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Abstract: The Krskopolje pig, a local Slovenian pig breed, is raised in various
housing conditions (indoor, outdoor or combined) and often in organic farming.
The aim of the present study was to compare carcass, meat and fat quality of
surgically castrated Krskopolje male pigs reared in conventional (CON, n=108)
and organic (ECO, n=136) production systems on data continuously collected from
2015 till present. Kr3kopolje pigs in ECO system were on average older and
heavier at slaughter than CON pigs (355 vs. 299 days; 162 vs. 151 Kg,
respectively). Considering carcass characteristics, ECO pigs exhibited greater
carcass length, thicker backfat (at the level of the last rib and at withers) and larger
loin eye area (P<0.01). There was a significant difference in meat quality regarding
colour parameters (L*, a*, b* and hue) and shear force, indicating that ECO pigs
had darker, redder and less yellow meat colour, and more tender meat than CON
pigs (P<0.05). The ECO group had also lower saturated and larger n-6 and n-3
polyunsaturated fatty acid contents of backfat than CON group (P<0.001).
Longissimus dorsi muscle of ECO pigs exhibited lower vitamin E and larger
magnesium contents (P<0.05). To conclude, the present study showed that ECO
Krskopolje male pigs deposit more fat, which is further reflected in a different fatty
acid composition. Although the ECO pigs were older and there was no significant
difference in IMF content, their meat was less tough than the meat of CON pigs.

Key words: Krskopolje pig, production systems, carcass traits, meat quality, fatty
acid composition

Introduction

Krskopolje pig is the only indigenous Slovenian pig breed with a specific
white belt across the shoulders and forelegs (Batorek Lukac et al., 2019).
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Krskopolje pig is considered to be more robust and better adapted to local feed
resources and to more extensive rearing conditions. This pig breed is also reputed
for its high-quality meat and meat products, including salami, sausages, dry-cured
hams and pancetta compared to modern breeds such as Large White, Landrace and
Pietrain.

The production systems can be divided in two main groups: conventional
and organic. The organic system differs from the conventional system in a holistic
paradigm that combines best environmental and climate action practices, a high
level of biodiversity, preservation of natural resources and application of high
animal welfare standards and high production standards (Regulation (EU)
2018/848). Livestock should be fed materials produced in accordance with the
rules of organic production, preferably originating from the farmer’s own holding.
In the choice of breed, high degree of genetic diversity, the capacity to adapt to
local conditions and disease resistance, should be encouraged. The organic pig
production thus often uses local pig breeds. Housing conditions and husbandry
practices should ensure a high level of animal welfare respecting species-specific
needs and animals should have permanent access to open-air areas for exercise.
Any suffering, pain or distress should be avoided. Feed should be of organic origin,
without feed additives and processing aids and obligatory additional feeding with
voluminous feed on an ad libitum basis (Regulation (EU) 2018/848). Furthermore,
genetically modified organisms, animal by-products, and chemical fertilizers
should be strictly avoided.

As for Krskopolje pigs, they are raised in numerous production systems of
conventional and organic nature (Batorek Lukac et al., 2019), and generally in
more welfare-friendly housing conditions (Candek-Potokar et al., 2022). The
variability in farming practices in both organic and conventional systems leads to a
wide range of obtained results (Prache et al., 2022). Other than organic production
standards, the pork quality attributes depend more on the on-farm factors (pig
genotype, feeding, housing conditions, etc.) that farmers use to meet the
specification, as stated by Lebret and Candek-Potokar (2022). Also, the quality
attributes of organic animal products generally show greater variability compared
to conventional products (Lebret and Candek-Potokar., 2022). Therefore, the
objective of this study was twofold, to evaluate the variability of carcass, meat and
fat pork quality of KrSkopolje pigs in conventional and organic production systems
and to evaluate if overall important differences in meat quality exist with respect to
these two production systems.
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Materials and Methods

Data (on 244 surgically castrated male Kr3kopolje pigs) were collected
continuously from 2015 to the present in conventional and organic farms. Pigs in
the conventional system (CON) were reared either indoors on deep litter or in
indoor pens with solid floor, straw bedding and outdoor access area. Pigs from the
organic production systems (ECO) for which data were collected were reared either
completely outdoors with a shelter, or indoors with outdoor access area. The feeds
and/or diets used varied from farm to farm and, apart from the general status
(organic or conventional), were not specifically monitored and/or registered and
also varied according to the season and year.

