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Abstract: This study aims to evaluate an effect of pig diet supplementation with ethyl esters derived
from linseed oil with a high content of alpha-linolenic acid (ALA) on the fatty acids profile of meat.
The study was conducted on Polish Landrace fatteners supplemented for a period of 7 weeks (control
and experimental groups of 8 animals each, 16 in total). After this period, loin (Longissimus dorsi)
and ham (Biceps femoris) samples were collected for laboratory analysis, including basic composition
(fat, protein, ash, dry matter) and fatty acids (FAs) profile. The supplementation caused a significant
increase in the level of ALA acid, decrease in the content of saturated fatty acids (SFAs), increase in
unsaturated FAs level, and resulting decrease in the ratio of n-6/n-3. The indices of atherogenicity
and thrombogenicity were beneficially altered in the experimental groups. It can thus be supposed
that meat enriched this way may be considered as an interesting choice for consumers who are aware
of the importance of diet consumed.

Keywords: alpha-linolenic acid; atherogenic index; pork meat; thrombogenic index

1. Introduction

There is a large number of literature reports demonstrating beneficial effect of long-
chain polyunsaturated fatty acids (LC-PUFAs), especially n-3 ones, in the prevention
and treatment of many diseases, including some types of cancer, inflammatory states,
cardiovascular and central nervous system diseases. Moreover, it was also proved that the
level of n-6 PUFAs increased drastically in the human diet, which caused the n-6/n-3 ratio
to reach values of 20–30:1, while the ratio of 1–2:1 is considered as the one established in
human genetic code [1–3].

Despite the progress in medicine and the growing pool of drugs and treatments for
these diseases, prevention, including diet, is still a very important issue. An increasing
awareness of the consumers with respect to the quality of diet and possible content of
biologically active compounds in food leads to various modification attempts, including
changes in fatty acids (FAs) profile or enrichment with biologically active compounds,
of products derived from animals, such as meat. Profile modifications of dietary FAs
in products originated from monogastric animals have been widely studied, and most
common supplements include fish or plant oils. However, there are some concerns that
pigs’ diet supplementation with oils rich in unsaturated FAs can adversely affect carcass
fat features with respect to its further processing because of the reduction in its melting
point value [4–6]. Due to the fact that PUFAs are more susceptible to oxidation processes,
the smell and taste of fresh meat and meat products can be negatively influenced by
PUFAs supplementation [7]. In turn, a higher content of saturated fatty acids (SFAs) can
improve fat quality for processing due to its higher melting point and enhanced oxidative
stability [4].

Numerous studies have demonstrated that the FAs profile of the diet fed to monogas-
tric animals is reflected in body fat composition, since some proportion of dietary FAs is
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directly deposited in the tissues [8–10]; however, a large number of these studies concerned
adipose as apposed to muscular fat [11,12]. In turn, other authors noted that the level of
FAs deposited in pigs’ muscles as well as the profile of FAs synthesized de novo can be
altered by elongation and desaturation processes [13,14].

It was demonstrated that the addition of fish oil to pigs’ diet affects the content of
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in pork, thus reducing
the n-6/n-3 ratio [15,16]. An interesting alternative to fish oil is linseed oil, since it is
a rich source of n-3 FAs, especially alpha-linolenic acid C18:3n3 (ALA) [16–18]. It was
demonstrated in some studies that dietary supplementation of whole linseed to pigs
caused an increase in the n-3 FAs without any deterioration in growth performance or
meat quality [19]. Alpha-linolenic acid (ALA) occupies a special place in the family of
omega-3 acids—it is a precursor of other FAs of the omega-3 family, i.e., eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA). Numerous studies have demonstrated the
beneficial effect of ALA in the prevention and treatment of many diseases, e.g., central
nervous system disorders, cardiovascular diseases, and some types of cancer [3,20,21].
However, considering linseed oil as a source of ALA, it should be remembered that the
complexity of its composition remains a controversial issue. Linseed contains nutrients, but
also non-nutrient (e.g., precursors of lignans) and anti-nutrient (e.g., cyanogenic glucosides)
compounds [20]. Nutrient and non-nutrient components can have both positive and/or
negative effects depending on the dose, frequency or time of consumption [19,22,23].
Linseed oil is chemically unstable, susceptible to light and atmospheric oxygen, which
limits the possibilities of its use [24]. In turn, the studies [22,25,26] indicate that linseed
oil ethyl esters are characterized by a significantly increased bioavailability, and are easier
absorbed and incorporated into the various lipid fractions of blood and tissues. Our
previous study on a rat model comparing an effect of dietary supplementation with linseed
oil, linseed oil ethyl esters and fish oil on the FAs profile of intramuscular and perimuscular
fat indicated that the esters can be a good alternative to oils [27].

