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PREFACE 

 

The aim of the third Scientific International Conference “Application of Scientific 

Achievements in the Field of Genetics, Reproduction, Nutrition, Carcass and Meat 

Quality in Modern Pig Production” was to present the actual carried out research 

studies conducted by different native and foreign scientific units. The spectrum 

covered different fields of animal breeding and production which are a challenge for 

both science and practice. The main research trends focus on animal production 

quality, factors determining a high degree of safe food, association of gene 

polymorphism with some swine reproductive and production traits.  

The subject matter of papers deals many aspects of animal biology along with 

genomics and provides ground for animal biotechnology development. Presented in 

that issue publications are only a part of papers discussed at the Conference, the rest 

were published in other journals: Animal Science and Reports, vol. 24 Supplement 3 

(2006); Annals of Animal Science, Supplement 2/1 (2006). 
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Abstract 
Sperm motility and survival time are commonly applied for the evaluation of semen extender quality. However, 
a new quality parameter – sperm chromatin structure – is increasingly often used for this purpose in many 
mammalian species. The aim of the study was to find a relationship between the level of sperm chromatin 
abnormalities and semen survival time. A total of 11 ejaculates collected from 4 boars and stored in 5 popular, 
commercially available extenders were used. The semen stored in PBS was used as a control sample. Samples 
were stored at 15-17°C. Sperm motility was examined every day until motility decreased to 30%. Sperm 
chromatin abnormalities were examined flow cytometrically according to the Sperm Chromatin Structure Assay 
(SCSA) method on days 1 and 14 of storage. The correlation between survival time (T) and: a) % of 
spermatozoa with abnormal chromatin (DFI) on the day of semen collection or: b) the increase of DFI after 14-
day storage (∆ DFI) was calculated. The shortest survival time (0.5 day) and the highest increase in spermatozoa 
with damaged chromatin (6.57%) were observed in the control group (PBS). In all the analysed diluents the 
average survival time ranged from 6.2 to 10.0 days, DFI ranged from 2.40% to 3.14% and ∆ DFI from 0.94% to 
2.55%. A negative correlation between DFI and survival time was found. It was statistically significant (p≤0,05) 
for two diluents. The correlation between T and ∆ DFI was differential, possibly resulting from the effect of 
diluent. 
 
Key Words: boar, semen, survival time, sperm chromatin 
 
 

Zusammenfassung 
Titel der Arbeit: Überlebensdauer von Ebersperma und Beschädigungsgrad des Spermienchromatins in 
ausgewählten Verdünnern 
Die allgemein angewendeten Kriterien in den Labortests zur Beurteilung der Spermaqualität und der Verdünner, 
die zu seiner Konservierung verwendet wurden, sind die Beweglichkeit und das Überleben. Derzeit wird zur 
Bewertung der Qualität der Fruchtbarkeit des Spermas immer häufiger ein Chromatintest verwendet. Das Ziel 
der Untersuchungen war den Einfluss von verschiedenen Verdünnern für Ebersperma auf die Überlebenszeit und 
die Struktur des Spermienchromatins zu untersuchen sowie die Abhängigkeit zwischen dem Beschädigungsgrad 
des Spermienchromatins und der Überlebensdauer der Spermien zu definieren. Für die Untersuchung wurden 11 
Frischejakulate verwendet, das von 4 verschiedenen Ebern gewonnen wurde. Die Ejakulate wurden jeweils in 6 
Teile eingeteilt und mit PBS (Kontrolle) sowie mit den fünf am häufigsten verwendeten Verdünnern gemischt, 
und bei einer Temperatur von 15-17°C aufbewahrt. Die Beweglichkeit der Spermien wurde jeden Tag solange 
beurteilt, bis eine Beweglichkeit von unter 30% eintrat. Die Chromatinstruktur der Spermien (gemäß SCSA-
Protokoll) wurde am Tag der Gewinnung des Ejakulates sowie nach 14 Tagen Aufbewahrung untersucht. Es 
wurden die Korrelations-Koeffizienten zwischen der Überlebenszeit des Spermas (T) und dem prozentualen 
Anteil der Spermien mit beschädigtem Chromatin am Tag der Entnahme (DFI) sowie die Erhöhung des 
prozentualen Anteil der Spermien mit beschädigtem Chromatin am Tag 14 der Aufbewahrung (∆ DFI) 
berechnet. Die kürzeste Zeit T (0,5 Tage) ergab sich in der Kontrollgruppe (PBS). In allen Verdünnern 
schwankte die durchschnittliche Zeit T zwischen 6,2 und 10,0 Tagen. Der durchschnittliche DFI lag in einem 
Intervall zwischen 2,40 und 3,14%. Nach 14 Tagen Aufbewahrung wurde der höchste ∆ DFI (signifikanter 
Unterschied) (um 6,57%) in der Kontrollgruppe (PBS) festgestellt. In allen Verdünnern lag dieser dagegen 
zwischen 0,94 und 2,55%. Signifikante Unterschiede (p≤0,01) wurden zwischen T in der Flüssigkeit (PBS) und 
in allen untersuchten Verdünnern beobachtet sowie zwischen T und den Tagen 6,2 und 10,0. Eine negative 
Korrelation wurde zwischen DFI und T beobachtet, diese Korrelation ist jedoch nur im Falle von zwei 
Verdünnern signifikant (p≤0,05). 
 
Schlüsselwörter: Eber, Sperma, Überlebensdauer, Spermienchromatin 
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Introduction 
The application of artificial insemination resulted in a search for the most convenient 
evaluation methods and efforts to improve semen conservation. Although many 
laboratory tests evaluating the morphological or physiological state of spermatozoa 
have been developed to complement the basic evaluation of motility, no methods are 
available for accurate prediction of fertility (GRAHAM and MOCÉ, 2005; TARDIF et 
al., 1999). This concerns both fresh and conserved semen (DUBÉ et al., 2004; 
HRSTKOVA et al., 2001). Freezing is the best conservation method, but this method 
is not widely used in pig breeding because of its low efficiency. With a small number 
of insemination doses, fertility results are reduced and the freezing process is laborious 
(GILLMORE et al., 1998). Therefore, insemination is mainly based on semen stored at 
above-zero temperatures. Extenders used for semen conservation should provide 
spermatozoa with adequate environmental osmotic pressure, stable pH and energy 
components, prevent the growth of bacteria and protect against a thermal shock to 
maximize fertilizing capacity. The usefulness of extenders can be evaluated using the 
same tests as for fresh semen, although motility and survival of conserved semen are 
evaluated the most often. 
An increasingly common method of semen fertility evaluation is the Sperm Chromatin 
Structure Assay (SCSA) (GRAHAM and MOCÉ, 2005; BOCHENEK et al., 2001) 
which evaluates fragmentation level of DNA. This fragmentation depends on the stage 
of cell growth and differentiation, disturbances in these processes or the action of toxic 
agents. Opinions on the correlation between the level of chromatin damage and other 
semen traits are similar and usually reflect the relationship between the state of sperm 
chromatin and fertility. Studies with a large number of frozen bull ejaculates 
(BALLACHEY et al., 1987) showed the presence of a high correlation between sperm 
sensitivity to denaturation and fertility obtained after insemination with this semen, 
with the level of this sensitivity reflecting even the smallest differences in fertility 
(BOCHENEK et al., 2001). KĄTSKA-KSIĄŻKIEWICZ et al. (2005) obtained better 
results of embryonic development after in vitro fertilization with frozen semen 
containing a lower percentage of spermatozoa with damaged chromatin. Studies with 
humans (ARAVINDAN et al., 1997; GOLAN et al., 1997) also showed a close 
relationship between the increased sensitivity of chromatin to denaturation and lower 
fertility. 
The aim of the study was to evaluate the effect of different boar semen extenders on 
survival time and sperm chromatin structure and to determine a relationship between 
the level of sperm chromatin abnormalities and semen survival time. 
 
 

Material and Methods 
A total of 11 fresh semen ejaculates were collected from 4 crossbred boars. Whole 
ejaculates were collected by hand manipulation into water-jacketed vessels. After 
collection, removal of gelatinous material and evaluation of motility and 
concentration, semen was divided into 6 portions and extended using PBS (control) 
and the five most common extenders to a concentration of approx. 30x106 sperm per 
mL, after which they were placed in a cold store at 15-17°C. To evaluate motility, 1 
mL samples were taken every day from the stored semen, placed in a water bath at 
37°C and evaluated after 30 min under a phase-contrast optical microscope (200x 
magnification). The day on which the proportion of normally motile sperm decreased 



 104

to 30% was considered to be the end of the survival period. Sperm chromatin structure 
was analysed on the day of collection and after 14 days of semen storage using a flow 
cytometer in accordance with the SCSA protocol (EVENSON, 1990). Differences 
between survival time, percentage and increase of sperm with damaged chromatin, 
stored in different extenders, was  made using the T test. Correlation coefficients were 
calculated between semen survival time (T) and the percentage of sperm with damaged 
chromatin on the day of collection (DFI) and the increase in the percentage of sperm 
with damaged chromatin after 14 days of storage (∆ DFI). 
 
 

Results 
The shortest mean survival time of semen (0.5 day) was found in the control group 
(PBS). For all the extenders analyzed, mean survival time ranged from 6.2 to 10.0 
days. The mean percentage of sperm with damaged chromatin on the day of dilution 
was very low in all the fluids and ranged from 2.40 to 3.14%. The highest increase in 
the percentage of sperm with damaged chromatin (by 6.57 %) was found in the control 
group (PBS), and in all the extenders used for boar semen conservation it ranged from 
0.94 to 2.55%. Highly significant differences (p≤0.01) were found using the T test 
between survival time of semen stored in PBS (0.5 day) and in all the extenders 
analysed, and between survival time of semen conserved with diluents II and IV. 
Significant differences (p≤0.05) were found between survival time of semen diluted 
with extenders II and V and between the increase in the percentage of sperm with 
damaged chromatin, stored for 14 days in PBS and extender IV (Tab. 1). 
 
Table 1 
Average survival time (T), percentage of spermatozoa with damaged chromatin on the day of collection (DFI) 
and increase of DFI after 14 days of storage (∆ DFI) in different diluents (I-V and PBS). 

Diluent I II III IV V PBS 

T (no.of days) ±SD 8,5±4,3B 10,0±3,5B,C,a 8,4±4,3B 6,2±2,6B,D 6,8±3,0B,b 0,5±0,9A 

DFI (%) ±SD 2,79±0,92 3,12±0,97 3,14±1,14 2,80±0,75 2,40±0,69 2,49±0,82 

∆ DFI (%) ±SD 2,21±2,76 2,55±2,43 2,44±2,08 0,94±1,39b 2,41±2,17 6,57±6,88a 

SD – standard deviation 
A,B and C,D – statistically significant differences  (p≤0.01) 
a,b - statistically significant differences (p≤0,05) 
 
A negative correlation was found between the percentage of sperm with damaged 
chromatin and semen survival time (Tab. 2), although this correlation was significant 
(p≤0.05) only for extenders I and III. 
 
Table 2. Correlations between survival time (T) and percentage of spermatozoa with damaged chromatin on the 
day of collection (DFI) and increase of DFI after 14 days of storage (∆ DFI) in different diluents (I-V) and PBS. 

Diluent I II III IV V PBS 

T vs DFI correlation -0,69* -0,43 -0,64* -0,004 -0,28 -0,54 

T vs ∆ DFI correlation -0,03 -0,56 0,43 0,64* 0,09 -0,15 
* - statistically significant correlation (p≤0,05) 
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The correlations calculated between semen survival time and the increase in the 
percentage of sperm with damaged chromatin are varied (Tab.2). They are negative, 
positive, close to zero or close to significance level, and significant for one extender 
(p≤0.05). This concerns the extender characterized by the shortest semen survival time 
and the lowest increase in the percentage of sperm with damaged chromatin. 
 
 

Discussion 
Sperm motility is commonly applied for evaluating boar semen quality and, according 
to many researchers, it affects fertility results in addition to the number of spermatozoa 
in a dose (TARDIF et al., 1999; DUBÉ et al., 2004; NEHRING and STAEHR, 2001). 
The our results indicate that the presence or absence of a correlation between the 
chromatin abnormalities and semen survival time can be determined by the type of the 
environment in which semen is stored. In our earlier studies with different antioxidants 
added to boar semen extenders, we found a positive effect of magnesium fumarate on 
semen survival time parallel to a significant increase in the percentage of sperm with 
damaged chromatin (SZCZĘŚNIAK-FABIAŃCZYK at al., 2003). 
Studies with humans also showed the lack (EVENSON et al., 1999; SPANO et al., 
1999) or weak (BOCHENEK et al., 2004) relationship between the increased 
sensitivity of chromatin to denaturation and such parameters as motility, morphology 
or state of acrosomes. 
Assuming the negative effect of sperm chromatin damage on fertility, a practical 
conclusion from our observations is that it is necessary to use the SCSA as an 
additional criterion of laboratory semen testing in addition to motility. The use of this 
method of evaluation can improve the selection of boars and ejaculates in terms of the 
extender used and semen storage time. This procedure may result in higher farrowing 
rates and greater litter sizes from the inseminated pigs. 
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Abstract 
Data from PL pigs over 1973-1999 and the line PL-23 in 1984-1999 maintained in the closed pig herd in 
Pukarzów were used to estimate genetic parameters and genetic gain for reproduction traits. Data sets were 
analyzed by using restricted maximum-likelihood programs. In the case of the PL breed, genetic progress was 
positive for body weight as defined on the day of assessment and daily gain  was on average .50 kg/yr for 
(weight -W) and .39 g/yr for  (adjusted daily gain -ADG). For backfat thickness and percentage meat content, the 
genetic reactions were negative and were between -.05 mm/yr and –.05 %/year respectively. The estimated 
genetic progress for the PL-23 line was: .39 kg/yr for body weight on the day of assessment, .08 g/yr for daily 
gain, -.03 mm for backfat thickness and  .29 for the percentage content of meat /year. 
 
Key Words: genetic trend, genetic parameters, fattening performance, slaughter performance, pig 
 
Zusammenfassung 
Titel der Arbeit: Charakteristik der genetischen Parameter und des genetischen Fortschrittes für Mast- 
und Schlachtmerkmale einer Sauenherde der Polnischen Landrasse im Zeitraum von 25 Jahren 
Zur Bewertung genetischer Parameter und des Zuchtfortschrittes der geschlossenen Zuchtherde der Polnischen 
Landrasse in Pukarzów standen Daten aus den Jahren 1973-1999 und für die Linie PL-23 Daten aus den Jahren 
1984-1999 zur Verfügung. Die Berechnungen erfolgten mittels der REML-Methode (restricted maximum-
likelihood program). Bei der Polnischen Landrasse betrug der genetische Fortschritt ausgedrückt als linearer 
Regressionskoeffizient im erfassten Zeitraum für das Körpergewicht 0,5 kg und für die tägliche Zunahme 0,39 g. 
Für die Speckdicke wurde ein Rückgang von -0,05 mm und für den prozentualen Fleischanteil von -0,05 
beobachtet. Der geschätzte jährliche Zuchtfortschritt in der Pl-23 Linie betrug für die vier genannten Merkmale 
0,39 kg, 0,08 g, -0,03 mm, dagegen für den prozentualen Fleischgehalt 0,29.  
 
Schlüsselwörter: Zuchtfortschritt, genetische Parameter, Mastleistungsmerkmale, Schlachtleistungsmerkmale, 
Schwein 
 
 
The effects of the breeding work expressed as the genetic improvement are of special 
importance because they are stable and, on account of that, they come down to the 
following generations. The effects are particularly influenced by the accuracy of 
breeding value estimation. Therefore, one of the basic issues included in animal 
improvement appears to be evaluation of animal genetic value. The genetic value is 
determined on the basis of individual phenotypic value or phenotypic value of the 
blood-relationes. The assumed proceeding course depends mainly on the specific 
properties of the evaluated attributes, whose character facilitates these attributes direct 
determination on a given individual or on its blood-relations exclusively. Only very 
few characteristics may be evaluated on the grounds of animal utility. In most cases,  a 
level of the analyzed parameters is estimated on the grounds of the blood-relatins 
utility ,i.e. offspring and all siblings [RÓŻYCKI, 1983]. 
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Animal utility is a resultant of two groups of factors: genetic and environmental. A 
basis for the genetic improvement is the differentiation in what part the stated utility 
depends on an individual genotype (handed down to offspring by an animal)and in 
what part it is subject to the environmental factors. Observing variation of particular 
attributes of great economic consequence, it is evident that there are potentials for 
genetic improvement of most of these characteristics that determine the usability of 
this animal species for production. 
High fecundity, intensive selection and short time intervals between generations 
facilitate the growth in pig performance value at a relatively short span of time. High 
productive effects obtainable in every herd lie entirely with, among others, a choice of 
an appropriate breeding work method, a hereditability level of a trait towards which a 
selection is conducted and genetic correlations, genetic variation of the selected 
individuals as well as compliance with the nutrition and maintenance requirements. 
For a number of years the breeders have focused on the evaluation methods and their 
implementation in the pig improvement. A conception of the organized breeding work 
on livestock in the Polish breeding centers, constituting the close herds, was elaborated 
in the early 1970s [DUNIEC and RÓŻYCKI, 1972; RÓŻYCKI, 1974, 1977]. 
However, a main drawback of this work proved to be a lack of verification of the set 
breeding aims as well as its efficiency evaluation from the genetic point of view. Traits 
hereditability and the estimated correlation coefficients including constant and random 
factors are specific for a given population living at the defined time. Hence, a reliable 
estimation may be of vital importance to efficient improvement of a breeding program 
for a given population. The present work aims at estimation of the genetic parameters 
and breeding progress in a close herd of PL breed pigs and the line PL-23 in 
Pukarzów. 
 
 

Material and methods 
The analytic material was made up by the data enclosed in the zootechnical records 
and stored in the farm archive. The data dealt with the fattening and slaughter 
performance of gilts and young boars born at the farm in the years 1973-1999. This 
elaboration covers the results of the PL breed in the fourteen generations at the 26 
years span and the line 23 in the ten generations over 15 years. A fattening and 
slaughter value of gilts and young boars was estimated on the basis of 17429 boars and 
3598 gilts of PL breed as well as 1431 young boars and 591 gilts of the PL-23 line. It 
included: 
 

1. body weight of estimation day – W(kg) 
2. standard daily gain – ADG(g) 
3. mean standard backfat thickness – BF (mm) 
4. height of loin”eye”  – LH (mm) from 1993 
5. level of meat content  –  LMC from 1995 

 

For each characteristics, hereditability coefficients were estimated. The correlation 
coefficients between the mentioned performance features were computed. There was 
employed Eildert Groneveld computer program VCE 4.2.5. with REML method 
(Restricted Maximum Likelihood Procedure) that facilitates the relatively best 
approximation [GROENEVELD et al., 1992] and individual model. Characteristics 
estimation was carried out based on the following model: 
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Yijklmn = µ + R i + (RxS) ij +P k + β1 (mc ijkl - mc) + β2 (w ijkl - w)    + am +e ijklmn 
 
Y ijklmn –the phenotype value of the individual 
µ  - population mean 
R i- the fixed influence of the   birth year  
(RxS) ij- the fixed influence of the year x season interaction 
P k- the fixed influence of gender 
β1 (mc ijkl- mc)- body mass regression 
β2(w ijkl-w)- age regression 
a m –random additive value of the individual 
e ijklm- random effect of the environment.  
 
To determine the efficiency of the breeding work, genetic improvement estimates were 
applied, which was expressed as a rectlinear regression coefficient. The basis for the 
genetic trends determination in an investigated population comprised  the records for a 
year of an individual birth depicting the changes of genetic quality in time. The 
computations were performed with computer program BLUPf90 by IGNACY 
MISZTAL (1994) using a multitrait individual model covering the same random 
factors and constants, like in the case of genetic parameters. Calculating the genetic 
parameters and a genetic trend, the standardization of backfat thickness was made at 
110kg body weight. 
 
Table 1 
Hereditability coefficients on a diagonal table (h^2)and genetic correlation coefficients (rG) for the PL breed 
 
h2 

 
W 

 

 
ADG 

 
BF 

 
LH 

 
LMC 

W 0.284 rG – (-0.746) rG – (0.240) rG – (-0.351) rG – (-0.758) 
ADG rG – (-0.746) 0.277 rG – (-0.004) rG – (0.321) rG – (0.960) 
BF rG – (0.240) rG – (-0.004) 0.115 rG – (-0.219) rG – (-0.245) 
LH rG – (-0.351) rG – (0.321) rG – (-0.219) 0.117 rG – (0.834) 
LMC rG – (-0.758) rG – (0.960) rG – (-0.245) rG – (0.834) 0.589 

 
Table 2 
Heritability coefficients on a diagonal table (h^2)and genetic correlation coefficients (rG) for the line PL-23 
 
h2 

 
W 

 

 
ADG 

 
BF 

 
LH 

 
LMC 

W 0.082 rG – (-0.178) rG – (0.145) rG – (-0.271) rG – (-0.264) 
ADG rG – (-0.178) 0.459 rG – (0.292) rG – (0.256) rG – (0.006) 
BF rG – (0.145) rG – (0.292) 0.152 rG – (-0.311) rG – (-0.870) 
LH rG – (-0.271) rG – (0.256) rG – (-0.311) 0.115 rG – (0.718) 
LMC rG – (-0.264) rG – (0.006) rG – (-0.870) rG – (0.718) 0.165 

 
 

Results 
The hereditability coefficients of the examined gilts and young boars body weight are 
given in Table 1 and 2.Their value ranged from h2=0,284 (PL breed) to h2=0,082 (line 
PL-23). It was found that a daily gain belonged to the medium hereditable traits. There 
was also established low hereditability for backfat thickness for both breeds. The 
hereditability coefficients of loin “eye” height and % meat content were for PL breed 
and the line PL-23 h2=0,117 and 0,589 and h2=0,115 and 0,165, respectively. The 
values of the determined hereditability indices imply that selection towards daily gain 



 

 

110

and % meat content is supposed to be the most effective. Relatively low and positive 
dependences were obtained between W and BF (rG=0,240 – PL and rG=0,145 – line 
PL-23). It was noted that along with daily gain growth, the loin ”eye” grows. The 
correlations between daily gain and % meat content estimated for the PL breed were 
high and reached rG=0,960, while for the line PL-23 appeared very low and averaged 
rG=0,006. 
The trends of genetic changes of the fattening and slaughter characteristics in PL breed 
are presented in Figure 1 and 2.  
 

Fig. 1: Genetic trends (PL)
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Fig. 2: Genetic trends for backfat thickness and lean meat content 
percentage (PL)
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Body weight analyzed in the experimental years showed an upwards tendency. The 
highest values of the genetic trends as compared to daily gain were recorded in the 
years 1986, 1991 and 1997, whereas the lowest in 1976 (Figure 1). Analyzing 
percentage of meat content, it was stated that the highest genetic value was shown by 
the animals born in 1993 (Figure 2).  
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A genetic improvement was positive for the body weight determined on the estimation 
day and daily gains and averaged for PL breed (Tab. 3) – ,50kg for W and ,39g for 
ADG. The positive genetic trends were also established for backfat thickness (-,05 
mm).  Whereas  for  percentage  meat  content  the  genetic reactions proved negative 
(-,05%). The estimated breeding progress for the line PL-23 was as following: 39kg 
for W; ,08g for ADG. -,03 mm for BF and ,29 for LMC (Tab. 3). 
 
Table 3 
Genetic advances in the analysed pig population 

 
Breed 

 

 
Characteristics 
 

 
Straight-line regression coefficient 
 

PL W             0.504 
P≤0,69

 ADG             0.391 
P≤0,00

 BF             -0.049 
P≤0,00

 LMC              -0.055 
P≤0.00

Line PL-23 W               0.395 
P≤0.00

 ADG               0.076 
P≤0.00

 BF               -0.034 
P≤0.00

 LMC               0.290 
P≤0.00

 

A graphic picture of the trend value with regard to daily gains (line PL-23) over the 
analyzed ten generations indicates that the most valuable genetically individuals were 
born in 1985, 1990 and from 1994 to 1999. From 1995 the gains growth was recorded 
along with decreasing body weight (Figure 3). Analyzing the changes in backfat 
thickness, some positive tendencies in the genetic values of the animals were noted  
from 1995 to 1999 (Fig. 4). 
 

