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ABSTRACT: Linseed is one of the most useful crops that has been cultivated as a commercial plant
all over the world. Recently there has been a growing interest in linseed oil due to the high
concentration of linoleic and especially a-linolenic acid. Since animals are not able to synthesize these
essential fatty acids, changes in fatty acid content in meat can be achieved through the changes in
animal diet. The aim of this study was to evaluate the influence of diet supplemented with linseed rich
additive on fatty acid profile and omega fatty acids content in pig meat. Furthermore, fatty acid
composition of roasted meat of pigs fed with control and experimental diet was investigated.

Twelve pigs were divided in a control and experimental group and grown to 110 kg of live weight. The
experimental group was fed a standard diet enriched with 2.5% of commercial additive. Fatty acid
composition of fresh meat samples and heat treated meat were determined by GC-FID. Meat was
roasted in oven at the temperature of 80 — 85 °C until the temperature in the centre reached 69°C
(about 1 hour). STATISTICA software, version 10 was used for performing ANOVA and Fishers
comparison of means.

Samples from the experimental group fed with linseed enriched diet showed significantly higher
(p <0.01 and p = 0.01, respectively) content of both omega 3 (n-3) (8.25% vs. 1.33%) and omega-6
(n-6) fatty acids (25.68% vs. 20.68%) in all tissues, thus making it better for a human consumption
from a health perspective. Heat treatment significantly decreased (p < 0.05) the content of stearic and
linoleic acid in control tissue samples, but decrease was insignificant (p > 0.05) in samples from the
experimental group.

In conclusion, diet enriched with linseed had a beneficial effect on the majority of monitored
parameters in the study.
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INTRODUCTION

Dietary fats, especially essential fatty types of cancer like colon, breast and pro-

acids, which cannot be endogenously syn-
thesized by humans and other mammals,
play an important role in human health and
well being (Beare-Rogers et al., 2001).
Many clinical, epidemiological and biolo-
gical studies ascribe a particular signify-
cance to n-3 polyunsaturated fatty acids
(PUFA). Results from those studies con-
firmed their anti-inflammatory, antithro-
mbogenic, and hypotriglyceridemic proper-
ties; they are also active against some

state cancer (Rose et al., 1999; Connor,
2000). However, these beneficial effects
are limited by the fact that the modern
western diet is rather low in n-3 fatty acids,
while it is very high in n-6 fatty acids
content, and it is well known fact that
increased levels of n-6 fatty acids are
associated with an increase in chronic
diseases (Givens et al., 2006; Enser et al.,
2000).
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The significance of omega-3 fatty acids in
human nutrition is presented. As essential
substances they cannot be synthesized in
the organism, but have to be introduced
through diet. Also, the significance of
some essential n-6 fatty acids as well as
their mutual relation, are presented. The
role of n-3 fatty acids in animal nutrition is
also pointed out in this paper, introduced
or consumed by animals either by grazing
or as diet supplement, which influence im-
provement of their production, repro-
duction and health performances (Srete-
novi¢ et al., 2009).

The main reason for this is production of
animal feed from grains rich in n-6 fatty
acids which subsequently leads to meat
rich in the same type of fatty acids
(Crawford, 1968). Being aware of n-3
PUFA benefits and health promoting
effects, the nutritionists recommend a diet
rich in n-3 fatty acids as well as a lower n-
6/n-3 ratio from the current 15-20:1 to 1-
4:1 (Simopoulos, 2002; Okanovi¢ et al.,
2010).

Since animal diet determines the fatty acid
composition in meat, changes in fatty
acids ratio and composition in meat can be
achieved through the changes in animal
diet (Mourot and Hermier, 2001; Ivanov et
al., 2009). Most common way to perform
this is by enriching the animal feed with
fish oil/fish meals or with plant oils rich in
n-3 PUFA or seed meals such as linseed
(Raes et al., 2004; Kouba et al., 2003).
Linseed, containing about 40% of oil, has
long been used in human and animal diet.
Oil from the seeds contains remarkably
high content of linoleic (LA, 18:2, n-6) and
especially a-linolenic acid (ALA, 18:3, n-3).

