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Abstract

The aim of this study was to investigate the effects of dietary flaxseed oil on the fatty acid (FA)
composition of two types of muscles, longissimus dorsi (LD) and semitendinosus (ST), of Mangalitsa pigs
reared in an extensive system. Fourteen Mangalitsa castrated pigs, 55 + 8 kg, 240 + 12 days of age, were
randomly assigned for a 35-d experimental period to two isoenergetic and isonitrogenous diets, namely a
control (C) diet, and an experimental (E) diet with the additional inclusion of 30 g flaxseed oil/kg. The fatty
acid profiles of the flaxseed oil diet, flaxseed oil and the LD and ST muscles were determined by gas
chromatography. The a-linolenic (ALA) fatty acid content of the flaxseed oil amounted to 41.88% of the total
fatty acid methyl ester (FAME), resulting in an increased deposition of ALA in the LD muscle (2.07 times) and
in the ST muscle (2.22 times) when compared with the control group. This effect is associated with the
presence of eicosapentaenoic (EPA), docosapentaenoic (DPA) and docosahexaenoic (DHA) fatty acids,
which are beneficial to the health of human beings. Additionally, the n-6 : n-3 ratio of the polyunsaturated
fatty acids (PUFA) in the LD muscle (4.60 : 1 in the flaxseed diet, compared with 10.16 : 1 in the control diet)
are very close to the n-6 : n-3 requirements (<5 : 1) of human. The results of this study indicated that
flaxseed oil was a suitable nutritional solution to improving the fatty acid profile of specific muscles of
indigenous Mangalitsa pigs.
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Introduction

The Mangalitsa pig breed is one of the oldest breeds in Europe, having been recorded for the first time
in the 1830s. Mangalitsa pigs are rustic animals and adapt easily to an extensive rearing environment.
However, the only inconvenience is that they belong to the fatty morpho-productive type, with low production
performance efficiencies. Carcass/meat fatty acids (FA) are key elements that control meat quality and have
a primordial role in the nutritional feeding value of the meat (Wood et al., 2008). The effects of the flaxseed
oil dietary lipids, with a rich concentration of n-3 fatty acids and of conjugated linoleic acids (CLA), beneficial
to human health (Weiss et al., 2004; Habeanu et al., 2014), have received a great deal of public attention in
recent years (Mahecha et al., 2009; Riediger et al., 2009). Various authors (Nuernberg et al., 2005; Habeanu
et al., 2009) have illustrated the possibility of increasing the n-3 FA concentration in animal tissues by using
dietary lipid sources such as fish oil, flaxseed oil and camelina oil. The flaxseed oil dietary fatty acid profile is
the main factor that may influence the deposition and structure of meat lipids (Kloareg et al., 2007).
Wijendran & Hayes (2004) illustrated that the nutritional recommendations of humans can be changed by
reducing the consumption of linoleic fatty acid (LA), and increasing the consumption of a-linolenic acid (ALA).
A low ratio (<5 : 1) of n-6 LA : n-3 ALA may have beneficial effects on human health (Mahecha et al., 2009).
Flaxseed oil is regarded as an alternative lipid source to fish oil (Nuernberg et al., 2005) since its FA profile
favours the deposition of ALA. Little is known about the effect of supplemental flaxseed oil as an ALA source
of essential fatty acids, which is a biologic precursor of omega-3 FA, such as eicosapentaenoic acid (EPA),
on the lipid structure of tissues in the Mangalitsa pigs.
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The aim of this study was to investigate the effects of flaxseed oil on the FA composition of two types
of muscles, namely the longissimus dorsi (LD) and semitendinosus (ST) in Mangalitsa pigs reared under an
extensive production system.

Material and Methods

Animals were treated in accordance with Romanian Law 305/2006 for handling and protecting animals
used for experimental purposes.

