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Abstract. The study aimed to evaluate the productive performance of purebred and crossbred gilts
under practical production conditions in Slovakia. A total of 164 gilts representing three pure breeds
(Large White, Landrace, Duroc) and three hybrid combinations (LWxLA, LAxDU, LWxDU) were
assessed for growth intensity, back fat thickness and lean meat content, with all traits standardised
to a live weight of 100 kg. Significant differences (P < 0.001) were observed between purebred and
crossbred groups. Crossbred pigs achieved faster growth (ADG ,, 635.93 g/day) but showed higher
back fat deposition, whereas purebreds exhibited superior carcass leanness (LMC,, 62.72%). Within
purebreds, Duroc demonstrated the highest lean meat percentage and the lowest fat thickness, while
among hybrids the LWxLA combination displayed the most favourable balance of growth and carcass
traits. Correlation analysis confirmed strong biological relationships between growth and carcass
parameters, particularly the antagonism between backfat and lean meat content. The findings emphasise
the influence of a genetic background on production efficiency and highlight the advantages of specific
crossbreeding strategies in optimising pig performance.

Introduction

The production performance of pigs is strongly
influenced by the genetic background of the
population. Numerous studies demonstrate that
purebred pig breeds differ significantly in growth
rate, carcass characteristics, and overall productivity.
Xie et al. (2023) reported that Yorkshire pigs exhibit
faster growth and reach a market weight of 100 kg
at an earlier age than Duroc pigs. Similar findings
were observed by Adebambo (2021), who confirmed
higher carcass yields in Large White and Hampshire
breeds compared with hybrid pigs, although with
increased back fat thickness. In addition, Babicz et
al. (2020) highlighted that some native breeds, such
as Putawska, may achieve competitive daily gains of
approximately 569 g, while offering favourable meat
quality traits.

A considerable part of the production efficiency
is also associated with heterosis effects. Iversen et al.
(2019) reported that heterozygosity has a particularly
positive impact on maternal traits such as total
number born and litter weight, and it also contributes
to improved early growth performance. Therefore,
crossbreeding programmes have become an essential
component of modern pig production systems. Chen
et al. (2018) demonstrated that hybrids such as Duroc
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x (Berkshire x Yanan) outperform traditional Chinese
breeds in terms of growth rate and carcass traits. Wang
et al. (2020) confirmed similar effects in Berkshire
x Chenghua hybrids, which achieved higher lean
meat content (50.76% vs. 42.58%) while maintaining
desirable meat quality characteristics. Moreover,
Elbert et al. (2020) showed that different terminal sire
lines produce distinct results in growth performance
and carcass traits, emphasising the importance of
selecting appropriate genetic combinations.

Additional differences between genetic types were
described by Christensen et al. (2019), who found
genetic correlations between purebred and crossbred
performance ranging from 0.75 to 0.96, indicating
a strong predictive ability of purebred selection
for hybrid performance. Voshchenko (2025) also
confirmed that specialised terminal lines, such as
PIC-337, can achieve higher live weight gains than
traditional purebreds in intensive production systems.
At the same time, Li et al. (2020) emphasised the
role of environmental factors, showing that enriched
housing conditions improve growth rates regardless of
the genetic background.

Therefore, comparing the production performance
of purebred and crossbred pigs is crucial for optimising
growth, reproduction, and the economic efficiency of
pig production. Analysing the genetic differences and
performance outcomes of these breeding strategies
represents an important basis for determining the most
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suitable breeds and genetic combinations for modern
and alternative production systems. Accordingly,
the aim of this study is to evaluate and compare the
productive performance of purebred and hybrid pigs
to determine their potential advantages and practical
applicability in contemporary pig breeding systems.

Material and methods

Biological materianl

A total of 164 gilts were evaluated in the
experiment, of which 90 were purebred pigs of the
Large White (LW), Landrace (LA) and Duroc (DU)
breeds, with 30 gilts selected from ea ch breed. The
hybrid group consisted of 74 gilts of three genetic
combinations: Large White x Landrace (LWxLA),
Landrace x Duroc (LAxXDU) and Large White x
Duroc (LWxDU). For the first two combinations,
30 gilts were included, while the LWxDU group
consisted of 14 gilts. All animals were selected within
a live weight range of 80 to 120 kg. The productive
performance of gilts was evaluated under practical
production conditions on selected farms in Slovakia.

Ethical approval was not required because the data
were collected from a commercial pig farm and no
direct contact with live animals occurred.

