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Abstract

DOYCHEYV, V. and G. MIHAYLOVA, 2013. Effect of flaxseed and alpha tocopherol supplementation of pig diets
on fatty acid content and lipid oxidation stability of m. Longissimus. Bulg. J. Agric. Sci., 19: 1416-1424

The experiment was carried out with 70 fattening hybrid pigs (45-110 kg) divided into 5 groups of 14 (7 castrated males
and 7 females). Pigs were fed compound feed containing 13.24% CP and 12.04 MJ ME/kg. During the last two months of the
fattening period (78—120 kg) the compound feed of pigs from groups II, IIL, IV and V (experimental) was supplemented with
flaxseed at different levels: group II — 4%, group III — 8%; groups IV and V — 12%. The feed of pigs from group V was also
supplemented with vitamin E (alpha tocopherol acetate) at 200 mg/kg. Pigs were slaughtered at 120 kg live body weight. The
fatty acid contents of triacylglycerols and phospholipids were determined in m. Longissimus samples. Oxidative changes in
m. Longissimus meat were assessed in fresh samples and in samples stored at —18°C for 6 months.

Linolenic acid content of triacylglycerols increased in experimental groups, being statistically significant higher in group
II (P<0.01), IIT, IV and V (P<0.001) vs group L. Linoleic acid concentrations also differed between groups II and I1I (P<0.05),
group II and both groups IV and V (P<0.001) and groups IIT and I'V (P<0.01). Compared to control pigs, eicosapentaenoic acid
content in tissue triacylglycerols was higher in group III (P<0.05), IV and V (P<0.01). Significant differences were also estab-
lished in groups I'V and V vs group II (P<0.05). Linoleic acid content decreased in group III vs group I (P<0.05) and group II
(P<0.01), whereas arachidonic acid changed only slightly. The PUFA content was also insignificantly altered. Compared to the
non-supplemented group, the PUFA/SFA ratio was substantially higher in groups II, IV and V (P<0.01) and III (P<0.05). The
n-6/n-3 ratio in groups III, IV and V was significantly lower than that of groups I and II (P<0.001). The difference between
groups I and IT was also considerable (P<0.001).

Linolenic acid in tissue phospholipids of group III was significantly more than that in groups I (P<0.01) and II (P<0.05). In
groups IV and V, the content f this fatty acid was higher than that in groups I, II (P<0.001) and III (P<0.01). The eicosapentaenoic
acid in groups IV and V was considerably higher than that in control (P<0.05). There were no statistically significant differences
between groups with regard to fatty acid groups. The n-6/n-3 ratio was lower in group II vs group I (P<0.05) and in groups III, IV
and V (P<0.001) vs group I. The differences between groups IV and V vs group II were also important (P<0.01).

The high content of PUFA in tissue lipids resulted in significantly higher thiobarbituric acid number in both fresh and
stored meat.

Key words: pigs, flaxseed, fatty acid composition, triacylglycerols, phospholipids, vitamin E, oxidation

Abbreviations:MDA — malondialdehyde; MUFA— monounsaturated fatty acids; SFA — saturated fatty acids; UFA
— unsaturated fatty acids; ME — metabolizable energy; PUFA — polyunsaturated fatty acids; CP — crude protein;
TBARS - thiobarbituric acid reactive substances; n-3 — omega-3; n-6 — omega-6.

Introduction content in man’s diet. The easiest way to increase dietary
PUFA intake is by higher consumption of fish. Unfortunate-

Polyunsaturated fatty acids (PUFA) of the omega-3 group  ly, in many countries including Bulgaria, fish is not among
are beneficial for human health (Narayan et al., 2006), and  traditional foods, which necessitates seeking how to increase
that is why dietologists have long worked to increase their ~PUFA content of common animal foodstuffs (meat, eggs
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etc.). Pigs, being monogastric animals (with a simple, one-
compartment stomach) are suitable for production of PUFA
enriched meat. The fatty acids from feed are absorbed and
directly included in lipid synthesis unchanged, unlike in ru-
minant forestomach, where PUFA are hydrogenated.