Table 1.
Composition of diets for pigs

Furthermore, linseed is the richest oilseed
source of ALA (Juarez et al, 2010,
tukaszewicz et al., 2004, lvanov et al.,
2012). Monogastric animals (like pigs) are
better target for this approach, because
the dietary fatty acids are absorbed from
the intestine unchanged (Enser et al.,
2000). In this way, composition of fatty
acids in meat could be modified by dietary
means ultimately improving nutritional and
health value of the meat (Stevanovi¢ et al.,
2011). The objective of presented study
was to investtigate the influence of linseed
enriched diet (rich in n-3 PUFA) on fatty
acid composition of pig meat. This was
done by supplementing the standard, co-
mercial feed with linseed and observing
the effects of such feeding (with standard
diet used as a control) on changes in fatty
acid composition of various pig tissues.
Furthermore, the samples were roasted in
order to obtain information about fatty acid
degradation caused by the heat treatment.

MATERIAL AND METHODS
Animals and diet

The total twelve pigs, Pietrain x (Landrace
x Great Yorkshire) were used in the study,
which was conducted at the pig farm
,Sabo Janos”, Jermenovci, Serbia. Twelve
pigs were divided into two groups and fed
with two types of diet, a standard diet and
diet enriched with 2.5% of Vitalan®
(Vitalac, France), until reaching approxi-
mate 110 kg of live wei@%ht, when they
were slaughtered. Vitalan™ contains 85%
extruded linseed, which made the diet rich
in n-3 acids and the rest werewheat bran
and antioxidants. The composition of the
diets is shown in Table 1.

Components (%)

Control group

Experimental group

Vitalan® 0
Maize 51.0
Barley 28.0
Soybean meal 18.0
Premix 2.5
Acidifier 0.5
Total 100.0

2.5
50.0
26.8
17.7
2.5
0.5
100.0
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Slaughtering and sampling

The animals were slaughtered and sam-
ples of pig meat (M. Longissimus dorsi,
bacon and back fat), 3 pieces (200 g each)
from both groups were collected and kept
in the refrigerator at 4 °C. A half amount of
every sample was roasted in the oven at
the temperature of 80 —85 °C until the
temperature in the centre of the meat
reached 69 °C (about 1 hour).

After 24 hours, the samples were sent to
the laboratories of Institute of Food Tech-
nology in Novi Sad, where fatty acid ana-
lysis and sensory evaluation were per-
formed. Each sample was coded with a
letter: C for samples from control group
and E for samples from experimental

group.
Fat extraction for fatty acid analysis

Supercritical fluid extraction with CO, was
used for preparation of fat extracts, as
recommended for fatty acid analysis
(lvanov et al.,, 2012). Extractions were
performed on a LECO TFA2000 fat ana-
lyzer with the method adopted from
existing LECO procedures (Leco corpo-
ration, 2003). Infusorial soil (flux calcined
infusorial soil, up to 54% crystalline silica,
cristobalite < 50%, quartz < 4%, produced
by LECO Corporation, MIl, USA) was used
as absorbent to remove traces of water
from samples.

The preselected meat samples were
homogenized with food processor. 1.0 g of
homogenized meat was vigorously mixed
with 2.2 g of absorbent and this way
prepared mixture was transferred into a
metal extraction thimble (12 cm length and
10 mm diameter) for the extraction. After
finishing the extraction step, the instru-
ment was depressurized, and extracts in
collection vials were degassed for ten
minutes, until achieving constant weight of
extracts.