The pigs involved in the study were slaughtered in different
slaughterhouses in Slovenia. The left half of the carcass was used for
measurements. Carcass length was measured as a distance from atlas to os pubis.
The backfat thickness was evaluated on split carcasses at the level of withers, the
level of last rib and above the cranial edge of gluteus medius muscle. Loin eye area
was assessed on a picture of a carcass cross section taken at the level of the last rib.

The pH was assessed in longissimus dorsi muscle (LD) using a pH meter
(Mettler-Toledo, GmbH, Schwarzenbach, Switzerland) at two central locations in
the central part of the LD muscle. Instrumental color parameters (CIE L*, a*, b*)
were measured in triplicate with a Minolta Chroma Meter CR-300 (Minolta Co.
Ltd, Osaka, Japan). Hue angle (h°) and chroma (C*) parameters were calculated
according to the formulas described by Beltran-Cotta et al. (2023). Drip loss was
determined by the EZ method (Christensen, 2003) and expressed as the difference
(%) from the initial sample weight. To determine cooking loss and shear force, the
LD samples (4 x 5 x 8 cm) were thawed, weighed and cooked in a thermostatic
water bath (ONE 7-45, Memmert GmbH, Schwabach, Germany). Shear force was
measured on 3-4 half inch thick cylindrical cores excised from cooked LD sample
using a TA Plus texture analyser (Ametek Lloyd Instruments Ltd., Fareham, UK).

The intramuscular fat (IMF) content of LD muscle and fatty acid
composition of backfat were estimated by near-infrared spectral analysis (NIR
Systems 6500, Foss NIR System, Silver Spring, MD, USA) using in-house
calibrations developed in our laboratory.

The vitamin and mineral content of LD muscle was determined by ISO
17025 method in an accredited laboratory (Nutricontrol, Veghel, The Netherlands)
using the LC-MS/MS (liquid chromatography combined mass spectrometry) for
vitamin and ICP-OES and ICP-MS (Inductively Coupled Plasma Optical Emission
Spectrometry) for mineral determinations.

The statistical analysis was conducted with the SPPS Version 23.0 (IBM
Corp., Armonk, NY, USA). Carcass traits, meat quality and fatty acids
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measurements were analysed using linear mixed model with the fixed effects of
treatment group and farm (nested within the treatment group):

XE-_;,- = [+ ol +ﬁj,:i:, + E‘k,:i_ﬂ,

M - represents the overall mean, ai - represents the effect of factor A (treatment
group, i.e. rearing system), Bj(i) - represents the effect of factor B within the factor
A (farm nested within treatment group), € k(ij) - the random error.

Since samples used for the analysis of vitamins and minerals were not
individually chemically analysed (analyses made on pooled samples per farm),
one-way ANOVA with production system as fixed effect was used for the analysis.

Partial eta squared was calculated to measure the effect size of the
treatment (organic vs. conventional). Levels for significant differences were set at
P <0.05. All results were expressed as mean (estimated marginal means) + S.E.
(standard error).

Results and Discussion

A total of 244 surgically castrated male Krskopolje pigs (conventionally
reared, n=108; organically reared, n=136) were slaughtered at an average age of
355 and 299 days for ECO and CON pigs, respectively. The obtained values
showed no significant difference between the two production systems in live
weight, carcass weight, average daily gain, gluteus medius muscle thickness and
backfat thickness above the gluteus medius muscle (P>0.05). However, it should be
noted that slaughter weight and consequently carcass weight were a bit higher in
organic system (11.4 kg; P=0.07 and 7.5 kg; P=0.13, respectively).