Fig. 3: Genetic trends for weight and adjust daily gain  (PL-23). 
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Fig. 4: Genetic trends for backfat thickness and lean meat content (PL-23). 
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A genetic progress estimated for the line PL-23 was slight, yet it was characterized by 
a positive trend of changes in all the considered traits (Tab. 3, Fig. 3 and 4). 
 
 

Discussion 
Hereditability being a measure of conformability between a genotype and phenotype 
within daily gains of the PL breed and  the line PL-23 proved comparable with the 
results of SILVA et al. [1992]. For the Landrace and Large White breeds maintained in 
Brasil, the authors give the hereditability coefficients: h2=0,40 and h2=0,26, 
respectively. The convergent results are presented in the studies run by CHEN et al. 
[2002]. KAPŁON et al. [1991] estimated the hereditability of daily gains of PLW 
breed animals kept in the years 1978-1987 at the level h2=-,27. Far lower values of the 
analyzed parameter for gilts Swedish Landrace evaluated in two herds were presented 
by KOSOVAC et al. [1997] (h2=0,15 and h2=0,11) as well as GUERRA et al. [1992] 
(h2=0,19). Similarly, MERKS in Holland [1988] assessed hereditability of gains of 
Dutch Landrace and Dutch Yorkshire at the following level: h2=0,12 and h2=0,18. In 
the present investigations, it was found that backfat thickness is a low hereditable trait, 
that is convergent with the results of GUERRA et al. [1992]. MERKS [1988] reports 
that hereditability of backfat tickness in Dutch Yorkshire and Dutch Landrace breeds 
is contained within 0,23-0,28. A slightly higher hereditability level of this trait is 
mentioned by KOSOVAC et al. [1997]. According to these authors, this parameter 
value ranged from 0,34 to 0,33, while the highest indices were recorded by 
BUCZYŃSKI [1988] (h2=0,956 for young boars and h2=0,516 for gilts). This author 
holds that hereditability in relation to body weight was 0,326 (young boars), 0,439 
(gilts) for the gain h2=0,394 and h2= 0,840. Whereas, the investigations of FERRAZA 
and JOHNSON [1993] on the Landrace and Large White pigs showed the following 
hereditability indices of daily gains from 30 to 104 kg: 0,23-0,34 and 0,40-0,50 for 
backfat thickness. The differences in this parameter are attributed to the employment 
of different methods for the genetic parameters estimation as well as considering 
different populations. 
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The analysis of dependences between gain and backfat thickness was performed by 
numerous authors, among others SILVA et al. [1992], MERKS [1988], BIZELIS et al. 
[2000]. In the studies of the mentioned above scientists, the correlation coefficients 
ranged from 0,14 and 0,61 up to 0,78, subject to a breed and station. From the data 
presented in Table 1, it follows that in PL breed there occur some minor genetic 
connections between a gain and backfat thickness (rG=-0,004). Correlation between 
ADG and BF in the case of the line PL-23 (Tab. 2) was rG=0,292 and proved 
convergent with the results given by KAPŁON et al. [1990a] for PLW breed estimated 
over the years 1978-1987. A meat content was negatively correlated with backfat 
thickness (Tab. 1, 2). The obtained correlation coefficients between BF and LMC 
(rG=-0,245) for PL breed and (rG=-0,870) for the line PL-23 did not deviate from those 
evaluated for the gilts and young boars of Swedish Landrace by UREMOVIC et al. 
[1995]. They claim that dependences between backfat thickness and meat content 
percentage amounted to rG=-0,42 to rG=-0,79 (thickness of backfat between rib 3 and 
4) 60 mm off the central dorsal line, rG=-0,27 to rG=-0,63 behind the last rib 65 mm 
from the central dorsal line. 
The obtained values of correlation coefficients between BF and LH (rG=-0,311) proved 
similar to those reported by SILVA et al. [1992]. For the Swedish Landrace, 
UREMOVIC et al. [1995] describe the following relationships between the mentioned 
traits: rG=0,18-0,52 and rG=0,14-0,45. Different correlation coefficients obtained by 
the authors may result from the interspecies differences, variation of productive 
environment where the researches were made and the different measurement methods. 
The highest positive correlation determined in the present investigations was recorded 
for meat quantity and loin “eye” height (Tab. 1, 2). The interdependences between the 
mentioned traits were estimated at the level of rG=0,834 (PL) and rG=0,718 (line PL-
23). On these grounds it is affirmed that these traits constitute the proper indices 
characterizing the conformation, thus the selection including one of them will lead to 
meatiness growth. For the pig population of PLW breed, the genetic trends were 
estimated by KAPŁON et al. [1990b] for the years 1978-1987. They found the lower 
estimates of the breeding improvement for the fattening and slaughter traits as 
compared to the present investigations. The genetic trends, according to KAPŁON et 
al. [1990b] developed like that: 0,4+-0,4 for ADG and -,009 +-0,01 for BF. 
In the present studies on backfat thickness, there were obtained the similar trends just 
like HUDSON and KENNEDY [1985] reported for Yorkshire, Landrace, Hampshire 
and  Duroc  breeds  animals  born  between 1976 and 1983 in Canada (-,12: -,18: -,02: 
-,02 mm/year, respectively). According to CHEN et al. [2002] the genetic trends for 
this trait were -,39 mm/year. However, the researches conducted by CSATO et al. 
[1994] analyzing the breeding work over the years 1986-1996 on the Hungarian 
Landrace and Hungarian White did not exhibit any differences in backfat thickness. In 
France, the genetic trends were evaluated for LW and FL over the years 1969 – 1981. 
While, WEBB [1995] recorded for gains: 2,9g and 1g respectively and for backfat 
thickness -,26 mm and -,16 mm/year. The genetic trends computed by LUNDHEIM 
and ERIKSSON [1984] and ROEHE et al. [1993] for Landrace and Yorkshire 
developed as following: 6g and 4g for daily gain and ,40 and ,58 for % meat content. 
In the light of the obtained results, the genetic improvement for the analyzed pig 
population was shown beneficial within daily gain and backfat thickness, whereas for 
the line PL-23 for % meat content as well. The positive values of genetic trends 
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confirm the proper direction of the breeding work, while  the low values imply poor 
selection efficiency. Therefore, in order to attain better effects of performance 
parameters, the results determining the breeding animals value with BLUP method 
should be implemented in practice as this method serves better prediction. 
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Abstract 
Evaluation of the 25-year breeding work on PL sows (4816) over 1973-1999 and the line PL-23 (925) in 1984-
1999 maintained in the closed pig herd in Pukarzów. Data sets were analyzed by using restricted maximum-
likelihood programs. The estimated heritability factors of breeding usability characteristics remained at a low 
level and were, in the case of the population of the PL race sows: h2 = 0.023 for the number of live piglet births 
(NBA), h2 = 0.027 for the number of piglets on the 21st day (NW21), h2 = 0.030 for the litter weight (LW21). 
The heritability of analogous indicators for line PL-23 sows was: 0.061, 0.058 and 0.075 respectively. Average 
genetic gain for PL were  -.05 pigs/yr, -.04 pigs/yr, -.48 kg/yr for NBA,  NW21 and LW21 respectively. Genetic 
trends for reproductive performance PL-23 breed were  .17 pigs/yr, .10 pigs/yr, .54 kg/yr for NBA,  NW21 and 
LW21 respectively. 
 
Key Words: genetic gain, genetic parameters, reproductive traits, pig 
 
 
Zusammenfassung 
Titel der Arbeit: Bewertung der genetischen Parameter und des Zuchtfortschritts für Reproduktions-
merkmale in der Mutterschweinezuchtherde der Rasse Polish Landrace für einen Zeitraum von 25 
Jahren 
Untersucht wurden die Reproduktionsmerkmale von 4816 Sauen in Pukarzów, einer geschlossenen Herde 
Polnischer Landrasse der Jahre 1973-1999 sowie im gleichen Betrieb 925 Sauen der Linie PL-23 aus den Jahren 
1984-1999. Die Berechnungen erfolgten mittels der REML-Methode. Die geschätzten Heritabilitätskoeffizienten 
waren relativ niedrig und lagen bei der Polnischen Landrasse für die Anzahl lebend geborener Ferkel bei 0,023, 
für die Ferkelzahl am 21. Tag 0,027 und das 21 Tage Wurfgewicht bei 0,030. Die analogen Schätzwerte für die 
Linie PL-23 waren  0,061,  0,058 bzw.  0,075. Die linearen Regressionskoeffizienten für den genetischen Trend 
in den untersuchten Jahren lagen für diese drei  Merkmale bei der Polnischen Landrasse bei  -0,05,  -0,044  bzw. 
-0,484. Die analogen Schätzwerte für die Linie PL-23 betrugen  0,166,  0,099  bzw.  0,544. 
 
Schlüsselwörter: Zuchtfortschritt, genetische Parameter, Geburts- und Aufzuchtleistung, Schwein 
 
 
In the late 1960s in Poland, in spite of the use of a strict selection, a lack of the genetic 
gain in the scope of breeding usefulness was ascertained. Besides that, in fattening and 
carcass characteristics, a regression was observed. For that reason, to allow the further 
improvement of the stock, with the beginning of the 1970s, work over the new 
organization of pig farming in Poland began, intended on consolidation of pure-breeds 
[DUNIEC and RÓŻYCKI, 1972; RÓŻYCKI, 1974, 1977]. Having these premises in 
mind, breeding centres were appointed in 1974 (closed herds) to produce specialized 
lines, intended in the future for interbreed crossing and interlinear crossing, and to 
prevent disease conveyance. The essential target, which inspired the idea to create 
large breeding units, was the differentiation of the population of pigs within national 
breeds and the limitation of the inflow of pigs’ genes resulting from importation. 
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Bearing in mind the minimization of inbreeding, it was assumed that at least 8 groups 
of sows and 8 groups of boars should enter the breeding centre  [RÓŻYCKI, 1977]. 
Breeding and selective work were held on the basis of a previously established 
breeding program. The next emphasized problem in the breeding and selective work at 
breeding centres was the useful characteristics’ improvement, important from the 
economic point of view. In this aspect, special attention was paid to the improvement 
of the growth rate and better utilization of the fodder, the improvement of meat 
characteristics and reproductive usefulness. The program of genetic improvement of 
useful characteristics of the national pig herd was realized in Poland in 32 
economic(breeding) centres, attaining different stages of program realization and 
diverse level of productivity coefficients [BUCZYŃSKI, 1988; SŁOMKOWSKI, 
1985]. 
The basic imperfection was the lack of exact verification of established breeding 
targets, with reached performance. Although to work out the breeding programs was of 
great importance, most often there was not sufficient time or patience to check into 
which measure these plans became realized. The minute recognition of effectivness of 
the breeding work held in Poland in the scope of pigs [SŁOMKOWSKI, 1985; 
BUCZYŃSKI, 1988; KAPŁON, 1991; LECHOWSKA, 1998] determined the 
encouragement to enter upon research concerning this problem. 
In this work an attempt has been made to present an assessment of the results of 
breeding work with a herd of breeding pigs in Pukarzow. Genetic parameters and 
genetic trends have been assessed, since knowing the values of these parameters for 
characteristics which should be improved when breeding in a specific  population 
using sound assessments is indispensable for the efficient development of a breeding 
programme for future years. 
 
 

Materials and methods 
The material for the study consisted of data relating to 16,528 litters including 4,816 
first litters (PL) and 2,417 litters which included 925 first litters (the PL-23 line), 
recorded in zootechnical documentation held at the Pig Breeding Farm in  Pukarzow 
for the period 1973 to 1998. This performed work includes results concerning the PL 
breed in fourteen generations concerning a time period of 26 calendar years, and lines 
PL- 23 in ten generations for the cycle of 15 years. 
Heritability and repeatability indicators were calculated for the following 
characteristics: fertility (the number of live piglet births - NBA), the number of piglets 
raised (NW21), litter weight (LW21). 

Genetic correlations were defines between the following characteristics: 
1. fertility and the number of piglets on the 21st day, 
2. fertility and the litter weight on the 21st day, 
3. the number of piglets raised and the litter weight on the 21st day. 

The heritability and repeatability of the characteristics and genetic correlation was 
assessed applying Eildert Groeneveld’s VCE 4.2.5 computer program using the REML 
(Restricted Maximum Likelihood Procedure) method. In estimating the parameters, an 
individual model was used because an animal model takes into account all genetic and 
environmental links so the calculations are not affected by selection errors, and hence 
they appear to give the most credible value estimates for breeding animals [ADAMEC 
and JOHNSON, 1997; GROENEVELD et al., 1992; CHEN et al., 2003; 
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HANENBERG et al., 2001; KAPŁON, 1991; KENNEDY et al., 1988; 
SOUTHWOOD and KENNEDY, 1991].   
Breeding usability indicators for PL breed sows were calculated using the model: 
Yijklmno = µ + R i + S ij + RM ijk  + M ijkl + p m + a n + c m+ e ijklmno 
Y ijklmno – the phenotype value of the individual 
µ  - population mean 
R i- the fixed influence of the  sow’s birth year  
Sij- the fixed influence of the litter birth season   
RM ijk- the fixed influence of  the litter birth year  
M ijkl- the fixed influence of the subsequent litter  
p m- the random influence of the maternal environment 
a n –the random additive  genetic value of the individual 
c m- the random genetic influence of the mother 
e ijklmno- the random influence of the environment. 
 
In the case of the sows of the PL-23 line the calulations were carried out using the 
following model: 
Yijklmn = µ + R i + S ij + RM ijk  + M ijkl + p m + a n + e ijklmno 
The basis for determining genetic trends in population studies were solutions for the 
year of birth of the individual describing changes in genetic quality over time. Genetic 
progress was expressed as a straight-line regression coefficient. The calculations were 
carried out using Ignacy Misztala’s BLUPf90 computer program utilising a multi-
characteristic individual model, taking into account the same fixed and random factors 
as in the case of the genetic parameters. 
 
 

Results 
The estimated heritability factors of breeding usability characteristics remained at a 
low level and were, in the case of the population of the pbz race sows: h2 = 0.023 for 
the number of live piglet births (NBA), h2 = 0.027 for the number of piglets on the 21st 
day (NW21), h2 = 0.030 for the litter mass (LW21) (Tab. 1). The heritability of 
analogous indicators for line pbz-23 sows was: 0.061, 0.058 and 0.075 respectively 
(Tab. 2). The estimated parameters for characteristics linked to reproduction  showed 
an admittedly small, but significant influence of genetic principles on the fertility 
characteristics of the females. 
 
Table 1 
Heritability coefficients on a diagonal table (h^2)and genetic correlation coefficients (rG) for the PL breed 
 
h2  

 
NBA 

 
NW21 

 
LW21 

NBA 0.023 rG – (0.985) rG – (0.781) 
NW21 rG – (0.985) 0.027 rG – (0.823) 
LW21 rG – (0.781) rG – (0.823) 0.030 

 
Table 2 
Heritability coefficients on a diagonal table (h^2)and genetic correlation coefficients (rG) for the PL-23 line 
 
h2  

 
NBA 

 
NW21 

 
LW21 

NBA 0.061 rG – (0.984) rG – (0.891) 
NW21 rG – (0.984) 0.058 rG – (0.901) 
LW21 rG – (0.891) rG – (0.901) 0.075 
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The values of the genetic correlation coefficients between the breeding usability 
characteristics of the PL race sows analysed are presented in Table 1. From the data 
therein it can be concluded that the high dependencies between the characteristics 
means that it is permissible to take just one of them into account when selecting, e.g.  
the number of piglets reared to the 21st day of life.  
The number of farrows born alive was significantly correlated (rG = 0.985) with the 
number of farrows at day 21 of life (rG = 0.781) and with the litter weight at day 21. 
The correlation between the number of farrows at day 21 of life and with the litter 
weight in this period achieved the level of rG =  0.823. Genetic correlation coefficients 
were also high for the PL- 23 breed (Tab. 2). As ascertained in the author’s own 
research, there is a high positive correlation between the sow breeding useful 
characteristics. 
The next very important parameter in breeding and selective work is the repeatability 
of production characteristics (i.e. the ability to repeat the same values in subsequent 
litters). The results given in Table 3 show that the estimated repeatability of the useful 
breeding characteristics ranged from 0.116 to 0.236. 
 
Table 3 
Repeatability coefficients of the breeding usage characteristics r2 

 
Item 

 
PL breed 

 
Line PL-23  

 
NBA 0.117 0.209 
NW21 0.116 0.193 
LW21 0.122 0.236 

 
Table 4 
Genetic advances in the analysed pig population 

 
Breed 

 
Characteristics 

 
Straight-line regression coefficient 

PL NBA             -0.005 
p≤0.69

 NW21             -0.044 
p≤0.00

 LW21             -0.484 
p≤0.00

Line PL-23  
 

NBA               0.166 
p≤0.00

 NW21               0.099 
p≤0.00

 LW21               0.544 
p≤0.00

 
It was shown that estimated genetic trends for sows of the PL breed (Tab. 4, Fig. 1, 2) 
had been very minor and not always desirable. Negative directions of changes in 
number of born alive and reared farrows (Fig. 1) appeared in 1975-1983 and 1985-
1992. Analysing the formation of the genetic trend for litter weight (Fig. 2), the rise of 
estimated breeding values in sows by 1983 was ascertained, whereas from 1985 the 
values were decreasing, and the renewed positive trend appeared from the year 1992. 
The results of the tendency valuation expressed with the standard deviation for the line 
PL-23 were shown in Fig. 3 and 4. The graphic image of the trend value evidences the 
positive direction of changes, both for the number of born and reared farrows, and for 
the litter weight. 
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Fig. 1:  Genetic trends in PL
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Fig. 2: Genetic trends for LW21 (PL)
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Fig. 3: Genetic trends (PL-23)
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Fig. 4:  Litter weight (PL-23)
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Discussion 
The planned target will not be achieved by the selection based on the animal 
phenotype, and often undesirable results may be achieved. Separation of genetic 
variability in the population, and by that a heritability coefficient, is extremely 
important, as this parameter determines the effectivity of the selection and the level of 
predicted genetic gain, with respect to the certain period of time and at the specific 
selective difference. The numerical values of breeding characteristics’ heritability 
obtained in this work correspond with the results for the wbp breed reported by 
BIZELIS et al. [2000], KAPŁON et al. [1990a], HANENBERG et al. [2001] (for sows 
Dutch Landrace) and HAMMANN et al. [2004] (0.09 – 0.15 for the number of farrows 
born alive for the breed Pietrain and Teutons Landrace, respectively). Convergent 
results regarding the number of farrows born alive (h2 =0.12) and the litter weight (h2 
=0.09) were obtained by ADAMEC and JOHNSON [1997] who investigated the sows 
of the breed Large White and Landrace from pedigree herds in Czech Republic. 
However, BUCZYŃSKI [1988] obtained the following heritability coefficients: h2= 
0.152 (for the number of farrows of day 1.), h2 = 0.096 (for the number of farrows at 
day 21.) and h2 = 0.154 (for litter weight). Higher coefficients of this parameter were 
obtained by LEWCZUK et al. [1991c]. According to them, the average heritability for 
the total number of farrows born alive, in the whole of the sow’s productive life for the 
PL and PLW breeds, amounted to respectively 0.256 and 0.267, and farrow at day 21 
numbered 0.238 and 0.255, and litter weight 0.403 and 0.410. Similar results are 
reported by LECHOWSKA [1998]. Low heritability coefficients indicate not only the 
susceptibility of the breeding characteristics on the activity of environmental factors 
(which actively control the efficiency of a sow organism), but also on the great 
constancy of the genetic information being descended from the parents. The reported 
values show that the genetic lability has a small share in the entire phenotypic liability, 
observed between sows. Thus, it can be inferred from the obtained h2 values that 
phenotype-based selection not greatly increases the chance of the breeding 
characteristics’ improvement. The selection based on the results of breeding value 
estimation should be done in the sow herd of the PL breed, by use of the most 
currently reliable BLUP method. In Denmark, for example, a combined procedure is 



 

 

122

applied to estimate the breeding value in respect of the breeding use, emphasizing the 
h2 and repeatability of the feature, using the selection focused on the optimum litter 
size [SORENSEN, 1991]. 
The analysis of breeding characteristics in the author’s own research showed a high 
level of genetic connectedness, which evidences the possibility to limit the selective 
criteria to one feature only. Similar results concerning correlation between the 
characteristics useful for breeding in sows were achieved by KAPŁON et al. [1990a] 
for sows of the PLW breed (0.91 NBA-NW21, 0.68 NBA-LW21, 0.81 NW21-LW21). 
Slightly lower coefficients of the above parameter were received by LEWCZUK et al. 
[1992]. These authors showed the following correlations in sows of the pbz breed, 
investigated in the years 1970-1985: between the number of farrows born alive and the 
number of farrows at day 21 rG = 0.770, between the number of farrows born alive and 
litter weight rG = 0.671 and between the number of farrows born alive at day 21 and 
litter weight rG = 0.797. 
For sow breeding success the knowledge of the characteristics’ repeatability in the 
following litters is crucial. The above parameter for breeding characteristics accepted 
values from 0.12 to 0.24. A slightly different value for the analysed feature in sows of 
pbz breed was achieved by LEWCZUK et al. [1991c] (rP = 0.169 LU, rP = 0.169 LO, 
rP = 0.183 M21). Repeatability coefficients for the PLW breed [LEWCZUK et al., 
1991c] totalled respectively: 0.157 NBA, rP = 0.136 NW21, rP = 0.175 LW21. Then, 
according to KUJAWIAK and RATAJSZCZAK [1992] it fell into the following 
ranges: for NBA rP = 0.196-0.195, NW21 rP = 0.162-0.165 and LW21 rP = 0.226-
0.199. However, according to BUCZYŃSKI [1988], the repeatability of the farrow 
number at birth amounted to rP = 0.148, numbers of reared farrows at day 21 rP =  
0.193 and the litter weight rP =  0.242. LECHOWSKA [1998] and ORZECHOWSKA 
[1998] asserted that the value of this parameter for breeding use reaches the level of 
0.14 – 0.23. As a result of the low values of repeatability coefficients of the described 
characteristics, the accuracy of the estimation of the reproductive ability in sows 
increases along with the quantity of the following litters taken into account. For that 
reason, a late estimation of the multiparous sows increases the accuracy. However, it is 
responsible for the extension of the distance between generations, which 
simultaneously bears on the decrease of the genetic gain. 
The primary target of the breeding work is the improvement of the genetic value of the 
pedigree herd. Changes in productivenesses, appearaing over long time periods, and 
caused by the differences of the average value of the genetic population, are qualified 
as genetic trends [ATIL, 2000; KUNAKA et al., 2001]. Understanding the value of 
genetic changes gives much of the most valuable information concerning, first of all, 
estimation of the efficiency of practical breeding methods. The genetic trends for each 
feature analysed in this work for the population of sows were estimated on the grounds 
of solutions for the following years of birth, received at the simultaneous estimation of 
constant and accidental influence, on the grounds of individual model equations, i.e. a 
BLUP method. It has to be stated that the genetic reactions for characteristics useful in 
breeding in the analysed population of sows were small and not always desirable.  
Genetic progress related to the PL breed for NBA amounted to on average –. 005, for 
NW21 –. 04 and for LW21 –. 48 (Tab. 3). The lack of  efficiency in selection made for 
breeding characteristics, estimating sows of the PL breed from southeastern Poland, 
was also reported by LECHOWSKA [1998]. However, in the author’s own research, 
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the regression of the number of farrows born alive, reared farrows and the litter weight 
in sows of the PL-23 line was proved as positive. Estimated values of the genetic 
progress of the above characteristics totalled respectively: . 17 (NBA), . 10 (NW21) 
and . 54 (LW21). The results concerning genetic trends shown in the presented work 
are difficult to compare because of the scarcity of reports in the national literature 
concerning these issues. The trends estimated on the grounds of the genetic animal 
value with the utilization of the REML method by KAPŁON et al. [1990b], for the 
PLW breed were as follows: . 01 ± . 01 for the number of farrows born alive and 
farrows at day 21, and . 45 ± . 06 for litter weight. In France, as a result of the breeding 
work from 1977-1998, positive changes in the genetic value for the survival rate of 
embryos and numbers of farrows born alive were reported [TRIBOUT et al., 2002]. As 
SOUTHWOOD and KENNEDY [1991] reported for the Yorkshire and Landrace 
breeds included in the breeding program from 1977-1987, the genetic trends were very 
small and negative, as indicated by results from -.012+/-.004 to .004+/-0.002 for 
farrows per year. Very small, though positive trends, were achieved in Brazil [FILHO 
et al., 2005]. In the United States CHEN et al. [2003] estimated the efficiency of 
breeding work in the herd of sows from the National Register of Pigs. The authors 
stated that genetic changes were positive and amounted to . 018 farrows/ year and . 
114 kgs for the weight of farrows at day 21/year. 
The obtained positive values of genetic trends prove the correctness of direction in the 
breeding work and proper selection of animals for mating. However, their low values 
prove a low selection efficiency, which probably results from including a large number 
of characteristics into the breeding program, and the use of selective criteria relying 
only on the animals’ own phenotype. As a consequence, it can be predicted that the 
continuation of the work in herd with the utilization of presently available methods of 
genetic analysis - BLUP animal model, will permit a more precise estimation of 
productivity coefficients, and simultaneously the use of these values to direct the 
selection.  
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Estimation of conditionality of pork sensory quality by using  
multivariate analysis 

 
 
 

Abstract 
The aim of the work was analysis of conditionality of the raw pork meat sensory quality defined in coherence 
with its technological quality and carcass meatiness with employment of multivariate statistic analysis.  
The research was executed on material taken from 50 hogs originated from crossing of PLW x PL and Naïma 
sows with hybrids P76-PenArLan boars. All animals were slaughtered at 100 kg body weight. Content of meat 
was estimated by using of CGM apparatus. The samples were collected from Longissimus lumborum muscle and 
next pH in 45 minutes and 24 post mortem as well as drip loss were measured. Sensory quality of raw meat was 
evaluated in 48 h and 96 h after slaughter. Intensity and homogeneity of meat colour, marbling, drip loss and 
acceptability were also evaluated. The results were elaborated by using principal component and cluster analysis. 
The studied group of fatteners was characterized by high meatiness (56% of meat in carcass) and good meat 
quality (lack of faulty meat). Principal component analysis showed that approximately 64-71% of variability was 
explained by 3 or 4 main component related to marbling, acceptability, ultimate pH, slaughter weight. pH1 and 
meatiness. The cluster analysis by applying the Ward method gave a possibility singling out three homogeneous 
groups. Received results indicated strong dependence of acceptability of meat from its marbling and relationship 
with drip loss and pH changes getting after slaughter in meat. 
 