Thus, the aim of the study was to examine the effect of a fattener in pigs’ diet supple-
mentation with a preparation containing ethyl esters of linseed oil on the composition and
FAs profile of their meat fat. To our knowledge, no studies using such a preparation in
pigs’ feed have been conducted so far.

2. Materials and Methods
2.1. Supplement Used in the Study

The supplement used in the experiment was obtained by spraying ethyl esters of
linseed oil rich in alpha-linolenic acid synthesized according to the technology elaborated
at the University of Wroclaw (Wroclaw, Poland) [28] on a mineral carrier (Humokarbowit
by PHW Tronina, Raków, Poland). This allowed for the preparation of a solid consistency
willingly consumed by the animals to be obtained. The technology of production and
characteristics of linseed oil ethyl ester applied in this study are presented in the article by
Sokola-Wysoczanska et al. [22]. Briefly, the technology is based on oil transesterification
(a mixture of triglycerides of omega-3, -6, -9 FAs) with ethanol in the presence of a catalyst.
The process consists of several stages. The first one is transesterification in an anaerobic
atmosphere, then removal of unreacted bioethanol from the post-reaction mixture and
separation of the glycerin phase from the raw ester phase in gravity separators. In the
next stage, the raw esters are purified by centrifugation, and then cleaned by means of a
residual gas alcohol depot with nitrogen and by sedimentation of the residual glycerin
phase. Finally, the glycerin phase is separated.

2.2. Animals

The study was conducted on castrated fatteners of Polish Landrace breed pigs at the
age of about 5 months on a family farm located in the southern part of Poland. The animals
were maintained in conditions that met the requirements of the Ordinance of the Minister
of Agriculture and Rural Development of 28 June 2010 on minimum conditions for main-
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taining farm animal species [29]. The animals were fed according to the standards of pig
nutrition [30]. The composition of the diet was as follows: ground barley (390 g/kg fodder),
wheat middling (320 g/kg fodder), ground maize (110 g/kg fodder), extracted soybean
meal (90 g/kg fodder), and vitamin–mineral premix (9 g/kg fodder). The animals were
divided into two groups (8 animals in each): control and experimental. The animals from
the experimental group received diet supplementation with the preparation corresponding
to a linseed oil ethyl ester amount of 100 g/per head/per day for a period of 7 weeks.
The preparation was fed individually to the animals, and they had an ad libitum access to
water. The animals were weighed at the beginning and at the end of the experiment, daily
body gains and feed conversion ratio (kg fodder/kg gain) were calculated. After the end
of the fattening period, the animals were slaughtered according to valid technology in a
slaughterhouse. After 24 h of carcass cooling at a temperature of about 4 ◦C, the samples
of meat (loin—Longissimus dorsi muscle, and ham—Biceps femoris muscle) were collected
for the laboratory analyses. The following samples were obtained: loin samples from the
control group (L-C), ham samples from the control group (H-C), loin samples from the
group receiving the supplement (L-EE), and ham samples from the same group (H-EE).