With regard to the fatty acid content and oxidation stability
of lipids, flaxseed is though to be the best choice for enrichment
of pork with n-3 fatty acids, being superior to rapeseed and oils
obtained from flaxseed, rapeseed and fish (Van Oeckel et al.,
1995). The problems arising from the use of flaxseed in feed
manufacturing are related to the presence of some anti-nutri-
tional factors (Liener, 1980; Batterham et al., 1991; Niedwietz-
Siegen, 1998), high mucilase content (Batterham et al., 1994),
and the higher costs compared to traditional cereal crops.

Another serious problem from pork enrichment with n-3
fatty acids is the reduction of lipids stability to oxidation and
hence, worsening of the flavour of meat and meat products.
Many researchers believe that the enrichment of muscle lip-
ids with PUFA makes meat more susceptible to oxidation and
reduces the storage terms (Leskanich et al., 1997; Wood et al.,
2003; Guo et al., 2006). This problem could be overcome by
inclusion of vitamin E in the diet, a natural antioxidant that ac-
cumulates in tissues, largely prevents oxidation and improves
the quality of meat and meat products both in fresh state and

after storage (Dikeman, 2007; Santos et al., 2008; Trefan et al.,
2011). On the contrary, others did not establish a higher antiox-
idant status of muscles after supplementation of the ration with
vitamin E (Lauridsen et al., 1999; Shaw et al., 2002).

The purpose of this experiment was to determine the ef-
fect of different dietary flaxseed levels upon the fatty acid
content and oxidation stability of meat lipids and to evalu-
ate the efficacy of alpha tocopherol for reduction of oxidative
changes in tissue lipids with high PUFA content.

Material and Methods

The experiment was carried out with 70 fattening hy-
brid pigs crosses of Swedish Large White (SLW) x Bulgar-
ian Landrace (BL) x Hybrid ham boars (HB), divided into 5
groups of 14 (7 castrated males and 7 females). Pigs were fed
compound feed containing 13.24% CP and 12.04 MJ ME/kg.
During the last two months of the fattening period (78—120
kg) the compound feed of pigs from groups I, III, IV and
V (experimental) was supplemented with flaxseed at 40, 80,
120 and 120 g.kg", respectively. The feed of pigs from group
V was also supplemented with alpha tocopherol acetate at
0.2 gkg'. The composition and the nutritional value of com-
pound feed for the five groups of pigs is presented in Table 1.

Table 1
Composition and nutritional value of compound pig feed (g.kg™")
. Groups

Ingredients I ‘ I ‘ 10 v v
Corn 80 534 26.8 - -
Barley 328 430.6 534 638.2 638.2
Wheat 310 257 203.2 149.8 149.8
Flaxseed — 40 80 120 120
Soybean meal 30 20 10 — -
Wheat bran 160 107 54 - -
Provimi concentrate 50 50 50 50 50
Zeolite 35 35 35 35 35
Synthetic lysine 24 24 24 24 24
Limestone 2.6 2.6 2.6 2.6 2.6
Toxibind 2 2 2 2 2
a—tocopherol — - - - 0.2
One kg feed contains:
Metabolizable energy, MJ 12.23 12.39 12.56 12.72 12.68
Crude protein, g 1324 133 133.6 134.2 134.1
Crude fibre, g 45 448 447 445 44.6
Lysine, g 7.7 7.65 7.56 7.47 7.49
Methionine+cysteine, g 5.1 4.96 4.8 4.64 4.66
Ca, g 6,29 6.3 6.3 6.33 6.3
P g 4,65 44 4.1 3.83 3.85
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The fatty acid composition of feed is given in Table 2. Fatten-
ing pigs were slaughtered at 120 kg live body weight.

For fatty acid composition of meat lipids, samples were
collected from m. Longissimus thoracis (in the area of the last
three thoracic vertebrae).