Housing and feeding of pigs

The dataset was collected from commercial pig
farms located in various regions of Slovakia. Since the
animals originated from multiple production units,
exact housing and feeding conditions could not be
unified. All farms operated under standard intensive
production practices routinely applied in Slovak pig
industry. Animals were kept in groups and managed
according to common farm protocols. Water was
available ad libitum. Feeding was based on complete
compound diets intended for growing pigs, with
ration formulation determined individually by each
farm. Although partial differences in feeding strategy
and housing design may have occurred among farms,
all pigs were reared under comparable practical
production conditions.

Evaluated parameters

During pig performance testing, several production
traits were recorded for each pig, including live
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weight (to the nearest 1 kg), age in days, average
daily gain (g/day), back fat thickness (cm) and lean
meat content. The values of average daily gain, back
fat thickness and lean meat content obtained on the
measurement day were subsequently standardised
to a live weight of 100 kg using the corresponding
calculation formulas. Back fat thickness and lean meat
content were assessed using a Piglog 105 device (SFK
Technology A/S, Denmark) (User’s Manual Slovakia,
2006). For the measurements, pigs were positioned in
a horizontal measuring crate on a solid floor, standing
firmly on both front and hind limbs, with the head
maintained in a straight horizontal position.

For the determination of back fat thickness, three
measurement points (M, M, and M,) were defined and
used in conjunction with the Piglog 105 ultrasound
device. All points were positioned along a straight
longitudinal line on the left side of the animal, at
5-6 cm from the anatomical reference markers A , B
and C. Measurement point M was established at the
midpoint between the projected locations of A and
B,. Point M, was placed halfway between M, and B,
whereas M, was situated at the midpoint between B,
and C, (Fig. 1). This standardised placement ensured
consistent anatomical positioning for all examined
animals.

To determine the proportion of muscle tissue,
two measurement sites, designated M, and M,M,,
were utilised. These points were located on a straight
line positioned 7 cm laterally from the anatomical
reference markers A, B, and C, on the left dorsal
side of the animal. Measurement point M , used for
assessing back fat thickness, was situated between the
third and the fourth lumbar vertebrae. The combined
measurement point M ,M,, where both back fat
thickness and the depth of the Musculus longissimus
dorsi were recorded, was positioned between the third
and the fourth ribs (Fig. 2).

Average daily gain (ADG), back fat thickness
(BFT) and lean meat content (LMC) were recalculated
to a standard live weight of 100 kg in accordance with
the conversion procedure described by Rehacek et
al. (2001). Standardisation was performed to enable
objective comparison of animals with different body
weights at the time of measurement. The adjusted
traits were calculated using the following equations:
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Fig. 1. Backfat thickness measurement points
(Rehacek et al., 2001)
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Fig. 2. Measurement points for the lean meat content

(Rehécek et al., 2001)
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Converted average daily gain on 100 kg live weight
(ADG100):
ADG,, = ADG-GK*(LW~-100)
where GK is conversion coefficient for gilts (2.58); LW
is live weight of the gilts on the day of measurement;
and ADG is the average daily gain on the day of
measurement.
Converted back fat thickness on 100 kg live weight
(BFT100):
BFT,, = BFT-GK*(LW-100)
where GK is conversion coefficient for gilts (0.017); LW
is live weight of the gilts on the day of measurement;
and BFT is the average back fat thickness on the day
of measurement.

Converted lean meat content on 100 kg live weight
(LMC100):

LMC,,, = LMC+GK*(LW-100)

where GK is conversion coefficient for gilts (0.0859);
LMC is lean meat content in % on the day of
measurement; and LW is live weight of the gilts on
the day of measurement (kg).

Standardisation to a live weight of 100 kg was
applied to eliminate the influence of body weight
variation among individuals and to ensure objective
comparability of growth and body composition traits.
Since pigs were measured at different ages and at
slightly different body weights, direct comparison
of raw values could lead to biased interpretation
favouring heavier or older animals. Correcting ADG,
BFT and LMC to a common reference weight enables
evaluation of performance based on biological
efficiency rather than body size, which is particularly
important when comparing purebred and crossbred
pigs with different growth dynamics. This approach
is widely used in live pig evaluation and improves
reliability when assessing genetic and performance
differences between groups (Rehacek et al., 2001).

Statistical analysis

The results obtained were analysed using IBM
SPSS Statistics 20. Comparisons between the groups
were performed using one-factor ANOVA analysis
of variance, while testing of contrasts was conducted
using Scheffe’s test at a significance level of P <0.05.