2.3. Samples Analysis

Basic composition of collected meat samples, i.e., the content of fat, protein, ash and
dry matter, was determined in the laboratory of the Department of Animal Nutrition
and Feed Management, Wroclaw University of Environmental and Life Sciences (Poland)
according to the routinely used procedures. The FAs profile was examined in the Laboratory
of Milk Assessment and Analysis, Institute of Animal Breeding, Wroclaw University of
Environmental and Life Sciences (Poland). The samples were homogenized and fat was
extracted from them according to the Folch method [31]. The FAs profile was determined
using a gas chromatograph Agilent 7890A with flame-ionization detector, with capillary
column HP—88 (L × I.D.100 m × 0.25 mm, df 0.25 µm), which was used for FAs separation.
The furnace initial isotherm was 100 ◦C and maintained for 5 min, then increased to
140 ◦C at 4 ◦C/min, then to 240 ◦C at 2 ◦C/min. The final isotherm was maintained for
5 min. Split of 1 µL, stream separator 80:1, dosing device temperature 250 ◦C, detector
temperature 270 ◦C, carrier gas—helium. Transesterification of FAs was carried out directly
without prior hydrolysis of the triacylglycerols using 2M methanolic potassium hydroxide
in accordance with the standard [32]. The identification of a particular FAs content was
performed by comparison of sample peak retention times with FAME standards (47885-U
from Sigma-Aldrich Chemie GmbH, Schelldorf, Germany; 13058-52-1, 2734-47-6, 2566-
90-7 from Larodan Fine Chemicals AB, Malmö, Sweden). Heptadecanoic acid (51610;
Sigma-Aldrich Chemie GmbH, Schelldorf, Germany) was used as an internal standard.

Data on the FAs are presented as a percentage of individual acids in the total acid pool.
The total share of saturated acids (SFAs), unsaturated fatty acids (UFAs), monounsaturated
fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs), as well as their ratios were
calculated. In addition, the content of total n-3, n-6 and n-9 fatty acids was determined.

The indices of lipid quality, i.e., atherogenic index (AI) and thrombogenic index (TI),
were calculated based on the FAs profile of examined samples according to the following
formulas (formula (1) [33], formula (2) [34]):

AI =
C12 : 0 + 4 × C14 : 0 + C16 : 0

n − 6 PUFA + n − 3 PUFA + MUFA
(1)

TI =
C14 : 0 + C16 : 0 + C18 : 0

0.5 × n − 6 PUFA + 3 × n − 3 PUFA + n − 3 PUFA/n − 6 PUFA
(2)

2.4. Statistical Analysis

The results are presented as mean values and standard deviations. The results were an-
alyzed using the two-way analysis of variance (ANOVA) considering two factors, i.e., meat
cut, loin or ham, and treatment with linseed oil. The differences between the groups were
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estimated using Tukey’s test at a significance level of p < 0.05 and p < 0.01. The calculations
were made using the Statistica 13.0 software package (StatSoft, Krakow, Poland).

3. Results

The body weight of the animals at the beginning of the experiment was 72.8 ± 2.4 kg
in the control group, and 73.2 ± 2.1 kg in the experimental group, while before the slaughter
it was 108.5 ± 4.1 kg and 110.7 ± 2.2 kg, respectively. No statistically significant differences
were noted. The daily body weight gains during the supplementation period amounted to
731.1 ± 56.6 g and 765.4 ± 68.2 g for the control and experimental group, respectively, while
feed conversion rate was 3.05 ± 0.27 and 2.89 ± 0.22 kg of fodder/kg gain. Additionally, in
this case, no statistically significant differences were confirmed.

The basic chemical composition of the examined meat samples is presented in Table 1.
Significant differences were noted between fat content in the control groups (L-C vs. H-C;
p < 0.01), which was about 18% lower in ham compared to loin. The supplementation
caused a significant (p < 0.01) (about 10%) decrease in loin fat content in the group receiving
ethyl esters of linseed oil L-EE compared to the group L-C.

Table 1. Basic chemical composition of the examined meat samples (%).

Item

Loin Ham

Group L-C (n = 8) Group L-EE (n = 8) Group H-C (n = 8) Group H-EE (n = 8)

Mean SD Mean SD Mean SD Mean SD

Fat 5.9 A 0.2 5.3 B,a 0.3 4.8 B,b 0.4 5.1 B 0.3
Protein 21.5 2.2 21.6 2.1 20.1 2.0 21.0 2.3

Ash 1.1 0.2 1.1 0.2 1.0 0.2 1.1 0.3
Dry matter 26.2 3.5 28.4 4.9 26.5 5.0 27.9 3.7

A, B: differences significant at p < 0.01.a, b: differences significant at p < 0.05.L-C—loin, control sample; L-EE—
loin, linseed oil ethyl ester supplementation; H-C—ham, control sample; H-EE—ham, linseed oil ethyl ester
supplementation.

