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Introduction

Intensive pig production may cause stress on

Kaposvar Campus, 7400 Kaposvar, Hungary

ABSTRACT. Two fundamentally different keeping systems, outdoor and indoor
(10 weaned-pigs/system), were used with a quasi-identical feeding process.
At 120 kg live body weight, animals underwent a computerized tomography
scanning, during which musculus biceps femoris and blood samples were
collected to determine the fatty acid (FA) profile of skeletal muscle phospholipids
and plasma oxidative stability, respectively. The growth showed a fallback in
the outdoor rearing system (another 8 days were needed) during the finishing
stages. From the total body volume (cm?), the muscle (%) increased and
fat (%) decreased in outdoor animals. The FA total saturation level, total
monounsaturation level and thrombogenicity index were higher in muscular
phosphoalipids. In contrast, proportional decreases in totals of polyunsaturation
and omega-6 FAs, and in the unsaturation and peroxidation indices were
detected. Among omega-3 FAs, C18:3n3 and C22:6n3 proportions were higher
in outdoor pigs, and thus, the omega-6:0mega-3 ratio declined. The outdoor
rearing system did not influence the plasma antioxidant system. Overall, outdoor
production altered the skeletal muscle fibre membrane FA profile and total body
characteristics, but it compromised the pig growth.

ate the outdoor reareing of pigs with better taste
and nutritional value of meat (Nilzén et al., 2001),
although a few studies have reported deteriora-

the animals, which can deteriorate the carcass qual-
ity (Beattie et al., 2000). However, the perception
of outdoor rearing (free-range with or without graz-
ing and organic production) is well-known to be
ethically preferred but challenging pigs with a vast
range of environmental conditions influences the
behaviour and performance of pigs. Therefore, the
outdoor production system requires a high-quality
management approach. Most consumers associ-

tion in sensorial qualities (Enfalt et al., 1997). The
undesirable effects of outdoor and organic pro-
duction on the back-fat thickness are evident, and
highly depend on environmental conditions and
dietary intake (Enfilt et al., 1997; Andresen et al.,
2001; Gustafson and Stern, 2003; Strudsholm
and Hermansen, 2005; Lebret, 2008; White et al.,
2013; Martino et al., 2014; Martinez-Mir6 et al.,
2016).
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Outdoor systems necessitate specific genotypes
suited to various climates, whereas a few genotypes
perform well in outdoor systems (Guy et al., 2002).
Indigenous genotypes are more tolerant to changes
in the outdoor systems’ environmental conditions
(Tomazin et al., 2019) due to high immune-compe-
tence and adaptability to ecological conditions. Now-
adays, indigenous genotypes have declined progres-
sively due to selection (heterosis = hybrid vigour),
an assortment of production and meat quality factors
among pig genotypes (Bunter et al., 2008; Lemke
et al., 2008). As pig breeding has developed rapidly,
numerous studies have assessed the effects of the
housing system on pig growth, carcass composition
and meat quality. However, those studies provide in-
conclusive data and, in many cases, are contradictory
(Olsson et al., 2003; Gentry et al., 2004; Lebret, 2008;
Juska et al., 2013; Lebret et al., 2014). The argument
is mainly attributed to the different investigation aims
of studies and the environmental conditions (such as
diet, temperature, humidity) in different regions.

Regardless of studies that assessed indoor
and outdoor keeping methods, a few studies have
investigated the impact of keeping methods on
muscle lipids (Andrés et al., 2001; Nilzén et al., 2001;
Hoffman et al., 2003; Strudsholm and Hermansen,
2005; Lebret, 2008; Parunovi¢ et al., 2012). Findings
varied among studies, depending upon the investi-
gated muscle, environmental conditions, access to
forage and the intramuscular lipid fraction analyzed
(triglycerides, phospholipids or total lipids). The
predominant forms of muscle lipids are triglycerides
and phospholipids, and they largely differ in fatty
acid (FA) profiles. Triglycerides (prominent role
in energy supply and storage) are considered to be
rich in 16-18 carbon chains of both saturated FAs
(SFA) and monounsaturated FAs (MUFA). On the
other hand, phospholipids are richer in long-chain
polyunsaturated FAs (PUFA) than triglycerides
(Zhang et al., 2009). Cellular homeostasis
sustainability is the primary role of phospholipid
FAs since they are vital constituents of membranes
and the C20 n-3 and n-6 FAs act as precursors for
eicosanoid synthesis. Once triglycerides’ prominent
role is energy supply/storage, their FA profile is
likewise determined by the diet (Hogberg et al.,
2003). Investigating modifications in phospholipid FA
composition leads to new information that partly aids
in the understanding of numerous aspects of cellular
metabolism. The musculus biceps femoris is a fast-
twitch muscle that plays a vital role in locomotion and
exercise. This muscle has been intensively studied
(besides m. longissimus dorsi) and is widely used in
ham production (by the food industry).

