lumborum (4,5 volte), mentre
con l'aggiunta di olio di pesce ¢é stato stimolato [’ del grasso i e di spalla, coscia e addome. Sulla
composizione di acidi grassi del grasso intramuscolare e del tessuto subcutaneo di agnelli allattati influisce la percentuale di acidi
grassi nel latte di madre e dipende dall'allevamento e alimentazione di madre. Uno dei vantaggi nell'alimentazione di agnelli é I'ag-
giunta di sorgente di acido linolico e quel linoleico combinando l'olio di pesce, al contempo con I'aumento notevole di percentuale
di acido linolico coniugato (CLA) in vari tessuti. Da questi dati si puo concludere che tramite I'alimentazione é possibile aggiustare la
ccomposizione di acidi grassi nella carne di agnello allo scopo di far diminuire la percentuale di acidi grassi saturi e far aumentare la
di acidi grassi poli i nel tessuto g e muscolare di agnelli.
Parole chiave: alimentazione agnelli, carne di agnello, acidi grassi polinsaturi, acido linolico coniugato

G. Wilkinson (2000): Fatty acid composition
and eating quality of lamb types derived from
four diverse breedxproduction systems. Meat
Science, 55, 141-147.

Griinari, J. M., D. E. Bauman (1999): Bio-
synthesis of conjugated linoleicacid and ts in-
corporation into meat and milk in ruminants.
In: Yurawecz, M. P, Mossoba, M. M., Kramer,
J.K. G, Pariza, M. W, Nelson, G. J. (1999): Ad-
vances in Conjugated Linoleic Acid Research.
AOCS Press, Champaign, IL, 1: 180-200.

Gruszecki, T,, A. Junkuszew, A. Lipiec, C.
Lipecka, A. Szymanowska, K. Patkowski, M.
Szymanowski (2006): Composition of fatty
acids of muscle tissue of lambs fed feedstuff

MESO

supplemented with flax seeds. Arch. Tierz,
Dummerstorf 49, 181-185.

Hansen, R. P, Z. Czochanska (1976.): Fatty
acid composition of the subcutaneous and
perinephric fats of lambs grazed on pasture
in New Zealand. New Zealand Journal of Sci-
ence, 19:413-419.

Hanson, R. W., F. J. Ballard (1967): The
relative significance of acetate and glucose
as precursors for lipid synthesis in liver and
adipose tissue from ruminants. Biochemical
Journal, 105, 529.

Harwood, J.L., A.V.H. M. Jones, H. Thom-
as (1982): Leaf senescence is a non-yellowing
mutant of Festuca pratensis. il Total acyl lipids

of leaf tisue during senescence. Planta, 156,
152-157.

Jenkins, T. C. (1992): Lipid metabolism
in the rumen. Journal of Dairy Science, 76,
3851-3863.

Kepler, C. R,, K. P. Hirons, J. J. McNeill, S.
B. Tove (1966): Intermediates and products
of the biohydrogenation of linoleic acid by
Butyrivibrio fibrisolvens. Journal of Biological
Chemistry, 241, 1350- 1354,

Kliem, K. E., E. R. Deaville, R. Morgan, D.
1. Givens (2006): Do biodiverse pastures have
the potential to improve the fatty acid profile
of ruminant meat. Proceedings of the British
Grassland Society 8" Research Conference,

Cirencester, 87-88.

Kott, R. W, P. G. Hatfield, J. W. Bergman,
C. R. Flynn, H. Wagoner, J. A. Boles (2003):
Feedlot performance, carcass composition,
and muscle and fat CLA concentrations of
lambs fed diets supplemented with safflower
seeds. Small Ruminant Research, 49, 11-17.

Kott, R. W,, L. M. M. Surber, A. V. Grove,
P. G. Hatfield, J. A. Boles, C. R. Flynn, J. W.
Bergman (2010): Feedlot performance, car-
cass characteristics, and muscle CLA concen-
tration of lambs fed diets supplemented with
safflower seeds and vitamin E. Sheep and
Goat Research Journal, 25, 16-22.

Kramer, J.K. G., P.W. Parodi, R. G. Jensen,
M. M. Mossoba, M. P. Yurawecz, R. O. Adlof
(1998): Rumenic acid: a proposed common
name for the major conjugated linoleic acid
isomer found in natural products. Lipids, 33,
835.

Kulier, 1. (1990): Prehrambene tablice.
Diana, Poslovna zajednica za dijetetsku i
biolosku hranu, Zagreb.

Mir, Z,, M. L. Rushfeldt, P. S. Mir, L. J. Pat-
erson, and R. J. Weselake (200
dietary supplementation with either conju-
gated linoleic acid (CLA) or linoleic acid rich

ffect of

oil on the CLA content of lamb tissues. Small
Ruminant Research, 36, 25-31.
Noble, R. C., J. H. Moore, C. G. Harfoot
(1974): Observations on the pattern on bio-
of esterified and

linoleic acid in the rumen. British Journal of
Nutrition. 31,99-108.