The FAs profile of the analyzed meat cuts with and without supplementation is pre-
sented in Table 2 and Figure 1. Comparing the control groups (L-C and H-C), a significant
difference in the group of SFAs was noted in the case of C17:0 FA, the content of which was
lower in ham compared to loin (p < 0.05).
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Table 2. Fatty acids profile of the examined meat samples (%).

Fatty
Acid

Loin Ham

Group L-C (n = 8) Group L-EE (n = 8) Group H-C (n = 8) Group H-EE (n = 8)

Mean SD Mean SD Mean SD Mean SD

Saturated Fatty Acids
C8:0 0.05 0.02 0.04 0.02 0.04 0.01 0.03 0.01
C10:0 0.08 0.03 0.07 0.02 0.10 a 0.02 0.07 b 0.02
C12:0 0.06 0.02 0.08 0.02 0.07 0.03 0.07 0.03
C14:0 1.31 0.26 1.36 0.31 1.34 0.27 1.31 0.26
C16:0 25.08 1.39 24.20 1.06 24.13 2.13 24.88 2.08

C17:0 0.18 a 0.02 0.21
A,a,b,c 0.02 0.14 B,b 0.04 0.17 a,b,d 0.02

C18:0 13.12 1.94 12.87 2.02 12.84 2.19 12.63 1.98
C20:0 0.15 0.02 0.13 0.04 0.16 0.03 0.14 0.02

Unsaturated Fatty Acids
C16:1 3.08 A 0.10 3.79 B 0.43 3.46 0.27 3.74 B 0.53
C17:1 0.16 A 0.04 0.25 B,a 0.03 0.19 A,B,C 0.03 0.29 B,D 0.05

C18:1n9c 39.77 A 1.41 40.39 1.31 40.31 a 1.76 42.41 B,b 1.60
C18:1n8c 4.13 a 0.38 4.95 b,c 0.41 4.08 a,d 0.80 4.89 b,c 0.53
C18:1n9t 0.18 0.03 0.23 0.03 0.19 0.08 0.21 0.04
C18:2n6c 6.28 0.78 6.44 a 0.58 5.59 b 0.60 5.74 0.51

CLA 0.11 0.03 0.12 0.02 0.11 0.03 0.13 0.03
C18:3n3 1.32 A 0.17 2.17 B 0.20 1.26 A 0.14 1.97 B 0.22
C18:3n6 0.06 0.03 0.07 0.02 0.06 0.02 0.07 0.02
C20:4n6 0.68 A 0.11 0.30 B,a 0.07 0.42 B,b 0.07 0.30 B,C,a 0.05
C20:5n3 0.07 A 0.02 0.12 B 0.02 0.05 A,a 0.02 0.09 b 0.03
C22:6n3 0.04 a 0.02 0.08 b 0.03 0.05 0.02 0.06 0.02

other 4.11 A 1.33 2.15 A,B,C 1.37 5.43 A,D 2.29 0.82 B 0.59
A, B, C, D: differences significant at p < 0.01.a, b, c, d: differences significant at p < 0.05 L-C—loin, control sample;
L-EE—loin, linseed oil ethyl ester supplementation; H-C—ham, control sample; H-EE—ham, linseed oil ethyl
ester supplementation.

Analysis of the results and differences between the control and supplemented groups
(i.e., L-C vs. L-EE and H-C vs. H-EE) demonstrated a significant decrease in C10:0 acid
between ham groups (p < 0.05). Considering the profile of SFAs in loin and ham samples
after the supplementation (L-EE vs. H-EE), the content of C17:0 acid was significantly
lower in the ham group (about 19%) compared to loin (p < 0.05).