The experiment was conducted for 35 days during winter on 14 Mangalitsa castrated pigs, 55 + 8 kg,
aged 240 + 12 days, of the “red colour” variety, at the Turda Research and Development Centre, using an
extensive open-house rearing system. The animals were assigned randomly to two groups: A control group
(C diet; n = 7) received a diet with maize (46%), barley (16%), peas (25%), soybean meal (8.6%), and a
supplement (4.42%) containing synthetic amino acids, calcium carbonate, monocalcium phosphate, choline
premix, salt and a vitamin-mineral premix. The diet of the experimental group (flaxseed oil diet; n = 7)
contained the same ingredients, but in different proportions (maize 30%, barley 31.8%, peas 21%, soybean
meal 10%, 4.2% supplement) and an inclusion of flaxseed oil (3%) to ensure the same energy-protein level
in both diets. Diets were formulated to meet all nutritional requirements (NRC, 1988): 151.8 g CP/kg, 13.36
MJ ME/kg for group C, and 13.37 MJ ME/kg diet for group E, 18.8 g crude fibre/kg for group C, and 65.6 g
crude fibre/kg and the same levels of essential amino acids, calcium and phosphorus. The experimental diet
with flaxseed oil containd a high concentration (22.07%) of C18:3 n-3 and a ratio of 1.72 : 1 of LA : ALA. The
animals had free access to feed and water in the house. The dietary fatty acid profile of flaxseed oil and the
control (C) and experimental (E) diets are presented in Table 1.

Table 1 Fatty acids profile of flaxseed oil diet and flaxseed oil used during the experiment

'(:Oztg ?r?ledtsotal FAME®) Control diet Experimental diet Flaxseed oil
C14:0 (myristic) 0.09 0.07 0.06
C16:0 (palmitic) 12.10 9.98 5.91
C16:1 (palmitoleic) 0.14 0.09 0.15
C18:0 (stearic) 2.78 3.32 2.99
C18:1cis-9 (oleic) 23.68 26.40 20.75
C18:2n-6 (linoleic) 54.57 38.00 27.04
C18:3n-3 (a-linolenic) 5.86 22.07 41.88
C18:2n-6 : C18:3n-3 (LA : ALA) 9.31 1.72 0.64

*FAME = fatty acid methyl esters.

The protein, fat, ash and fibre contents of the diet were determined with standardized methods
according to Commission Regulation (EC) no. 152 (2009). The crude protein content was determined with
the Kjeldahl method, which involved the decomposition of the feed sample by heating with sulphuric acid, in
the presence of catalysts, to reduce the organic nitrogen to ammonium ions that can be determined by
distillation followed by titration, using the semiautomatic Kjeltec Auto 2300 system (Tecator, Sweden).The
crude fat was determined by extraction with organic solvents, obtaining an “ether extract”, using the
automatic Soxtec 2055 system (Tecator, Sweden). The crude fibre was determined by intermediary filtration,
using the Fibertec 2010 system (Tecator, Sweden). The gravimetric method was used for ash, using a
Caloris CL 1206 laboratory furnace. Fourteen samples of 150 + 50 g from each of the LD (n = 14) and the ST
(n = 14) muscles were collected at slaughtering at the end of the experiment to determine the fatty acid
composition by gas chromatography according to the method described by Habeanu et al. (2011). After lipid
extraction from the samples, the FAs were transformed into methyl esters by transmethylation, and the
components were separated in the capillary chromatograph column. The fatty acids were identified by
comparison with blank chromatograms, and were subsequently determined quantitatively as percentages.
Supelco 37 component FAME mix was used; 10 mg/mL as standard solution of methylated fatty acids, also
soybean oil, and sunflower oil; Supelco was used as reference material. A Perkin Elmer-Clarus 500 gas
chromatograph was used, fitted with a system of injection into the capillary column (splitting ratio about
1:100), with programmed chromatographic column oven heating; the system was fitted with flame ionization
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detector (FID) and column of high polarity stationary capillary separation (SGE forte GC capillary column
BPX70, 60 mL; 0.25 mm inner diameter, 0.25 um gros.film). Hydrogen was used as the carrier gas and the
air oxygen as burning gas. The methylated fatty acids from the sample were separated according to chain
length, to the level of unsaturation and to the geometry of the double bonds. A control sample (n-hexane)
and a reference sample (CRM) were analysed in parallel with the analysed sample (or batch of samples).

The results were expressed as average values and standard error of mean (SEM). The values for FA
are expressed as percentage (% of the total fatty acid methyl esters). The data were submitted to variance
analysis with SPSS 12 software 2003 ANOVA general linear model (GLM) and the averages were compared
using the Tukey HSD test at a = 5%, a = 1% and a = 0.1% significance levels. The general linear model
(GLM) test allowed the researchers to determine the significance of the effect of the two factors (muscle and
diet), as well the interaction of diet x muscle.