Meat lipids were extracted by the method of Bligh and
Dyer (1959). Lipid groups — triacylglycerols and phospholip-
ids were isolated by thin-layer chromatography on silica gel G
plates and mobile phase consisting of hexane/ether (80:20) as
per Dimov and Dimitrov (1978). Fatty acids were methylated
in 2% H_SO, dissolved in anhydrous methanol according to
the technique of Angelov (1994). The fatty acid composition
of total lipids was determined on a gas chromatograph “Pay-
unicam” with ECTM-WAX capillary column 30 m, ID 0.25
mm, and flame ionisation detection.

Thiobarbituric acid reactive substances (TBARS) were
determined as per Ohkawa et al. (1979), modification of Pi-

kul et al. (1983). TBARS was expressed as mg MDA (malon-
dialdehyde) /g fat. MDA content was calculated from sample
absorptions against a standard curve (0-5.5 mg).

The results were processed with statistical software Sta-
tistica for Windows, Release, 4.3 (Stat. Soft. Inc., 1994).

Results and Discussion

The fatty acid composition of triacylglycerols in m. long-
issimus is presented in Table 3. There were statistically sig-
nificant changes in the three SFA between groups. Myristic
acid content was substantially lower in group II (P<0.01) and
groups 111, IV and V (P<0.05) compared to controls. Palmitic
acid content decreased proportionally to increased dietary
flaxseed level and was significantly lower in all supplemented
groups (P<0.01) compared to group I. The higher the flax-
seed content of feed, the lower stearic acid concentrations

Table 2

Fatty acid composition of compound pig feed

Fatty acids (/100 g fat) - - Flaxseed cont;r(l)t in feed, g/kg — —
C14:0 Myristic 0.7 1 0.8 0.9 0.9
C16:0 Palmitic 29.3 31.1 257 26.8 272
C16:1 Palmitoleic 1.8 1.4 1.3 1.2 1.4
C17:0 Margaric 0.8 0.6 1.2 1.3 1.1
C18:0 Stearic 12.1 11.6 10.8 9.8 9.6
C18:1 Oleic 354 353 36.1 36.8 36.3
C18:2 Linoleic 19.4 16.7 18.5 15.6 159
C18:3 Linolenic - 2 54 7.2 7.2
Table 3
Fatty acid composition of triacylglycerols in m. longissimus
Groups
Fatty acids (g/100 g fat) I 11 111 v \Y
X £Sx X £Sx X £Sx X £Sx X +Sx
C14:0 Myristic 2.70°+£0.84 1.35°+0.52 1.73"+0.64 1.52Y+0.43 1.58°+0.48
C16:0 Palmitic 26.46*+1.63 24.52°+0.50 24.24%+0.53 23.84°+0.71 24.01°+0.83
C16:1 Palmitoleic 4.67°£1.13 3.69%+].16 1.36+0.49 2.40+0.43 2.23%4+0.64
C18:0 Stearic 15.54°+1.13 15.00+0.84 14.05%+0.47 13.79°+0.19 13.93*+0.28
C18:1 Oleic 42.322+1.27 46.34°+1.16 50.12¢+0.95 49.38%4+0.52 48.934+0.86
C18:2 Linoleic 6.98°+0.60 7.21:40.39 6.24°+0.42 6.52%+0.47 6.55+0.68
C18:3 Linolenic 0.55*+0.08 1.14°+0.06 1.59°+0.07 1.85¢4+0.13 1.87°9+0.14
C20:4 Arachidonic 0.70+0.51 0.51+0.27 0.52+0.10 0.48+0.14 0.50+0.12
C20:5 Eicosapentaenoic 0.08*+0.01 0.15%+0.05 0.15%4+0.04 0.22°4+0.08 0.21°£0.06
PUFA 8.31+£0.76 9.01+0.62 8.50+0.50 9.07+0.48 9.11+£0.72
PUFA/SFA 0.19°+£0.02 0.22"4+0.01 0.21°+0.01 0.23°+0.01 0.23°+0.02
n-6/n-3 ratio 12.15*+0.82 5.99*+0.31 3.88°+£0.20 3.39°+0.09 3.39°+0.12

Different superscripts indicate statistically significant differences of mean values
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were measured — they were statistically significantly lower
in group III (P<0.05) and groups IV and V rpymu (P<0.01)
vs group L. Significant differences were also established in
groups II and IV and V (P<0.05). Our results were similar
to those of Riley et al. (2000) u Kouba et al. (2003), demon-
strating a significantly lower saturated fatty acid content after
supplementing pig feed with flaxseed.