Other carcass quality traits (Table 1) showed that pigs in the ECO groups
had significantly greater carcass length (P<0.001), thicker backfat at withers and at
the level of the last rib (P<0.05), and greater loin eye area (P<0.01). The
differences in carcass length can be explained with the fact that ECO pigs were
older at slaughter (i.e. 56 days on average), while growth rate was similar in ECO
and CON pigs. As it was shown and concluded in Pugliese et al. (2003), greater
length of outdoor animals was related to their greater ages. The differences in
backfat thickness (at the level of the last rib and at withers) may be attributable to
higher age and weight of ECO pigs (Schinckel et al., 2008). In line with our result,
larger loin eye area of outdoor raised pigs was reported by Gentry et al. (2002) and
Maiorano et al. (2013), while the opposite was observed for backfat thickness and
loin eye area in a study comparing organic and conventional Kr3kopolje pigs
(Tomazin et al., 2019).
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Table 1. Carcass traits of conventionally (CON) and organically (ECO) reared Krskopolje pigs

CON ECO
(n=108) (n=136) P-value
Mean + S.E.

Live weight (kg) 150.545.3 161.9+3.6 0.076
Average daily gain (g/day) 462+0.01 465+0.01 0.838
Carcass weight (kg) 124.7+4.1 132.2+2.8 0.130
Carcass length (cm) 101.2+1.0 107.2+0.7 <0.001
Backfat thickness above GM muscle (mm) 41.7+1.4 40.7+1.0 0.562
Backfat thickness at the level of the last rib (mm) 41.0£14 44.7+¢1.0 <0.05
Backfat thickness at withers (mm) 57.4+1.9 64.2+1.4 <0.01
BF (mm) 47.4+1.4 49.9+1.0 0.148
Gluteus medius muscle thickness (mm) 70.5+1.6 71.1+1.1 0.763
Loin eye area (cm?) 39.6+1.7 46.7+1.2 <0.01

Mean: Estimated marginal means; S.E.=standard error; GM= gluteus medius muscle; BF=mean of the
backfat thickness above GM muscle, at the level of the last rib and at withers.

The meat quality characteristics of the LD muscle are summarized in Table
2 and show significant differences between ECO and CON pigs in colour
parameters (L*, a*, b* and hue), marbling score and shear force. The ECO pigs had
lower L* (P<0.05), b* and hue (P<0.001), and higher a* values (P<0.05), denoting
darker and redder muscle. The results on colour can be associated with two factors.
On one side, the redder and darker colour could be due to increased muscle
oxidative metabolism, which is in line with our previous study indicating more
oxidative metabolism of organic Krskopolje pigs (Fazarinc et al., 2020). The
oxidative metabolism of muscle fibres is associated with more myoglobin (Mb)
that gives a red meat colour (Listrat et al., 2016). On the other hand, darker and
redder colour of ECO pigs could also be due to animal’s age; the older animals
have more myoglobin (deoxymyoglobin - DMb and metmyoglobin — MMb) (Yu et
al., 2017). However, with more oxidative metabolism of ECO pigs, higher
intramuscular fat would be expected (Lebret et al., 1999) which was not the case in
the present study. With regard to water holding capacity traits, there were no
difference in pH 45 min, pH 24 h, drip, thawing and cooking loss between two
systems (P>0.05). Interestingly, the organic meat was significantly more tender
than conventional one (P<0.05), despite the fact that ECO pigs were older and had
slightly less marbling (P<0.05) and IMF (P=0.13). Nevertheless, the shear force is
not necessarily related to the IMF. The explanation could be in the muscle fibres
(type and size) which we did not measure, but can be related to our previous study
(Fazarinc et al., 2020) showing that organic production system influenced the
composition of the LD myofibre type (smaller myofibre cross-sectional area, a shift
toward oxidative myofibre types). More oxidative muscle fibres have smaller
cross-sectional area which is easier to cut through i.e. giving less resistance to
cutting.
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Table 2. Meat quality traits of conventionally (CON) and organically (ECO) reared Krskopolje
pigs