Results and Discussion
Table 2 Fatty acids composition (% of total fatty acid methyl esthers) of the longissimus dorsi and the

semitendinosus muscles of finishing Mangalitsa pigs given control (C diet) and flaxseed oil (E diet) during
the 35 days

) Longissimus dorsi Semitendinosus )
Fatty acids* SEM Muscle Diet Mus_cle X
(% of total FAME) Control Flaé?leed Control Flaé?leed effect effect diet
C14:0 (myristic) 1.62 1.62 1.14 1.24 0.05 <0.001 NS NS
C16:0 (palmitic) 25.35 25.32 22.08 23.01 0.38 <0.001 NS NS
C16:1 (palmitoleic) 3.30 3.29 3.76 3.77 0.18 NS NS NS
C18:0 (stearic) 12.06 11.83 10.09 10.16 0.25 <0.001 NS NS
C18:1cis-9 (oleic) 41.70 42.87 42.44 41.19 0.43 NS NS NS
C18:2n-6 (linoleic) 11.47 9.62 12.55 12.56 0.44 0.015 NS NS
C18:3n-3 (a linolenic) 0.91 1.88 0.72 1.60 0.12 NS <0.001 NS
ﬁn'-(ﬁe(iggrg‘ig?amd 0.50 0.80 0.71 0.64 0.03 NS NS 0.017
C20:4n-6 (arachidonic) 0.23 0.06 2.46 1.80 0.23 <0.001 NS 0.004
C20:5n-3 (EPA) 0 0.03 0.09 0.26 0.02 <0.001 <0.001 0.008
C22:5n-3 (DPA) 0 0.03 0.26 0.16 0.02 <0.001 <0.001 0.009
C22:6n-3 (DHA) 0 0.10 0.24 0.39 0.03 <0.001 0.02 NS
Total concentration
Total SFA 39.14 38.72 33.38 34.41 0.66 <0.001 NS NS
Total MUFA 46.06 47.04 47.86 46.39 0.45 NS NS NS
Total PUFA 13.69 13.35 17.72 17.96 0.64 <0.001 NS NS
Total n-6 PUFA 12.49 10.97 15.99 15.27 0.59 <0.001 NS NS
Total n-3 PUFA 1.20 2.37 1.72 2.68 0.15 0.03 <0.001 NS
EPA + DPA + DHA 0 0.16 0.59 0.81 0.08 <0.001 0.009 NS
C18:2n-6/C18:3n-3  12.60 5.12 17.43 7.85 1.11 <0.001 <0.001 NS
Ratio n-6 : n-3 10.41 4.62 13.53 7.84 0.77 <0.001 <0.001 NS
Ratio PUFA : SFA 0.34 0.35 0.52 0.53 0.02 <0.001 NS NS

* FAME = fatty acid methyl esters; total SFA (total saturated fatty acids) = C14:0 + C16:0 + C17:0+C18:0;

Total MUFA (total monounsaturated fatty acids) = C14:1; C16:1 + C17:1; C18:1n-9; C18:1n-11;

Total PUFA (total polyunsaturated fatty acids) = C18:2n-6 + C18:3n-3 + C18:4 n-3; C20:2n-6 + CLA+ C20:4n-6 +
C20:5n-3 + C22-5 n-3 + C22:6n-3;

Total n-6 PUFA = C18:2n-6 + C20:2n-6, + CLA+ C20:4n-6; total n-3 PUFA = C18:3n-3 + C18:4 n-3 + C20:5n-3 + C22-5
n-3 + C22:6n-3.

The following fatty acids have been identified, but not included in the table: C17:0, C14:1; C17:1; C18:1n-11; C18:4n-3;
C20:2n-6. NS: not significant; P <0.05 (significant difference); P <0.01; P <0.001 (highly significant).
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Previous studies have shown that the LD and the ST muscle are oxido-glicolytic (Gentry et al., 2004;
Chriki et al., 2012), varying by their fat content (Habeanu et al., 2014). In this study, the fat content of the LD
(22.5%) and the ST (5.17%) muscles varied by 77%. Table 2 shows the centesimal FA composition of the
LD and the ST muscles from the two experimental dietary treatments. The predominant FA (>41.19% of the
total FA) in both types of muscle was the monounsaturated oleic FA (C18:1 cis 9).