The differences in the group of UFAs in the controls (L-C vs. H-C groups) proved to
be statistically significant in the case of C20:4n6 acid, the content of which was about 38%
lower (p < 0.01) in the H-C group compared to the L-C. More differences were observed
considering the supplementation effect on UFAs profile in particular meat cuts. In the
case of loin (L-C vs. L-EE groups), statistical differences were noted for the following
acids: C16:1 (increase by about 23%, p < 0.01), C17:1 (increase by about 56%, p < 0.01),
C18:1n8c (increase by about 20%, p < 0.05), C18:3n3 (increase by about 64%, p < 0.01),
C20:4n6 (decrease by about 56%, p < 0.01), C20:5n3 and C22:6n3 (nearly 2-fold increase;
p < 0.01 and p < 0.05, respectively) in the L-C group compared to the L-EE.

Considering the differences between the H-C and H-EE groups (FAs profile in ham),
the following were demonstrated: about 52% increase in the case of C17:1 (p < 0.01), 5%
increase in C18:1n9c (p < 0.05), nearly 20% increase in C18:1n8c (p < 0.05), 56% increase in
the case of C18:3n3 (p < 0.01) and almost 2-fold increase in C20:5n3 (p < 0.05) in the H-EE
group compared to the H-C. In turn, the content of C20:4n6 in ham decreased as a result
of the supplementation by about 28% (p < 0.05). Considering the content of UFAs in the
groups receiving an addition of linseed oil ethyl esters, i.e., groups L-EE and H-EE, no
significant differences were noted.

The summary of indices concerning FAs profiles, i.e., total SFA, UFA, MUFA and their
ratios, sum of acids from n-3, n-6 and n-9 families, as well as atherogenic and thrombogenic
indices in the examined meat samples are presented in Table 3 and Figure 2.
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Table 3. Summary of fatty acids profile indices.

Item

Loin Ham

Group L-C (n = 8) Group L-EE (n = 8) Group H-C (n = 8) Group H-EE (n = 8)

Mean SD Mean SD Mean SD Mean SD

Total SFA 40.02 1.19 38.96 1.74 38.81 2.75 39.28 2.65
Total UFA 55.87 A 1.31 58.89 B,C 0.77 55.76 A,D 1.62 59.91 B 2.37

Total MUFA 47.32 A 1.21 49.60 0.90 48.23 A 2.03 51.54 B 2.47
Total PUFA 8.55 A 0.77 9.29 A,a 0.52 7.53 B,a 0.49 8.37 A,b 0.44

PUFA/MUFA 0.18 a 0.02 0.19 A,a,b,c 0.01 0.16 B,b 0.02 0.16 a,b,d 0.01
PUFA/UFA 0.15 a 0.01 0.16 A,a,b,c 0.01 0.14 B,b 0.01 0.14 a,b,d 0.01
UFA/SFA 1.40 0.06 1.52 0.09 1.44 0.12 1.54 0.17

PUFA/SFA 0.21 0.02 0.24 A 0.02 0.19 B 0.02 0.21 0.02
Total n-3 1.54 A 0.19 2.48 B 0.23 1.46 A,C 0.18 2.25 B 0.23
Total n-6 7.01 a 0.86 6.82 0.60 6.07 b 0.60 6.13 0.53
Total n-9 39.94 A 1.40 40.61 1.29 40.50 a 1.75 42.62 B,b 1.60

n-6/n-3 ratio 4.68 A 1.17 2.78 B 0.44 4.25 A,C 0.86 2.76 B 0.45
AI 0.54 0.02 0.51 0.03 0.53 0.06 0.51 0.05
TI 4.74 A 0.23 3.43 B 0.21 5.03 A,C 0.58 3.83 B 0.39

A, B, C, D: differences significant at p < 0.01. a, b, c, d: differences significant at p < 0.05 L-C—loin, control sample;
L-EE—loin, linseed oil ethyl ester supplementation; H-C—ham, control sample; H-EE—ham, linseed oil ethyl
ester supplementation.
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Figure 2. The relative level of n-3 and n-6 fatty acids of meat samples after supplementation (control
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No significant differences were found in the case of total SFAs content; however, an
increase in the content of UFAs was found in loin and ham samples from the supplemented
group. This increase was about 5% for the group L-EE compared to the L-C, and about
7% in the case of H-EE group compared to the H-C (p < 0.01). The supplementation also
affected the total MUFAs content in the examined ham samples, and an increase at a level
of about 7% (p < 0.01) was found between the H-C vs. H-EE. A statistically significant
increase, by about 20% (p < 0.05), was noted in the case of PUFAs content in ham samples.
However, it is worth noting that this index was statistically significantly higher in loin
samples, both with and without the supplementation compared to ham samples (L-C
vs. H-C and L-EE vs. H-EE), and a similar tendency was noted for PUFA/MUFA and
PUFA/UFA ratios.