The influence of monitored parameters was tested

with the following model equations:
Effect of breed:

yij = u +gi + €ij
where yij is respected dependent variable, u is
intercept, gi is effect of the breed i (i = 1: pure breed,
i = 2:cross breed), and &jj is residual error.

Yij = u + sri + €ij
where yij is respected dependent variable, u is
intercept, sri is effect of pure breed and cross breed i
(i=1:LW,i=2:LA,i=3:DU,i=4:LWxLA,i=>5:
LAXDU, i = 6: LWxDU), and &ij is residual error.

Results

Significant differences were found between
purebred and crossbred groups in all evaluated traits
(P < 0.001) (Table 1). Purebred gilts reached a higher
final weight (111.29 + 7.99 kg) and were measured
at an older age (172.96 = 12.14 days) compared with
crossbred gilts (102.59 + 11.51 kg vs. 159.77 = 11.52
days) (P < 0.001). On the other hand, crossbred gilts
achieved a significantly higher average daily gain
recalculated to 100 kg live weight (635.93 + 42.82
g/day) than purebreds (615.38 =+ 35.54 g/day)
(P < 0.01). Crossbreeds also showed greater back
fat thickness (1.03 = 0.29 ¢m vs 0.75 £ 0.20 cm),
while purebred gilts had a higher lean meat content
(62.72 = 1.67% vs 60.55 £ 2.40%) (P < 0.001). The
observed differences clearly indicate that hybrid
gilts grow faster, but purebreds show better carcass
leanness.

Within purebred groups, all evaluated traits also
differed significantly (P < 0.001). Duroc gilts showed
the highest final weight (114.57 + 5.14 kg) and the
greatest lean meat content (64.36 = 0.8%) compared
with Large White and Landrace (Table 2). However,
Duroc had the lowest back fat thickness (0.58 =+
0.06 cm), which supports their well-known carcass
quality characteristics. In terms of daily gain, values
among purebred breeds were relatively close, with
Large White reaching the highest ADG  (619.17 +
21.71 g/day), followed by Duroc (615.73 + 50.47 g/
day) and Landrace (611.23 £ 28.71 g/day) (P < 0.001).
Landrace and Large White showed slightly lower meat
content than Duroc but had higher back fat thickness

Table 1. Comparison of productive performance between purebred and crossbred gilts

Indicator (unit) Pureb(rlfd:(gio;— SD) Crosslz;e(i (7X6)+ SD) P value
Age (days) 172.96 = 12.14 159.77 £ 11.52 < 0.001
Weight (kg) 111.29 = 7.99 102.59 £ 11.51 < 0.001
ADG, (g/day) 615.38 = 35.54 635.93 £ 42.82 0.01
BFT,, (cm) 0.75 £ 0.20 1.03 £0.29 < 0.001
LMC, (%) 62.72 £ 1.67 60.55 + 2.40 <0.001

Legend: ADG  : Average daily gain on 100 kg live weight; BFT  : Back fat thickness on 100 kg live weight; LMC,
Lean meat content on 100 kg live weight; SD: Standard deviation; X: Mean.
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Table 2. Productive performance characteristics of Large White, Landrace and Duroc purebred gilts

Indicator (unit) LV\(ZH()E ;OS)D) LA(I?E—;OS)D) D[gn()i ZOS)D) P value
Age (days) 168.53 + 10.99* 174.07 = 7.79° 176.27 = 15.43° < 0.001
Weight (kg) 107.83 £ 9.47° 111.47 £ 7.50 114.57 £ 5.14° < 0.001
ADG,  (g/day) 619.17 + 21.71* 611.23 +28.71° 615.73 £ 50.47% < 0.001
BFT,, (cm) 0.85 +0.21° 0.82 +0.17° 0.58 + 0.06 < 0.001
LMC (%) 61.98 + 1.32° 61.81 + 1.39° 64.36 + 0.80° < 0.001

Legend: ADG : Average daily gain on 100 kg live weight; BFT  : Back fat thickness on 100 kg live weight; LMC

Lean meat content on 100 kg live weight; SD: Standard deviation; X: Mean; °: different letters in the same row
indicate significant differences among the mean values (P< 0.001).

(P < 0.001). These results highlight the variability
among pure breeds and confirm superiority of Duroc
in carcass lean percentage.