CON ECO
(n=108) (n=136) P-value
Mean + S.E.

pH 45 min LD 6.34+0.04 6.41+0.03 0.147
pH 24 h LD 5.48+0.02 5.46+0.02 0.366
CIE L* 54.9+0.7 52.9+0.5 <0.05
CIE a* 9.8+0.3 10.7x0.2 <0.05
CIE b* 6.1+0.4 4.5%0.3 <0.001
Hue 29.9+1.6 22.3+1.1 <0.001
Chroma 11.9+0.4 11.8+0.3 0.699
Drip loss after 24 h (%) 4.7+0.3 4.9+0.3 0.526
Thawing loss (%) 11.8+0.7 12.9+0.4 0.161
Cooking loss (%) 26.4+0.9 26.6+0.5 0.851
Marbling score (1 to 7)1 3.5+0.2 3.0£0.1 <0.05
IMF, % 5.1+0.3 4.6+0.2 0.138
WBSF (N) 54.9+2.2 48.7£1.3 <0.05

Mean=Estimated marginal means; S.E.=standard error; LD=Longissimus dorsi muscle; CIE=
International Commission on Illumination; L*= lightness; a*=red/green coordinate; b*=yellow/blue
coordinate; * visual assessment on a freshly cut LD muscle using a scale from 1 (extremely lean) to 7
(extremely marbled sample); IMF=intramuscular fat; WBSF = Warner—Bratzler shear force.

The results of fatty acid composition (Table 3) showed no differences in
MUFA between the ECO and CON groups. Polyunsaturated fatty acids (PUFA),
PUFA/SFA, n-6 and n-3 polyunsaturated fatty acids were significantly higher in
the ECO group (P<0.001).

Table 3. Fatty acid composition* of conventionally (CON) and organically (ECO) reared
Krskopolje pigs

CON (n=108) |  ECO (n=136)
Mean + S.E P-value
SFA 43.1+0.3 40.5+0.2 <0.001
MUFA 46.6+0.4 47.3+0.2 0.100
PUFA 10.4+0.4 12.4+0.3 <0.001
PUFA/SFA 0.24+0.01 0.31+0.01 <0.001
n-3 PUFA 0.7+0.03 0.9+0.02 <0.001
n-6 PUFA 9.5+0.3 11.240.2 <0.001
n6/n3 PUFA 13.7+0.4 12.740.3 <0.05

Mean=Estimated marginal means; S.E.=standard error, SFA=saturated fatty acids;
MUFA=monounsaturated fatty acids; PUFA=polyunsaturated fatty acids. *=fatty acids are presented
as g per 100g of fatty acids.
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The fatty acid profile of a diet can have a huge impact on the final fatty
acid composition (Wood et al., 2008). The higher PUFA content in ECO pigs can
be attributed to the differences in the diet (the obligatory supplementation of
roughage e.g. hay, which is rich in polyunsaturated fats), because PUFAs are
obtained directly from the consumed food (Wood and Enser, 1997). On the other
hand, MUFAs could be deposited either from feed or by desaturation of saturated
fatty acids (SFA) (obtained by de novo SFA synthesis) (Wood et al., 2008). The
SFA content was significantly lower in organic pork (P<0.001). The finding of
lower SFA content of organic pork has also been reported by Kim et al. (2009) and
Wojciak et al. (2021). Some authors found that higher physical activity in free-
range pigs positively correlated with n-3 PUFA content (Daza et al. 2009; Skrlep et
al., 2019).

When we consider the effect of farm (results not shown), the effect was
significant for practically all measurements (except for CIE L* and drip loss). This
reflects the effect of different conditions on farms with regard to the feeding and
diets applied.