Fatty acid determination

From the extracted lipids, fatty acid methyl
esters were prepared with method that

uses boron trifluoride/methanol solution
(Veresbaranji, 1996). Nitrogen gas was
used for drying and removing solvents
from fatty acid methyl esters. Obtained
samples were analyzed by a GC Agilent
7890A system with FID, auto-injection
mode, equipped with fused silica capillary
column (DB-WAX 30 m, 0.25 mm, 0.50
pm). Helium was used as a carrier gas
(purity > 99.9997 vol. %, flow rate = 1.26
ml/min).

The fatty acids peaks were identified by
comparison of retention times with
retention times of standards from Supelco
37 component fatty acid methyl ester mix
(Cat. No. 47885-U, Supelco, PA, USA)
and with data from internal data library,
based on previous experiments and fatty
acid methyl ester determination on GC-
MS.

Results were expressed as mass of fatty
acid or fatty acid group (g) per 100 g of
fatty acids, and as a ratio between n-6 and
n-3 fatty acids.

Soxhlet extraction — free fat
determination

Soxhlet extractions were performed with a
Bilchi 810 Soxhlet fat extraction apparatus
(Soxtec system HT, 1043 Extraction Unit,
Foss Tecator AB, HOganas, Sweden) in
accordance with manufacturer procedure
and AOCS Method Ba 3-38 (AOCS,
2001). Extractions were performed with
petroleum ether (40 — 60 °) solvent.
Sample size was 3 g and extraction time
was 1.5h, at 80 °C.

After removal from the apparatus, extrac-
ted lipids were allowed to cool at room
temperature while passing air over the
samples for 1 minute, and then dried in
desiccant pouch until they reached con-
stant weight (approximately 60 minutes).
Fat content was expressed as the per-
centage, by weight (gravimetrical me-
thod).

Statistical analysis

STATISTICA software version 9 (Statsoft,
Tulsa, OK, USA) was used for analyzing
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variations (analysis of variance — ANOVA),
and for Fishers LSD comparison of means
and pairwise comparison. Differences
among means with probability p < 0.05
were accepted as representing statistically
significant differences, and differences
among means with 0.05 < p < 0.10 were
accepted as representing tendencies to
differences.

RESULTS AND DISCUSSION

Effects of the diets used in the experiment
on composition of fatty acid group and
total fat content of pig tissues are pre-
sented in Table 2.

Samples of M. longissimus dorsi of the
control and experimental groups showed
significant differences in fatty acid compo-
sition. SFA content decreased significantly
(p = 0.006), monounsaturated fatty acids
(MUFA) content also significantly (p =
0.04) decreased, and PUFA and unsatu-
rated fatty acids (UFA) contents signi-
ficantly (p = 0.03 and p = 0.02, respect-
tively) increased in experimental groups.

Experimental diet had less influence on
back fat fatty acid composition, but in-
crease in n-3 fatty acid content was still
significant (p < 0.05).

Linseed diet positively affected n-6/n-3
ratio of all samples by decreasing it below
the desirable level. Being aware of n-3
PUFA benefits and health promoting
effects, the nutritionists recommend a diet
rich in n-3 fatty acids, as well as a lower n-
6/n-3 ratio from the currently common 15-
20:1 to 1-4:1 (Gebauer et al., 2006, Raes
et al., 2004).

It is known that UFA containing double
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bonds are easily oxidized, and thus fatty
acid composition can influence the pala-
tability of meat, as well as that the effect of
fatty acids on meat tenderness is due to
the different melting points of individual
fatty acids, especially stearic and linoleic
acid (Jeong et al., 2010).

Changes in the content of these two acids
in M. longissimus dorsi are shown in Table
3, as a result of the differences in com-
position of standard (control) and linseed
enriched diet used for feeding of pigs.

After heat treatment, the contents of both
fatty acids were lower in control, as well as
in experimental samples. The differences
were significant (p < 0.05) in all cases,
except for the stearic acid in samples of
meat of pigs fed with experimental diet.