This study aimed to establish if and how outdoor
keeping (without forage supply) of a commercial,
non-indigenous pig genotype (Danbred, produced
by the genomic selection process) influences the FA
composition of m. biceps femoris phospholipids.
Also, we investigated the growth potential differ-
ences between indoor and outdoor rearing systems
without access to forage.

Material and methods

Animals, experimental design and ethical
issues

The experiment was approved by the Animal
Experimentation Ethics Committee of Kaposvar
University, as allowed by the Somogy County
Animal Health and Food Control Authority
(allowance no.: SOI/31/26-11/2014).

Twenty Danbred genotype mixed sex (50%
castrated males, 50% females) pigs at the same age
(75 days) and body weight (30 kg) were enrolled in
the study. The study lasted from June to September
(76 and 84 days for indoor and outdoor animals,
respectively), with ambient temperatures ranged
(from min. 8 to max. 32 °C) and an average of
21 °C. Animals were kept in two fundamentally
different systems (10 animals/system) at a farm in
Hungary. The first system (indoor) was according to
a widely used intensive, closed system, i.e. a closed
barn, self-feeders and drinkers, tri-phasic feeding
with diet offered ad [libitum. The rearing system
was a Big Dutchman technology with a keeping
area of 6 x 4 x 2.5 m (2.4 m*/animal). Secondly,
the non-intensive system (outdoor) was realized
in a growing pig keeping mobile barn system (two
mobile shaded barns, for each dimension of 5 x
2.4 x 2 m/5 animals) with free access to unshaded
(direct sunlight) land, where natural feed was not
available (main characteristics of each system are
presented in Table 1). As the same for the indoor
system, tri-phasic feeding and drinking water were

Table 1. The main differences between indoor and outdoor conditions

Condition Indoor system Outdoor system

System type Big Dutchman mobile barn
technology system

Keeping area 24 m? 24 m?

Shade present present

Free access to outside barn  not present present

Natural feed supplement not present not present

Sunlight exposure not present available

Diet phases tri-phasic feeding  tri-phasic feeding

Feeding and drinking water  ad libitum ad libitum
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offered ad libitum. Ingredients used in diets were
maize, wheat, extracted soyabean, barley, distiller’s
dried grains with solubles (DDGS), rapeseed,
sunflower (ground), CaCO,, NaCl and MgO,. The
diet formulation and optimization was performed
by Bonafarm-Babolna Takarmany Kft. (B.-B. Feed
Ltd., Babolna, Hungary). Nutritive values of diets
are presented in Table 2, whereas the fattening diet
(phase III) was analyzed also for FA composition.

Table 2. Nutritive values of diets (phases I-ll) and fatty acid composi-
tion of the fattening diet (phase Ill)

Nutritional values

Component phase | phase Il phase IlI
10-30 kg 30-60 kg 60-120 kg

% of DM
crude protein 19.9 17.4 15
crude fat 48 3.3 3.1
crude fibre 4 5.2 4
crude ash 5.9 54 4.2
Ca 0.8 0.66 0.55
available P 0.42 0.34 04

Fatty acid, % of all fatty acid methyl esters
C12:0 0.06
C14:0 0.33
C15:0 0.09
C16:0 18.0
C17:0 0.20
C18:0 9.67
C20:0 0.69
C22:0 0.86
C24:0 0.97
C16:1n7 0.82
C18:1n9 20.1
C20:1n9 0.63
C18:2n6 43.2
C18:3n6 0.13
C20:2n6 0.1
C18:3n3 415
C20:5n3 0.02

DM — dry matter

Animals were not sacrificed for sampling at
the end of the experiment. The muscle and blood
samples were taken at precisely 120 kg body weight
when animals underwent computerized tomographic
scanning under anaesthesia (isoflurane + O,, tidal
volume: 5-10 ml/kg, flow 2 I/min O,, 2 vol%
isoflurane). The biopsy was performed by a scalpel
blade and tissue forceps from the fast-twitch
m. biceps femoris (about 0.5 g), and samples were
flash-frozen in liquid nitrogen. Blood samples were
taken into heparinized (Li-heparinate) Vacutainer
tubes (BD, Fisher Scientific UK Ltd, Leicestershire,
UK) and centrifuged immediately at 1500 g for
10 min. Plasma was stored frozen, as well as muscle
samples, until subsequent analysis.