Analysis of the vitamins of the LD muscle (Table 4) showed that CON
pigs had higher concentration of vitamin E (P<0.001), whereas all other vitamins
showed no statistical difference. Wojciak et al. (2021) also showed higher vitamin
E content in meat samples of pigs raised in conventional production system. The
opposite was reported by Hogberg et al. (2002) who found higher vitamin E
content in organically raised castrated pigs. The possible reason for the differences
in vitamin E content between the two groups is likely the diet (Echenique, 2007),
however it is also possible that ECO pigs deposit less vitamin E due to its higher
depletion for maintaining oxidative stability. Physical activity is associated with
increased oxidative stress and consequently affects the need for antioxidants such
as vitamin E (Packer, 1984).

Table 4. Vitamins composition of LD of conventionally (CON) and organically (ECO) reared
Krskopolje pigs

CON ECO 2
(N=10) (N=12) [V P-value
Mean + S.E.

Vitamin A (mg/kg) <0.1 <0.1
Vitamin A (1U/kg) <333 <333
Vitamin D3 (ug/kg) <20 <20
Vitamin D3 (1U/kg) <800 <800 - -
Vitamin E (mg/kg) 4.36+0.17 2.13+0.16 0.82 <0.001

LD= Longissimus dorsi muscle; Mean=Estimated Marginal Means; S.E. = standard error; n,” -
partial eta squared denotes effect size; 0.01 is considered a “small” effect size, 0.06 represents a
“medium” effect size and 0.14 a “large” effect size.
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The analysis of minerals (Table 5) showed that ECO pigs had higher Mg
content (P<0.05). This could be explained by the fact that organic pigs have free
access to soil and small stones, which are rich in Mg and Ca reserves (Zhao et al.,
2016). However, Ca content was higher in the CON system than in the ECO
system (P<0.05). Commercial concentrate usually contains (is supplemented with)
calcium phosphate and limestone, which could be a reason why the Ca
concentration was higher in the conventional system. On the other hand, some
authors argue that Ca content is stable despite different feeding regimes (Zhu et al.,
2007).

Table 5. Minerals composition of LD of conventionally (CON) and organically (ECO) reared
Krskopolje pigs

CON ECO 2
(N=12) (N=12) Wy | Prvalue
Mean + S.E.
Ca (g/100g) 0.004+0.001 0.003+0.001 0.176 <0.05
P (g/100g) 0.190£0.001 0.191+0.001 0.012 0.609
Fe (mg/kg) 5.542+0.223 5.667+0.223 0.007 0.695
K (g/100g) 0.371+0.004 0.368+0.004 0.013 0.598
Cu (mg/kg) <5 <5 - -
Mg (g/100g) 0.025+0.000 0.027+0.000 0.328 <0.05
Mn (mg/kg) <5 <5 - -
Na (g/100g) 0.038+0.001 0.040+0.001 0.053 0.281
Zn (mg/kg) 16.250+0.534 16.417+0.534 0.002 0.827

LD=Longissimus dorsi muscle; Mean= Estimated Marginal Means; S.E. = standard error; 1,° —
partial eta squared denotes effect size; 0.01 is considered a “small” effect size, 0.06 represents a
“medium” effect size and 0.14 a “large” effect size.

Conclusion

Kr8kopolje pigs in the organic system were older, heavier and exhibited
greater longissimus muscle and backfat thickness. They also produced meat that
was of darker and redder colour, with lower marbling, but higher tenderness, had
lower vitamin E, lower Ca and higher Mg content. Their fat tissue was more
unsaturated (higher PUFA, n-3, n-6 PUFA, PUFA/SFA ratio, and lower n-6/n-3
PUFA). It can be concluded that organic and conventional production systems
affect the results which could be related to differences in the nutrition (e.g. amino
acids balance, roughage), however the diets used on the farms were not monitored
to be able to draw cause-effect conclusions.
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