Analyzing the total content of n-3, n-6 and n-9 FAs, it can be noted that the n-6 acids
level was higher in loin compared to ham (by about 15, p < 0.05). In turn, the content
of the n-9 FAs was about 5% higher (p < 0.05) in the H-EE group compared to the L-EE.
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Supplementation with ethyl esters of linseed oil caused a significant increase (p < 0.01) in
the level of n-3 FAs sum, both in the loin and ham samples, and this increase was at a level
of about 60% and 53%, respectively, compared to the control samples (p < 0.01) (Figure 2).
In the case of the n-9 FAs, a statistically significant difference was only noted for ham
samples, where their level increased by about 5% in the H-EE compared to the H-C group
(p < 0.05). These findings were reflected in the n-6/n-3 ratio, which decreased by about 41%
and 35% in loin and ham samples without and with the supplementation, respectively.

Finally, the value of thrombogenic index (TI) after the supplementation was reduced
both in loin and ham samples, and the decrease was on a level of about 27% and 23%
(p < 0.01), respectively, for the samples after the supplementation compared to the controls.

4. Discussion

The study conducted by Guzek et al. [35] on Polish Landrace pigs demonstrated fat
content in L. dorsi muscle (loin) at a level of 2–4%, which is a lower value compared to our
study. In turn, protein content was at a level of about 22–23% and ash content amounted
to 1.2–1.3%; these values are in line with our findings. Results similar to ours were also
obtained in the study conducted by Maiorano et al. [36] on the same pig breed, and the
authors obtained dry matter content in L. dorsi muscle of about 25%, ash about 1.1%. The
content of protein obtained in this study was slightly higher than that presented in our
study, as it amounted to about 23%, while fat content was more than twice lower, i.e., about
1.4–1.6%. Similar results were also obtained by Tomovic et al. [37] who studied Landrace
pigs in Serbia.

Few studies have addressed the composition of B. femoris muscle (ham), and none of
them was conducted on the Polish Landrace breed. However, the study by Kim et al. [38]
compared twenty-one different pork muscles, and demonstrated that generally protein
content was lower, fat content was higher and ash level was similar in B. femoris compared
to L. dorsi muscle. In our study, the reverse relationship was noted for fat content, as it was
higher in loin compared to ham.

According to some authors [33], the AI and TI indices are better indicators of athero-
genicity and thrombogenicity than the ratio of PUFA/SFA—their lower values are more
beneficial for health status as they indicate a lower risk of atherosclerosis and thrombosis,
respectively. This is generally related to the fact that not all SFAs exhibit hypercholes-
terolemic activity, and, in addition to PUFAs, some MUFAs demonstrated protective
activity in this range.

Thus, the AI and TI take into account the share of acids with proven specific activity
in the total pool of FAs. Among the SFAs, the ones with 12, 14 or 16 carbon atoms cause
an increase in cholesterol level and thus are referred to as atherogenic ones. Therefore,
the AI is a measure of the level and mutual relations of FAs that can be one of the factors
causing atherosclerosis. On the other hand, the TI takes into account the SFAs with 14, 16
and 18 carbon atoms, which are suggested to exhibit thrombogenic activity, thus that index
is a measure of the level and relations of FAs that can be a reason of thrombosis [33,34].

The results concerning the FAs profile obtained in this study are generally consistent
with the literature reports. Wood et al. [39] report in their review paper the values of
particular FAs content in pig muscle tissue at a similar level to that obtained in this study.
The exception was the content of C18:2n6 and C20:4n6 FAs, which according to these
authors was more than 2-fold higher compared to the study presented. Additionally, the
n-6/n-3 ratio was about 40% and 133% higher compared to our control and experimental
groups, respectively.