Significant differences were also confirmed
between hybrid combinations (P < 0.001) (Table 3).
The highest average daily gain was found in LWxLA
crosses (653.53 = 33.16 g/day), followed by LAXDU
(638.53 = 45.67 g/day), while LWxDU exhibited
the lowest growth intensity (592.64 + 21.04 g/day)
(P < 0.001). The LAXDU combination showed the
greatest back fat thickness (1.19 £ 0.27 cm), but
the lowest lean meat percentage (59.52 = 1.71%).
In contrast, LWxLA pigs achieved the best balance
between growth and carcass traits, with relatively
high lean content (61.62 = 2.13%). LWxDU crosses
had the highest weight at the day of measurement
(107.86 + 4.47 kg) and the oldest age (176.14 + 2.57

days) (P < 0.001). Overall, the results show that
crossbreeding significantly influences productive
traits and confirms performance advantages of specific
hybrid combinations, particularly LWxLA in growth
rate.

Correlation analysis (Table 4) revealed significant
relationships between age, live weight and production
traits recalculated to 100 kg live weight. Age
showed a strong positive correlation with live weight
(r = 0.66; P < 0.001), indicating that older gilts were
heavier at the time of measurement. At the same
time, age was negatively correlated with ADG
(r = -0.68; P < 0.001), suggesting that younger gilts
achieved 100 kg of live weight faster, which supports
our earlier findings showing that hybrid pigs reached
higher growth rates than purebreds.

Live weight was positively associated with lean

Table 3. Productive performance parameters of hybrid gilts across three genetic combinations

Indicator (unit) LWX(];I A:();;)r SD) LAX]()HU:()goJ)r SD) LWXaU:()1(7;r SD) P value
Age (days) 154.80 = 2.04° 157.10 £ 12.82? 176.14 + 2.57° < 0.001
Weight (kg) 101.93 + 8.47° 100.80 + 15.35° 107.86 * 4.47® < 0.001
ADG, (g/day) 653.53 £ 33.16° 638.53 + 45.67% 592.64 £ 21.04¢ < 0.001
BFT,, (cm) 0.90 + 0.26° 1.19 £0.27° 0.96 £ 0.27¢ < 0.001
LMC (%) 61.62 £2.13° 59.52 + 1.71° 60.46 + 3.24%* < 0.001
Legend: ADG : Average daily gain on 100 kg live weight; BFT  : Back fat thickness on 100 kg live weight; LMC

100°

100"

Lean meat content on 100 kg live weight; SD: Standard deviation; X: Mean; *“: different letters in the same row
indicate significant differences among the mean values (P< 0.001).

Table 4. Correlation analysis of growth and live body composition traits in fattening gilts

Indicator Age Weight ADG,,, BFT LMC,,
Age 0.664** —0.684** —0.439** 0.375%*
Weight 0.085 —0.631** 0.583**
ADG -0.032 0.0688
BFT,, —0.844%
LMC,

Legend: ADG, : Average daily gain on 100 kg live weight; BFT, :Back fat thickness on 100 kg live weight; LMC

100°

100°

100"

Lean meat content on 100 kg live weight; * Correlation is significant at the 0.05 level (2-tailed). **; Correlation is
significant at the 0.01 level (2-tailed).
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meat content recalculated to 100 kg (r = 0.58;
P < 0.001), meaning that animals with better growth
ability tended to deposit more muscle tissue. On the
contrary, a strong negative correlation was observed
between weight and BFT  (r = -0.63; P < 0.001),
which confirms that heavier animals within our
dataset generally presented a lower standardized back
fat thickness.

A highly significant negative correlation was
detected between BFT, ~and LMC 6 (r = -0.84;
P < 0.001). This result demonstrates a clear
antagonistic relationship between fat deposition and
lean mass, meaning that individuals with lower back
fat have a markedly higher lean content. This supports
phenotypic differences previously observed between
purebred and crossbred groups, where purebred pigs
(especially Duroc) showed superior lean percentage,
while hybrids grew faster but accumulated more back
fat.

Overall, the correlation results confirm that:

* younger pigs exhibit faster growth (higher ADG);

e higher body weight is associated with leaner car-
cass composition;

o fat depth and lean meat content are strongly in-
versely related;

e genotype influences these relationships signifi-
cantly, as demonstrated by performance differences
between purebreds and crossbreds.

Discussion

The results of this study clearly demonstrate
statistically significant differences (P < 0.001) in
production traits between purebred and crossbred
pigs, supporting the general assumption that genotype
plays a key role in growth performance and carcass
quality. Crossbred animals achieved higher average
daily gain recalculated to 100 kg live weight compared
with purebreds, confirming the positive heterosis
effect described by Iversen et al. (2019) and Chen et
al. (2018). Faster growth observed in hybrid pigs is
likely the result of complementary genetic traits of
the parental breeds, which is consistent with previous
reports indicating that crossbred combinations
often outperform pure lines in growth intensity and
efficiency. Similar conclusions were also reported
by Elbert et al. (2020), who demonstrated that sire
line significantly influences growth performance
and carcass yield in hybrid pigs, supporting the
observation that hybrid combinations tend to exhibit
higher growth dynamics.