Growth and body trait parameters

The body weight of all animals was measured
weekly. At exactly 30, 60, 90, 120 live body weights,
animal ages were recorded. The body length at the
specified body weights were calculated from the
computer tomography scan-topograms (Siemens
Somatom Definition Flash Scanner, Siemens,
Erlangen, Germany). Also, the body trait parameters
(percentages of muscle, fat and bone from the
whole volume (cm?®)) were assessed from the scans
(Figure 1) using a simple threshold segmentation
method on the entire body (Skjervold et al., 1981).

Figure 1. lllustration of the cross-sectional computer tomography scans at
exact anatomical locations for the indoor and outdoor pigs at 120 kg body
weights, in which (A) and (B) were made at the level of tracheal bifurcation for
indoor and outdoor animals, respectively, and (C) and (D) were made at the
level of the 1% lumbar vertebra for indoor and outdoor animals, respectively.

Fat extraction and muscle phospholipid
fatty acid composition

For each sample, the whole tissue (about 0.5 g)
was homogenized (IKA T25 Digital Ultra Tur-
rax, Staufen, Germany) in a 20-fold volume of
chloroform:methanol (2:1 vol:vol) and total lipid
content was extracted (Folch et al., 1957). Solvents
were ultrapure-grade (Sigma-Aldrich, St. Louis,
MO, USA) and 0.01% w:v butylated hydroxytoluene
was added to prevent FA oxidation. In the frame of
lipid fractionation, extracted total lipids were trans-
ferred to glass chromatographic columns containing
300 mg of silica gel (230-400 mesh) for 10 mg of
lipids (Leray et al., 1997). Neutral lipids were eluted
with 10 ml of chloroform for the above fat amount,
then 15 ml of acetone:methanol (9:1 vol:vol) was
added, while 10 ml of pure methanol eluted the total
phospholipids. This latter fraction was evaporated
to dryness under a nitrogen stream and was trans-
methylated with a base-catalyzed NaOCH, method
(Christie, 1982). FAmethyl-esters were extracted into
300 pl ultrapure n-hexane for gas chromatography
(GC). The latter was performed on a Shimadzu 2010
apparatus (AOC 20i automatic injector; Shimadzu,
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Kyoto, Japan) equipped with a Phenomenex Zebron
7ZB-WAX capillary GC column (30 m % 0.25 mm
ID, 0.25 pum film, Phenomenex Inc., Torrance, CA,
USA) and a mass spectrometry (MS) detector.
Characteristic operating conditions were: injector
temperature: 270 °C; detector temperature: 300 °C;
helium flow: 28 cm/sec. The oven temperature was
graded: from 80 to 205 °C: 2.5 °C/min, 5 min at
205 °C, from 205 to 250 °C: 10 °C/min and 5 min at
210 °C. The makeup gas was nitrogen. An authentic
external FA methyl ester standard (37 Component
FAME Mix, Cat No: CRM47885; Sigma-Aldrich,
St. Louis, MO, USA) was used to identify individ-
ual FAs. FA results were expressed as the weight %
of total FA-methyl esters.

The unsaturation index (UI), peroxidation index
(PI) and average chain length (ACL) were calculated
based on the empirical measurements of Hung et al.
(2018):

Ul = (£ Monoenoic x 1) + (X Dienoic x 2) +
(2 Trienoic x 3) + (X Tetraenoic x 4) + (X Pentaenoic x
5) + (£ Hexaenoic X 6);

PI=(0.025 x £ Monoenoic) + (1 x Z Dienoic) + (2 x
X Trienoic) + (4 x X Tetraenoic) + (6 % X Pentaenoic) +
(8 x X Hexaenoic);

ACL = (Z Total Cn; FA x n;),

where: n — carbon atom number.

The atherogenic index (AI) and thrombogenicity
index (TT) were calculated according to the Ulbricht
and Southgate (1991) equations:

Al = [C12:0 + (4 x C14:0) + C16:0] / [X omega-6
FA + omega-3 FA + MUFA];

TI = [C14:0 + C16:0 + C18:0] / [(0.5 x MUFA) +
(0.5 x £ omega-6 FA) + (3 x £ omega-3 FA) +
omega-3 FA / omega-6 FA].