Palmitoleic acid concentrations were lower in supple-
mented groups, with statistically significant difference in
group III (P<0.001) and groups IV and V (P<0.01) vs group
I. There was also a considerable difference in palmitoleic
acid content between groups II and III (P<0.01). Unlike
palmitoleic acid, the oleic acid level increased significantly
and parallelly to the dietary flaxseed content in all supple-
mented groups (P<0.001) vs the controls. Oleic acid content
in groups III, IV and V was also higher than that of group
II (P<0.001). The available results about the effect of PUFA-
enriched feeds on tissue MUFA concentrations in pigs are
contradictory. After addition of 3.5% blend of tallow and
soybean oil (80%:20%) and 6% flaxseed in the feed of con-
trol group, Kouba et al. (2003) established reduction in both
palmitoleic and oleic acid contents. The supplementation of
pig feed with 15% flaxseed by Specht-Overholt et al. (1997)
resulted in lower oleic acid content, although palmitoleic
acid concentration remained unchanged. Riley et al. (2000)
did not observe any statistically significant differences in
monounsaturated fatty acids. According to Duran-Montge
et al. (2008) MUFA were more susceptible to alteration
compared to SFA when the ration of pig was supplemented
with PUFA. Probably, the mechanism of flaxseed effect on
the concentrations of the different MUFA needs further de-
tailed investigation.

Linolenic acid exhibited more than threefold increase
with statistically significant differences vs group I in groups
1T (P<0.01), III, IV and V (P<0.001). There were also substan-
tial differences between groups II and 111 (P<0.05) and group
II and each of groups IV and V (P<0.01). The level of eicos-
apentaenoic acid, a derivative of linolenic, was almost three
times higher in pigs fed with increasing feed flaxseed con-
tent. Its concentrations were statistically significantly higher
in group III (P<0.05) than in group I, in groups IV and V
compared both to group I (P<0.01) and group II (P<0.05). Due
to the higher linolenic acid content of flaxseed — about 50% of
lipid content, many authors have conducted experiments with
different dietary levels of flaxseed (Cherian and Sim, 1995;
Romans et al., 1995; Van Oeckel et al., 1996; Leskanich et al.,
1997; Enser et al., 2000; Riley et al., 2000; Kouba et al., 2003;
Juarez et al., 2010; Kouba and Mourot, 2011; Nijten et al.,
2011), established an important increase in tissue linolenic
acid and its derivative, eicosapentaenoic acid.

The changes in fatty acids from the n-6 group were less
pronounced compared to n-3 fatty acids. Linoleic acid de-
creased when dietary flaxseed content was higher. In group
111, its value was significantly lower compared to group I
(P<0.05) and II (P<0.01). Arachidonic acid, a derivative of
linoleic, also decreased in a similar manner but the between-
group variations were insignificant (P>0.05). Our results
were comparable to those of Cherian and Sim (1995) having
supplemented pig feeds with flaxseed.

The content of the PUFA group did not change consider-
ably (P>0.05), as also outlined by Riley et al. (2000), who did
not establish increased PUFA content after supplementation
of the ration with 11.4% flaxseed. The addition of rapeseed
and fish oils to pig feeds neither resulted in change in PUFA
of meat (Leskanich et al. 1997). A possible explanation for
the lack of PUFA content in the present experiment and data
reported by others could be the thesis of Sprecher et al. (1995)
that enzymes, responsible for the elongation and dehydration
of linoleic and linolenic acid chains for synthesis of deriva-
tives with longer chains, are concurrently used by n-6 and n-3
fatty acids. When pig feeds are supplemented with linolenic
acid through flaxseed, these enzyme systems are mainly used
for synthesis of n-3 fatty acids, because of the limited n-6 fat-
ty acid synthesis. This results in altered n-6/n-3 ratio and in
lower increase in PUFA level in general. In the view of Riley
et al. (2000), feed supplementation with flaxseed increases li-
nolenic content in tissue lipids allowing for a successful com-
petition with linoleic acid to shift the biochemical metabolic
pathways towards synthesis of n-3 fatty acids derivates with
longer carbon chains.