In contrast, purebred pigs in the present study
achieved higher lean meat content and lower back fat
thickness recalculated to 100 kg live weight compared
with hybrids. Comparable findings were reported by
Adebambo (2021), who observed that purebred pigs
may excel in carcass quality traits despite exhibiting
lower growth rates. The higher lean meat content
observed in purebred gilts may reflect long-term
selection pressure focused on carcass composition

within commercial nucleus herds. This interpretation
is consistent with Christensen et al. (2019), who
reported high genetic correlations between purebred
and crossbred performance, particularly for carcass
traits. Similar conclusions were drawn by Esfandyari
et al. (2020), who highlighted strong genetic
correlations between purebred selection response and
crossbred performance, indicating that selection in
nucleus herds can effectively improve carcass traits
expressed in hybrid populations.

These findings reinforce the close interrelationship
between growth dynamics and carcass composition.
The present results support the concept that
crossbreeding strategies enhance growth rate through
heterosis, whereas targeted within-breed selection in
pure lines contributes to improved carcass leanness.
This interpretation aligns well with conclusions drawn
by Iversen etal. (2019), Wang et al. (2020) and Chen et
al. (2018), who emphasised the complementary roles
of hybrid vigour and purebred genetic improvement
in modern pig production systems.

When individual purebred lines were compared,
the Duroc breed exhibited superior lean meat content
and the lowest back fat thickness recalculated to 100 kg
live weight, while maintaining daily gain comparable
with Large White and Landrace. These results are
consistent with earlier reports describing Duroc as a
breed characterised by favourable carcass composition
and desirable meat quality traits (Xie et al., 2023;
Babicz et al., 2020). A similar performance tendency
was reported by Kim et al. (2020), who observed
lower back fat thickness and improved carcass quality
indicators in Duroc pigs and Duroc-based hybrids.
The slightly higher body weight at measurement
observed in Duroc pigs suggests a greater potential
for muscle deposition at comparable ages. In contrast,
Large White and Landrace pigs showed slightly
higher growth dynamics but accumulated more back
fat, which may be related to their maternal-oriented
breeding background.

Among the crossbred groups, the LWxLA
combination achieved the highest ADG100 while
maintaining balanced carcass quality parameters,
whereas LAXDU pigs exhibited the greatest back
fat thickness and the lowest lean meat content
recalculated to 100 kg live weight. The superior
performance of LWxLA hybrids suggests strong
genetic complementarity between the two maternal
breeds, potentially enhancing growth metabolism.
Conversely, the lower carcass leanness observed
in LAxDU crosses, despite the inclusion of the
Duroc breed known for lean tissue deposition, may
indicate the influence of dominance effects or breed
order within the cross. LWxDU gilts reached the
highest body weight at measurement but exhibited
lower ADG100 compared with LWxLA animals,
suggesting a more prolonged rather than rapid growth
pattern. These findings are consistent with reports
by Wang et al. (2020) and Chen et al. (2020), who
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demonstrated that crossbreeding outcomes strongly
depend on parental breed combinations and terminal
sire selection. Similarly, Wang et al. (2021) reported
that breed composition affects intramuscular fat
content and meat quality, with traditional breeds
often exhibiting superior meat quality despite slower
growth, which partly reflects the pattern observed in
pure Duroc pigs in the present study.

It should be noted that the animals included in
this study originated from several commercial farms,
where minor differences in housing conditions,
feeding strategies and management practices may
have occurred. Although all pigs were reared under
standard intensive production systems typical for
Slovak commercial pig farms, such environmental
variation could have partially influenced growth
performance and carcass traits. Previous studies have
shown that feeding regime, housing conditions and
management intensity can modulate carcass trait
expression independently of genetic background
(Li et al., 2019). Nevertheless, because all evaluated
traits were standardised to a live weight of 100 kg, the
influence of body weight differences was minimised,
enabling a more objective comparison between
purebred and crossbred pigs. Therefore, the observed
performance differences can be attributed primarily
to genetic effects, while the inclusion of animals
from different farms reflects realistic commercial
production conditions and enhances the practical
relevance of the results.
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