Key Words: pig, meat quality, sensory raw meat quality, PCA, cluster analysis 
 
 
Zusammenfassung  
Titel der Arbeit: Prüfung von Bedingungen der sensorischen Schweinefleischqualität unter Nutzung 
mehrdimensionaler Analysen 
Das Ziel der Arbeit war die Prüfung der sensorischen Qualität von rohem Schweinefleisch im Zusammenhang 
mit seiner technologischen Qualität und der Fleischigkeit der Schweinehälften unter Nutzung mehrdimensionaler 
statistischer Analysen.  
Untersucht wurden 50 Mastschweine aus der Kreuzung von PWL x PL und Naima Sauen mit P76-PenArlan 
Hybridebern. Die Schlachtung der Tiere erfolgte mit 100 kg. Nach der Schlachtung wurde der Fleischgehalt der 
Hälften als Muskeldurchmesser am  M. longissimus dorsi und der Rückenspeckdicke mit dem CGM Apparates 
bestimmt. Die pH Messungen 45m und 24h p.m. sowie des Dripverlustes erfolgten am M. longissimus 
lumborum. Die sensorische Qualität wurde 48h und 96h p.m. durch Fleischfarbe, intramuskuläres Fett und 
Wasserbindung bestimmt. Die Tiere zeigten einen relativ hohen Fleischanteil von 56 % verbunden mit hoher 
Fleischqualität. Es werden die einzelnen Ergebnisse der Hauptkomponentenanalyse vorgestellt, analysiert und 
diskutiert. Die Ergebnisse zeigen, dass die Verbraucherakzeptanz maßgeblich von der Marmorierung sowie dem 
Dripverlust und der pH-Veränderung nach der Schlachtung bestimmt wird.  
 
Schlüsselwörter: Schwein, Fleischanteil, Fleischqualität, sensorische Qualität, Hauptkomponentenanalyse, 
Klusteranalyse 
 
 

Introduction 
Pork meat is the most popular kind of meat in Europe and it comprises nearly 60% of 
total meat consumption. In Poland about 56% and in European countries about 20-
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30% of this amount is sold as a row meat. Many researches carried out in recent 30 
years showed that the increase of pigs meatiness causes a greater incidence of raw 
meat quality defects (SELLIER, 1998; ROSENVOLD and ANDERSEN, 2003). The 
breeds of high muscularity foreign pigs often have a gene adverse to meat quality 
(stress sensitivity RYR1T or acid meat RN- gene) which is  the reason of defects such 
as PSE, acid meat or boosted drip loss from muscle tissue after slaughtering 
(BERTRAM et al., 2000).  
The sensory perception of meat depends from many factors such as the characteristics 
of the fresh matter employed, breed, weight, sex, diet and the biochemical changes that 
occur during further processing, slaughtering, maturation, heat treatment and cooking 
(RISVIK, 1994; FLORES et al., 1999).The eating pork quality evaluated as sensory 
perceptions during consumption consist of several attributes among the more 
important ones are tenderness, juiciness, flavour and absence of off-flavours 
(BRYHNI et al., 2003). In the case of raw meat bought by consumers for house 
consumption the significant traits are: the amount of visible fat and colour. Consumers 
tend to chose a light-pink meat without or with little fat without any marbling and also 
without any drip loss (POŁOM and BARYŁKO-PIKIELNA, 2004; 
RESURRECCTION, 2004). Acquaintance of like of consumer is important question 
for meat industry and capability to singling out in foothold about simple indices of 
proper meat of qualities.  
The aim of the study was analysis of conditionality of the raw pork meat sensory 
quality defined in coherence with its technological quality and carcass meatiness with 
employment of multivariate statistic analysis.  
 
 

Material and methods 
In the study the group of 50 fatteners derived from crossing of PLW x PL and Naïma 
sows with hybrids P-76 PenArLan boars. The pigs were produced and reared in the 
same conditions and fatten by using a standard diet. The animals were slaughtered at 
100 kg live weight. The percent of meat in carcass after slaughter (on the basis of 
measurement of muscle Longissimus dorsi thickness and back fat thickness) was 
estimated by CGM apparatus. For meat quality evaluation the samples were taken 
from the Longissimus lumborum muscle in 45 minutes and 24 h after slaughter. Value 
of pH was measured by CP-311 pH-meter after slaughter at 45 minutes and  24h. Drip 
loss was estimated at 48 h after slaughter according to the HONIKEL method (1987). 
The 30 meat samples of different pH were taken for sensory analysis (remaining meat 
samples were repeated). Sensory quality of raw meat were estimated after 48 and 96 
hours post mortem. 
For sensory assessment the scaling method (PN-ISO 4121) was used. Assessor used a 
linear scale converted after collection into 0-10 conventional unit scale (c.u.). The 
quality of raw meat was estimated based on intensity and homogeneity of the colour, 
marbling (intramuscular lipids), drip and acceptability of appearance. The analyses 
were carried out using individual score sheets.  
Analytical panel of 10 members (ISO 8586-2:1994) made each evaluation in duplicate 
– so that each mean result was based on 20 individual measurements.  
Raw pork chops were placed on white, disposable polystyrene foam trays which are 
common used in the supermarket. Trays with meat were packed with polyethylene foil 
just as they used to be at the supermarket. Samples were analyzed at random order. 
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Sensory analysis were carried out in daylight room at  room temperature. Conditions 
and the procedure of evaluation were established according to literature (MEILGAARD 
et al., 1999). 
Research were carried in Division of Catering Technology and Food Hygiene, Faculty 
of Human Nutrition and Consumer Sciences, Warsaw Agricultural University – 
SGGW. 
The results were analyzed by using principal component (PCA) and cluster analysis 
and also by analysis of variance with application of SPSS statistical program.  
 
 

Results 
The results showed that studied hogs were characterized by satisfactory carcass value 
and technological or sensory meat quality. In studied group was not said a faulty meat. 
It belongs to call attention to fact of greatest variability in traits as drip loss and 
marbling of meat (Table 1). Analysis of relations between traits described carcass and 
technological pork quality with sensory raw meat quality shown a significant 
relationship between pH24 and drip loss evaluated by sensory method and between 
marbling of meat and drip loss estimated by Honikel method (Table 2). These 
relationship showed that growth pH24 or marbling of meat would cause the decrease of 
drip loss from muscle tissue.  
 
Table 1 
Characteristics of technological and sensory raw meat quality for studied group of pigs 

Traits Mean S. d. 
Hot carcass weight (kg) 81,35 5,54 
Meat in carcass (%) 56,61 2,21 
Loin thickness (mm) 56,09 3,09 
Backfatt thickness (mm) 13,84 3,49 
pH1 6,34 0,19 
pH24 5,50 0,08 
Drip loss48 h (%) 6,95 2,46 
Sensory quality of raw meat In 48 and 96 h post mortem (expressed on 0-10 conventional unit graphical 
scale): 
Homogenity of color 48 h 6,21 1,29 
Intensity of color 48 h 5,67 1,34 
Marbling 48 h 4,56 1,64 
Drip loss 48 h 4,19 2,19 
Acceptability 48 h 5,87 1,07 
Homogenity of color 96 h 5,40 1,09 
Intensity of color 96 h 6,02 1,04 
Marbling 96 h 4,50 1,75 
Drip loss 96 h 5,69 1,41 
Acceptability 96 h 5,90 0,91 

 

The analysis of variability by using of PCA method showed that total variance can be 
explained by 3 (64,41%) or 4 (71,63%) principal component depending on times of 
sensory raw meat evaluation (Table 3). In case of evaluation of the sensory quality of 
raw meat in 48 h after slaughter the first component (that explained 31,37% of 
variance) was coherent most strongly with color evaluation, marbling and 
acceptability, the second (explained 19,93% of variance) with pH24 and drip loss, and 
the third with hot carcass weight, pH1 and drip loss (Table 3 and 4). However other 
results were received for estimation in 96 h after slaughter. The first three components 
were approximated in their participation in explaining total variability and with 
coherence with analyzed traits but the fourth component appeared with relation to the 
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percent of meat in carcass, color and pH1 (Table 4). The traits which the most 
differentiated studied pigs were pH24, drip loss, marbling and acceptability (Figure 3 
and 4). 
 
Table 2 
The relationship between traits described carcass and technological meat quality with sensory raw meat quality 

 HCW MC LT BT pH1 pH24 DLHM 
HC 48 h 0,11 0,09 -0,30 -0,21 -0,03 -0,30 0,13 
IC 48 h -0,05 0,29 -0,19 -0,36* -0,17 -0,23 0,13 
Mar 48 h 0,02 -0,17 0,01 0,18 0,19 0,17 -0,39* 
DL 48 h 0,03 -0,08 0,04 0,10 -0,14 -0,52* 0,42* 
Acc 48 h -0,06 0,20 -0,16 -0,26 -0,04 -0,17 0,12 
HC 96 h 0,04 0,24 -0,25 -0,34 -0,26 0,02 -0,07 
IC 96 h -0,07 0,02 -0,06 -0,05 -0,22 0,18 0,15 
Mar 96 h -0,02 -0,20 -0,09 0,17 0,23 0,14 -0,38* 
DL 96 h 0,33 -0,04 0,19 0,11 -0,09 -0,38* 0,37* 
Acc 96 h 0,14 0,11 0,14 -0,06 -0,19 -0,10 0,27 

Explanation: HC – homogeneity of color, IC – Intensity of color, Mar – marbling, DL – drip loss evaluated by sensory method, Acc – 
acceptability, HCW – hot carcass weight, MC – meat in carcass, LT – loin thickness, BT – backfat thickness, DLHM – dripp loss evaluated 
by Honikel method, * - significant at P < 0,05 
 
Table 3 
Results of PCA analysis for relations between technological and sensory raw meat quality evaluated in 48 and 96 
h after slaughter 

Evaluation in 48 h Evaluation in 96 h Principal 
component Eigen 

value 
% of 

variance cumulative Eigen value % of 
variance cumulative 

1 3,14 31,37 31,34 2,76 27,55 27,55 
2 1,99 19,93 51,29 1,80 18,03 45,58 
3 1,31 13,12 64,41 1,46 14,63 60,21 
4 0,94 9,41 73,82 1,14 11,42 71,63 
5-10 2,62 26,17 100,00 2,84 28,37 100,00 

 
Table 4 
The relations between measured traits characterized carcass, technological and sensory raw meat quality in 
studied group of pigs and important principal component (after rotation) in relations to time of evaluation after 
slaughter 

Time of sensory evaluation 
48 h 96 h 

Principal component 
Traits 

1 2 3 1 2 3 4 
Hot carcass weight (kg)   0,76   0,90  
Meat in carcass (%) 0,30 -0,39 -0,35    0,71 
pH1   0,70  0,41 0,45 -0,37 
pH24  -0,81   0,82   
Drip loss48 h (%)  0,68 -0,50 0,30 -0,80 -0,32  
Homogenity of color  0,71      0,79 
Intensity of color  0,76   0,78    
Marbling  -0,87   -0,84    
Drip loss   0,80   -0,68 0,54  
Acceptability  0,94   0,88    

 
Analysis of cluster for search of hogs group with similar quality of carcass and meat 
was applied. This analysis showed a four groups of pigs which differed in 
technological and sensory quality of meat evaluated in 48 h post mortem (Table 5, 
Figure 1 and 3). Group noted as first was characterized by normal pH fall, average drip 
loss, intensity and homogeneity of color, low marbling and drip loss and also the 
higher acceptability. In next groups the differences were observed in pH1, pH24, drip 
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loss, marbling and in acceptability (Table 5). The higher drip loss was observed in 
group (2 and 3) with low pH24 and marbling. The lower acceptability of raw meat was 
noted in group (2, 3 and 4) characterized by higher marbling or drip loss (Table 5). 
Cluster analysis for carcass and meat quality traits with sensory evaluation in 96 h post 
mortem showed three groups with significant differences (Table 6, Figure 2 and 4). 
Similar dependences are observed as formerly in these groups. Differences in number 
of groups and changes in the group of membership may be explain by changes during 
maturation of meat (Table 6, Figure 1 and 2). 
 
 

 
 
Fig. 1: Dendrogram showing course of cluster analysis with case of sensory analysis of meat in 48 h post mortem 
with differentiation of four group of pigs 
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Table 5 
Characteristics of carcass value and meat quality of group of hogs differentiated by cluster analysis (sensory 
quality of raw meat was estimated in 48 h post mortem) 

Number of cluster  Traits 
1 2 3 4 

Number of animals 10 9 8 5 
Hot carcass weight (kg) 82,20±6,66 78,62±3,81 83,94±4,13 80,42±6,81 
Meat in carcass (%) 57,48±1,92 57,01±1,65 55,50±2,36 55,96±3,02 

pH1 
a 

6,39±0,15 
b 

6,16±0,12 
a 

6,38±0,14 
a 

6,51±0,23 

pH24 
a 

5,54±0,07 
b 

5,42±0,03 
b 

5,47±0,09 
a 

5,55±0,08 

Drip loss48 h (%) a 
6,04±1,09 

b 
9,65±1,95 

a 
6,67±0,91 

a 
4,37±1,83 

Homogenity of color  a 
6,79±0,81 

a 
6,33±1,17 

a 
6,58±0,75 

b 
4,24±1,33 

Intensity of color  6,27±1,42 6,02±1,19 5,30±1,12 4,50±1,02 

Marbling  a 
3,43±1,19 

ac 
4,02±1,34 

bc 
5,21±1,06 

b 
6,79±1,18 

Drip loss  a 
2,34±1,10 

b 
5,50±2,15 

b 
5,93±1,24 

a 
2,75±1,13 

Acceptability  a 
6,83±0,91 

ac 
5,88±0,71 

bc 
5,47±0,70 

b 
4,57±0,66 

Means with a row with different letters are significantly different p<0.05 
 
 
Table 6 
Characteristics of carcass value and meat quality of group of hogs differentiated by cluster analysis (sensory 
quality of raw meat was estimated in 96 h post mortem) 

Number of cluster Traits 
3+4 1 2 

Number of animals 14 7 11 
Hot carcass weight (kg) ab 

81,28±5,93 
a 

86,00±4,40 
b 

78,48±3,70 
Meat in carcass (%) 56,19±2,81 57,04±1,30 56,88±1,84 

pH1 
a 

6,46±0,16 
a 

6,38±0,16 
b 

6,17±0,11 

pH24 
ab 

5,51±0,09 
a 

5,55±0,08 
b 

5,43±0,04 

Drip loss48 h (%) a 
5,41±1,65 

a 
6,45±1,85 

b 
9,23±2,00 

Homogenity of color  5,02±0,97 5,74±0,95 5,67±1,25 

Intensity of color  a 
5,25±0,83 

b 
6,82±0,46 

b 
6,49±0,91 

Marbling  a 
5,70±1,53 

b 
3,53±1,62 

b 
3,60±1,15 

Drip loss  5,29±1,37 5,79±1,87 6,12±1,11 

Acceptability  a 
5,25±0,65 

b 
6,66±0,67 

b 
6,23±0,77 

Means with a row with different letters are significantly different p<0.05 
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Fig. 2: Dendrogram showing course of cluster analysis with case of sensory analysis of meat in 96 h post mortem 
with differentiation of three group of pigs 
 
 

Discussion 
The results with reference to carcass and meat quality were similar to results obtained 
by GRZEŚKOWIAK and BORZUTA (2004) and also KOĆWIN-PODSIADŁA et al. 
(1997), KRZĘCIO et al. (2003). However in presented research was observed higher 
variability in drip loss than in KRZĘCIO et al. (2003).  
Despite small variability in range of carcass weight, meatiness and fatness highest 
variability ascertain in reference to marbling of meat. Written up variability in range of 
marbling meat is probably as effect of use in crossing boar's and sow’s lines created 
with participation of Duroc and Meishan races with genetic predisposition to greatest 
level of intramuscular fat and marbling (JANSS et al. 1997, SELLIER 1998, MONIN 
et al. 1998, MICKLICH et al. 2002). The results of research of GRZEŚKOWIAK et al. 
(2003)  in which was compared meat quality from polish large white breed with cross- 
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Explanation: tb_48s – homogeneity of color, jb_48s – Intensity of color, m_48sr – marbling, wyc_48s – drip loss 
evaluated by sensory method, akc_48s – acceptability, MTC – hot carcass weight, mięs_CGM – meat in carcass, 
wyc48– dripp loss evaluated by Honikel method, 
 
Fig. 3: Results of cluster analysis showed on plot of the first two principal component (from PCA analysis) with 
presentation of measured variables and all studied hogs with case of sensory analysis of meat in 48 h post 
mortem 
 
breed Naima x P76 showed a higher marbling these first pigs. Many authors showed 
that heritability of intramuscular fat (correlated with marbling) was around 50% and 
these traits playing a role in eating quality of pork (DE VRIES et al. 2000). As showed 
by JAWORSKA et al. (2006) meat from pigs with higher marbling was characterized 
after cooking as better sensory quality (texture). Positively effect of intramuscular fat 
on sensory quality of cooked meat was showed by many authors (FERNANDEZ et al. 
1996, VAN LAACK et al. 2001; DASZKIEWICZ et al. 2005; POMMIER et al. 2004). 
The results of POŁOM and BARYŁKO-PIKIELNA (2004), FORTIN et al. (2005) and 
FERNANDEZ et al. (1996, 1999) showed, that more consumers prefered clearly pink 
color of meat with minimal fat thickness and without marbling and visible drip loss. 
RASMUSSEN et al. (1996) shown that low or medium marbling provide a high 
perceived value to the consumer. However it is known that consumers are not 
homogenous populations with equal preferences, often numerous groups of consumers 
which have different tastes can be found. That’s the reason why a smaller group of 
consumers  prefers meat which is dark and lean (POŁOM and BARYŁKO-PIKIELNA  
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Explanation: tb_96s – homogeneity of color, jb_96s – Intensity of color, m_96sr – marbling, wyc_96s – drip loss 
evaluated by sensory method, akc_96s – acceptability, MTC – hot carcass weight, mięs_CGM – meat in carcass, 
wyc48– dripp loss evaluated by Honikel method, 
 
Fig. 4: Results of cluster analysis showed on plot of the first two principal component (from PCA analysis) with 
presentation of measured variables and all studied hogs with case of sensory analysis of meat in 96 h post 
mortem 
 
2004). The described above relations were confirmed in PCA (Table 4) and in cluster 
analyses (Table 5 and 6). Similar results with reference to part of explained variance 
were obtained by JOSELL et al. (2003) and AASLYNG et al. (2003). The group of 
pigs obtained by employed cluster analysis differed in pH, drip loss, color, marbling 
and acceptability of meat. The group with higher marbling was characterized by lower 
acceptability. Meat with low marbling and low ultimate pH was characterized by 
higher drip loss. A significant effect of ultimate pH on drip loss and other meat quality 
traits was defined as “Hampshire effect” by many authors (MONIN and SELLIER 
1985, WASSMUTH and GLODEK 1992, PRZYBYLSKI et al. 1998, CHAINERT et 
al. 2002). In presented results is also visible that higher drip loss except marbling and 
low pH can be related with lowest carcass weight. KRZĘCIO et al. (2003) also showed 
relations between these traits. 
As already mentioned,  analysis of relations between traits described carcass and 
technological pork quality with sensory raw meat quality shown a significant 
relationship between pH24, drip loss and marbling of meat. These relationship showed 
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that growth pH24 or marbling of meat would cause the decrease of drip loss from 
muscle tissue.  
PCA and analysis of cluster executed of Ward method has enabled singling out three 
different group of pigs and shown a big usefulness of method of multivariate analysis 
in research over conditionality of meat quality.  
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The Effect of HERB-mix® in Piglets’ Diarrhea Prevention 
 
 
 

Abstract 
Prohibition of the use of feeder antibiotics, which has been put into execution makes the researchers look for 
alternative ways of diarrhea prevention. The aim of this study was to evaluate the HERB-mix® feed additive as a 
piglets’ diarrhea prevention product, especially in the weaning period. The experiment was carried out on 12 
litters divided into 2 groups according to the analogue rule: I – a control (standard feed with an addition of 
tylozyne and lincospectin), II – an experimental (standard feed with 0,5% addition of HERB-mix). Piglets were 
weighted on the 2nd, 14th, 28th (weaning) and 42nd day of life. On the 14th, 28th and 42nd day blood samples from 
chosen piglets were taken to estimate acid-base balance, acute phase proteins (haptoglobine, fibrynogene, serum 
amyloid A), total protein and its fraction in serum. The diarrhea accidents didn’t occur in group II, and 
sporadically appeared in group I during lactation time. Within 2 weeks after weaning, a daily gain inhibition in 
group II was observed; diarrhea accidents were noticed too. Daily gains in group I did not decrease significantly. 
Diarrhea accidents were observed too, however on a lower scale compared to the experimental group. The acid-
base parameters were more stable in the experimental group, which suggests a normalizing influence of 
evaluated feed additive. Estimated acute phase proteins were on a lower level in experimental group throughout 
the study. Last results of blood examination imply higher body homeostasis of piglets from group II in spite of a 
decrease in their daily gains.   
 
Key Words: piglets, acute phase reaction, acid-base balance, herbs 
 
 

Zusammenfassung 
Titel der Arbeit: Bewertung des HERB-mix®  Zusatzes zur Durchfallvorbeugung bei Ferkeln 
Die Einführung des Verwendungsverbotes der Futterantibiotika bei der Schweinezucht zwingt zur Suche nach 
alternativen Methoden der Durchfallvorbeugung. Der Zweck der Untersuchungen war die Bewertung des 
Futterzusatzes HERB-mix der Firma OVER als eines durchfallvorbeugenden Mittels bei Ferkeln unter 
Produktionsbedingungen, besonders um die Absetzzeit. Die Untersuchungen wurden bei 12 Ferkelwürfen  
durchgeführt: Gruppe I - Kontrollgruppe (bekam das Standardgemisch in voller Ration um die Absetzzeit mit 
Zusatz von Tylosin und Lincospectin ), Gruppe II - Versuchsgruppe (bekam dieselbe Mischung mit 0,5% Zusatz 
von HERB-mix). Die Ferkel wurden  am 2.,14., 28. (Absetzung) und am 42. Lebenstag gewogen. Am 14., 28. 
und 42. Lebenstag wurde den ausgewählten Tieren Blut zur Bestimmung von : Säure-Basen–Balance, Akute 
Phase Proteine (Haptoglobin, Fibrinogen, Serum Amyloid A), Gesamteiweiß und dessen Fraktionen entnommen. 
Während der Aufzucht bei der Mutter wurden bei den Versuchsferkeln keine Durchfälle festgestellt, bei den 
Kontrollferkeln jedoch traten diese Erkrankungen auf. Nach dem Absetzen traten in der Versuchsgruppe 
Durchfälle seltener auf und dauerten auch nicht so lange wie in der Kontrollgruppe. Versuchsferkel wiesen mehr 
ausgeglichene Säure-Basen-Gleichgewichtsparameter und eine niedrigere Konzentration des Eiweißes in der 
akuten Phase auf, was auf den stabilisierenden Effekt dieses Zusatzes zurückzuführen ist.  
 