Hypocholesterolemic to hypercholesterolemic
ratio (h/H) was calculated according to the Fernandez
et al. (2007) formula:

h/H = (C18:1 + C18:2 + C18:3 + C20:3 + C20:4 +
C20:5 + C22:4 + C22:5 + C22:6) / (C14:0 + C16:0).

Assessment of plasma antioxidant capacity
and lipid peroxidation

For the determination of plasma antioxidant
capacity, samples were stored at —80 °C, respectively,
until analyzed. Lipid peroxidation was determined
by quantifying malondialdehyde equivalent (MDA
eq.) levels by the 2-thiobarbituric acid method
(Botsoglou et al., 1994). Among the components of
the antioxidant system, the concentration of reduced
glutathione (GSH) was measured by the method of
Rahman et al. (2006) and the activity of glutathione
peroxidase (GSH-Px) according to Lawrence and

Burk (1978). GSH concentration and GSH-Px
activity were calculated on a protein content basis,
determined by the biuret method in the blood plasma
(Weichselbaum, 1946).

Statistical analysis

An independent sample t-test with an IBM SPSS
Statistics for Windows software, ver. 20 (2012; IBM,
Armonk, NY, USA), was used to compare group
meanings of muscle phospholipid FAs, antioxidants,
age, and computer tomography scan based body
trait parameters (body length, muscle %, bone %
and fat %). A probability of (P < 0.05) was applied
to statements of significance.

Results

Growth and body trait parameters

During the study period, no mortality was de-
tected. From the computer tomography scans (i.e.
topograms), no difference was observed in the cal-
culated body length at the exact body weights, as
shown in Table 3. The age required to reach the
exact, pre-defined body weights were significantly
different at 90 and 120 kg body weights (Table 3).
In the outdoor system, pigs required more days
(+8 days) to reach 90 and 120 kg body weights.

Table 3. The pig performance parameters (body length and age) for
different phases of the study (30, 60, 90 and 120 kg body weights and
overall) of the two examined rearing systems (10 pigs/group)

Indices Indoor system Outdoor system P-value
mean + SEM mean * SEM

Body length, cm
BL gained 478 + 213 475 + 323 0938
30 kg 746 £ 160 751 + 065 0734
60 kg 93 + 222 983 + 232 0753
90 kg 12 + 173 1M1+ 155 0.651
120 kg 122+ 175 122 + 3.03 0.907

Age, days
study length 760 + 0.00 840 + 372 0.044
30 kg 760 £ 0.0 760 + 0.00 1.000
60 kg 108 =+ 253 M9 + 511  0.060
90 kg 132 + 164 141 + 501 0.038
120 kg 152 £ 000 160 + 372 0.044

BL - body length; SEM — standard error of mean

The body composition results are presented in
Table 4. At 120 kg body weight, pigs reared in the
outdoor system have shown higher muscle and bone
percentages than indoor animals. In contrast, fat (%)
was more pronounced in indoor animals than out-
door animals.
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Table 4. The body trait parameters in percentage (%), as calculated
from the whole body volume (cm®) determined from the computer
tomography scans at 120 kg body weight (10 pigs/group)

Indoor system Outdoor system

Indices mean + SEM  mean & SEM | VA€
Fat, % 307 = 091 256 + 099 0.002
Muscle, % 482 + 0.83 526 + 0.93 0.003
Bone, % 485 + 0.1 544 + 017 0.011

SEM - standard error of mean

Table 5. Effect of rearing systems on phospholipid fatty acid profile of
musculus biceps femoris of pigs (10 pigs/group)

Indoor system  QOutdoor system
mean + SEM mean + SEM
Fatty acid, % of all fatty acid methyl esters