Ponnampalam, E. N., A. J. Sinclair, A. R.
Egan, . J. Blakeley, B. J. Leury (2001): Effect
of diets containing n-3 fatty acids on muscle
long-chain n-3 fatty acid content in lambs
fed low and medium quality roughage diets.
Journal of Animal Science, 79, 698-706.

Feeding modulation of the fatty acid compo:

Popova, T. (2007): Effect of rearing system
on the fatty acid composition and oxidative
stability of the M. longissimus lumborum and
M. semimembranosus in lambs. Small Rumi-
nant Research, 71, 150-157.

Popova, T., P. Marinova, V. Banskalieva,
V. Vasileva (2008): Content and fatty acid
composition of different fat depots of lambs
receiving fish oil supplemented diet. Bulgar-
ian Journal of Agricultural Science, 14 (1), 100~
107.

Ray, E. E.,, R. P. Kromann, E. J. Cosma
(1975): Relationships between fatty acid com-
position of lamb fat and dietary ingredients.
Journal of Animal Science, 41, 1767-1774.

Rhee, K. S. (1992): Fatty acids in meats and
meat products. In C. K. Chow (Ed.), Fatty acids
in foods and their health implications. New
York: Marcel Dekker, 65-93.

Rowe, A, F. A. F. Macedo, J. V. Visen-
tainer, N. E. Souza, M. Matsushita (1999.):
Muscle composition and fatty acids profile in
lambs fattened in drylot or pasture. Meat Sci-
ence, 51,283-288.

Scerra, M., P. Caparra, F. Fotti, V. Galo-
faro, M. C. Sinatra, V. Scerra (2007.): Influ-
ence of ewe feeding systems on the fatty acid
composition of suckling lambs. Meat Science,
76,390-394.

Solomon, M. B,, G. P. Lynch, S. Norton, E.
Paroczay (1991): Influence of rapeseed meal,
whole rapeseed and soybean meal on fatty
acid composition and cholesterol content of
muscle and adipose tissue from ram lambs.
Journal of Animal Science, 69, 4055-4061

St.John, L. C., C. R. Young, D. A. Knabe, L.
D.Thompson, G.T. Schelling, S. M. Grundy,
S.B. Smith (1987): Fatty acid profiles and sen-
sory and carcass traits of tissue from steers
and swine fed an elevated monounsaturated

lamb meat

fat diet. Journal of Animal Science, 64, 1441.

Traill, W. B, M. H. P. Arnoult, S. A. Cham-
bers, E. R. Deaville, M. H. Gordon, P. John,
P.J. Jones, K. E. Kliem, S. R. Mortimer, J. R.
TiffinTrends (2008): The potential for compe-
tetive and healthy food chains of benefit to
the countryside. Trends in Food Science and
Technology, 19, 248-254.

University of Maryland, Medical Center

p://www.umm.eds les/ome-
ga-3-000316.htm, downloaded 10.6.2010.

Valvo, M. A, M. Lamza, M. Bella, V.
Fasone, M. Scerra, L. Biondi, A. Priolo
(2005): Effect of ewe feeding system (grass
Vs concentrate) on intramuscular fatty acids
of lambs raised exclusively on maternal milk.
Animal Science, 81,431-436.

Vatansever, L, E. Kurt, M. Enser, N. D.
Scollan, R. I. Richardson, G. R. Nute (2000):
Shelf life and eating quality of beef from cattle
of breeds given diets differing in n-3 polyun-
saturated fatty acid composition. Animal Sci-
ence, 71,471-482.

Velasco, S., V. Caiieque, S. Lauzurica, C.
Pérez, F. Huidobro (2004): Effect od different
feeds on meat quality and fatty acid compo-
sition of lambs fattened at pasture. Meat Sci-
ence, 66, 457-465.

Velasco, S., V. Caheque, C. Pérez, S.
Lauzurica, M. T. Diaz, F. Huidobro, C. Man-
zanares, J. Gonzalez (2001): Fatty acid com-

position of adipose depots of suckling lambs
raised under different production systems.
Meat Science, 59(3), 325-333.

Wood, J. D, M. Enser (1997): Factors influ-
encing fatty acids in meat and the role of an-
tioxidants in improving meat quality. British
Journal of Nutrition, 78 (1), 549-560.

Received: October 12, 201.

Accepted: November 15,2011, &

UNIVERSITY OF VETERINARY MEDICINE AND PHARMACY IN KOSICE
DEPARTMENT OF FOOD HYGIENE AND TECHNOLOGY
STATE VETERINARY AND FOOD ADMINISTRATION

OF THE SLOVAK REPUBLIC
SLOVAK POULTRY AND EGGS ASSOCIATION

HYGIENA ALIMENTORUM XXXIII
INTERNATIONAL SCIENTIFIC CONFERENCE

Under the auspices of Ministry of Agriculture and Rural Development of the Slovak Republic

SAFETY AND QUALITY OF POULTRY PRODUCTS, FISH AND GAME MEAT

May 9-11,2012
Strbské Pleso - hotel Patria
Slovakia

MESO