Schlüsselwörter: Ferkel, Akut-Phase Reaktion, Säure-Basen–Balance, Kräuter 
 
 

Introduction 
Intestinal tract illnesses are one of the main reasons of a decrease in rearing efficiency 
of suckling and weaning piglets. It has been estimated that diarrhea in a suckling 
period occurs in 0-50  (100) % litters, especially in the first week of life and mortality 
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can range up to 60-70% of sick animals (HALL, 1989; SVENSMARK et al., 1989). 
This means that in spite of using feed antibiotics, diarrhea is one of the main causes of 
piglets’ losses.  The ban of antibiotic growth enhancers in pigs breeding, forced 
farmers to seek alternative diarrhea prevention products. The most popular  additives 
used in feed industry are probiotics, zinc oxide, yeast, enzymes and herbs (CLOSE, 
2000; TURNER et al., 2001; HILL et al., 2001; LIPIŃSKI and TYWOŃCZUK, 2004; 
MANZANILLA et al., 2004; PARTRIDGE and TUCKER, 2000). 
The additives used are supposed, first of all, to support the development of “desired” 
bacterial flora through introduction of appropriate bacterial cultures (probiotics) into 
alimentary duct or providing conditions for optimal growth and development of  non-
pathogenic strains (probiotics, acidifiers, zinc oxide, yeast). These additives are to 
support digestion processes in still immature piglet’s alimentary duct (acidifiers, yeast, 
enzymes). Among this wide range of additives herbs constitute a specific group. They 
feature multidirectional effect and influence of advantageous microflora in alimentary 
duct (antibacterial and  antitoxic effect), as well as they can build enzymatic activity 
and show immunostimulatory effects (MANZANILLA et al., 2004; PARK et al., 
2003). 
The aim of this study was to evaluate in field conditions the HERB-mix® feed additive 
as a piglets’ diarrhea prevention product, especially in the weaning period. 
 
 

Material and Method 
The experiment was carried out in field conditions  in one farrowing room on 12 
crossbreeds wbpxpbz  piglets divided into 2 groups according to the analogue rule 
(sow age, litter size): I – a control and II- experimental.  After weaning (28th day) all 
piglets were grouped in the nursing building in two pens, one for control group and the 
second for the experimental one. Observations of the piglets lasted until their leaving 
the nursery. 
In the course of the experiment group I received the standard feed used on the farm, 
while group II was fed with the same feed with 0,5% addition of HERB-mix. This 
additive consists of the following herbs: Myrtilli fructus, Quercus cortex, Rhizoma 
calami, Herba origani, Plantaginis  ovatae semen, Cinnamomi cortex. 
The addition subjected to the assessment was mixed with another feed for piglets – the 
Starter and administred from the second week of life to the second week after 
weaning. In the control group during the same period, because of occurred 
sporadically diarrheas in all piglets, there was applied 2,5% addition of antibiotics: 
Tylosin and Lincospectin. The piglets were fed ad libitum from autofeeders. The 
composition of feed was shown in Table1. 
 
Table 1 
The composition of feed for piglets 

Ingredients Control Group I Experimental Group II 
Wheat 350 kg 
Barley 150 kg 
Maize 170 kg 
Ground soybean 80 kg 
Concentrate LNB 8347 250 kg 
Tylan 1 kg - 
Lincospectin 1,5 kg - 
Herb-mix - 5 kg 
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In the course of the experiment the following parameters were assessed: clinical state, 
losses and the cases of treatment. To control daily gains piglets were weighted on the 
following days of life: - 2nd  (classification into experimental groups, litter 
standardization),  -14 th (beginning of experimental feed administration), -28th 
(weaning), -42th (the end of experiment). From selected clinically health piglets from 
both groups (6 from one group) there were collected blood samples for laboratory 
analysis on 14th, 28th, and 42nd day of life (basic morphology, acute phase 
protein/APP/: fibrinogen /Fb/, haptoglobin /Hp/, serum amyloid A /SAA/, total protein 
and its fraction in serum, acid-base balance /RZK/). 
Fb was determined in whole blood with capillary method (MILLAR et al., 1971), the 
remaining proteins were determined in serum using: Hp-guayacol method (JONES and 
MOULD, 1984), SAA – according to the Tridelta phaseTM range SAA test. Total 
protein in serum was determined by biurete method and its fractions using paper 
electrophoresis. RZK parameters were obtained from whole blood samples with the 
use of RapidlabTM 348, Bayer. 
The values obtained were analysed using oneway variance analysis and significant 
differences were evaluated by the t-Student test ( Statistica software ver.7.1). 
 
 

Results and discussion 
Average results regarding the parameters assessed in the experiment were shown in the 
Figure and Tables 2-6. 
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Figure: Body weight [kg]   
 
Piglets’ body weight in both groups was similar and even on the day of classification 
into groups and on the day the experiment began (Fig.). In further period, when the 
piglets were staying with sows, there were recorded significant differenciation 
between sucklers belonging to two groups. The piglets receiving HERB-mix showed 
high daily gains -240g/day, while the control ones -212 g/day. Moreover, in 
experimental group the values of standard deviation were lower, which points to 
higher equalization among piglets than in control group. Body weight on the weaning 
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day (experimental animals were heavier by 0,7 kg) expressed piglets’ state of health 
and it should be assessed as a good one in the view of other reports found in the 
literature (KUHN et al., 2005; RZĄSA et al., 2003). Taking into account daily gains 
there was no influence of higher (about 0,5%) fiber content in feed foe the 
experimental group. During the whole suckling period in experimental piglets there 
were not diagnosed any cases of diarrhoea, while in control ones such cases occur. 
Observation of health state of the sucklers, as well as production results obtained prove 
considerable protective effect due to the preparation used in this period. It occurred 
even more effective in that period than this of antibiotics.  
 
Table 2 
Total serum protein and its fraction [g/l] 

 Group I Group II 
 14 day 28 day 42 day 14 day 28 day 42 day 
Total protein 66,67 

5,16 
55,00 
3,16 

36,07 
10,07 

66,67 
4,65 

60,45 
3,73 

37,08 
4,65 

Albumin 33,73 
2,43 

28,6 
3,91 

15,86 
5,76 

29,55 
3,96 

28,83 
1,74 

16,43 
2,02 

α- globulin 13,33 
1,38 

12,26 
1,37 

7,86 
1,82 

14,14 
1,74 

13,46 
1,74 

8,86 
1,34 

β- globulin 12,15 
1,75 

8,21 
1,06 

6,53 
2,34 

11,71 
1,65 

8,66 
0,85 

6,07 
0,89 

γ- globulin 7,45 
0,71 

5,89 
0,79 

5,8 
1,71 

11,40 
5,3 

6,8 
1,14 

5,71 
1,29 

 
Table 3 
The level of hemoglobin [mmol·l-1], erythrocytes [1012·l-1 and leukocytes [109·l-1] 

Group Hb 28 Hb 42 Ery28 Ery42 Leuk28 Leuk42 
I 8,06 

0,4 
9,9 
0,7 

5,096 
0,7 

6,068 
1,06 

19,1 
0,27 

13,85 
0,23 

II 7,81 
0,4 

9,96 
0,5 

5,298 
0,05 

7,348 
3,339 

18,26 
0,55 

13,85 
0,2 

 
Table 4 
Leukocyte image [%]  

Group granulocytes agranulocytes 
 eozynophiles neutrophiles  
  rods segments lymphocytes monocytes 
 28 

day 
42 
day 

28 
day 

42 
day 

28 
day 

42 
day 

28 
day 

42 
day 

28 
day 

42 
day 

I 2,67 
2,1 

2,2 
0,4 

2,8 
2,7 

6,4 
1,8 

14,7 
9,2 

48,0 
10,6 

75,7 
2,5 

44,3 
9,9 

1,0 1,5 
0,7 

II 1,8 
0,8 

1,75 
1,0 

4,25 
4,0 

5,5 
3,1 

35,8 
12,5 

50,83 
16,0 

58,4 
15,7 

42,0 
13,4 

1,5 
0,7 

1,5 
0,7 

 
Table 5  
Dynamics of acute phase proteins  
Group Fb [g/l] Hp [g/l] SAA mg/l 
 14 day 28 day 42 day 14 day 28 day 42 day 14 day 28 day 42 day 
I 2,96 

1,13 
6,91 
1,01 

5,11 
0,69 

2,75 
1,9 

1,31 
1,0 

0,63 
0,7 

23,61 
17,7 

717,41 
388,2 

76,69 
79,7 

II 3,75 
0,82 

6,43 
1,17 

4,53 
0,1 

1,33 
0,8 

0,9 
0,4 

0,04 
0,1 

12,96 
22,4 

697,97 
157,3 

10,73 
29,6 

 
In the course of suckling period in both piglet groups there were recorded one loss 
case in each, which constitutes 1,67% piglets born alive in both groups. On the 
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weaning day 5 piglets from control group were left at adoptive sows becouse of low 
body weight and the same pattern followed only 1 piglet from experimental group. 
 
Table 6 
The parameters of acid-base balance  

 Group I Group II 
 14 day 28 day 42 day 14 day 28 day 42 day 
pH 7,33 

0,03 
7,38 
0,09 

7,33 
0,04 

7,27 
0,1 

7,34 
0,07 

7,37 
0,1 

pCO2 52,76 
8,18 

48,78 
13,65 

61,99 
10,84 

54,08 
10,43 

56,33 
8,54 

50,72 
17,37 

pO2 21,3 
3,09 

48,1 
30,08 

31,83 
3,14 

18,27 
1,15 

33,63 
12,24 

40,02 
9,48 

HCO3 26,76 
3,7 

28,7 
2,35 

32,1 
4,29 

24,65 
3,32 

29,38 
1,73 

27,92 
4,1 

BE -0,22 
3,01 

3,07 
2,15 

4,24 
3,38 

-2,95 
3,98 

2,2 
2,2 

1,92 
2,69 

Na  132,33 
3,98 

123,14 
3,85 

 133,83 
2,69 

117,4 
6,11 

Ca2+  0,78 
0,25 

0,96 
0,14 

 1,89 
0,22 

0,81 
0,22 

 
After weaning, within two week time was recorded considerable inhibition of daily 
gains in experimental group and the cases of short-lasting diarrhea were also be found. 
In control group (which was administrated antibiotics in feed all the time), daily gains 
were only slightly lowered in relation to the period of staying at sows. In this group 
there also occurred single cases of diarrhea /loose stool, but less frequency and not as 
intensive as in experimental piglets. In spite of the fact  that on the 42nd day of life the 
control piglets were heavier more than 1 kg and they were more diversified regarding 
this parameters compared to experimental ones. Inhibition or decreased of daily gains 
in this period is a common phenomenon, connected with enormous stress piglets face 
after weaning and moving to nursery building. In this time they are combined in more 
numerous groups and their basic diet becomes altered - they are not allowed to sows’ 
milk (MANZANILLA et al., 2004). Generally, the mentioned stress is more visible in 
production results and state of health in the biggest individuals and this was the case of 
experimental group. On the basis of earlier own observation, it can be expected that in 
those individuals the phenomenon of growth compensation will occur and body 
weight, as well as the daily gains will become even in both groups providing good 
state of health is maintained. It seems that under the influence of circumweaning stress 
the piglets not protected by antibiotics are exposed to subclinical infections and thus to 
the need of defence against such infection, which can result in slower gains. This 
problem did not occur in control piglets receiving feed enriched with two antibiotics. 
On the day of moving weaners to fattening building average body weight of all 
assessed animals amounted 34 kg and there could be observed more advanced 
individual differentiation in control group. 
It is interesting to consider alterations of total protein levels and its fractions. The 
decrease in total protein concentration, observed in analyzed period of  piglets’ 
growing was slower in experimental group than in control one. The decrease involved 
all protein fractions. Evident decrease in albumin concentration, which occurred after 
weaning can be connected with the necessity of adjusting to one source of feed – only 
solid. The stress described above certainly also caused, at the beginning, decreased 
feed intake and, therefore protein deficiency in a diet became a fact. Decreased 
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albumin level can be explained by altered diet, while diminished values of other 
fractions should be treated as advantegous phenomenon, speaking for general good 
state of health of the examined piglets. It is worth recording that until the 6th week of 
life in both groups there did not occur any increase in γ-globulin fraction, which can be 
interpreted as the lack of necessity of intensive defence against environmental treats, 
i.e. indirect proof of good zoohygienic conditions of the farm. However small 
difference between the groups can be noticed, namely in experimental group on 42nd 
day of piglets’ life there was recorded further decrease in γ-globulin values, while in 
control group their level was nearly not changed since weaning, which probably 
resulted from two processes taking place at the same time: the decrease in colostrums 
immunoglobulin concentration in their serum and the increase in synthesis of own 
antibodies as a reply to stimulation by microorganisms effecting the piglets. 
In control piglets average levels of determined acute phase proteins were higher than 
in experimental ones. Fb usually is not determined in pigs due to high content in 
blood. In the experiment presented comparing Fb dynamics with the remaining acute 
phase proteins proved that this protein can be used for interpretation of animals’ 
reaction to the factors endangering their health. In control piglets Fb concentration in 
blood on 28th and 42nd day of life was distinctly higher than in experimental piglets 
and it exceeded upper limit of the norm. In experimental piglets only in 
circumweaning period the occurrence of Fb concentration was higher than the norm 
was recorded. These results can be treated as the consequence of higher threaten of 
infections states in control piglets (the presence of diarrhea in spite of administration 
of antibiotics) than in experimental animals. 
Higher Hp levels in I group on 14th and 28th day confirm the hazard of infections 
(HALL et al., 1992) in this group (Tab. 5). 
In our own investigations, similarly to HEEGARD et al. (1998) usefulness of SAA 
determination in monitoring state of health was also confirmed. HEEGARD (1998) 
observed only quantitative alterations of this protein in infected pigs. In our study it 
was recorded that in experimental pigs, within the whole observation was lower than 
in control pigs and on the day of weaning considerably moderate increase (tab.5) was 
recorded.  
Lower levels of all APP in II group, determined on 42nd day of life indicate general 
good state of animals health. It seems that these result confirm the hypotesis of 
suggested growth compensation in later period, which could be proved when 
subsequent regrouping took place. 
Determined morphological blood parameters in piglets did not exceed reference norms 
(EAGELI et al., 1998). In experimental piglets there was recorded slightly higher 
erythrocyte concentration. In all piglets it was stated moderate leukocytosis on the day 
of weaning, while white palettes image was typical for animals age. In control piglets 
on 28th day of life considerably strong lymphocitosis was recorded, which withdrew on 
42nd day of life as the increase in granulocytes percentage and the shift of the image to 
the left (higher percentage of youthful forms) occurred. In experimental piglets the 
values of particular subpopulations were very strong. 
The parameters of acid-base balance reflect animals’ state of health, their nutrition, as 
well as maintenance (PATIENCE and CHAPLIN, 1997; HAMILTON et al., 2004). In 
subsequent terms of control there were not observed considerable disturbances (Tab. 
6). The decrease in blood pH in control piglets, observed on 42nd day of their life can 
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prove higher feed intake (higher daily gain after weaning than experimental group) and 
therefore slight tendency to acidosis occurrence. On 28th day of life concentration of 
calcium ion in the blood of control piglets was very low, while in experimental piglets 
it was very high (SCHLUMBOHM and HARMEYER, 2004). In experimental piglets, 
on 42nd day of life, there did occur considerable decrease in calcium ion concentration, 
which can partly be treated as a result of insufficient feed due to stressful factors 
already described, lower feed consumption, as well as diarrhea occurring that time. 
Diarrhoea the piglets from II group suffered from found its reflexion in the decrease of 
Na level, as well as bicarbonate in comparison to the state on the day of weaning.  
 
Summary 
Piglets health and production results showed a protective effect of HERB-mix in 
suckle period. In fact, in this period the protective effect was even larger than this of 
antibiotics. Results of blood examination on the 42nd day of life imply higher body 
homeostasis of piglets from group II in spite of a decrease in their daily gains.  This 
data suggests that a growth compensation phenomenon might be observed in later 
period, and body weight and daily gain would equalize in both groups. 
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Effect of linseed in pig diet on meat quality and fatty acid content 
 
 
 
Abstract 
The effect of different linseed content in pig diet on meat quality was studied on 40 fattening crossbreed gilts in 
the experiment. The experiment was carried out from 37 to 98 kg live weight in 4 groups (control group-L0, L1-
6,7 % of ground linseed, L2- 13,4 % of ground linseed and L3 -13,4% of linseed and 103 mg of α-tocopherol in 
the diet) of 10 fattening crossbreed gilts each. Linseed treatments did not affect (P>0,05) any monitored growth 
and carcass traits (average daily gain, lean meat percentage and intramuscular fat content). Feeding linseed to 
pigs significantly increased the content of linoleic acid (P<0,05), α-linolenic acid (P<0,001), arachidonic acid 
(P<0,05) and eicosapentaenoic (EPA) acid (P<0,05) content, but did not affect docosahexaenoic (DHA)acid 
content (P>0,05) in muscle tissue. The n-6/n-3 fatty acid ratio was decreased by the diet. The reduction was not 
statistically significant (P>0,05). The content of total n-6 and n-3 fatty acids was the lowest in control group. The 
oxidative stability of muscle lipids was higher in L3 group (α-tocopherol supplementation) compared with other 
groups.  
 
Key Words: fatty acid, linseed, alpha-tocopherol, pig 
 
 

Zusammenfassung 
Titel der Arbeit: Einfluss von Leinsamenzusätzen im Schweinemastfutter auf Schlachtmerkmale und 
Fettsäuremuster im Muskelgewebe 
An 40 weiblichen Kreuzungsmasttieren wurde der Einfluss von unterschiedlichen Leinsamenzusätzen im 
Mastfutter auf Schlachtmerkmale und das Fettsäuremuster im Muskelgewebe untersucht. Im Gewichtsabschnitt 
von 37 bis 98 kg wurden vier Gruppen mit je 10 Tieren  geprüft  (Kontrolle L0=ohne Leinsamen,  L1 = 6,7%,  
L2 = 13,4% und L3 = 13,4% Leinsamen + 103 mg α-Tocopherol). Die Tiere wurden im gleichen Stall gehalten 
und erhielten Futter und Wasser ad libitum. Die Leinsamenzugabe hatte keinen signifikanten Einfluss auf 
Wachstums- und Schlachtmerkmale, jedoch auf das Fettsäuremuster. So erhöhte sich signifikant der Gehalt an 
Linolsäure, α-Linolensäure, Arachidonsäure und EPA (C20:5n-3). Kein Einfluss wurde auf den DHA (C22:6n-6) 
Gehalt im Muskelgewebe nachgewiesen (Die Proben wurden 24 h post mortem den Muskeln longissimus dorsi 
und thoracis entnommen). Der n-6/n-3 Quotient wurde durch die Zufütterung verengt, jedoch nicht signifikant. 
Der geringsten n-6 und n-3 Gehalte fanden sich in der Kontrollgruppe. Verglichen mit den anderen Gruppen war 
die Oxidationsstabilität in der L3-Gruppe am höchsten. 
 
Schlüsselwörter: Fettsäuren, Leinsamen, α-Tocopherol, Schwein 
 
 

Introduction 
Fat is an carrier of essential fatty acids, fat soluble vitamins and it is an important 
component for eating quality. With breeding, feeding, keeping and biotechnology it is 
possible to change the fat content and composition (ENDER at al., 1997; 
BIEDERMANN et al., 2000). Dietary lipids have a principal effect on fatty acid 
profile in pork meat and adipose tissue. The fatty acid content and saturated and 
unsaturated fatty acids ratio determine physical and nutritional characteristics of fat. 
The n-6/n-3 fatty acids ratio is important due to its influence on human health. The 
mechanism by which the n-3 polyunsaturated fatty acids (PUFA) prevent fatal 
ventricular arrhythmias in animals and cultured heart cells, prevent sudden cardiac 
deaths and potential importance of these fatty acids in human nutrition is mentioned in 
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many studies (KANG and LEAF, 2000; PFEUFFER, 2001; DEMAISON and 
MOREAU, 2002; LEAF et al., 2003).  
The level of food intake and composition of food regulates the rate of fatty tissue 
growth and the composition of lipids. There is a correlation between the amount of 
fatty tissue and fatty acid composition. The potential for dietary variation of lipid 
composition in monogastric animals is much greater then in ruminants (NUERNBERG 
et al., 1998). In pigs, dietary fatty acids are absorbed unchanged from the intestine and 
incorporated into tissue lipids. The PUFA linoleic and α-linolenic can not be 
synthesized and tissue concentrations respond rapidly to dietary changes. Saturated 
fatty acids (SFA) and monounsaturated fatty acids (MUFA) on the other hand are 
synthesized and their concentrations are less readily influenced by diet. Vitamin E, α-
tocopherol, is the major lipid-soluble antioxidant in animal tissues which acts post-
mortem to delay oxidative deterioration of the meat. Feeding animals with more 
unsaturated fatty acids to improve the P:S ratio or feeding n-3 PUFA as linseed or fish 
oil to lower n-6/n-3 ratio increases the susceptibility of the meat to oxidation. 
Concomitant increases in dietary vitamin E are therefore necessary to prevent flavour 
deterioration due to lipid oxidation (WOOD and ENSER, 1997; LAHUCKY et al, 
2000; KRSKA et al., 2001; LAHUCKY, 2005). LAHUCKY et al. (2004) studied the 
impact of supplementation with magnesium oxide on the fatty acid composition, 
antioxidative capacity and meat quality parameters. Intramuscular fat content and 
concentration of linoleic acid, EPA and the total amount of n-3 fatty acids in 
M.longissimus dorsi was increased in supplemented pigs.     
In pigs, the concentration of n-3 fatty acids should be enhanced, while that of n-6 fatty 
acids be lowered. This is achieved by increasing the share of n-3 rich oils (linseed, 
rapeseed, soy, fish) or linseed in the diet (ENDER, 1994; LEIBETSEDER, 1996; 
METGES, 2004). 
 
 

Material and methods 
The experiment was evaluated on 40 fattening crossbreed gilts (Czech Large White x 
Czech Landrace) x (Hampshire x Pietrain). The animals were divided into 4 groups, 10 
gilts in each. The average initial live weight was 37 kg. The animals were fed by 4 
types of feeding mixture- control group-L0, L1-6,7 % of ground linseed, L2- 13,4 % of 
ground linseed and L3 -13,4% of linseed and 103 mg of α -tocopherol/kg (Table 1). 
The average final live weight was 98 kg. The samples of M. longissimus dorsi et 
thoracis (200 g weight) for laboratory analysis of intramuscular fat content and fatty 
acid content were collected 24 hours after slaughtering, put in bags and frozen for 
further analyses, lean meat percentage were measured by FOM apparatus. Lipid 
fraction was isolated from the meat samples using method by FOLCH et al. (1957), 
preparation of methyl esters of fatty acids by CSN ISO 5509, methyl esters of fatty 
acids were analysed  by gas chromatography (6890N Agilent Technologies) according 
CSN ISO 5508. Thiobarbituric acid-reacting substances (TBARS) test was used to 
assess lipid oxidation in muscle (method by PIETTE and RAYMOND, 1999) and the 
results were reported as mg of malonaldehyde/kg of muscle.  
The statistical evaluation was performed using the computer program QCExpert and in 
R environment (R Development Core Team, 2005).Data were analysed using  analysis 
of variance (ANOVA), logarithmic and radical transformation was applied for non-
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normal data partition. Data were presented as the mean, standard deviation (SD) of 
each group and the significance levels. 
 