Linseed enriched diet positively influenced
the content of linoleic acid, and therefore
the tenderness of M. longissimus dorsi
muscle. Previous experiments reported
that meat from piglets fed with diet
enriched in linseed by adding commercial
additives had pleasant color and juicy
taste (Okanovi¢ et al., 2011).

Roasting of meat caused increase in n-
6/n-3 as shown in Fig. 1, thus making it
less desirable and suitable for human
consumption.

Positive effect of linseed diet is reflected in
the fact that increase of n-6/n-3 ratio was
statistically significant (p < 0.01) only for
meat samples of pigs fed with control diet.

The content of n-3 fatty acids in control
samples was notably low even before
roasting, and the heat treatment de-
creased it below the content of 1%.
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Table 2.
Diet effects on composition of fatty acid group and total fat content of pigs tissues
Fatty acids (% of total lipids) n-6/n-3 ur Total fat
SFA MUFA PUFA n-6 n-3 ratio content (%)
Meat C 17.28 + 0.47 59.63 £ 0.30 23.09 £ 0.31 19.61 + 0.26 249+ 0.17 7.88 1.09 5.11+£0.08
E 13.30+£0.38 52.17 £ 0.35 36.44 + 0.33 24.22 +0.06 10.89 + 0.35 2.22 1.37 5.57 + 0.06
Probability p <0.05 p <0.05 p <0.05 p <0.05 p <0.05
Back fat C 17.95 + 0.40 57.10 £ 0.26 23.95+0.34 22.36 £0.16 0.71+0.38 31.49 1.07 86.50 + 0.01
E 17.73+0.43 56.61 £ 0.20 24.31+0.23 27.20+£0.17 7.20+0.16 3.78 1.34 82.90 £ 0.03
Probability p >0.05 p > 0.05 p > 0.05 p <0.05 p <0.05
Bacon C 16.98 + 0.35 61.14 £0.16 21.59+0.14 20.07 £0.13 0.79+0.12 25.41 1.05 28.10 £ 0.03
E 14.69 + 0.30 51.23+0.18 35.87£0.16 26.11+0.14 6.67 £ 0.16 3.91 1.25 26.10 £ 0.04
Probability p <0.05 p <0.05 p <0.05 p <0.05 p <0.05

The results are presented as mean + SD
Ul — Unsaturation index = average number of double bonds per fatty acid residue
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Table 3.
Changes in content of stearic,
roasting

linoleic and omega fatty acids in pigs M. longissimus dorsi muscle after

Fatty acids (% of total lipids)

Stearic acid
Control Fresh 7.33+0.19
diet Roasted 6.83 + 0.40
Mean difference 0.5
Probability p <0.05
Experimental Fresh 494 + 017
diet Roasted 4.85+0.19
Mean difference 0.09
Probability p>0.05

Linoleic acid n-6 n-3
19.96 + 0.09 19.96 + 0.09 249+ 0.17
19.61 + 0.26 19.61 + 0.26 0.69 +0.25
0.35 0.35 1.8
p <0.05 p <0.05 p <0.05
24.22 + 0.06 2453 +0.12 10.89 + 0.35
2453 +0.12 24.22 +0.06 7.21 +0.31
0.31 0.31 3.68
p <0.05 p <0.05 p <0.05

The results are presented as mean + SD
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Fig. 1. n-6/ n-3 ration in M. longissimus dorsi muscle before and after roasting

CONCLUSION

Presented results have proven that addi-
tion of linseed in diet for pigs has multiple
benefits considering healthy, nutritional
and sensory characteristics of pig meat.
Therefore, use of linseed enriched diet in
pig feed can be recommended for obtai-
ning meat with desirable fatty acid compo-
sition. Enhanced fatty acid composition of
fresh meat provides better quality of heat
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treated meat from the
standpoint.

lipid nutrition
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YTULAJ TEPMUYKOI TPETMAHA HA MACHOKUCEJIMHCKMN CACTAB
CBUHCKOIr MECA