The PUFA/SFA ratio of 0.19-0.23 was below the recom-
mended minimum ratio of 0.40 (Department of Health and
Social Security 1984; 1994). At the same time, it was high-
er in pigs receiving feed supplemented with flaxseed, with
statistically significant differences between groups II, IV, V
(P<0.01) and III (P<0.05) compared to group I. In their exper-
iments with considerably lower flaxseed feed content (2.6%),
Enser et al. (2000) also reported a certain but insignificant
increase in this ratio. Warnants et al. (1999) used soybeans as
a source of PUFA and succeeded to increase PUFA/SFA ratio
from 0.16 to 0.23. Riley et al. (2000) increased the PUFA/SFA
ratio by supplementing the feed with 11.4% flaxseed for a 24-
day period. At the same time, the longer supplementation (65
days) with lower flaxseed levels (1%, 2% and 3%). did not
result in higher ratios. The ratios in both our results and the
data of cited researchers were low, under the recommended
allowance of 0.4 for human food. A probably explanation is
proposed by Raes et al. (2004), i.e. that feed components rich
in n-3 PUFA (fish products, vegetable oils and oilseeds) did
not have a strong effect on PUFA/SFA ratio, as the latter was



1420

V. Doychev and G. Mihaylova

mainly determined by the genetic factor and at a lesser ex-
tent, by the nutrition.

With increasing dietary flaxseed content, the n-6/n-3 ra-
tio decreased to attain statistically significantly lower values
in groups III, IV and V compared to both groups I and II
(P<0.001). The difference between groups I and II was also
important (P<0.001). The observed reduction in this ratio cor-
responds to numerous published results. Riley et al. (2000) re-
ported a considerably reduced n-6/n-3 ratio in both the short-
term feeding trial with high dietary flaxseed content (11.4%)
and in the trial with feeding dietary flaxseed levels 1%, 2%
and 3% over 65 days. The inclusion of 10%, 17.5% and 25%
flaxseed in pig feeds resulted in considerable decrease in n-
ratio from 8.8 to 1.0 (Cherian and Sim, 1995). Leskanich et al.
(1997) established reduction of the ratio from 7.3 in the con-
trol group to 4.5 in experimental groups after supplementing
pig feed with 2% rapeseed oil and 1% fish oil. The addition
of 6% flaxseed in pigs’ feed led to lower N-ratios: 2.45 times
after 20 days, 2.98 times after 60 days and 3 times — after 100
days (Kouba et al., 2003).

It could be therefore concluded that the dietary supple-
mentation with flaxseed resulted to significant changes in the
fatty acid content of triacylglycerols of porcine m. longissi-
mus. The n-3 fatty acids increased substantially, while n-6
fatty acids content was either unchanged or slightly lower.
This entails a statistically significant reduction of the n-6/n-3
ratio from 12.15 in control pigs to 5.99 (group II), 3.88 (group
I11), 3.39 (groups IV and V). The n-6/n-3 values in group III,
which received feed with 8% flaxseed and in groups I'V and
V, fed a ratio with 12% flaxseed, were compliant to the nu-

tritional recommendations of dietologists for consumption of
foodstuffs with n-6/n-3 ratio below 5, whereas in group II,
supplemented with 4% flaxseed, this ratio was >5.

The PUFA/SFA ratio, another dietetic criterion of meat,
was not significantly improved. Although this ratio in experi-
mental groups was statistically significantly higher compared
to controls, the increase is not important. Except for the max-
imum values in groups IV and V — 0.23 — it remained rather
under the level of 0.4, recommended by dietologists.