Table 1 
Components of feeding mixtures  

                                                Diet  
Components L0 L1 L2 L3 

Wheat meal (%) 45,3 35,3 26,9 26,9 
Barely meal  (%) 29,0 34,0 28,0 28,0 
Soybean oil meal  (%) 21,6 20,0 17,6 17,6 
Linseed  (%) 0 6,7 13,4 13,4 
L-lysine  (%) 0,3 0,3 0,3 0,3 
L-threonin  (%) 0,2 0,2 0,2 0,2 
Methionin (%) 0,3 0,3 0,3 0,3 
Sodium chloride  (%) 0,4 0,4 0,4 0,4 
Ground limestone (%) 1,5 1,5 1,5 1,5 
ME (MJ/kg) 12,8 12,8 12,8 12,8 
Crude protein  (g/kg) 187,3 187,8 185,9 185,9 
alpha-tocopherol  (mg/kg) 31,3 31,4 31,4 103 

 
 

Results 
Linseed treatments did not affect (P>0,05) growth and carcass traits (Table 2). The 
average initial live body weight was 37 kg, final body weight was 98 kg. Average 
daily weight gain (ADG) was calculated from live body weight at the beginning and at 
the end of the experiment. The highest ADG (949,8 ± 94,3 g) was observed in L0 
group but there was not significant difference and influence of the diet between groups 
(P >0,05). The average lean meat percentage value at the level 60,2% was 
investigated. The highest lean meat content was found in L2 group (60,9 ± 1,7 %) and 
the lowest was found in L3 group (59,2 ± 1,7 %). The differences were not significant 
(P>0,05). The highest IMF content was in L0 group (2,1 ± 0,4%) and the tendency of 
decreasing was observed but it was not significant (P>0,05).  
 
Table 2 
Carcass value traits in control and experimental groups 

Group  
L0 

mean ± SE 
L1 

mean ± SE 
L2 

mean ± SE 
L3 

mean ± SE 
Average daily 
weight gain    (g) 

 
949,8 ± 94,3 

 
895,8 ± 57,2 

 
893,3 ± 104,9 

 
930,9 ± 75,9 

Lean meat 
percentage  (%) 

 
60,6 ± 1,9 

 
59,8 ± 2,6 

 
60,9 ± 1,7 

 
59,2 ± 1,7 

Intramuscular fat 
content (%) 

 
2,1 ± 0,4 

 
1,8 ± 0,3 

 
1,7 ± 0,3 

 
1,9 ± 0,3 

 

The fatty acid content was investigated in samples of M. longissimus dorsi et thoracis 
by gas chromatography. The composition of selected fatty acids is given in Table 3.  
The n-6/n-3 ratio was calculated from total n-6 polyunsaturated fatty acids (PUFA) 
and total n-3 PUFA content. Feeding linseed to pigs significantly increased the relative 
content of α-linolenic acid. The increasing content of linoleic acid (from 7,53 ± 1,77 in 
L0 group to 11,57 ± 2,61 g/100g of total fatty acids in L3 group) was observed in the 
experiment (P<0,05). As well, α-linolenic acid content was increased (from 0,31 ± 
0,05 in L0 group to 0,50 ± 0,09 g/100g of total fatty acids in L3 group; P<0,01) and 
arachidonic acid content was enhanced from 2,08 ± 0,67 in L0 group to 2,85 ± 0,76 
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g/100g of total fatty acids in L3 group (P>0,05). Alpha-linolenic acid is the precursor 
fatty acid for synthesis of EPA and DHA. The amount of these fatty acids was 
analysed as increasing but only in EPA was found significant (P<0,05). SFA content 
remained practically unchanged at the level about 39 g/100 g of total fatty acids. 
Monounsaturated fatty acid content was decreased from 49,17 ± 1,87 g/100 g in the 
control group to 44,28 ± 3,42 g/100 g of total fatty acids in L3 group, on the contrary 
polyunsaturated  fatty  acid  content had  rising tendency (P<0,05, resp. P<0,01).  Both 
n-6 and n-3 fatty acid concentration was raised but it was more significant in n-3 fatty 
acids .  The n-6/n-3 ratio was more favourable in L3 group (10,95 ± 0,55) than in the 
control group. However, the n-6/n-3 ratio decline was not significant (P>0,05) and 
intensive due to increase of both n-6 and n-3 total fatty acids amount. Correlation 
coefficients for intramuscular fat content, lean meat percentage and SFA, MUFA, 
PUFA and total unsaturated fatty acid content are in Table 4. 
 
Table 3 
Fatty acid content in M.longissimus dorsi et thoracis (g/100g of total fatty acids) 

Group  
        L0 
mean ± SE 

        L1 
mean ± SE 

        L2 
mean ± SE 

       L3 
mean ± SE 

Myristic C14:0 1,29±0,17 1,22±0,10 1,28±0,16 1,22±0,11 
Palmitic C16:0 24,44±1,08 23,92±0,84 23,93±0,51 23,98±0,69 
Stearic  
C18:0  

12,78±0,52 12,44±0,63 12,58±0,58 12,62±0,67 

Oleic  
C18:1 n-9 

40,40 ± 1,53 cd 37,14 ± 2,46 37,20 ± 1,86a 36,46 ± 2,77a 

Linoleic C18:2 n-6 7,53 ± 1,77 cd 10,70 ± 2,32 11,11 ± 1,82a 11,57 ± 2,61a 

γ-linolenic 
C18:3n-6 

0,10 ± 0,03 0,12 ± 0,04 0,12 ± 0,05 0,12 ± 0,03 

α-linolenic C18:3 
n-3 

0,31 ± 0,05BCD 0,49 ± 0,14A 0,52 ± 0,06A 0,50 ± 0,09A 

Eikosenoic C20:1 
n-9 

0,73 ± 0,08 0,68 ± 0,11 0,70 ± 0,11 0,67 ± 0,13 

Arachidonic C20:4 
n-6 

2,08 ± 0,67 2,72 ± 0,71 2,37 ± 0,44 2,85 ± 0,76 

EPA  
C20:5 n-3 

0,12 ± 0,04d 0,18 ± 0,04 0,16 ± 0,03 0,19 ± 0,05a 

DHA  
C22:6 n-3 

0,08 ± 0,05 0,10 ± 0,04 0,09 ± 0,03  0,09 ± 0,04 

Total SFA 39,23 ± 1,32 38,34 ± 1,45 38,70 ± 0,88 38,57 ± 1,17 
Total MUFA 49,17 ± 1,87cD 45,54 ± 2,85 45,27 ± 2,34a 44,28 ± 3,42A 

Total PUFA 11,60 ± 2,88bD 16,12 ± 3,42a 16,03 ± 2,51 17,15 ± 3,94A 

Total n-6 10,65 ± 2,62d 14,75 ± 3,18 14,69 ± 2,38 15,71 ± 3,61a 

Total n-3 0,95 ± 0,26bcD 1,37 ± 0,29a 1,34 ± 0,16a 1,44 ± 0,34A 

n-6/n-3 11,38 ± 0,98 10,86 ± 1,35 10,97 ± 1,08 10,95 ± 0,55 
MUFA/PUFA 4,51 ± 1,13BCD 2,98 ± 0,75A 2,92 ± 0,65A 2,77 ± 0,85A 

a,b,c,d     significant differences at a significance level of 95%; A,B,C,D  significant differences at a significance level of 99% 
 
Table 4 
Correlation coefficients for intramuscular fat content, lean meat percentage and SFA, MUFA, PUFA and total 
unsaturated fatty acid content 

 SFA MUFA PUFA Total unsaturated 
FA 

Intramuscular fat 
content  

0,198 0,377 -0,382 -0,198 

Lean meat 
percentage 

-0,247 -0,109 0,173 0,248 
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The oxidative stability was indicated as milligrams of malonaldehyde/kg of muscle. 
The addition of alpha-tocopherol enhanced the oxidative stability of muscle lipids.  
The lowest content of malonaldehyde (1,48 ± 0,26 mg/kg) was measured after 6 days 
in L3 group. Differences in malonaldehyde concentration was statistically significant 
at the1st (P<0,01) and 6th (P<0,05) day of storing. The malonaldehyde concentration is 
shown in the Figure.  
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Figure: Effect of alpha tocopherol on oxidative stability of muscle lipids 
 
 

Discussion 
The carcass value traits, fatty acid content and meat quality was investigated in the 
experiment. No significant effect of linseed in pig diet on carcass value traits (average 
daily weight gain in the experiment, lean meat percentage and intramuscular fat 
content) was observed. The same result was published by WISEMAN et al. (2000). 
According to ROMANS et al.(1995) and KOUBA et al. (2003) flaxseed treatments did 
not affect (P>0,05) any monitored growth and carcass traits.  
The effect of linseed oil and olive oil on lipid composition was mentioned in a study 
by NUERNBERG et al. (2005). Feeding linseed oil to pigs significantly increased the 
relative content of linolenic acid and increasing amount of this fatty acid was found 
out in the experiment to. The concentration of linoleic acid had increasing tendency. 
The effect of linseed oil on the fatty acid composition was investigated by D´ARRIGO 
et al. (2002). The n-6/n-3 ratio was sharply reduced when pigs were fed diets enriched 
with linseed oil. The effect of n-3 fatty acid-enriched diets (in the form of linseed oil 
with sunflower oil or olive oil) and α-tocopheryl acetate supplementation on lipid 
oxidation (TBARS) was investigated in longissimus muscle by REY et al. (2001). 
Meat from pigs fed linseed oil-enriched diets had a higher proportion on n-3 fatty acid 
then meat from pigs in other dietary groups in neutral and polar lipids  and 20% 
reduction in the n-6/n-3 ratio was observed. Total n-3 fatty acid content was enhanced 
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in the experiment. The difference between L3 group and control group was 0,49 g/100 
g of total fatty acids (P<0,01).  Also n-6/n-3 fatty acid ratio was reduced. However this 
decline was not statistically significant (P>0,05).  
SHEARD et al. (2000), HOZ et al. (2003) studied influence of linseed-rich test diet on 
sensory quality, oxidative stability after conditioning and storage. There was no 
significant effect of diet on lipid oxidation and any significant effect of diet on colour 
changes of pork chops. The test diet resulted in higher α-linolenic acid levels, with 
major increases in total n-3 PUFA content. The n-6 PUFA content was reduced by the 
test diet. We observed this increase in α-linolenic acid content as well (P<0,001). 
The oxidative stability was indicated as milligrams of malonaldehyde/kg of muscle. 
Similarly like in studies performed by LARICK et al. (1992), WAYLAN et al. (2002) 
and LAHUCKY et al. (2005) in which the importance of alpha tocopherol is 
mentioned, the effect of vitamin E on meat oxidative stability was documented in our 
experiment. 
The contents of SFA and MUFA increase faster with increasing fatness then those 
content of PUFA resulting in decrease in the relative proportion of PUFA and 
consequently in the PUFA/SFA (P/S) ratio. For pork, the intramuscular fat level also 
affects the P/S ratio, but nutrition will have a larger impact. The fat level also 
influences the n-6/n-3 PUFA ratio, due to the difference of this ratio in polar and 
neutral lipids. However, these effects are much smaller then the effects that can be 
achieved by dietary means. After correction for fat level, breed or genotype differences 
in the MUFA/SFA ratio and in the longer chain C20 and C22 PUFA metabolism have 
been reported, reflecting the possible genetic differences in fatty acid metabolism (De 
SMET et al., 2004). The content of SFA is increased with increasing intramuscular fat 
content, it means the unsaturated fatty acid content is decreasing. The animals with 
higher meatness show lower SFA content and higher unsaturated fatty acids content in 
meat (ALTMANN et al., 1992). BIEDERMANN et al. (2000) investigated the carcass 
fat quality and fatty acid composition in the M. longissimus of castrated pigs and sows. 
There was no different in the fatty acid composition. The correlation coefficients 
between fatty acid composition and parameters of fattening performance and 
composition were in the low to medium range. The investigation corresponded with 
these publications. SFA and MUFA content was increasing with increasing 
intramuscular fat content (correlation coefficient 0,198 and 0,377), PUFA and total 
unsaturated fatty acid content was in negative correlation (-0,382 and -0,198) with 
fatness. On the contrary, there was reverse trend in correlation between lean meat 
percentage and fatty acid content.   
It can be summarized that 

• the carcass value traits were not influenced by adding linseed in pig diet 
• the content of total saturated fatty acids were not affected, monounsaturated 

fatty acid content was decreased, polyunsaturated fatty acid content was 
increased 

• the n-3 fatty acid content was increased but n-6/n-3 fatty acid ratio decrease 
was not statistically significant 

• the increase of SFA and MUFA and decrease of PUFA and total unsaturated 
fatty acid content was found out with increasing intramuscular fat content 

• and positive effect of alpha-tocopherol on meat oxidative stability was 
demonstrated   
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The fatty acid composition is important from the point of view of human health and it 
is reason to provide other experiments from this range to describe the problem in 
detail. There is possibility to change fatty acid profile in pork meat via animal diet, 
evaluate meat quality in term of beneficial fatty acid content and affect human health.  
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Abstract 
The aim of the performed investigations was to study the effect of some live and technological factors such as: 
genotype, sex, body weight, class of meatiness, pre-slaughter rest as well as of the parameters of electrical 
stunning on the frequency of the vertebral fracture and the amount of bloody meat in the shoulder. Four 
experiments in two slaughterhouses on the total of 5556 fatteners from current market deliveries were carried 
out. On the basis of the chi square test, a significant influence of the genotype on the number of fractures of the 
spinal column was demonstrated, with Pietrain breed crossbreds and hybrids x revealing the highest proportion 
of carcasses with fractured spinal column (about 21% carcasses). The frequency of fractures was not found to be 
affected by either the class of meatiness, body weight and sex or the charge value of the electrical stunning 
within the range of the experimental charges from 9 to 15 coulombs. However, the number of the spinal column 
fractures was influenced significantly by the method of electrical stunning. Whereas the stunning by the current 
of the mains frequency of 50 Hz and the initial voltage of 250 V caused spinal column damages in each of the 
examined experimental groups, the phenomenon did not occur when the animals were stunned by the current of 
2000 Hz frequency and the initial voltage of 250 V. In addition, about 20% less bloody meat was found in the 
shoulders of fatteners stunned using the current of increased frequency in comparison with the animals stunned 
with the current of the mains frequency. It is evident from the investigations that the method of electric stunning 
exerts a stronger influence on the number of the spinal column damages than live factors. 
 
Key Words: pig, stunning, swine carcasses, spinal column fractures 
 
 
Zusammenfassung 
Titel der Arbeit: Faktoren, die Knochenbrüche und Muskelbeschädigungen während der Elektrobe-
täubung bei Schweinen beeinflussen 
Es wurde der Einfluss bestimmter Lebens- und technologischer Faktoren, wie z.B.: Genotyp, Schlachtkörper-
gewicht, Klasse der Fleischfülle, Erholung der Tiere vor der Schlachtung und Parameter der Elektrobetäubung 
auf die Frequenz der Knochenbrüche (Wirbelbrüche) und den Anteil des blutigen Fleisches im Schulterbereich 
der Schweine untersucht. Dazu wurden vier Versuche in zwei Schlachthöfen an insgesamt 2143 Mastschweinen, 
die aus Marktlieferungen stammten, durchgeführt. Der Chi-Quadrat-Test beweist, dass der Genotyp der Tiere 
einen bedeutsamen Einfluss auf die Zahl der Knochenbrüche hatte, wobei Kreuzungen mit der Pietrain-Rasse 
und X-Hybriden den größten Teil der Schlachtkörperhälften mit Knochenbrüchen (ca. 21% Schlacht-
körperhälften) bildeten. Auf die Höhe der Knochenbrüche hatten weder die Klasse der Fleischfülle noch die 
Größe der elektrischen Betäubungsladung im Bereich der untersuchten Parameter (von 9 bis 15 Coulomb) 
Einfluss. Den größten Einfluss auf die Zahl der Knochenbrüche hatte dagegen die Art der Elektrobetäubung. In 
jeder untersuchten Gruppe von Schweinen, die mit Strom mit einer Netzfrequenz von 50 Hz und der 
Anfangsspannung von 250 V betäubt wurden, gab es Knochenbrüche. Im Vergleich dazu gab es bei einer 
Betäubung mit Strom mit 2000 Hz Frequenz und einer Anfangsspannung von 250 V keinerlei Knochenbrüche. 
Außerdem wurde im Schulterbereich dieser Mastschweine, die mit dem Strom der größten Anfangsspannung 
betäubt wurden, weniger blutiges Fleisch festgestellt, als in dem Fall, wo die Tiere mit Strom von 50 Hz 
Netzfrequenz betäubt wurden. Diese Untersuchungen beweisen, dass die Art der Elektrobetäubung einen 
größeren Einfluss auf die Zahl der Knochenbrüche hat als die Lebensfaktoren. 
 
Schlüsselwörter: Schwein, Betäubung, Schlachtkörper, Knochenbrüche 
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Introduction 
For many years now, a steady progress in the improvement of technical solutions of 
both methods of fatteners’ stunning, i.e. electrical and gas methods has been observed. 
In different countries, comparative experiments are being carried out in industrial 
conditions on large animal populations in which advantages and disadvantages of 
individual solutions bearing in mind such aspects as animal welfare, the impact of the 
applied method on meat technological and quality properties, work safety etc. are 
being assessed (KIEN, 1999; TROEGER, 1998, 1999; FAUCITANO et al., 1998; 
WENZLAWOWICZ, 1998). 
KIEN (1997a) maintains that the stunning process may induce the following basic 
defects of the meat raw material: bone fracture (primarily of the spinal column), 
hemorrhages, muscle as well as pulmonary extravasations and meat quality defects of 
the PSE type. Hamorrhages as well as muscle and pulmonary extravasations are 
particularly common in the case of manual, low-voltage electric stunning (75 V, 0.3 A, 
50 Hz, time - 15s), as confirmed by earlier experiments carried out at the Meat and Fat 
Research Institute (BORZUTA, 1971a, b). It was demonstrated then that, in the case of 
fatteners stunned in this way, hamorrhages occurred in 14.32% of hams, while surface 
extravasations in the muscles of the abdominal cavity and chest – in 8.17% carcasses 
and only about 40% lungs were free of extravasations. It was the above-mentioned 
factors as well as changes in regulations which imposed the application of stronger 
stunning current (working voltage at least 250 V at 50 Hz frequency) to deprive 
slaughter animals of their consciousness before slaughter (Directive 1999) that forced 
Polish slaughter-houses to abandon the application of the low-voltage method of 
stunning. At the present time, domestic slaughter-houses have begun introducing gas 
stunning but electric stunning continues to remain the dominant method of slaughter. 
When reporting the recent developments in investigations on swine stunning presented 
at an international conference in Billund, KIEN (1999) says that in response to the 
improved systems of gas stunning, new, three-electrode electric stunning systems were 
developed and the competition between the two systems continues unabated. Results 
of numerous quality investigations revealed that the systems of gas stunning utilizing 
high CO2 concentrations as well as the automatic three-electrode systems can be 
treated as equal both with regard to their effectiveness and their impact on the meat 
quality (SILVEIRA, 1998; FAUCITANO et al., 1998; WENZLAWOWICZ et al., 
1998, 1998a; VELARDE et al., 1998, 1999). In the case of both methods, bone 
fractures, extensive hamorrhages in muscles were eliminated and the frequency of the 
occurrence of the PSE meat in carcasses was reduced. 
At present, the above-mentioned automatic stunning systems are used in very few 
slaughter-houses in Poland but there is no doubt that their numbers are increasing. 
Nevertheless, the dominant method, particularly in small and medium-sized slaughter-
houses, is that which employs manual electrode tongs of various devices which can be 
divided into three groups: stunners using the initial voltage of approximately 250 V 
and 50 Hz frequency without any measurement of stunning parameters, stunners with 
a similar initial voltage but equipped in a system of an automatic on and off switch of 
the current and a system which allows measuring and signaling the electric charge 
during stunning and stunners with the 250 or 310 V initial voltage and frequency of 
2000 Hz and a rectangular shape of the voltage wave. Both scientific reports (KIEN, 
1997; ŁOBODA et al., 2004; TROEGER, 1999) as well as practical observations 



 154

indicate that especially the application of manually-operated tongs leads to frequent 
fractures of the spinal column bones. Attention is drawn to differences in the intensity 
of these fractures which indicate that the phenomenon may be affected by many pre-
slaughter factors. 
The aim of the performed investigations was to determine the effect of some live 
factors such as: genotype, body weight, sex, meatiness class, pre-slaughter rest and 
electric stunning parameters on the frequency of fractures of the spinal column and the 
amount of bloody meat in the shoulder.  
 
 

Material and Methods 
The investigations were carried out in the SOKOŁÓW S.A. processing plant, KOŁO 
branch and in the SKIBA slaughter-houses in Czersk.  Fatteners from current 
deliveries were stunned employing the following domestic devices: EOT-1 with 
manually-operated tongs with the initial voltage of 250 V and frequency of 50 Hz 
using the electrical charge of 15 coulombs (method A), 12 coulombs (method B) or 9 
coulombs (method C) and using an ENZ-2000 microprocessor power pack for animal 
electronarcosis with manually-operated tongs and the initial current voltage of 250 V 
and frequency of 2000 Hz (method D). The time of current application using methods 
A, B and C depended on the set charge and amounted to about 6, 8 or 10 seconds, 
respectively. The applied time was about 10 s when the stunning method with the 
increased current frequency was employed (method D). In the case of all the applied 
stunning methods, the time from the termination of current application to the moment 
of sticking ranged from 15 to 20 s. The following experiments were carried out: 
• Experiment 1 – impact of different genotypes on damages of the spinal column. 

The following 7 genotypes were investigated: hybrid X fatteners, crossbreds of 
polish large white x polish landrace (PLW x PL) sows with Pietrain boars, with 
Pietrain x Duroc boars, with Hampshire x Pietrain boars, with P-76 boars, hybrid Y 
fatteners and a group of fatteners of unidentified breeds. The total of 1253 
carcasses was examined in group sizes given in Tab. 1. With the exception of the X 
hybrids, the remaining fatteners derived from the raw-material base of the 
slaughter-house in Koło and were delivered to the slaughter-house from the radius 
which did not exceed 100  km. The X hybrid fatteners were delivered from a farm 
situated about 180 km from the slaughter-house and were slaughtered after about 1 
h or 8 hs of rest employing the B stunning method. 

• Experiment 2 – impact of the body weight and sex on damages of the spinal 
column. 168 hybrid X fatteners divided into the following weight groups were 
studied (Tab. 2): up to 95 kg (carcass weight up to 70 kg); from 95-105 kg (carcass 
weight from 70.1 to 80 kg) and above 105 kg. Following their transport for about 
180 km and 1 h rest, the fatteners were slaughtered using method B.  

• Experiment 3 – impact of the A, B and C stunning methods on damages of the 
spinal column and the rate of after-slaughter changes in meat measured by the level 
of pH 45 minutes after slaughter (pH1). The acidity was determined in the 
longissimus lumborum muscle at the height of the first lumbar vertebra using the 
Radiometer 80 Portable pH-meter equipped in a combined electrode. 168 hybrod X 
fatteners were examined in the first two groups (methods A and C) and 3413 
fatteners of different breeds in group three (method D). 
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• Experiment 4 – impact of the meatiness level of carcasses derived from different 
genotypes divided into classes according to the EUROP system (BORZUTA, 
2000) on damages of the spinal column. The total of 501 fatteners were examined 
in group sizes shown in Tab. 3. Fatteners were stunned using method B. 

Carcasses were assessed on the slaughter line recording visible fractures of the spinal 
column with hamorrhages in the muscles surrounding them. The proportion of 
carcasses with fractured vertebras was the basis for drawing conclusions about the 
effect of the examined live and slaughter factors on damages of the spinal column. In 
the case of Experiment 3, pH1 changes as well as the proportion of bloody meat in the 
shoulder (estimated by weight during deboning) were also investigated. 
The performed statistical calculations employed the chi square test to confirm the 
significance of differences between the proportions of damages in the spinal column in 
individual groups and the Student test to compare pH1 differences between groups of 
fatteners stunned with different methods (RUSZCZYC, 1980).  
 