Indices P-value

C14:.0 0.16 + 0.01 0.19 + 0.01 0.035
C15:0 0.1 + 0.01 0.18 + 0.02 0.002
C16:0 209 +£032 264 =+ 095 0.000
C16:1n7 0.61 + 0.08 115 £ 0.05 0.000
C17:0 0.37 = 0.02 064 = 0.06 0.002
C18:0 164 + 047 151 £ 046 0.069
C18:1n9%¢c 982 £ 034 135 +£ 0.58 0.000
C18:2n6c 337 +£052 288 =+ 067 0.000
C18:3n6 0.27 + 0.02 032 + 0.03 0.104
C18:3n3 0.25 + 0.01 0.34 + 0.03 0.020
C20:0 0.07 = 0.01 0.05 = 0.01 0.179
C20:1n9 0.14 + 0.01 0.13 + 0.01 0479
C20:2n7 044 + 0.02 043 = 0.01 0.836
C20:3n6 1.34 = 0.02 126 £ 0.10 0.440
C20:4n6 132 + 028 9.30 + 1.06 0.006
C20:3n3 0.06 + 0.01 0.03 + 0.00 0.004
C20:5n3 0.26 + 0.02 0.38 + 0.06 0.081
C22:0 0.04 + 0.01 0.04 = 0.01 0.529
C22:5n3 145 £ 0.07 111 + 016  0.071
C22:6n3 040 + 0.04 067 + 012 0.049
C24:0 0.02 + 0.01 0.04 = 0.03 0578
SFA 381 +059 426 =+ 136 0.01
UFA 619 + 059 574 + 136 0.01
MUFA 106 + 040 148 =+ 059 0.000
PUFA 514 + 048 426 + 191 0.002
omega-6 FAs 485 + 045 397 £ 166 0.001
omega-3 FAs 241 + 0.1 252 + 028 0.712
odd chain 048 + 0.03 0.82 + 0.07 0.001
Omega-6:omega-3ratio 20.5 + 096 169 £ 151 0.043
Unsaturationindex 148  + 142 128 + 624 0.001
Peroxidation index 105 +150 850 =+ 654 0.017
Average chain length  17.9 + 0.01 17.7 = 0.05 0.004
Atherogenic index 0.35 £ 0.01 048 + 0.03 0.002
Thrombogenicity index ~ 0.30 + 0.01 032 = 0.01 0215
h/H 3.74 + 0.14 373 + 019 0.946

SFA - saturated fatty acid, UFA - unsaturated fatty acid,
MUFA - monounsaturated fatty acids, PUFA - polyunsaturated
fatty acid, h/H - hypocholesterolemic to hypercholesterolemic ratio;
SEM - standard error of mean

Muscle phospholipids fatty acid composition

Fatty acids of the muscular cell phospholipids
are presented in Table 5. The results revealed an
increase in total saturation in the samples of the

animals kept in the outdoor system. SFAs, namely
palmitic, heptadecanoic, margaric and myristic ac-
ids (C16:0, C17:0, C15:0 and C14:0, respectively),
were significantly higher in the outdoor reared pigs.
For unsaturated FA (UFA), outdoor pigs had a mark-
edly higher proportion of MUFAS than those kept in-
doors, particularly that of palmitoleic (C16:1n7) and
oleic acids (C18:1n9). Among PUFAs, linoleic acid
(C18:2n6, LA) was the most abundant acid in both
systems, followed by arachidonic acid (20:4n6).
Both FAs proportions were statistically lower in the
outdoor system. Except for linoleic and arachidonic
acids, no difference was observed in omega-6 FAs.
In omega-3 FAs, remarkable increases were re-
corded for docosahexaenoic acid (C22:6n3, DHA)
and a-linolenic acid (C18:3n3, ALA) proportions in
pigs reared in the outdoor system. In contrast, eico-
satrienoic acid (C20:3n3) was statistically higher in
pigs from the indoor system. Overall, total unsatura-
tion decreased significantly in the outdoor system,
alongside the decrease in total PUFA, total sum of
omega-6 FAs, the omega-6:0mega-3 ratio, Ul, PI
and ACL. In contrast, the total MUFA concentra-
tion and Al were increased. Although the outdoor
system altered some omega-3 FAs, the total sum of
omega-3 FAs was not influenced. Similarly, the TI
and h/H indices were unaltered.

Plasma antioxidants and the peroxidation
biomarker

The plasma MDA eq. and GSH concentrations
and GSH-Px activity were measured to assess li-
pid peroxidation and antioxidant enzyme activities.
None of the three examined parameters did signifi-
cantly differ between the rearing systems (Table 6).

Table 6. Effect of rearing methods on plasma antioxidant and oxidative
parameters of pig (10 pigs/group)

Indices Indoor system  QOutdoor system Poyvalue
mean + SEM  mean + SEM

GSH, pmol/g protein 2.29 + 0.10 239 + 021 0.698

GSH-Px, IU/g protein 2.54 + 0.10 293 +0.29 0.251

MDA eqg., nmol/g 932 +0.34 865 + 023 0.113

GSH - glutathione; GSH-Px — glutathione peroxidase; MDA eq. —
malondialdehyde equivalent; SEM — standard error of mean

Discussion

The present study approach determines the
impact of an outdoor keeping system without extra
feed supplementation on the modern pig genotype
(namely the Danbred) potential growth, body
composition, and possible cellular conditions through
investigating the m. biceps femoris membrane lipids.
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However, according to the animal ethics protocol,
animals were not sacrificed; therefore, no meat
quality test was determined.