The fatty acid composition of m. longissimus phospholip-
ids is presented in Table 4. Changes in SFA occurred only in
palmitic acid content, which decreased when dietary flaxseed
percentage increased. Palmitic acid concentrations were sta-
tistically significantly lower in groups IV and V compared to
groups I and II (P<0.05). The other two SFA — myristic and
stearic, did not change (P>0.05). Our results did not com-
pletely correspond to those of other authors’ experiments
with addition of flaxseed to pig diets. Some reported that SFA
content was unaltered (Romans et al., 1995; Specht-Overholt
et al., 1997), and other demonstrated increased stearic acid
concentrations without changes in myristic and palmitic acid
contents in polar lipids of m. longisimus (Kouba et al., 2003).
The inconsistency of data from the different researchers was
probably due to the various experimental designs used. In the
belief of Halenstvedt et al., (2012) both the content and the
composition of dietary lipids should be took into consider-
ation, as when the ration is supplemented with fat containing
n-3 fatty acids, the latter are effectively deposited in tissue
whereas the low fat ration provokes the synthesis of short-
chain fatty acids.

Table 4
Fatty acid composition of phospholipids in m. longissimus
Groups
Fatty acids (g/100 g fat) 1 111 v \Y
X £Sx X £Sx X £Sx X £Sx X +£Sx

C14:0 Myristic 1.32+0.67 1.83+0.88 1.81£0.13 1.82+0.45 1.83+0.64
C16:0 Palmitic 26.44*+0.96 26.48'+0.18 24.83%+0.41 24.22°+0.63 24.78°+0.84
Cl16:1 Palmitoleic 2.68+0.67 2.59+0.17 2.71+0.39 2.39+0.55 2.434+0.58
C18:0 Stearic 12.36+1.02 11.05+0.34 12.85+1.02 13.82+0.85 13.02+1.63
C18:1 Oleic 17.19+0.08 17.79+0.08 18.03+£0.02 17.70+£0.50 17.23£0.24
C18:2 Linoleic 31.11+1.12 31.04+0.85 29.75+1.48 30.28+1.47 30.80+1.26
C18:3 Linolenic 0.86°+0.04 0.94°4+0.11 1.31*+0.09 1.74¢+0.07 1.68+0.10
C20:4 Arachidonic 6.95+0.89 6.69%+0.16 6.79°+0.07 5.85°+0.11 5.97°+0.24
C20:5 Eicosapentaenoic 1.08°+0.18 1.60%°+0.34 1.92%+0.35 2.17°+0.49 2.24%+21
PUFA 40.00+0.01 40.26+1.51 39.78+1.67 40.05+2.11 40.69+1.76
PUFA/SFA 1.00+0.02 1.02+0.06 1.01£0.08 1.00+0.09 1.03+£0.12
n-6/n-3 ratio 20.04*+2.39 15.09¢+£2 .44 11.31°+0.45 9.22°+0.92 9.38%+1.18

Different superscripts indicate statistically significant differences of mean values
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The content of MUFA (palmitoleic and oleic) in tissue
phospholipids did not change after feed supplementation with
flaxseed (P>0.05).

Linoleic acid remained unchanged along with dietary
flaxseed content increase, and its derivative, arachidonic acid
was reduced. Its levels in groups IV and V were statistically
significantly lower as compared to groups I and III (P<0.05).
In this respect our results are comparable to others, having ac-
counted for no changes in linoleic acid together with decrease
in arachidonic acid content (Cherian and Sim, 1995; Romans
et al., 1995; Specht-Overholt et al., 1997; Kouba et al., 2003).
Based on results obtained, Cherian and Sim (1995) suggest-
ed a particular type of interaction between a-linolenic and
arachidonic acids. They assumed that the decreased arachi-
donic acid could indicate a competitive inhibition of its syn-
thesis when feeds and tissues are richer in a-linolenic acid.
This hypothesis is in accordance with the schedule proposed
by Spresher et al. (1995) for enzyme systems competing in
the synthesis of long-chain n-6 and n-3 fatty acids, already
mentioned in discussing the results of fatty acid composition
of m. longissimus triacylglycerols.