 
 

Results and Discussion 
In the course of electrical stunning of pigs, the phenomenon of fracture of one or 
several vertebras was observed which required the removal of the damaged vertebras 
and the surrounding bloody meat as a veterinary confiscation causing definite losses. 
The amount of the removed meat together with the vertebra ranged from 0.5 to 1.0 kg. 
Observations carried out on 1275 carcasses obtained from fatteners which were 
stunned using method B showed that the 6th and 7th thoracic vertebra fractured most 
frequently (up to 8% of carcasses), 5th and 8th thoracic vertebra – less frequently (3 to 
4%) and the 4th and 9th vertebra broke rarely (Fig.). None or only sporadic cracks were 
recorded in the remaining vertebras. However, irrespective of the location of the spinal 
column fractures, the most valuable part of the carcass was always damaged, i.e. the 
loin which cannot be sold. ŁOBODA and POSPIECH (2004) as well as VELARDE et 
al. (2001) maintain that the fractured bones are caused by exceptional mechanical 
strains during the contraction reaction caused by the applied electric current and 
possible fall of the animal. The above-mentioned authors also reported that vertebras 
situated in the loin and neck underwent fracture most frequently. 
The performed investigations showed that there is a correlation between the proportion 
of damages of the spinal column and the breed origin of pigs (Tab. 1). Employing the 
chi square test, a statistically significant impact of the genotype on the amount of 
carcasses with fractured vertebras was demonstrated.  
 
Table 1 
Proportion of carcasses with fractured vertebra in fatteners of different breed origin 

Breed Number of carcasses 
with fractured 

vertebras 

Number of carcasses 
without damages 

vertebras 

% of carcasses with 
fractured vertebras 

Hybrid X 
(PLW x PL) x P 

(PLW x PL) x (P x D) 
Hybrid Y 

(PLW x PL) x P-76 
(PLW x PL) x (H x P) 

Unidentified 

72 
8 
9 
3 
3 
0 

42 

257 
29 

199 
37 
67 
35 

492 

21.88 
21.62 
4.33 
7.50 
4.29 
0.00 
7.87 

chi2
emp. = 67.28;  chi2

0.01 = 16.81 
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The highest proportion of damages was found in crossbreds with the Pietrain breed 
and in hybrids X (more than 21% of carcasses). Three times fewer damages were 
observed in hybrids Y (about 7%) and more than 5 times fewer fractures occurred in 
hybrids after P-76 and P x D boars. No fractures were found in fatteners derived after 
the H x P father. The above observations may indicate a more delicate skeleton in 
hybrid X pigs and crossbreds with the Pietrain breed which are characterised by a very 
young age at slaughter and this may be one of the causes of more frequent damages of 
the vertebras. However, the above hypothesis is not confirmed by the results of 
investigations on the effect of the weight of fatteners on the number of vertebral 
damages (Tab. 2). 
 
Table 2 
Proportion of fractured vertebras in fatteners of different weights 

Weight of fatteners 
in kg 

Number of carcasses with 
damaged vertebras 

Number of carcasses 
without damaged vertebras 

%  of carcasses with 
damaged vertebras 

Up to 95 
95 to 105 
over 105 

6 
39 
11 

7 
78 
27 

46.15 
33.33 
28.94 

chi2
emp. = 1.29; chi2

0.05 = 5.99 
 
Despite the fact that the proportion of carcasses with fractured vertebras increases as 
the weight of fatteners decreases, nevertheless the difference turned out to be 
statistically non-significant. Similar observations were reported by ŁOBODA and 
POSPIECH (2004) who investigated a wider range of animal weights (weaners, 
fatteners, sows). 
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        Fig.: Proportion of pork carcasses with fractured thoracic vertebras in pigs stunned with 
          method B (n= 1275) 
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The performed investigations did not confirm the effect of the carcass meatiness on 
vertebral damages (Tab. 3). 
 
Table 3 
Proportion of carcasses with fractured vertebras in relation to the EUROP meatiness class 

Carcass class Number of carcasses with 
damaged vertebras 

Number of carcasses without 
damaged vertebras 

% of carcasses with 
damaged vertebras 

E 
U 
R 
O 

62 
46 
25 
7 

165 
116 
62 
18 

27.31 
28.40 
28.74 
28.00 

chi2
emp. = 0.06; chi2

0.05 = 7.81 
 
The proportion of carcasses with fractured vertebras reached the level of about 28% in 
the five examined classes. Also ŁOBODA and POSPIECH (2004) failed to find 
significant differences in the percentage of carcasses with damaged vertebras between 
E, U, R, O and P classes; the determined level of these damages ranged from 10-12%. 
On the other hand, in the case of class S, the one with the best musculature with meat 
content over 60%, the same authors found three times more carcasses with fractured 
spinal columns and attributed this to the susceptibility of this group of animals to 
genetically preconditioned stress. This hypothesis was confirmed by investigations 
carried out by VELARDE et al. (2001) who reported more frequent fractures of the 
spinal column and blood extravasations in pigs susceptible to stress. 
No effect of sex on the frequency of vertebral damage was observed as evident in data 
presented in Table 4. 
 
Table 4 
Proportion of carcasses with fractured vertebras in relation to the sex of fatteners stunned with method B 

Gender Number of carcasses with 
damaged vertebras 

Number of carcasses 
without damaged vertebras 

% of carcasses with 
damaged vertebras 

Gilts 
Hogs 

22 
10 

90 
39 

24.44 
25.64 

chi2
emp. = 1.57;  chi2

0.05 = 3.84 
 
These experiments were conducted on a uniform group of 162 pigs of the same breed 
(hybrid X) fattened on the same farm and delivered to the slaughter-house in one two-
level truck. The proportion of fractures in gilts and hogs was similar and did not differ 
statistically significantly. 
A similar material from the same farm was used in investigations on the impact of the 
pre-slaughter rest on the number of vertebral fractures. A batch of 299 hybrid X 
fatteners from Experiment 1 was divided into 2 groups – one of them was allowed to 
rest for 8 hours before slaughter and the other was slaughtered directly after the arrival 
at the slaughter-house. Results of this experiment are presented in Table 5.  
 
Table 5 
Proportion of carcasses with fractured vertebras in fatteners with and without pre-slaughter rest stunned with 
method B 

Group of animals Number of carcasses with 
damaged vertebras 

Number of carcasses without 
damaged vertebras 

% of carcasses with 
damaged vertebras 

With rest 
Without rest 

34 
32 

66 
167 

34.00 
16.08 

chi2
emp. = 12.44;  chi2

0.01 =   6.63 
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The obtained results show that the application of the 8-hour pre-slaughter rest had a 
negative effect on the susceptibility of animals to fractures of the spinal column during 
stunning. The number of damaged vertebras in animals which were allowed to rest for 
8 h before slaughter was two times higher than in animals which were slaughtered 
directly after the delivery. This phenomenon is difficult to explain. One of the possible 
explanations is that the 8 h spent in a new, hostile environment could have contributed 
to increased stress.  
Table 6. presents the results of observations on the effect of the applied method of 
electrical stunning of experimental fatteners on the proportion of fractured vertebras. 
 
Table 6 
Proportion of carcasses with fractured vertebras in relation to the applied stunning method 

Stunning method Number of carcasses with 
damaged vertebras 

Number of carcasses 
without damaged vertebras 

% of carcasses with 
damaged vertebras 

A (15 coulombs) 
C (9 coulombs) 

32 
24 

61 
51 

34.41 
32.00 

chi2
emp. = 0.11;  chi2

0.05 = 3.84 
 
The stunning with the same EOT-1 device using different electrical charges (9 and 15 
coulombs) during the process failed to exert a significant influence on the frequency of 
the occurrence of vertebral fractures. On the other hand, when the ENZ-2000 stunning 
device with the current frequency of 2000 Hz was employed, not a single carcass with 
fractured vertebras was found in 3413 examined carcasses. This shows a very 
significant impact of the applied electrical stunning device on the frequency of the 
spinal column damage. The employed high current frequency had a positive influence 
on the examined property as confirmed by other experiments (KIEN, 1999; 
BORZUTA, 1971). The above observations were used to design a new, three-electrode 
device in which, initially, current of increased frequency (400 – 800 Hz) is applied to 
the animal’s head and, during the second stage, ordinary current of the mains 
frequency (50-60 Hz) is allowed to flow between the head and the heart. This method 
contributed to the improvement of meat quality (TROEGER, 1999). 
The electrical charge of the stunning current at the applied range of 9 to 15 coulombs 
did not affect significantly the proportion of meat with quality defects (Tab. 7). 
Nevertheless, a trend can be observed towards increased number of carcasses with 
PSE meat in the group of fatteners stunned with the current used in method A (15 
coulombs). 
 
Table 7 
Proportion of carcasses with defects in the longissimus lumbarum muscle in relation to the charge of the 
stunning current (n=168) 

Meat quality group Stunned with method A 
(15C) 

Stunned with method C 
(9C) 

PSE (pH1 ≤ 5.80) 
Partially PSE (pH1 ≤ 5.81 ÷6.00) 

Normal (pH1 > 6.00) 

5.4 
14.2 
80.4 

2.6 
12.0 
85.4 

chi2emp.= 2.70;  chi20.05 = 7.81 
 
The tendency towards a greater proportion of PSE meat in pigs stunned by the stronger 
current charge appears to be corroborated by the mean pH1 values determined in the 
longissimus lumbarum muscle which were as follows: 
method A – 6.25±0.28 
method C – 6.34±0.31 
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Differences between mean pH1 values for the two stunning methods turned out to be 
statistically significant (t = 2.07) at P <0.04. A similar opinion was expressed by 
TROEGER (1999) who maintains that the application of the electrical charge ≤ 9C 
results in better meat quality. 
The impact of stunning with the high frequency current turned out to be significant (t = 
2,69xx) from the point of view of the proportion of bloody meat in shoulders observed 
during bleeding as confirmed by the results presented in Table 8. 
 
Table 8 
Proportion of bloody meat in shoulders in relation to the applied stunning method 

Stunning method Number of examined carcasses Proportion of bloody meat in 
shoulder % 

Stunned with method C 
Stunned with method D 

46 
63 

3.26±0.41 
2.79±0.44 

Difference 
Test t 

 0.47 
2.69xx 

 
Recapitulating the performed investigations, it should be said that the stunning of 
animals with the current of the ordinary mains frequency of 50÷60Hz results in 
frequent fractures of the spinal column, most often of the 6th, 7th and 8th thoracic 
vertebras. The frequency of the fractures depended on the phenotype of fatteners and 
the time of rest prior to slaughter. The highest number of spinal column damages was 
observed in crossbreds with the Pietrain breed and in hybrid X fatteners. Pigs which 
were allowed to rest 8 hours before slaughter developed more fractures of their spinal 
column than those which were slaughtered directly after delivery. The examined range 
of the current stunning charge of the mains frequency did not influence the proportion 
of carcasses with damaged vertebras. The stunning of experimental animals with the 
current of increased frequency eliminated fractures of vertebras and reduced the 
proportion of bloody meat in shoulders. It was also found that the application of higher 
current charges to stun animals (i.e. 15 C) at mains frequency reduced the pH of the 
meat 45 minutes after slaughter. 
The remaining investigated live factors i.e. live weight, sex and meatiness class of 
carcasses did not exert any significant influence on the proportion of carcasses with 
damaged vertebras. 
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Effect of husked and naked oat used in the diets supplemented with  
linseed oil on the growth performance of pigs, carcass and meat  
quality 

 
 
 

Abstract 
The aim of the experiment was to determine the effects of husked and naked oat grain used in the diets 
supplemented with oils, but not supplemented with vitamin E and selenium, on the meat quality and fattening 
results of pigs. 24 crossbred barrows were fed individually, from approx. 40 to 104 kg BW. The control diet (C) 
contained triticale and two experimental diets contained either 45% of husked oat (O) or 45% of naked oat (NO). 
The diets were formulated as prooxidative, i.e. they were supplemented with 3% of linseed oil and 1% of 
rapeseed oil during the grower period, as well as with 3% of linseed oil during the finisher period. All diets were 
isolipidic and isofibrous. Growth performance, carcass quality, as well as the pH, chemical composition, fatty 
acids, drip loss, color (L*, a*, b*), sensory properties, the content of vitamin E, vitamin A and TBARS in 
longissimus dorsi (LM) samples were determined. The experimental treatments had no effect on growth 
performance, meatiness, and contents of protein and fat in LM samples. Meat from pigs fed the diet with husked 
oat had a more desirable color (L*) than meat from pigs fed the control diet or the diet with naked oat. After 96 
hours of storage at 4°C LM samples of pigs given the diet with naked oat had lower (P>0.05) drip loss (6.49%), 
as of pigs fed diets with husked oat (7.30%) or triticale (8.21%). Naked oat significantly increased the oxidative 
stability of meat, measured based on the formation of TBARS.  
 
Key Words: pigs, oat, antioxidant properties, meat quality 
 
 
Zusammenfassung 
Titel der Arbeit: Einfluss von Spelz- und Nackthafer bei mit Leinöl angereichertem Mischfutter auf Mast- 
und Schlachtleistungen sowie Schlachtkörperqualität und Fleischbeschaffenheit bei Mastschweinen  
Es wurde der Einfluss von Spelz- bzw. Nackthafer bei mit Lein-, Raps- bzw. Sojabohnenöl angereichertem 
Diätfutter ohne Vitamin E oder Selenzusatz auf die Mast- und Schlachtleistung sowie Fleischqualität untersucht. 
Die 25 Kreuzungsschweine wurden von 40 – 104 kg bis zur Schlachtung individuell gefüttert. Die 
Hauptkomponenten der drei Diätengruppen waren 1. Kontrolldiät mit Weizen und Roggen, 2. mit 45 % 
Spelzhafer, 3. mit 45 % Nackthafer, welche in den zwei Mastabschnitten bis bzw. nach 72 kg mit Lein-, Raps- 
bzw. Sojabohnenöl angereichert wurden. Erfasst wurden die Merkmale: Körpergewicht und Masttagszunahme, 
Futterverwertung, Schlachtkörperqualität, pH, Dripverlust, Fleischfarbe sowie sensorische Merkmale im M. 
musculus longissimus dorsi. Es konnte fast kein Einfluss der drei Diäten auf die genannten Merkmale festgestellt 
werden. Tiere der Gruppe 2 zeigten eine signifikant bessere Fleischfarbe, die der Gruppe 3 tendenziell geringere 
Dripverluste. In letztgenannter Gruppe konnte auch eine höhere Oxidationsstabilität des Fleisches nachgewiesen 
werden. 
 
Schlüsselwörter: Schwein, Hafer, Mastleistung, antioxidative Merkmale, Fleischqualität  
 
 

Introduction 
A growing interest has been observed recently in the modification of the composition 
of diets for pigs, aimed at increasing the levels of polyunsaturated fatty acids (PUFA) 
as well as maintaining a more favorable balance between n-6 and n-3 PUFA. 
However, meat enriched with PUFA is more susceptible to oxidative deterioration. 
The products of lipid oxidation have a negative effect on the sensory, nutritional and 
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health properties of meat (JANITZ, 1985; WOOD et al., 2003). The oxidative stability 
of PUFA-enriched pork fat can be increased with the use of diets containing elevated 
levels of antioxidants, primarily α-tocopherol (HASTY et al., 2002; LAHUCKY et al., 
2005). It seems that a similar role may be played by phytochemicals contained in feed, 
mainly in cereals. It is known that oat grains contain phytochemicals of various 
families that display antioxidant properties, such as tocopherols and tocotrienols, 
flavonoids (e.g. avenanthramides), phenolic acids in free and estrified form, and 
sterols (WHITE and ARMSTRONG, 1986; COLLINS, 1989; PETERSON, 2001; 
BRYNGELSSON et al., 2002). Avenanthramides occur in oat in a relatively high 
concentration and have high antioxidant activity. One of the forms of avenanthramides 
isolated from oat grain showed 60% of the activity exerted by α-tocopherol 
(DIMBERG et al., 1993). For the above reasons oat extracts are added to food 
products, to prevent lipid oxidation. It was found that methanolic extracts from oat 
added to soybean oil reduced the formation of peroxides during heating or storage 
(WHITE and ARMSTRONG, 1986; XING and WHITE, 1997, respectively). Oat can 
be also used as a source of antioxidants in diets for various animal species. A diet with 
husked oat enabled to reduce the concentrations of cholesterol oxidation products in 
broiler meat (LOPEZ-BOTE et al., 1998a) as well as the formation of thiobarbituric-
reactive substances (TBARS) in rabbit meat (LOPEZ-BOTE et al., 1998b). Naked oat 
added to diets for cows significantly extended the oxidation induction period in milk 
fat (FAERON et al., 1998). Also CAVE and BURROWS (1993) observed reduced 
lipid oxidation in thigh meat of broilers fed naked oat diets. Literature on the subject 
provides no information on the results of such experiments on pigs.  
Therefore, the aim of the present study was to determine the effects of husked and 
naked oat grain administred in the diets supplemented with linseed oil, but not 
supplemented vitamin E and selenium, on the meat quality and growth performance of 
pigs. 
 
 

Material and Methods 
Materials 
Cereal grain (barley, triticale, husked oat and naked oat) was purchased from a local 
farmer. Husked oat grain was ground in a hammer mill, the grain of the other cereals 
was ground in roller mill with grooved rolls. Raw (unrefined) oils were purchased 
from a local oil plant. The levels of nutrients and antioxidants (α-tocopherol, total 
phenolic compounds (TPC) and the total antioxidant capacity (TAC) were measured in 
diets (Table 1). 
 
Animals, diets and meat sample preparation 
The experiment was performed on 24 crossbred barrows [(Large White×Polish 
Landrace)×Duroc] divided into three groups and fed individually from approx. 40 to 
104±3.44 kg BW. Three grower (40-72 kg) and finisher (72-104 kg) diets were tested: 
the control diet (C) contained triticale and barley, and two experimental diets 
contained either 45% of husked oat (O) or 45% of naked oat (NO) as a substitution for 
triticale. The diets were formulated as prooxidative, i.e. they were supplemented with 
3% of linseed oil and 1% of rapeseed oil during the grower period, as well as with 3% 
of linseed oil during the finisher period. The diets were not supplemented with vitamin 
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Table 1 
Content of nutrients (% DM) and antioxidant properties of feeds 

Nutrient  Antioxidant Feed 
dry matter 

 
crude 

protein 
ether 

extract 
crude fibre  α-T1 

mg/kg 
TPC2 

g/kg 
TAC3 

mmol/kg 
Barley 86.27 11.44 1.65 5.48  5.69 11.77 7.56 
Triticale 86.54 11.30 1.69 3.10  4.42 6.70 3,56 
Husked oat 87.33 11.60 5.70 11.60  2.09 5.81 3.54 
Naked oat 89.64 13.34 8.51 4.89  3.46 5.26 3.93 
Soybean meal 89.54 52.51 2.10 3.84  8.39 20.61 5.97 
Wheat straw 92.06 5.26 0.76 45.27     
Linseed oil      154.3   
Rapeseed oil      156.0   
Soybean oil      192.0   

1α-T -  α-tocopherol,  2TPC – total phenolic compounds,  3TAC – total antioxidant capacity in Trolox equivalents  
 
Table 2 
Ingredients, nutrients (% as-fed), antioxidants and fatty acid composition (% of total fatty acids) of diets  

Grower (40 -72 kg) Finisher (72-104 kg) Item 
C  O   NO  

 
C O  NO  

Ingredients, %        
  Barley 18.76 18.67 19.67  20.08 19.59 19.98 
  Triticale  39.0 6.0 -  48.0 13.0 9.0 
  Soybean meal 25.0 22.2 21.5  18.0 16.0 14.8 
  Husked oat (O) - 45.0 -  - 45.0 - 
  Naked oat (NO) - - 45.0  - - 45.0 
  Ground wheat straw 7.5 - 6.8  6.3 - 5.9 
  Linseed oil 3.0 3.0 3.0  3.0 3.0 3.0 
  Rapeseed oil 2.5 1.6 1.0  1.0 0.6 - 
  Soyabean oil 1.2 0.5 -  1.0 0.5 - 
  Limestone 1.0 1.0 1.0  0.8 0.8 0.8 
  Monoalcium phosphate 0.9 0.9 0.9  0.4 0.4 0.4 
  Salt 0.3 0.3 0.3  0.3 0.3 0.3 
  Premix 1   0.5 0.5 0.5  0.5 0.5 0.5 
  Lysine HCl (78%) 0.08 0.09 0.09  008 0.08 0.09 
  Methionine  (98%) 0.06 0.04 0.04  0.04 0.03 0.03 
  Acidifier 2 0.2 0.2 0.2  0.2 0.2 0.2 
Analysed composition, %        
  Crude protein 18.0 17.6 18.0  16.0 16.0 15.9 
  Ether extract 8.0 8.1 8.1  6.3 6.9 7.0 
  Crude fibre 6.1 6.4 6.6  5.8 6.3 6.2 
  NDF  19.8 19.7 18.6  18.4 20.3 19.0 
        
  SFA, % of total 13.5 14.3 15.4  13.4 14.6 14.5 
  MUFA, % of total 34.1 32.3 34.9  27.3 28.2 29.9 
  PUFA, % of total 52.4 53.4 49.7  59.3 57.3 55.6 
Calculated composition, g/kg        
   Lysine  9.84 9.79 9.79  8.15 8.19 8.16 
   Methionine 3.10 2.98 2.98  2.60 2.58 2.58 
   Ca 7.37 7.43 7.45  5.64 5.75 5.73 
   P total 5.46 5.76 5.49  4.38 4.62 4.37 
   ME, MJ/kg 13.74 13.42 13.54  13.54 13.24 13.47 
        
  α-tocopherol, mg/kg 15.7 12.2 10.7  12.9 10. 9.0 
  TPC 3, g/kg 1.77 1.99 1.87  1.66 1.87 1.72 
  TAC 4, mmol Trolox/kg 9.97 9.79 9.11  9.32 9.09 8.37 

1The vitamin and mineral premix on limestone carrier, without vitamin E and Se, supplied per kg of diet: 9400 IU vitamine A; 1875 IU 
vitamine D3; 1.26 mg vitamine K3; 0.67 mg folic acid; 9.4 mg panthothenic acid; 18.8 mg niacinamid; 0.95 mg thiamine; 4.4 mg riboflavine; 
1.0 mg pirydoxine; 18.8 µg vitamine B12; 19.0 µg biotine;  170 mg cholinchloride; 45 mg Mn; 84.4 mg Zn; 84.4 mg Fe; 25 mg Cu; 0.57 mg 
Co; 0.84 mg I; 15 mg flavomycine;  2Acidifier containing the mixture of organic acids (formic, phosphoric, acetic, lactic, citric, propionic) 
and their salts;   3Total phenolic compounds;  4Total antioxidant capacity 
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E and selenium, and were isolipidic and isofibrous. In addition, all diets contained 
barley, soybean meal, minerals, vitamins and amino acids. Rapeseed oil and soybean 
oil were added to achieve the crude fat level of diet NO, and ground wheat straw was 
added to achieve the fiber level of diet O (Table 2). The diets were offered wet (1:1 
with water), in a restricted amount (from 1.8 to 3.0 kg/pig/day), and water was offered 
ad libitum. Daily gains and feed conversion ratios were calculated based on the live 
weight gains of pigs and feed intake. As the slaughter weight was achieved, the pigs 
were transported (25 km) to a slaughterhouse in two groups, each of 12 animals, at a 
week interval. The thickness of back fat and longissimus dorsi (LM) muscle were 
measured postmortem with an optical-needle choirometer (CGM 01-A, France), and 
carcass meatiness was calculated in accordance with the relevant standards applied at 
the slaughterhouse. Carcass yield was calculated based on live weight and hot carcass 
weight. The LM pH was determined 45 minutes and 24 hours after slaughter with a 
pH-meter (WPW-340 I, POL-EKO). On the day following slaughter, LM samples 
(weighing about 600 g) were taken from the area above the third and fourth lumbar 
vertebra. The samples were put into impermeable plastic bags and transported in a 
cooler to the laboratory. Four chops were sliced from each sample. The first chop 
(approx. 250 g) was used to determine the color, and then to evaluate the sensory 
properties of meat. Two chops, 2.5 cm in thickness, were used to determine drip loss. 
The fourth chop was trimmed of visible fat and connective tissue, and ground in a food 
grinder (RONIC, France). The levels of dry matter, nitrogen, fat, vitamin E, vitamin A 
and thiobarbituric acid-reactive substances (TBARS) were determined in ground fresh 
meat. 
 