The total PUFA concentration was affected by the flaxseed oil dietary treatment not only by the muscle
type. The total n-3 PUFA was affected by both the flaxseed oil dietary inclusion and muscle type. The
concentration of total n-3 PUFAs was higher in both types of muscle when the flaxseed oil diet was
supplemented with flaxseed oil, but the effect was more pronounced in the ST muscle (2.68% in the ST
muscle vs. 2.37% in the LD muscle). The increase of n-3 FA concentration when flaxseed oil was added to
the diet was associated with a significant (P <0.001) decrease of the arachidonic acid concentration in both
types of muscle. The total n-6 PUFA was higher (P <0.001) in the ST muscle (15.27% flaxseed oil diet and
15.99% for the control diets, respectively) compared with the LD muscle (10.97% to 12.49%). H, the flaxseed
dietary oil treatment had no effect. This level of total n-6 PUFA is much higher than that (5.55% - 5.61%)
reported by Parunovic et al. (2012) in different rearing systems (conventional vs. free range), probably
because of the use of a soya protein concentrate with fish oil as a source of n-3 FA for that particular study.

Alpha-linolenic fatty acid concentration was not affected by muscle type, but was influenced (P
<0.001) by dietary treatment. Distribution ALA was 1.2 times higher in the LD muscle than in the ST muscle.
The ALA of flaxseed oil diet was 2.14 times higher than that in the C diet. The failure to identify FAs derived
from ALA, such as EPA, DPA and DHA in the LD muscle of the C diet, was important. The content of ALA
was 3.5 times and 12 times higher than that determined by Parunovic et al. (2012) in Mangalitsa pigs. Long-
chain n-3 PUFA (EPA, DPA, DHA) showed a higher (P <0.001) deposition in the ST muscle (1.4%) than the
LD muscle (0.16%), probably because these longer chain FAs are synthesized from ALA by an enzymatic
pathway. These FAs are influenced both by the muscle type and by the flaxseed oil dietary treatment and
there is a significant interaction between muscle types x dietary treatment (except in DHA). These precursors
of ALA play an important role in the control of cardiovascular diseases (Givens, 2009) and display anti-
inflammatory potential because of their traditional properties of inhibiting the formation of n-6 PUFA-derived
eicosanoids (Wall et al., 2010). The concentration of EPA + DPA + DHA is higher in the flaxseed oil diet ST
muscle (0.81%) than in the flaxseed oil diet LD muscle (0.16%).

The concentration of linoleic FA, as predominant n-6 PUFA, was higher in the ST muscle (12.55%
and 12.56%, respectively) compared with the LD muscle (11.47% and 9.62%, respectively).

The ratio n-6 : n-3 was 1.42 times lower in the LD muscle than in the ST muscle, and the ratio C18:2
n-6/C18:3 n-3 was 1.42 times lower in the LD muscle than in the ST muscle, probably because the LD
muscle is more oxidative (Chriki et al., 2012) owing to the predominance of I-type fibres in the outdoor
rearing system (Gentry et al., 2004; Graziotty et al., 2009). The n-6 : n-3 ratio of both the LD and the ST
muscles decreased significantly in the flaxseed oil diet compared with the control group, reaching a level that
can be beneficial for human health in the LD muscle (4.60% vs. 10.16%). However, the ratio of total n-6
PUFA : total n-3 PUFA, (37.3 : 1) in the conventional rearing system and 9.2 :1 in the free-range system, as
reported by Parunovic et al. (2012), is higher than that observed during the present study, particularly in the
group with supplemental flaxseed oil (4.62 in the LD muscle and 5.69 in the ST muscle of the experimental
diet).

In this study, the SFA represented a lower proportion (33% - 39%) from the total FA compared with the
mono- and polyunsaturated FA (59% - 66%). The differences in terms of SFA were not significant (P >0.05)
between dietary treatment groups. However, differences (P <0.001) in total SFA content were recorded
between muscle types. The decrease in C16:0 in the ST muscle was not affected by the flaxseed oil diet, but
by the muscle type (<1.12 times than the LD muscle, P <0.0001). The flaxseed oil diet does not have an
effect on the C18:0 concentration of the muscle, but the muscle type does have a significant effect
(P <0.001) on this FA. That is according to data reported by Habeanu et al. (2011) when 11% - 13%
camelina oil was fed to finishing Large White pigs. The interaction muscle x diet was not significant except
for CLA, C20:4n-6, EPA, DPA FA.

Conclusions

Flaxseed oil was a suitable nutritional solution for improving the lipid structure of meat from Mangalitsa
pigs. The supplemental flaxseed oil used as rich source of n-3 fatty acids in the diet for finishing Mangalitsa
pigs favoured the retention of n-3 fatty acids, mostly ALA. This effect is associated with the presence of EPA,
DPA and DHA, particularly in the ST muscle, and by a lower n-6 : n-3 ratio, particularly in the LD muscle.
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