Linolenic acid content increased together with the dietary
flaxseed content, and was statistically significantly higher in
group III than in groups I (P<0.01) and II (P<0.05). In groups
IV and V, linolenic acid concentrations were higher vs groups
I, II (P<0.001) and IIT (P<0.01). Eicosapentaenoic acid levels
also increased, being substantially higher in groups IV and V
(P<0.05) than in controls. Our results corresponded to numerous
data about elevated linolenic and eicosapentaenoic acids in meat
phospholipids after addition of feed components rich in n-3 fatty
acids in pig rations (Romans et al., 1995; Specht-Overholt et al.,
1997; Enser et al., 2000; Kouba et al., 2003; Rey et al., 2004;
Tikk et al., 2007; Lu et al., 2008; Halenstvedt et al., 2012).

The results made clear that PUFA distribution in the two
lipid classes was different. Linoleic acid in phospholipids
(Table 4) was 29.75 g/100 g fat (31.11%), and in triacylglyc-
erols (Table 3) — 6.24 g/100 g fat (7.21%). At the same time,
the distribution of linolenic acid was far more regular — 0.86
(1.74%) and 0.55 g/100 g fat (1.87%) in phospholipids and tri-
acylglycerols, respectively. Long-chain PUFA — arachidonic
and eicosapentaenoic, prevailed in the phospholipid fraction.

Kouba et al. (2003) reported a comparable pattern of distribu-
tion of long-chain PUFA (arachidonic and eicosapentaenoic)
in both lipid classes.

The PUFA group content was not altered, as also communi-
cated by Spesht-Overholt et al. (1997) and Kouba et al. (2003).

The changes in PUFA/SFA ratios were not important, con-
firming the data of Enser et al. (2000) and Kouba et al. (2003).
The ratios cited by these authors were similar to ours, respectively
0.97-1.07 (Enser et al., 2000) and 1.25—1.32 (Kouba et al., 2003).

The n-6/n-3 ratio was reduced parallelly to increasing flax-
seed content of feeds, with lower values in group II (P<0.05),
IIL, IV and V (P<0.001) vs group I. The difference between
group II and groups IV and V rpyma were also significant
(P<0.01). Our results were similar to those reported in other
experiments with flaxseed-supplemented pig diets (Specht-
Overholt et al., 1997; Hoegberg et al., 2003; Kouba et al.,
2003; Rey et al., 2004).

The lack of substantial changes in SFA, MUFA and some
PUFA corresponds to the opinion of many researchers about
the more conservative character of phospholipids compared
to triacylglycerols. Cherian and Sim (1995) and Warnants et
al. (1999) observed more pronounced changes in muscle tis-
sue triacylglycerols than in phospholipids.

The more conservative character of phospholipids could be
also seen from the slower magnitude of n-6/n-3 ratio changes
— 2.17 times. For triacylglycerols, this ratio decreased 3.58
times. The high n-6/n-3 ratio in phospholipids observed in the
present experiment was compliant with the results of others
(Enser et al., 2000; De Smet et al., 2004), which attributed it
to the normally high n-6 fatty acids content in phospholipids
and their important structural role for cellular and subcellular
membranes. The interpretation of the higher n-6/n-3 ratio and
the lower observed fold change of this ratio in phospholipid,
should account for the small share of phospholipids in the
total lipids of muscles, hence their lesser effect on fatty acid
composition and dietary properties of muscle lipids. Phos-
pholipids, according to De Smet et al. (2004) comprise 22 to
26% of total muscle lipids.

The oxidative changes in m. Longissimus are presented in
Table 5. Thiobarbituric acid reactive substances (TBARS) in-
creased significantly in fresh meat, with statistically signifi-

Table 5
Oxidation changes in m. Longissimus, expressed through TBA numbers
Groups
Signs 1 11 111 v A%
X+Sx X+Sx X+Sx X+Sx X+Sx
Fresh state 0.08++0.02 0.09%¢+0.02 0.12¢+0.02 0.15%+0.2 0.16%+0.07
After storage 0.112*+0.03 0.12¢+0.03 0.13%4+0.04 0.15%+0.04 0.12%+0.03