Chemical analysis 
The content of dry matter, crude protein, ether extract and crude fiber in feed and diets 
were measured according to AOAC (1990). In the feeds tocopherol (α-T) was 
determined in accordance with the Polish Standard PN-EN ISO 6867:2002, and in 
meat samples - by the method described by RETTENMAIER and SCHÜEP (1992). 
TPC in feed was measured as described by SHAHIDI and NACZK (1995). TAC was 
determined by the method proposed by RE et al. (1999) and expressed as Trolox 
equivalent capacity. The fatty acid contents of diets and LM fat were determined by 
gas chromatography, following fat extraction from samples with petroleum ether and 
by methylation. A gas chromatograph (AT 6890 N) was equipped with a flame 
ionization detector and a capillary column (30 m × 0.32 mm). Helium (1.0 ml/min) 
was used as carrier gas. Injector, detector and column temperatures were 250, 225 and 
180°C, respectively. The injector was used at a split : splitless ratio of 50:1. Fatty acid 
methyl esters were identified by a comparison with the standards run previously. The 
dry matter content of meat samples was expressed as a weight percentage after heating 
of ground tissue at 105ºC for 24 h. The fat content was measured as the total fat 
extracted from dried samples using the Soxtec 2043 extraction system (FOSS, 
Sweden). Protein content (N×6.25) was measured in fresh samples by the Kjeldahl 
method (2200 Kjeltec, FOOS). Meat lipid oxidation was determined by measuring the 
formation of TBARS, as described by SØRENSEN and JORGENSEN (1996).  
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Meat quality measurements 
The surface color of LM was measured with a spectrophotometer (MiniScan XE Plus, 
Hunter Lab). Color measurements were taken in triplicate (in three different areas of 
the muscle) for each pork chop. Drip loss was determined on two chops using the 
suspension method as described by HONIKEL (1998). Measurements were made after 
48 hour- and 96 hour-storage of the samples in a refrigerator at 4°C. The results were 
expressed as a percentage of initial weights. The sensory properties (aroma, 
tenderness, juiciness, taste) of meat were determined in accordance with the Polish 
Standards PN ISO 4121:1998. Meat samples subjected to evaluation were cooked in a 
0.6% NaCl solution (meat : water ratio of 1:2) at 96°C, to reach a temperature of 75°C 
inside the sample. The evaluation was performed by five trained panelists, on a scale 
of 1 to 5 points. 
 
Statistical analysis 
The results were verified statistically by one-way ANOVA, and significant differences 
between the groups were determined by the Duncan′s multiple range test.  The Tables 
contain the least-squares means and the standard errors of means (SEM). The 
differences were considered significant at P≤0.05. 
 
 

Results 
The feed used for formulation the experimental diets had a standard nutrient content 
(Table 1). As compared with husked oat, naked oat contained more total protein and 
crude fat, by 15% and 49% respectively, and 2.4-fold less crude fiber. However, the 
crude fiber content of naked oat was relatively high. Among cereal grain, the highest 
α-T concentration was recorded in barley, followed by triticale. Husked oat contained 
less α-T than triticale (over twofold) and naked oat. Oils, especially soybean oil, 
contained large amounts of α-T. Tocopherols belong to antioxidant compounds that 
protect plants against going rancid. Their concentration in cereal grain depends on 
genotype and environment, and may vary widely (PETERSON and QUERESHI, 
1993). The α-T content of feed recorded in our study was consistent with that reported 
by other authors (HIDIROGLOU et al., 1992). The level of TPC in husked and naked 
oat grain was comparable and slightly lower than in triticale and as much as twofold 
lower than in barley. The total antioxidant capacity was the highest in barley, and 
similar in triticale, husked oat and naked oat. ZIELIŃSKI and KOZŁOWSKA (2000) 
also observed higher antioxidant activity in barley than in oat.  
The composition of diets as well as the levels of nutrients and antioxidants and the 
fatty acid profile are presented in Table 2. In order to evaluate the antioxidant 
properties of oat, the diets had a comparable nutritive value, including the 
concentrations of saturated, mono- and polyunsaturated fatty acids. The control diet 
had the highest calculated α-T content (15.7 and 12.9 mg/kg in the grower and finisher 
diet respectively). The α-T concentration in the diets with husked and naked oat grain 
was by 22% and 30% lower, respectively. It was caused primarily by a lower level of 
oils in diets with oat grain, especially that containing naked oat. The α-T content of 
grower diets, ranging from 10.7 to 15.7 mg/kg, was at a level recommended by NRC 
(1998) (11 mg/kg of feed for slaughter pigs). In finisher diets O and NO the α-T 
concentration was slightly below these standards. However, due to a high fat content 
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and the concentrations of polyunsaturated fatty acids exceeding 50%, the level of 
vitamin E in all diets could be insufficient to ensure the oxidative stability of meat. 
The concentration of TPC and TAC, calculated based on their levels in feedstuffs, was 
comparable in all diets.  
 
Table 3 
Daily gain and feed efficiency of pigs fed control (C), husked oat (O) or naked oat (NO) diets  

Diet  
   Item C O NO 

SEM P-value 

      
Initial weight, kg 40.63 40.44 39.88 0.343 0.669 
Final weight, kg 104.56 102.31 105.19 0.704 0.199 
Average daily gain, g      
   Grower 893 856 878 11.74 0.457 
   Finisher 924 847 919 16.28 0.089 
   Total 908 852 898 12.62 0.161 
Feed efficiency, kg/kg      
   Grower 2.40 2.51 2.43 0.034 0.441 
   Finisher 3.08 3.33 3.08 0.062 0.165 
   Total 2.73 2.90 2.75 0.046 0.249 

 
The replacement of triticale with 45% of husked or naked oat grain in isolipidic and 
isofibrous diets had no significant effect on the growth performance of pigs (Table 3). 
A tendency towards lower daily gains and worse feed conversion in pigs fed the diet 
with husked oat (by 8% in comparison with the control group; P=0.089) was observed 
only over the finisher period. The nutritive value of all experimental diets was similar, 
regardless on the cereal component added, which may explain the small differences in 
the results of fattening. Non-significantly lower daily gains and feed conversion ratios 
in group O could result from a high lignin content in husked oat (BACH KNUDSEN, 
1997), reducing nutrients digestibility. Good fattening results achieved in the group 
fed naked oat grain are consistent with the findings of other author (HARROLD et al., 
1998). 
 
Table 4 
Carcass traits and composition of  LM of pigs fed control (C), husked oat (O) or naked oat (NO) diets  

Diet  
   Item C O NO 

SEM P-value 
 

Carcass traits      
  Dressing percentage 78.1 78.7 78.9 0.228 0.307 
  backfat thickness, mm 13.4 14.3 12.4 0.537 0.378 
  LM  thickness, mm 57.4 53.1 55.6 1.083 0.284 
  Carcass meat, % 57.3 55.6 57.4 0.488 0.231 
Composition  of LM        
  Dry matter, % 26.49 26.11 26.65 0.212 0.585 
  N × 6.25, % 22.08 22.57 22.37 0.123 0.269 
  Ether extract, % 3.46 2.31 3.30 0.252 0.129 
Fatty acid in LM, % of total       
 SFA 39.8 39.7 40.6 0.504 0.746 
 MUFA 47.0 45.3 46.1 0.324 0.084 
 PUFA 13.1 14.9 13.2 0.577 0.384 

 
There were no significant differences between the groups in carcass dressing 
percentage, back fat thickness and LM thickness (Table 4). Carcass meatiness was 
non-significantly lower (55.6%) in the group given husked oat diet, as compared with 
pigs fed the control diet or naked oat diet (57.3 and 57.4% respectively). LM samples 
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taken from the carcasses of pigs given the diet with husked oat contained statistically 
non-significantly less intramuscular fat than LM samples taken from the carcasses of 
animals fed the control diet and the naked oat diet (2.31% vs. 3.46 and 3.30, 
respectively; P>0.05). The intramuscular fat content affects the eating quality and 
technological suitability of meat. Pork should be delicate, with uniformly distributed 
thin fat fibers, responsible for the desirable juiciness, tenderness and palatability 
following thermal treatment. It was found that a fat content of 2.5 - 3.0% 
(FERNANDEZ et al., 1999) guarantees the optimum taste of meat. In our experiment 
LM meat fulfilled this condition. 
The fatty acids profiles of LM fat were similar in all groups. The intramuscular fat 
contained high concentration of PUFA (from 13.1 to 14.9% of total fatty acids). The 
results demonstrated that fatty acids profiles of pork fat reflected those of the dietary 
fat. Similarly responses have been observed with pig fed diet supplemented with 
linseed (MATTHEWS et al., 2000). 
 
Table 5 
Fresh meat quality of LM of pigs fed control (C), husked oat (O) or naked oat (NO) diets  

Diet  
   Item C O NO 

SEM P-value 
 

      
pH 45 min 6.52 6.62 6.53 0.049 0.691 
pH 24 h 5.50 5.60 5.63 0.031 0.223 
Drip loss 48 h, % 5,56 4.84 4.12 0.294 0.136 
Drip loss 96 h, % 8.21 7.30 6.49 0.346 0.128 
Colour      
      L* 58.4a 55.9b 58.6a 0.412 0.005 
      a* 5.4ab 5.6a 4.5b 0.194 0.041 
      b* 13.9a 12.9b 13.0b 0.156 0.009 
Sensory analysis1      
   Aroma- intensity  4.8 5.0 4.8 0.054 0.276 
   Aroma- desirability 5.0 4.9 4.9 0.029 0.613 
   Tenderness 4.8 4.5 4.8 0.108 0.476 
   Juiciness 4.7 4.3 4.2 0.104 0.123 
   Taste- intensity 4.9 4.9 4.6 0.059 0,065 
   Taste- desirability 5.0 4.9 4.9 0.029 0.613 
      
Vitamin E, µg/g 0.46 0.31 0.35 0.028 0.070 
Vitamin A, µg/g 1.61 1.60 2.24 0.133 0.077 
TBARS, mg/kg 0.613a 0.596ab 0.466b 0.024 0.050 

1Scale from 1 to 5 points;  a,b P ≤ 0.05   
 
The experimental diets had no influence on the values of pH45 and pH24h in LM 
samples (Table 5). 24 hours postmortem pork in all groups was characterized by 
satisfactory pH levels (5.50 - 5.63). A tendency was observed towards lower drip loss 
in meat from pigs fed diets with oat, especially with naked oat.  48 and 96 hours 
postmortem drip loss in group NO was by 26% and 21% lower, respectively (P>0.05). 
Expressed per kg of meat, drip loss was by respectively 14.4 g/kg and by 17.2 g/kg 
lower after 48 and 96 hours of pork storage in a refrigerator. Drip loss is affected by a 
variety of factors, including integrity of cell membranes in muscles. Antioxidants (e.g. 
vitamin E) added to feed protect PUFA in the phospholipids of cell membranes against 
peroxidation (BUCKLEY et al., 1995). This may reduce drip loss from meat 
(BUCKLEY et al., 1995; LAHUCKY et al., 2000), but such an impact of vitamin E 
was not confirmed in other studies (HASTY et al., 2002). A similar antioxidative 
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function may be also performed by phenolic compounds contained in cereals, 
including oat. In the study of FORTIN et al. (2003) drip loss from LM samples of pigs 
fed wheat-barley diets was somewhat greater as compared with pigs given oat-based 
diets (6.71 vs. 6.1 - 6.2; P>0.05), despite the fact that all diets were supplemented with 
100 mg/kg of vitamin E.   
Meat from pigs fed a diet with husked oat grain was characterized by a significantly 
better color – it was darker than meat from pigs given the control diet or a diet with 
naked oat grain (55.8 vs. 58.4 and 58.6; P<0.01). The value of the attribute L* was 
high. Meat color is influenced by the levels of myoglobin and intramuscular fat. Meat 
with a higher fat content reflects more light and is characterized by a higher value of 
L* (WILFART et al., 2004), in comparison with meat with a low fat content 
(MURRAY et al., 2001). The meat of our pigs contained 2.3-4.4% of intramuscular 
fat. Diets containing husked oat or naked oat had a positive effect (P<0.01) on the 
color parameter b* - the meat from O and NO group was less yellow. The relatively 
high level of yellowness (b*) recorded in the experiment could be a consequence of 
high concentrations of PUFA in LM fat.  
An evaluation of aroma, tenderness, juiciness and taste of meat showed that these 
sensory properties were not affected by husked oat or naked oat used in the diets 
(Table 5). Meat obtained from all barrows had a good quality. All quality attributes 
analyzed in the study received high scores (4.2 - 5 points). The effect of oat grain on 
the sensory quality of meat was not unequivocal, and was found to be significant only 
when the proportion of this cereal species in feed mixtures was high (FRIEND et al., 
1988; POSTE et al., 1996). 
The vitamin E content of LM meat from pigs of all groups was low, and varied from 
0.31 to 0.46 µg/g. Meat from pigs fed the diet with naked oat contained larger amounts 
of vitamin A than meat from pigs of the other groups (2.24 vs. 1.60 µg/g; (P=0.077). 
The low concentration of vitamin E in meat was caused by its low content in the diets 
and by its high utilization by pigs, resulting from high quantity of PUFA consumption.  
The oxidative stability of meat, analyzed based on the formation of TBARS, was the 
highest in the group that received naked oat grain (NO). The differences between this 
group and the control group fed the diet with triticale were statistically significant 
(0.466 vs. 0.613 mg/kg; P<0.05). The levels of TBARS, determined in meat samples 
collected 24 hours postmortem, were high. This could be a consequence of a low 
vitamin E content of meat as well as of the fact that pigs were fed diets enriched with 
large amounts of PUFA. A high and increasing concentration of TBARS in LM meat 
from pigs was observed by LOPEZ-BOTE et al. (2003) in consequence of an increase 
in the proportion of PUFA in meat. Similarly, to the results of  our study, CAVE and 
BURROWS (1993) had  also found less TBARS in the meat of broilers fed the diet 
with naked oat. 
The highest oxidative stability of meat from barrows fed the diet with naked oat, 
containing the lowest amount of vitamin E and comparable to the other diets in terms 
of TPC and TAC levels, is difficult to explain. The results of the experiment suggest 
that the phenolic compounds (TPC) contained in naked oat grain could have great 
antioxidative potential, which enabled to save and accumulate larger amounts of 
vitamin A in meat. The results obtained by PÉREZ-JIMÉNEZ and SAURA-
CALIXTO (2005) indicate that amount antioxidants released by cereal matrix into the 
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intestine may be higher than the one that can be expected from measurments in the 
usual aqueous-organic extracts.  
The present results indicate that naked oat has higher influence on the meat quality 
than the husked oat. When used in the diet with high amount of fat (8% and 7% in 
grower and finisher diet, respectively) and deficit of vitamin E, it significantly 
increased oxidative stability of meat, based on formation of TBARS, as well as 
decreased (P>0.05) drip loss from meat of LM. 
 
 

Conclusions 
The results of the study show that diets containing 45% of oat grain had a positive 
effect on pork quality. The influence of naked oat was in this respect more beneficial 
than that of husked oat. The use of husked oat grain in the diets enabled to improve 
meat color (L*), whereas dietary inclusion of naked oat significantly increased the 
oxidative stability of pork, measured based on the formation of TBARS, as well as 
decreased (statistically non-significantly) the level of drip loss. Both oat species 
reduced the yellowness (b*) of meat  
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Abstract 
The aim of the studies was to determine the effect of addition of feed antibiotic flavomycin (100 mg in 1 kg of 
5% premix - group C) or prebiotic BIO-MOS (cell of Saccharomyces cerevisiae yeasts, strain 1026, 0.1% in the 
first growing period - group E) on production results, blood biochemical parameters, morphometric intestine 
properties and composition of intestinal microflora in fatteners. During slaughter of 32 crossbred pigs, blood 
samples were collected and the following biochemical indices were determined. Segments of small intestine 
were collected and morphometric analysis was carried out. Post-mortem quantitative and qualitative 
bacteriological tests and quantitative mycological tests on the determination of the contents of small and large 
intestine were carried out. The comparable results of fattening and slaughter evaluation of pigs in the groups 
were obtained. Significantly lower HDL (P≤0.01) and higher ALT (P≤0.05) content in blood serum of E 
fatteners was found as compared to the animals from C group. In group C, as compared to group E, significantly 
higher (P≤0.01) height of epithelial cells of crypts in duodenum and significantly lower one (P≤0.01) in jejunum 
was found; the results for ileum were comparable. Application of Saccharomyces cerevisiae yeasts feeding 
caused a favourable increase of the number of lactic acid bacteria in the contents of intestines and a decrease of 
the content of bacteria from Enterobacteriaceae family, including Proteus vulgaris and hypha fungi. The 
employment of BIO-MOS in feeding occurred to be favourable from the production and animal health point of 
view and seems to be a suitable alternative to feed antibiotics.  
 
Key Words: pigs, feed additives, fattening, slaughter value, biochemical parameters of blood, morphometric 
indices and intestinal microflora  
 
 

Zusammenfassung 
Titel der Arbeit: Einfluss des Antibiotikums Flavomycin sowie des Präbiotikpräparates BIO-MOS auf die 
Mast- und Schlachtleistungen, Blutparameter, morphometrische Darmeigenschaften und die Mikrodarm-
flora bei Mastschweinen 
Ziel der Arbeit war die Prüfung des Einflusses der Futtermittelzusatzstoffe Flavomycin (100 mg in 1 kg des 
5%igen Prämixes – Kontrolle K) und des Präbiotikpräparates BIO-MOS (Hefezellen Saccharomyces 
cervisiae,Stamm 1026, 0,1% in der ersten Mastperiode – Versuchsgruppe D) auf die Mast- und 
Schlachtleistungen, biochemische Blutparameter, morphometrische Darmeigenschaften und die Mikrodarmflora 
bei Mastschweinen. Bei der Schlachtung der 32 Kreuzungsmastschweine wurden die Blutproben entnommen 
und die Blutparameter bestimmt. Für die morphometrischen Untersuchungen wurden Dünndarmausschnitte 
entnommen. Post mortem wurden bakteriologische Quantitäts- und Qualitätsuntersuchungen sowie 
mykologische Quantitätsuntersuchungen des Dünn- und Dickdarminhaltes durchgeführt. Bei den verglichenen 
Mast- und Schlachtmerkmalen ergaben sich zwischen Kontroll- und Versuchsgruppen keine signifikanten 
Unterschiede. Im Blutserum der Gruppe D fand sich, im Vergleich zur Gruppe K, wesentlich weniger HDL und 
mehr ALT. In Gruppe K fanden sich im Vergleich zur Gruppe D ein höherer Anteil von Kryptenepithelzellen im 
Zwölffingerdarm und ein kleinerer im Leerdarm. Die Ergebnisse im Hüftdarm waren ähnlich. Bei der Hefe-
Versuchsgruppe vergrößerte sich der Anteil an Milchsäurebakterien und es verminderten sich die Bakterien der 
Familie Enterobacteriaceae einschließlich Proteus vulgaris und Fusarium culmorum. Der Einsatz von BIO-
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MOS ergab eine positive Wirkung auf die Gesundheit und scheint eine richtige Alternative für Futterantibiotika 
zu sein. 
 
Schlüsselwörter: Schwein, Futtermittelzusatzstoffe, Masteigenschaften, Schlachteigenschaften, biochemische 
Blutparameter, morphometrische Darmeigenschaften, Darmmikroflora 
 
 

Introduction 
The quantity and proportions of micro-organisms living in alimentary tract are 
relatively constant and typical of the particular periods of life of individual. They are 
subject to changes, depending on the consumed feeds, inter alias, on feed additives, in 
the state of health as well as during disease and stress situation (STAVRIC and 
KORNEGAY, 1995). 
The subject of the studies is to determine the suitability and effectiveness of additives, 
replacing antibiotic growth promotors [AGP] (FLACHOWSKY and SCHULZ, 1997; 
HERICH et al., 1998; MIGUEL et al., 2004; MAXWELL et al., 2004). Natural 
additives stimulate development of favourable intestinal microflora (ZIMMERMANN 
et al., 2001; PICKARD et al., 2004, PETIGREW and MIGUEL, 2006). In the light of 
the so-far conducted experiments, the effectiveness of employing the prebiotics instead 
of AGP is, however, not univocal (HOUDIJK et al., 1999). 
As affected by nutritional factors, the changes within the intestinal crypts take place 
and it increases or decreases proliferation activity of enterocytes. It causes the changes 
in secretory activity of bactericidal factors (VAN NEVEL et al., 2005). 
The aim of the studies was to determine the effect of feed antibiotic additive or 
replacer - prebiotic on production results, blood biochemical parameters, 
morphometric indices and composition of intestinal microflora of fatteners. 
 
 

Material and Methods 
The observations covered 32 three-breed crossbred pigs (Polish Large White x Polish 
Landrace) x Duroc and (PLW x PL) x Belgian Landrace (1:1), gilts and barrows (1:1). 
Animals were allocated to control group (C) and experimental group (E) by the 
method of analogues.  
The fatteners were managed and fed individually. In two-stage fattening, from the 
body weight of ca 21 kg up to 56 kg and from 56 kg up to 100 kg, the full-ration 
mixtures were administrated (Table 1) (ANONYMOUS, 1993). Mixtures for fatteners 
of C group contained 5% addition of premix with antibiotic – flavomycin (100 mg per 
1 kg) and the experimental animals received premix without antibiotic. Group E 
received 0.1% addition of prebiotic mannan oligosaccharide BIO-MOS (during the 
first growing period) (obtained from cell walls of Saccharomyces cerevisiae yeasts, 
strain 1026). 
Chemical analysis of raw materials and mixtures was conducted by AOAC (1990) 
method with an application of Tecator apparatus.  
During slaughter, blood samples were collected. Serum biochemical indicators were 
determined: total protein (TP), albumins (ALB), glucose (GLU), urea nitrogen (BUN), 
alkaline phosphatase (ALP), triglycerides (TG), cholesterol (CH), lipoprotein fractions 
HDL, LDL, VLDL, CH/HDL ratio, aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT).  
After completion of fattening and slaughter, the abbreviated carcass dissection was 
carried out (RÓŻYCKI, 1996).  
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Table 1 
Composition (%) and nutritive value of mixtures  

Group 
control experimental 

period 

Item 

I II I II 
Ground barley 53.15 58.74 53.05 58.74 
Ground wheat 25 25 25 25 
Soybean meal 11.5 6 11.5 6 
Meat bone meal 5 5 5 5 
Premix with antibiotic1 5 5 - - 
Premix without antibiotic2 - - 5 5 
BIO-MOS* - - 0.1 - 
L-Lysine 0.3 0.26 0.3 0.26 
DL-Methionine 0.05 - 0.05 - 
Metabolizable energyx (MJ) 12.3 12.2 12.3 12.2 
Crude protein (g) 165 143 166 149 
Composition of 1 kg of premix Lidermix T 5%: 1vitamins: A 210000 IU; D3 40000 IU; E 2000 IU; B130 IU; B2 80 IU; B3 400 mcg; B6 45 
mg; B12 500 mcg; K 32.5 mg; H 500 mcg; choline 1500 mg; folic acid 9.0 mg; Synthetic amino acids: methionine 7.50 g; lysine 36.0 g; 
threonine 5000 mg; mineral components: Mn 1500 mg; Zn 2250 mg; Co 8.0 mg; Se 6.0 mg; Cu 500 mg; Fe 1800 mg; J 20 mg; Mg (total) 
1.0 g, P (total) 27.5 g; Na (total) 25.0 g, Ca (total) 122.0g; Other components: antioxidant 300 mg; Betafin S1 3750 mg, Flavomycin 100 mg; 
Ca panthotenate 200 mg; Pigor 757 – 4000 mg; brans – 4969000 mg. 
2 as above, without Flavomycin, * BIO-MOS – contains cellular walls of Saccharomyces cerevisiae yeasts, strain 1026;  x – energy content – 
value from table on from POLISH SWINE NUTRITION REQUIREMENTS (1993) 
 
The specimens of duodenum, ileum and jejunum were post-mortem collected on at 
random basis from 16 selected animals (8 per each group). The specimens were rinsed 
in 0.9% NaCl and preserved in 10% buffered formalin solution (24 hours). The 
collected specimens were treated by alcohol, xylanes and paraffin, then embedded in 
the paraffin wax blocks and cut into serial sections of 4 µm thickness. They were 
stained with hematoxylineosin (H-E) method. The slides were examined, using 
Olympus microscope (under 400 x magnification). At morphometric examination 
included the determination of number of fission cells per 1 crypt and height of 
epithelial cells in crypt. The results were shown as an average from 10 measured cells.   
For in vitro microbiological tests approximately 1 g samples were collected under 
sterile conditions from the individual parts of gastrointestinal tract, that is, the 
duodenum, jejunum, ileum and large intestine. After dilution, removed material was 
used for plating, using poured plates and surface spread. Single colonies from mixture 
of various microorganisms were obtained using a streak plate method.   
Morphological observations of microorganisms included macroscopic examination of 
the colonies, that is, size, shape, surface, consistency, border type and colour, and 
microscopic observations after Gram staining of cells. Examination and observations 
of microorganisms were made on Mueller-Hinton medium (for total bacterial count), 
Sabourand medium (for fungi), blood agar medium (for total bacterial count), on 
McConkey medium (for Enterobacteriaceae), on Martin medium (total number of 
yeasts and microscopic hypha fungi), on Eijkman medium (for acid-producing 
bacteria), and Rogosa, Mitchell, Wiesman media (for total of acidifying bacteria) 
(DUSZKIEWICZ-REINHARD et al., 1999). 
To count the colonies-forming units (CFU), a counter of Stuart Scientific company 
was used. In qualitative analyses, the reducing surface inoculation (the scratch 
method) was applied. A quality evaluation was conducted on the ground of capability 
to grow, observation of macroscopic colonies and microscopic cells (preparations 
stained by the method acc. to Gram as well as and life performance preparations). 
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Identity of the species was corroborated using Bergey’s Manual of Determinative 
Bacteriology (BUCHANAN and GIBBONS, 1974). 
Results were statistically analysed by one-factor variance analysis with an application 
of the smallest square method (SPSS, 2000). 
 