The studies were also conducted on pig diet supplementation with linseed or linseed
oil. For example, Hoz et al. [1] enriched pigs’ diet with 3% linseed oil addition, and
examined the FAs profile in tenderloin muscle. The authors obtained about 8% lower total
SFAs content, which was mainly related to a lower level of C16:0 acid. However, MUFAs
content was nearly 40% higher in our study, while PUFAs level appeared to be nearly
3-fold lower. This all was reflected in the about 2-fold lower n-6/n-3 ratio [1]. Similar
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results were obtained in the study conducted by Nuernberg et al. [19] who supplemented
the diet of pigs with 5% linseed oil, and examined the FAs profile of intramuscular fat. An
increase in the n-3 FAs noted in this study was accompanied by a decrease in C20:4n6 acid
content, and a marked reduction in the n-6 to n-3 FAs ratio, what was also demonstrated
in our study. Hanczakowski et al. [13] found the total level of SFAs in pigs loin muscle
after linseed oil supplementation at a level of about 35%, thus lower compared to this
study. The same tendency was noted for MUFAs content; however, the level of PUFAs was
much higher. Despite this fact, these authors noted a very low n-3 FAs content, which was
reflected in an extremely high n-6/n-3 ratio, which reached 84:1, while the recommended
level should be 1–2:1 [1–3]. Other results were obtained by Lu et al. [40] after 3% linseed
oil supplementation, and the values were more similar to those found in our study.

It was suggested in some studies that long-term administration of C18:3n3 can sig-
nificantly affect this acid accumulation in body phospholipids and the efficiency of its
conversion to long-chain FAs, i.e., C20:5n3 and C22:5n3 (e.g., Dugan et al. [41]); although
other studies demonstrated that the efficiency of this conversion was low (e.g., Malau-
Aduli et al. [42]). On the other hand, numerous studies demonstrated the moderate effect
of C18:3n3 fatty acid derived from linseed oil supplementation on the changes in this
acid content in pig meat. However, these studies demonstrated clear differences in the
content of C18:3n3 acid elongation and saturation products, i.e., EPA and DHA, both in
muscles and adipose tissue [1]. Different results were obtained in the study presented,
since low levels of EPA and DHA acids were detected, while the content of C18:3n3 acid
increased significantly after the end of the experiment. This may confirm the thesis put in
the introduction part, that ALA is a kind of deposit from which the organism can derive
EPA and DHA in case of a need.

In the opinion of many dieticians and consumers, meat fat is considered to be un-
healthy. However, fat and its FAs profile, both of muscles and adipose tissue, are important
factors affecting meat quality and its nutritional and functional value [39]. In our study, the
ratio of n-6 to n-3 FAs in loin and ham muscles was subject to a significant decrease, which
mainly resulted from an increase in C18:3n3 acid content and a decrease in C20:4n6 acid
level. The samples obtained as a result of diet supplementation with fatteners may thus
be considered as more beneficial from a nutritional point of view compared to the control,
due to a significantly lower n-6/n-3 value recommended by the nutritionists. It is also
worth mentioning that meat cuts examined in this study are one of the most commonly
consumed. It should be remembered that the correct n-6 to n-3 ratio in farm animals’ meat
and meat products can improve a dietary supply of n-3 fatty acids in humans, which is
beneficial from a nutritional point of view [43,44].

It is also worth noting, that according to Averette et al. [45], the type of dietary fat
affects bacon to a higher degree than the loin or ham muscles. The authors suggest that
loin FAs profile is relatively stable and to a lower degree reflects dietary FAs profile.

A certain limitation of the study must be considered. The sample size was relatively
small, therefore comparison of different types of n-3 FAs supplementation, different dose,
or some additional assessment for the functional quality of the meat including the neg-
ative effect (e.g., susceptibility of oxidation process or smell/taste, structure) need to be
considered in the future research.

5. Conclusions

The study demonstrated the benefits of farm animal feed supplementation with a
preparation containing linseed oil ethyl esters rich in alpha-linolenic acid. The ratio of
unsaturated to saturated fatty acids, as well as indices of atherogenicity and thrombogenic-
ity, were beneficially altered in the experimental groups. Meat derived from such animals
can thus be considered of interest to consumers who are conscious about the quality of
their diet.
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