Different superscripts indicate statistically significant differences in mean values
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cantly higher values in group III (P<0.05), IV and V (P<0.001)
compared to group 1. The TBARS of groups IV and V were
also considerably higher than those of group II (P<0.001).
There were also significant differences between groups III
and I'V (P<0.05) and groups III and V (P<0.01). After storage,
TBARS increased parallelly to PUFA content of tissues to at-
tain a higher value in group IV vs group I (P<0.05). These data
are in compliance to many reports stating higher level of oxi-
dation changes in meat after enrichment of tissues with PUFA
(Romans et al., 1995; Overland at al., 1996; Leskanich et al.,
1997; Wood et al., 2003). Asghar et al. (1991) suggests that the
high UFA content is among the primary pro-oxidation fac-
tors. Wood et al. (2003) reported that the enrichment of muscle
lipids with PUFA rendered meat more sensitive to oxidation
and reduced its shelf life. Contrary to cited opinions, other re-
searchers did not observed any effect of dietary lipid supple-
ments and the duration of their intake on oxidative changes in
muscle lipids (Haak et al., 2006; Haak et al., 2008).

Significant differences in TBARS before and after stor-
age were not observed in any of groups, meaning that the
6-month storage did not lead to significant oxidative changes.
This finding was opposite to data of numerous authors, re-
porting increased TBA numbers of meat after storage (Mo-
nahan et al., 1990; Cannon et al., 1996; Hoving-Bolink et al.,
1998; Corino et al., 1999; Waylan et al., 2002), which could
be attributed to the different experimental designs. In our tri-
als, the samples were stored frozen at —18°C for 6 months. It
seems that very low temperatures minimised the oxidation
processes despite the long storage period. In the experiments
of cited authors, the samples have been held at 5-7°C in a
refrigerator, so these higher temperatures could trigger more
significant oxidative events although within a shorter period:
from 2 to 10 days.

The data presented in Table 5, showed also an interaction
of both studied factors. TBARS were higher in stored meat
from groups II (P<0.05), III (P<0.05), IV and V (P<0.001)
compared to fresh meat from the control group. Significant
differences were also observed between values of fresh meat
from group II and stored meat from group IV (P<0.01).

The significant difference between group I (after storage)
and fresh meat from groups IV and V could, in our view, in-
dicate that the PUFA tissue content was more important for
occurrence of oxidative events than the term of storage.

No significant effect of dietary vitamin E on tissue oxi-
dation could be demonstrated. In fresh meat, TBARS were
even slightly higher in pigs from group V, whose feed was
supplemented with 200 mg/kg. After storage, the TBARS in
group V was insignificantly lower compared to that of group
IV (P>0.05). This is in contradiction with the observed ben-
eficial effect of tocopherol on pork lipids’ stability in most of

reported data (Monahan et al., 1992; Kim et al., 1994; Van
Oeckel et al., 1995; Ahn et al., 2000; Guo et al., 2006; Dike-
man, 2007; Santos et al., 2008; Trefan et al., 2011). Unlike
the cited authors, Hertzman et al. (1988) did not establish a
favourable effect of vitamin E in feed on oxidation of tissue
lipids, whereas in the view of Lauridsen et al. (1999), vitamin
E added to feed did not alter the antioxidant stratus of pig
muscles.

Conclusions

The supplementation of pig feeds with flaxseed resulted in
considerable changes in the fatty acid composition of triacyl-
glycerols of m. longissimus. The content of n-3 fatty acids in-
creased statistically significantly whereas the content of n-6
fatty acids was either unchanged or slightly reduced. The n-6-
/n-3 ratio was also significantly altered. The PUFA/SFA ratio
although significantly increased, remained under the recom-
mended dietary allowance of 0.4. The phospholipids of m.
Longissimus exhibited a more conservative pattern of change
and hence, slighter changes in fatty acid composition conse-
quently to dietary changes. The distribution of linolenic acid
(C18:3) in the two lipid classes (triacylglycerols and phospho-
lipids) was more regular than that of linoleic acid (C18:2). Tis-
sue lipids PUFA content appeared to be more important for
the development of oxidative events than the duration of stor-
age. No inhibiting effect of dietary vitamin E supplementa-
tion with respect to meat oxidation was found out.
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