[ywuua C. Yonosuh*', HeGojwa M. Mnuh', ophe . OkaHosuh', OparaH B. Manuh’

1yHVIBep3I/ITeT y HoBom Cagy, MIHcTuTyT 3a npexpambeHe TexHonoruje y Hosom Cagy,
Bynesap uapa Jlasapa 1, 21000 Hoeu Cag, Cpbuja

CaxeTak: JlaH npeacrasrba jegHy o4 HajKOPUCHUjMX BUHHUX KynTypa, Koja ce KomepuujarHo
rajy WuMpom ceeTa. Y nocrnefgke BpeMe MHTEpecC 3a flaHeHWM yIbem Harmno je nopacrao, npe csera
300r BUCOKOr cagpaja NIMHONHE, a Hapo4nTO a-NMHONEHCKe kncenuHe. C 063npom ga cucapu Hucy y
CTawy Aa CMHTETULLY OBe eCeHuMjanHe MacHe KUcenuHe, NpoMeHa cactaBa MacHUX K1CeNnHa y Mecy
XMBOTUHA MOCTWDKE Ce KPO3 M3MEHEH HauMH UCXpaHe XMBOTUHa. Liurb oBor nctpaxusara 6mo je ga
ce ogpeau MaCHOKMCENWHCKM Mpodumn CBUMHCKOr Meca, Ca akLeHTOM Ha OMera-macHe KucenwuHe.
MMopen Tora, UCNUTaH je u cacTaB MaCHWX KUCENUHA NeYyeHor Meca CBMHba XpaHeHUX KOHTPOSHOM U
eKcrnepMMeHTanHoOM CMELLOM.

[lBaHaecT jeOuMHKM MOAESbEHO je Y KOHTPOSIHY WM eKcrnepuMeHTarnHy rpyny u ysrajaHo [o
nocturHyte mace og 110 kg xxvmBe Bare. EkcnepumeHTanHa rpyna je xpakweHa ctaHgapaHM CMeLLIOM
y3 pgopatak 2,5% komepuujanHor agutmea. CactaBum MacHMX KACenuHa ysopaka CBeXer U neveHor
Meca oapeheHn cy nomohy ML-®W. Meco je neueHo y nehHnum Ha TemnepaTtypu 80 — 85 °C cBe ok
ce Huje nocTurna Temnepartypa of 69°C y LeHTpy y3opka (oko caT BpemeHa). STATISTICA codpTteep
ynotpebrbeH je 3a nssoherwe aHanmse BapujaHce n Puweposor nopehera cpeamnx BpeaoCTy.

Y3opum M3 ekcrnepumeHTanHe rpyne umanu cy 3HadyajHo BuM cagpxaj omera-3 (8.25%
Hacrpam 1.33%) n omera-6 macHux kucenuHa (25.68% Hacnpam 20.68%) y cBum Tkmsuma (p < 0.01 n
p = 0.01, pegom), YmHehu nx NOrogHMjUM 3a FbYACKY MXpaHy ca 3O0paBCTBEHOr acnekra. TepMUuyku
TpeTMaH 3Ha4ajHO je cHuamo (p < 0.05) cagpxaj CTeapuMHCKE W JIMHOJTHE KUCEITMHE Y KOHTPOSHUM
y3opuuMma, anu CHUXeHe cagpxaja oBe ABe MacHe KUCenvHe Huje Buno ctaTMCTUYKM 3HadvajHo (p >
0.05) y y3opumma 13 ekcnepumeHTarsnHe rpyne.

Ha kpajy je 3akrby4yeHO fa naHeHo cemMe Mma 6raroTBOpHO AejcTBO Ha BehumHy npaheHumx
napameTapa y OBOM UCMUTUBakY.

KrbyuHe peun: ucxpaHa Ha 6a3u naHeHo2 ceMeHa, eCeHuujarHe MacHe KUCESIUHe, C8UHsCKO
Meco, mepMuYKu mpemmaH
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