Animal performance and body composition
parameters

Once animals’ initial weight and age were similar,
the extended period (more 8§ days) in the outdoor sys-
tem is a keeping method effect. Earlier studies inves-
tigated outdoor system impact on pigs. Lebret et al.
(2014), Parunovi¢ et al. (2012), Patton et al. (2008),
Strudsholm and Hermansen (2005), Bee et al. (2004),
Hoffman et al. (2003), Enfilt et al. (1997) and Sather
et al. (1997) have shown a similar attribute. In con-
trast, Gentry et al. (2004) have documented the body
weight increase in outdoor pigs. Most of these studies
have linked the decrease in body weight gain of the
outdoor system with the energetic demand from ex-
ercise and thermoregulation. In the design of Gentry
etal. (2004), pigs were kept under the outdoor system
with unlimited access to alfalfa pasture (212 m*/pig),
which was not in our case; only the complete diet was
available. Therefore, two circumstances may reveal
the finding of Gentry et al. (2004), either additional
diet source was consumed (alfalfa) and/or less feed
waste occurred in outdoor reared animals. From our
perspective, less feed waste is not firmly possible,
especially while the diet was fed ad libitum.

Kozera et al. (2016) reported no significant dif-
ference when pigs were kept indoors with and with-
out free access to outdoor runs. In our design, animals
were fully kept in the outdoor system during the en-
tire study period, in which we expect more physical
activity (more standing than lying down), postulating
high nutritional requirements. In the present study,
the average daily body weight gain was 1055 and
970 g/day for indoor and outdoor animals, respec-
tively (P < 0.05, data not shown). Those values are
higher than those of Kozera et al. (2016), Karpiesiuk
and Falkowski (2008) and Hoffman et al. (2003), who
have reported 740, 727 and 725 g/day, respectively.
The genetic characteristics of pigs are most likely re-
sponsible for the wide range of daily gains in body
weight. We used the Danbred genotype to represent
a non-indigenous meat-type hybrid, which expressed
a typical average daily body gain similar to Maribo
et al. (2018; 1059 g/day).

Up to date, no clear outcome on the effect of
the rearing system on pig body composition due to
a variety of genotypes, feeding content and level, and
housing condition has been presented (Lebret, 2008).
Indigenous genotypes are more suitable to cope
with outdoor environmental conditions than modern

genotypes. In the present study, the outdoor system
resulted in more muscles and bones, while less fat
was recorded. Despite our approach investigated the
total body fat and did not focus on intramuscular
fat, in a few studies the decrease in intramuscular
fat or more lean meat percentage in outdoor pigs
was reported (Enfalt et al., 1997; Sather et al.,
1997; Hoffman et al., 2003; Urbanczyk et al., 2005;
Strudsholm and Hermansen, 2005; Patton et al.,
2008; Parunovi¢ et al., 2012; Juska et al., 2013;
Lebret et al., 2014). The adipose tissue plays many
roles in thermoregulation and energy supply/storage,
indirectly referring to less fat volume in pigs kept in
the outdoor system. Noteworthy, the phospholipid
omega-6:0mega-3 ratio was decreased in the outdoor
system, postulating alteration in their derivatives and
mediators that possibly alter fat-protein deposition
and/or the sarcomeres development.

Muscle phospholipids fatty acid composition

In the current approach, the m. biceps femoris
was chosen due to our presumption that it is essen-
tial during exercise. In this study, high proportions
of myristic and palmitic acids were observed, which
was consistent with the earlier report of Parunovi¢
et al. (2012) on total lipids from outdoor Mangalit-
za pig muscle (m. longissimus dorsi). In contrast,
for palmitic acid, a recent study by Dostalova et
al. (2020) has presented a contradictory finding in
the total fat of m. longissimus lumborum from pigs
reared under an outdoor system with unlimited pas-
ture access. Myristic and palmitic acids can acylate
different proteins (Rioux, 2016); thus, high occupa-
tions might occur to enforce the protein acylation
process. Those two saturated FAs are associated
with more rigid muscle fibre membranes, a mech-
anism to tolerate stressors. Independently of their
source/origin (diet or de novo biosynthesis), their in-
fluential presence in membrane lipids increased the
total saturation level by 4.5%. This finding agrees
with the earlier report of Andrés et al. (2001) con-
cerning m. tibialis cranialis. SFAs are known to lack
a double bond, referring to less sensitivity towards
oxidation. As a result, we hypothesize that elevated
total saturation levels in the phospholipids of out-
door animals may provide a significant resistance
potential to lipid oxidation. This hypothesis seems
true since the PI and Ul values were lower in the
samples from outdoor pigs.

Although phospholipids represent only some
3.6% of the total lipid content of mechanically
deboned pork meat (Kuchmak and Dugan, 1963),
they have sensorial and health aspects. In our case,
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based on the reduction in total unsaturation, we sup-
pose potential alterations in the aroma and juiciness
of the thigh meat from outdoor animals, as UFAs of
phospholipids play an important role in the juiciness
and formation of volatile compounds. In an earlier
study by Jonséll et al. (2001), the m. biceps femoris
ham from outdoor pigs was found to be less juicy,
while no alteration was detected in tenderness. On
the other hand, Al decreased in outdoor animals due
to the high atherogenic agents (myristic and palmitic
acids, according to Laudadio and Tufarelli (2010))
and total saturation level, postulating a higher intake
of meat from this keeping system may not be con-
sidered as healthy for consumers (elevation of cho-
lesterol species are associated with cardiovascular
disorders (Won et al., 2020)). However, we suppose
anegligible Al effect on consumers, since the TI and
h/H were not altered and FA composition differences
between meat neutral and polar lipids were proven
(Hogberg et al., 2003; Parunovic et al., 2012).

The outdoor population provided an unequivo-
cal excess of C16 and C18 MUFAs in the muscle
fibre membranes; this led to an absolute 4% surplus
of mono-unsaturation overall. A hassling increment
in outdoor muscle MUFA overall was reported by
Parunovic et al. (2012) and Andrés et al. (2001), in
m. tibialis cranialis and m. biceps femoris, respec-
tively. In contrast, Hoffman et al. (2003) have re-
ported an increase in the total proportion of PUFAs
in the complex fat content of m. longissimus dorsi
from pigs reared in the outdoor system of tropical
areas (higher ambient temperatures). According to
Lebret (2008), the ratio between MUFA:PUFA may
increase in intramuscular fat with the extreme re-
duction in ambient temperature, although swine is a
homoeothermic species. In the whole body volume,
fat deposition was lower in the outdoor pigs, postu-
lating less total PUFA level in the polar lipids. Hog-
berg et al. (2003) discovered a negative relationship
between total PUFA proportion of triglycerides and
phospholipids and carcass fatness. The outdoor en-
vironment appears to influence a preferential alloca-
tion of monounsaturated FAs into the sarcolemma
via a de novo FA-synthetic pathway, selective FA
arrangement into different sites, and local remodel-
ing reactions. In our case, those events were based
on compromising the total polyunsaturation level
(9% lower in outdoor animals), probably increased
membrane rigidity and protected against lipid per-
oxidation. It is well-known that prolonged aerobic
exercise is a continuous oxidative stimulus that pro-
vokes the adaptation of the cellular antioxidant sys-
tem. The negative association between the MUFA

level in phospholipids and the final thiobarbituric
acid reactive substances (TBARs) concentration
was documented by Andrés et al. (2001), supporting
our proposal.

Linoleic acid (LA) is an essential FA. The de-
crease in LA in outdoor reared pigs may be explained
by two factors: either the low preferred channeling
of this FA into the phospholipid fraction or the lower
uptake of the LA due to lower feed intake. None of
those were proven in this study, while no surplus di-
etary source was provided (the field was practically
pure mud, without vegetation). On the other hand,
ALA is also essential for mammals. The significant
difference was about 0.1% absolute proportion,
which is of minor physiological importance. Eico-
satrienoic acid (C20:3n3) was a minor component,
but along the mammalian FA metabolism, this acid
is produced on the bypass pathways of C22:5n3 and
DHA biosynthesizes via a series of desaturases and
chain elongation steps (Voss et al., 1991). Thus, it
is an essential FA for assessing the elongation/de-
saturation reactions that convert dietary C18 FAs to
C20 eicosanoid precursors. The decrease in eicosa-
trienoic acid proportion indirectly refers to inhibi-
tion of C18 FAs conversion to eicosanoid precur-
sors in the outdoor system. However, the critical
important concern might be the DHA produced in
six consecutive enzymatic reactions from ALA. The
increase in DHA proportion refers to a rather specif-
ic adaptation due to its anti-inflammatory character-
istics, which enhances muscle protein synthesis and
mitochondrial respiration kinetics (McGlory et al.,
2019). In growing pigs, DHA supplementation has
resulted in high expression of muscle insulin-like
growth factor 1 (IGF-1) and activation of the insu-
lin receptor, which has enhanced muscular protein
synthesis (Wei et al., 2013). The high presence of
this FA indirectly indicates that pigs were undergo-
ing lesser oxidative stress with a proper antioxidant
defence.

The arachidonic acid proportion was found to de-
crease in pigs reared under the outdoor system. Simi-
lar findings have been noted in m. tibialis cranialis
by Andrés et al. (2001). The proportional decrease
of arachidonic and LA resulted from the decrease
in total omega-6 FA proportion, consequently, low-
er the total omega-6:0omega-3 ratio (approximately
from 21 to 17). The low omega-3:omega-6 ratio has
physiological importance since LA and ALA are pre-
cursors for omega-6 and omega-3 long-chain homo-
logs, respectively, and different eicosanoids. It has
been proposed that the ratio should not exceed 4—6 in
human diet (Wood et al., 2008). A similar decrease
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in the omega ratio has been reported in studies on
pigs reared on pasture containing high levels of
ALA (Bee et al., 2004; Lebret and Guillard, 2005).
In our design, both groups were fed a similar com-
plete diet and no pasture-grazing activity was al-
lowed; thus, the decrease in omega-6:0mega-3 ratio
was proven to be independent of roughage supply.
However, we are unable to rule out the diet because
the feed was offered ad /libitum and the groups’ in-
takes were not determined. The other possibility is
that outdoor activities and conditions could alter the
omega-6:0mega-3 ratio to improve cellular muscle
metabolism.

Antioxidant enzymes and lipid peroxidation

It was shown that free-range keeping of animals
with no pasturing had no effect on the antioxidant
capacity of the plasma as compared to the closed
kept group. Many other studies show that the out-
door system enhances the antioxidant capacity of
pigs, where these animals have free access to pas-
tures containing forage rich in a-tocopherols, vita-
mins E, A and C (Wood et al., 2008; Martino et al.,
2014), or any other antioxidant bioactive compound,
i.e. arginine and carnosine (Quinn et al., 1992; Ma
et al., 2010). In the present study, the prevention
against the development of lipid peroxidation was
independent of the dietary antioxidant supplements.
We thus suggest that modulation of membrane lipid
composition into a more rigid structure that com-
prises higher proportions of SFAs and MUFAs (less
sensitive to lipid peroxidation; decreased PI and UI)
was the key mechanism behind our insignificant
oxidative stress findings.

From a meat quality perspective, based on the
unsaturation level in pork, the risk of generation of
lipid oxidation products can be predicted. A conse-
quence of lipid oxidation in meat is the deterioration
of flavour and colour qualities. The establishment is
that increasing the saturation level in phospholipids
of outdoor animals may provide significant resistance
to lipid oxidation, extending the shelf-life of the
meat. Once animals were not sacrificed in our study,
and meat qualities were not determined, additional
research is required to reveal the relationship between
the phospholipid FA profile and meat qualities.

Conclusions

A modern pig genotype is viable to be raised in
an outdoor keeping system, whereas a slight fallback
occurred in the growth rate. Outdoor housing altered
the body trait parameters of the total body volume;

as higher muscle (%) and lower fat (%) were stated.
Those modifications may refer to more lean meat
produced by outdoor animals. The outdoor system
could alter the skeletal muscle bilayer. Higher con-
tents of saturated fatty acids (SFA) and monounsat-
urated fatty acids (MUFA) have compromised the
total polyunsaturated fatty acids (PUFA) proportion,
referring to rigid muscle fibre membranes, proposed
to protect against oxidation (low unsaturation index
and peroxidation index). The protection against lip-
id peroxidation is likely to increase the meat’s shelf-
life. The omega-6:0mega-3 ratio was decreased in
phospholipids, suggesting an anti-inflammatory ef-
fect. Thus, outdoor rearing may provide healthier
dietary pork for consumers. However, the choice of
housing system highly relies on market demands.
Therefore, further investigations are necessary to
associate pork qualities with housing design.
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