 

Results and Discussion 
In the studies on intake and conversion of feed, growth rate and chosen slaughter 
performance traits, none statistically significant differences were found between the 
groups of fatteners, receiving the different feed additives (Table 2). Feed intake in 
fattening period was higher in group E, as compared to group C, and feed conversion 
was worse. Experimental fatteners, as compared to the control ones, grew slower by 
2.42% (E).  
 
Table 2 
Production results 

Group Significance 
level 

Specification 

control experimental

Se 

P SPSS 
Initial body weight, kg 21.6 21.2 0.504 0.573 ns 
Body weight after finishing I period, kg 56.5 56.7 0.515 0.766 ns 
Slaughter body weight, kg 100.7 100.6 0.587 0.940 ns 
Length of fattening period: fattening period I, days 48.6 48.9 1.502 0.884 ns 
                                            fattening period II, days 53.3 55.1 1.764 0.489 ns 
Length of fattening period, days 101.9 104.0 2.456 0.557 ns 
Age of slaughter, days 171.6 174.5 2.561  0.537 ns 
Feed intake: fattening period I, kg 81.8 81.0 3.026 0.853 ns 
                     fattening period II, kg 133.9 139.3 4.089 0.352 ns 
                     during fattening from 21 to 100 kg, kg 215.7 220.3 5.224 0.533 ns 
Feed conversion per 1 kg of BW gain: 
               fattening period I, kg/kg 

 
2.35 

 
2.28 

 
0.072 

 
0.506 

 
ns 

               fattening period II, kg/kg 3.04 3.17 0.087 0.283 ns 
               during fattening period from 21 to 100 kg, 
kg/kg 

2.73 2.77 0.065 0.662 ns 

Daily gains:  
                     fattening period I, g  

 
723 

 
734 

 
17.98 

 
0.670 

 
ns 

                     fattening period II, g 841 805 23.59 0.290 ns 
                     during fattening period from 21 to 100 kg, g 783 768 18.00 0.581 ns 
Weight of half right cold carcass, kg 38.2 38.3 0.280 0.839 ns 
Dressing percentage, % 75.9 76.1 0.370 0.700 ns 
Mean thickness of backfat from 5 measurements, cm 2.26 2.28 0.094 0.847 ns 
Loin “eye” area, cm2 49.2 52.5 1.563 0.147 ns 
Weight of loin without backfat and skin, kg 4.8  5.1  0.087 0.040 * 
Weight of backfat and skin of loin, kg 1.5 1.5 0.061 0.540 ns 
Weight of ham without backfat and skin, kg 7.4 7.5 0.121 0.628 ns 
Weight of backfat and skin of ham, kg 1.6 1.5 0.059 0.321 ns 
Meatiness of basic cuts, % 58.9 60.7 0.694 0.078 ns 

* P≤0.05 
 
The group piglets supplemented with BIO-MOS had higher body weights on d 84 
(P≤0.05) and a tendency toward better feed utilization on d 29-84, compared with the 
control (MATRAS et al., 2006). On the other hand, HOUDIJK et al. (1999) employed 
the addition of indigestible oligosaccharides and observed the periodical decrease of 
feed consumption and of daily gains, having no effect on mean results obtained in the 
experiments. After using the mixture with prebiotic, for example 
mannanooligosaccharide, YOUZELA et al. (2002) did not observe the improvement of 
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body gain and feed conversion of growing pigs, but DAVIS et al. (2001), LeMIEUX et 
al. (2003) and BOBČEK et al. (2004) observed somewhat better results. According to 
ZIMMERMANN et al. (2001), oligosaccharides contribute to increase of absorptive 
surface of intestines; they bind the receptors of intestinal epithelium and occupy them 
or link with the lectins on a surface of pathogenic bacteria, preventing the adhesion of 
pathogens to epithelium.  
The biochemical indicators in blood of C and E fatteners were found to be in the 
reference limits (FRIENDSHIP and HENRY, 1996). There were no differences 
between the groups in respect to majority of mentioned parameters, except HDL, 
beeing significantly lower in serum of experimental pigs (P≤0.01) (Table 3). 
Significantly higher ALT (P≤0.05) content in blood serum of experimental fatteners 
was found as compared to animals from control group. The effects BIO-MOS on 
biochemical parameters of blood were studied (CÖMERT, 2003; MATRAS et al., 
2006). Differences regarding the average total cholesterol, triglyceride and HDL 
values in blood serum were statistically insignificant (CÖMERT, 2003). A 
considerable increase of glucose concentration in the blood serum was observed after 
the application of BIO-MOS in the diet of rats (ALESINA et al. 1993). None treatment 
differences in total blood protein and blood urea nitrogen have been observed when 
mannan oligosaccharides were administered to calves (HEINRICHS et al., 2003). The 
own results and other authors (MATRAS et al., 2006) do not indicate the unfavourable 
effect of BIO-MOS on indices of energy-protein changes in organism of growing pigs. 
 
Table 3 
Biochemical parameters in blood  

Group Significance level Item  
control experimental 

Se 
P SPSS 

Albumin (ALB), g l-1 37.75 35.13 1.204 0.145 NS 
Glucose (GLU), mmol l-1 5.37 4.49 0.301 0.059 NS 
Urea nitrogen (BUN), mmol l-1 5.13 4.33 0.377 0.154 NS 
Alkaline phosphatase (ALP), UL-1  149.13 142.87 12.985 0.739 NS 
Total protein (TP), mmol l-1 65.75 62.00 1.668 0.134 NS 
Triglycerides (TG), mmol l-1 0.42 0.41 0.036 0.802 NS 
Total cholesterol (CH), mmol l-1 2.26 2.08 0.092 0.175 NS 
HDL, mmol l-1 0.90  0.77  0.028 0.005 ** 
LDL, mmol l-1 1.19 1.14 0.087 0.716 NS 
VLDL, mmol l-1 0.17 0.16 0.015 0.653 NS 
CHL/HDL Index 2.53 2.71 0.124 0.303 NS 
Aspartate  aminotransferase AST, UL-1 47.87 48.97 6.882 0.911 NS 
Alanine aminotransferase ALT, UL-1 30.14  49.03  5.299 0.018 * 
Index Ritisa 1.91 1.17 0.518 0.055 NS 
** P≤0.01; * P≤0.05  
 
The selected morphometric indices of intestine were analysed (Fig. 1a and 1b). The 
changes in ileal crypts might decrease the proliferation activity of enterocytes 
(ABBAS et al., 1989; EKELUND and EKBLAD, 1999). When feed additives were 
used, the increase of intestinal villi was observed post mortem (THOREUX et al., 
1998) as well as the higher number of crypts in mucosa (McCULLOGH et al., 1998) 
and proper changes in alimentary tract (ROTKIEWICZ et al., 2000) were found. 
Table 4 presents a quantitative compilation of the microorganisms from the individual 
sections of the digestive tract. Number of bacteria from Enterobacteriaceae family and 
lactic  acid bacteria (LAB)  in 1 g of dry  matter of the  intestinal content of fatteners in  
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Fig. 1a: Height of epithelial cells in crypt 
(Zellenhöhe des Kryptenepithels)
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Fig. 1b: Mitosis - number of fission cells in crypt 
(Mitose - Zahl der Zellteilungen fur Krypten)
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Table 4 
Number of microbial cells in individual segments of the digestive tract, per 1 g dry weight of intestine content  

Number of the chosen groups of micro-organisms, g-1 DM-1 
Type of medium used  

Group 
feeding 

Segment of 
digestive tract

Mueller-
Hinton 

McConkey Eijkman Rogosa, 
Mitchell, 
Wiesman 

Martin Nutrient 
agar + 
blood 

Wilson
-Blair 

duodenum 1010 1.15 x 108 2.72 x 107 3.11 x 107 3.40 x 107 1.46 x 108 + 
jejunum 109 1.14 x 108 4.60 x 107 1.46 x 108 2.30 x 106 1.46 x 108 + 
ileum 109 8.70 x 107 2.57 x 107 4.95 x 107 4.33 x 107 7.10 x 107 + 

Control 
 

large intestine 108 1.63 x 108 2.43 x 108 3.17 x 107 1.15 x 107 1.19 x 107 + 
duodenum 1010 5.65 x 107 1.50 x 1010 1.66 x 107 2.58 x 105 - + 
jejunum 1010 3.23 x 107 1.50 x 1010 1.82 x 108 3.56 x 105 - - 
ileum 1010 1.58 x 106 4.75 x 1010 1.58 x 107 8.01 x 104 8.01 x 102 - 

Experi- 
mental   

large intestine 1010 2.86 x 106 2.58 x 109 8.60 x 107 8.60 x 104 - + 
 
group C was equal to 107 – 108. In contents of large intestine, the ratio of micro-
organisms from two mentioned above groups was also similar. In the contents of the 
intestine of fatteners from group E, number of bacteria from Enterobacteriaceae 
family amounted to ca 107 whereas number of acidifying bacteria was higher than in 
group C (109 – 1010 in 1 g of dry matter). The decrease of number of bacteria from 
Enterobacteriaceae family in group E in relation to group C may be considered as 
phenomenon exclusively favourable. From among the types of Escherichia, the 
species Escherichia coli belongs to the mentioned above family. The most of its 
representatives reveal the opportunistic pathogenicity. They may cause infections of 
alimentary tract; the presence of genes, located in plasmid and determining generation 
of haemolysins in haemolytic E. coli strains affects a quick spreading out of infection 
(BUCHANAN and GIBBONS, 1974). Prebiotics decide on the composition of the 
intestinal microflora of pigs and affect favourably the host’s organism 
(SCHREZENMEIR and De VRESE, 2001; ZIMMERMANN et al., 2001; 
MAXWELL et al., 2004). 
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In group E, as compared to group C, bacteria from LAB group were 1000-times more 
numerous. They had probably an influence on the 10 -100th fold decrease of number of 
bacteria from Enterobacteriaceae family in relation to group C. The application of 
probiotic (strain of Pediococcus acidilactici bacteria MA18/5M) caused the increase of 
acidifying bacteria number and decreased number of bacteria from Enterobacteriaceae 
family (REKIEL et al., 2005b). The potentially probiotic strains were much more 
numerous in the case of the group fatteners which received feed containing greater 
fibre content (REKIEL et al., 2005a). The antagonistic metabolites, produced by 
autochthonous lactic acid bacteria include, among others, bacteriocins. They are active 
in relation to Gram-negative bacteria, e.g. Clostridium. By generation of pores in 
cytoplasmic membrane of sensitive bacteria and outflow of electrolytes and low-
molecular metabolites, they cause the death of a cell (KOT et al., 2000). Clostridium 
perfringens produces toxins which affect the secretion activity of intestine, increase a 
difference between potential in ions’ transport, damage the cells or tissues and change 
the activity of smooth muscles in the intestine (NIEMIAŁTOWSKI and TOKA, 1996). 
The presence of Clostridium perfringens in the contents of fatteners’ intestine was 
found more frequently in group C than in group E. The limitation of their number 
decreased their participation in competition for nutrients and was favourable for better 
productivity of the experimental animals. 
Number of fungi and Proteus vulgaris bacteria in group E as compared to group C, 
was lower (Table 4). An action of mannan oligosaccharide consisting in “effect of 
raft” and “death by starvation” of bacterial cell has an inhibitory influence on 
pathogenic bacteria E. coli, Salmonella typhimurium, Clostridium botulinum and a 
stimulating effect on beneficial bacteria: Bifidobacterium longum, Lactobacillus casei, 
L. acidophilus and L. delbrueckii (SCHREZENMEIR and De VRESE, 2001). The 
studies, conducted by HANCOCK et al. (2003) on the presence of Escherichia coli in 
faeces of piglets who received 0.2% addition of BIO-MOS to diet, did not 
demonstrated any significant differences between the experimental group and the 
control negative one. Significant differences were found for pH of faeces. None 
significant differences were found in the analysis of faeces of the piglets, obtaining 
antibiotic (carbadox) or mannan oligosaccharide what has confirmed the suitability of 
BIO-MOS as AGP replacer.   
A high similarity of the composition of intestinal microflora in fatteners from two 
examined groups was observed. Microorganisms, isolated from animals fed with 
antibiotic growth promoters - AGP (C) or BIO-MOS (E) included: Escherichia, 
Pseudomonas, Streptococcus, Enterococcus, Lactobacillus, Lactococcus, 
Staphylococcus, Proteus, Clostridium, yeasts and microscopic hypha fungi 
(Hyphomycetes). The absence of pathogenic ß-haemolytic strains: Escherichia coli and 
Salmonella sp in alimentary tract of the examined animals of the two feeding groups 
was stated; it was an evidence of their good health state. 
The obtained results confirm generally the possibility to employ biostimulators instead 
of feed antibiotic what is favourable from production viewpoint and seems to be a 
suitable alternative to antibiotic.  
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Abstract 
The aim of the study was to use the DNA mutations in the RBP4 gene to determine associations between the 
different genotypes and litter size in Polish Large White sows. Reproductive traits investigated were: number of 
piglets born alive (NBA) and number of piglets weaned (NW). The polymorphism in RBP4 gene was detected 
using the PCR-RFLP method, with specific primers and the restriction enzymes MspI. Two different alleles of 
RBP4 gene were identified: allele A (0.65) and B (0.35) and three genotypes: AA (0.46), AB (0.37) and BB 
(0.17). The relationship between the RBP4 genotypes NBA and NW were analyzed. The analysis showed in first 
parity sows statistically significant (P≤0.05) differences between sows carrying different RBP4 genotypes. In 
later parities sows with the BB genotype still had the largest litter size compared to AA and AB sows, but the 
difference was statistically not significant.  
 
Key Words: RBP4 gene, pigs, polymorphism, reproductive traits 
 
 
Zusammenfassung 
Titel der Arbeit: Das RBP4-Gen und Wurfleistungsmerkmale beim Schwein 
Ziel der Arbeit war die Untersuchung von DNA Mutationen im RBP 4-Gen und deren Zusammenhänge mit 
Wurfleistungsmerkmalen wie der Anzahl lebend geborener Ferkel (NBA) und Anzahl abgesetzter Ferkel (NW) 
bei Sauen der Großen Polnischen Rasse. Der Polymorphismus des RPB4-Gens wurde bei Anwendung der PCR-
RFLP- Methode unter Heranziehung spezifischer Starter und dses MspI-Restriktionsenzyms bestimmt. Es 
wurden die zwei Allele des RPB4-Gens A-Allel (0,65) und B-Allel (0,35) sowie die drei Genotypen AA (0,46) 
AB (0,37) und BB (0,17 identifiziert. Die Zusammenhänge zwischen den einzelnen Genotypen des RPB4-Gens 
und den Wurfleistungsmerkmalen konnten analysiert und diese bei den Erstlingswürfen der Sauen signifikant 
nachgewiesen werden. Diese Zusammenhänge fanden sich tendenziell auch bei späteren Würfen aber sie waren 
nicht signifikant. 
 
Schlüsselwörter: Schwein, RBP4-Gen, Polymorphismus, Wurfleistungsmerkmale 
 
 
The advancement in research on swine genome enabled identification of polymorphic 
loci of individual genes that control the level of reproductive traits, which are know to 
have influence on reproductive performance in sows (WANG et al., 2006; TERMAN, 
2005; LINVILLE et al., 2001; DROGEMULLER et al., 1999; ROTHSCHILD et al., 
1996) and boars (TERMAN et al., 2006; MAĆKOWSKI et al., 2004; 
SCHLINGMANN et al., 2002; KMIEĆ et al., 2001). 
Molecular techniques can now be used to increase rate of response to selection. It has 
been proposed that “candidate gene” analyses be used to identify individual genes 
responsible for traits of economic importance (ROTHSCHILD and SOLLER, 1997).  
One of these genes can be retinol binding protein 4 gene which was localized in 
chromosome 14 in pigs. HARNEY et al., (1993) have shown that there is an increasing 
RBP4 gene expression in gravid porcine endometrium from d 10 to 12. Their results 
support an important role for this vitamin A transport protein in uterine and conceptus 
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physiology during the establishment of pregnancy. Therefore, RBP4 was investigated 
as a candidate gene for litter size owing to its role at the time of high embryonic 
mortality rate. 
A SacI polymorphism was detected in pig genomic DNA by hybridization of Southern 
blots with a pig retinol-binding protein 4 (RBP4) probe (MESSER et al., 1996). This 
polymorphism was significantly associated with litter size in pigs 
(DROEGEMULLER et al., 2001; ROTHSCHILD et al., 1996, 2000). 
The purpose of this study was conducted to examine the RBP4 gene polymorphism 
and its effects on reproductive traits in Polish Large White sows. Reproductive traits 
investigated were: number of piglets born alive (NBA) and number of piglets weaned 
(NW). 
 
 

Materials and Methods 
The experimental populations included in total 101 Polish Large White sows. The 
animals were bred and raised at a farm in Western Pomerania (Poland). Rearing and 
feeding conditions were equalized for all animals. Genomic DNA was extracted from 
blood sample using Master Pure kit of Epicentre Technologies.  
Genotypes of the RBP4 gene were determined by the PCR-RFLP method, but only for 
the sows that had farrowed successfully. The RBP4 gene fragment was amplified from 
genomic template using the PCR with designed primers in exons 2 and 4 of sequences 
reported by ROTHSCHILD et al., (2000). The region of the RBP4 gene containing the 
polymorphic MspI site was amplified using primers: forward – 
GAGCAAGATGGAATGGGTT and reverse – CTCGGTGTCTGTAAAGGTG in a 
15 µl PCR containing using 90 ng porcine genomic DNA, 200 µM of each dNTP, 1.5 
mM MgCl2 and 0.6 units of Taq DNA polymerase (MBI Fermentas) in a standard 1x 
PCR buffer. Primers were used at a concentration of 10 pmol with a thermal cycling 
regime of 930C for 3 minutes followed by 40 cycles of 930 from 30 second, 560C for 
45 second, 720C for 45 second and ending with a final step of 720C for 5 minutes. 
Digestion of PCR product (550 bp) was performed with 3 I.U. of appropriate 
restriction endonuclease MspI at 37ºC overnight. PCR product was then examined by 
electrophoresis on a 2% agarose gel stained with ethidium bromide. After that the gels 
were analyzed in UV rays. Performance traits data were collected from farm 
documentation and they contained: number piglets born alive (NBA) and numbers of 
piglets weaned (NW). The relations between RBP4 genotypes and studied 
reproductive traits were analyzed with one-way analysis of variance and the 
significance of differences was verified using Duncan test with computer program 
Statistica’99. 
The following model was used: 

yijklm = µ + Gi + Yj + Mk + Pl + Sm + eijklm   

where: 

yijklm – observed value, 
µ – overall mean, 
Gi – effect of i-th genotype (i = AA, AB, BB), 
Yj – effect of j-th year of farrowing (j = 1, 2, 3,…, 6), 
Mk – effect of k-th month (k = 1, 2, 3,…, 12), 
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Pl _– effect of l-th parity (l = 1, 2, 3, ≥4), 
Sm – effect of m-th sire, 
eijklm – random residual. 

 
 

Results 
Two different RBP4 alleles were identified in the sows herd under study: allele A and 
allele B that controlled three genotypes, namely AA, AB and BB. The lengths of 
restriction fragments detected during the experiment are given in Table 1. The allele 
and genotype frequency were distributions in Hardy-Weinberg equilibrium. 
 
Table1 
Endonuclease and allele sizes of RBP4 gene 

Candidate Gene 
PCR product 

size (bp) 
Endonuclease Allele size (bp) Source 

RBP4 550 MspI A – 190, 154, 136, 70 
B – 190, 136, 125, 70, 29 

ROTHSCHILD et 

al. (2000) 

 
In the analyzed sows herd the allele A occurred with the frequency 0.65, whereas the 
allele B – with the frequency 0.35. The AA genotype occurred with the frequency 
0.46, AB with frequency 0.37 and BB with 0.17 – Table 2.  
 
Table 2 
The frequency of RBP4 genotypes and alleles of Polish Large White sows  

Genotype Allele 
Breed 

AA AB BB A B 

number 47 37 17 
Large White  

frequency 0.46 0.37 0.17 
0.65 0.35 

 
Table 3 
Effects of RBP4 genotypes on reproductive traits of sows 

RBP4 
genotype Parity n NBA1 NW1 

AA 
AB 
BB 

I 
43 
37 
17 

9.07a ± 2.27 

9.05a ± 2.43 

9,41b ± 2.42 

8.12A ± 2.24 

7.92A ± 2.38 

9.00B ± 1.84 

AA 
AB 
BB 

II 
37 
29 
9 

8.73a ± 2,61 
9.17 ± 2.83 

10.67b ± 3.00 

7.59a ± 2,01 
8.07 ± 2.68 
9.78b ± 2.63 

AA 
AB 
BB 

III 
27 
22 
5 

8.98 ± 3.10 
9.68 ± 2.85 
10.00 ± 2.45 

8.07 ± 2.37 
8.59 ± 2.65 
9.40 ± 2.30 

AA 
AB 
BB 

≥ IV 
76 

111 
13 

9.35 ± 2.70 
9.68 ± 2.64 
10.38 ± 2.10 

7.84 ± 2.10 
8.23 ± 2.55 
8.69 ± 1.75 

Small letters (a, b) denoted significance difference (P≤0.05); capital letters (A, B) denoted significance difference (P≤0.01), 
 1  NBA – number of piglets born alive; NW – number of piglets weaned,  
n – number of sows within parities. 
 
The relationship between the RBP4 genotypes and litter size were analyzed – Table 3. 
The analysis of the number born piglets alive (NBA), showed in first and second parity 
sows statistically significant (P≤0.05) differences between sows carrying BB 
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genotypes compared to AA and AB genotypes. The sows with BB genotypes had also 
larger number of piglets weaned (NW) than sows carrying AA and AB genotypes and 
this differences were statistically significant (P≤0.01) in first parity and (P≤0.05) in 
second parity – Table 3. 
In later parities sows with the BB genotype still had the largest litter size compared to 
AA and AB sows, but the difference was statistically not significant.  
Analysis of the interaction PARITY x RBP4 showed small and non-significant 
differences. 
 
 

Discussion 
A similar frequency of allele A (0.62) was observed in German Landrace x Duroc 
crossbreed sows (DROEGEMÜLLER et al. 2001; ROTHSCHILD et al., 2000). A 
higher frequency of allele A (0.67) was observed by DROEGEMÜLLER et al. (2001), 
who studied the breed German Landrace. A lower frequency of allele A compared to 
the present study was revealed in Landrace (0.59), Large White (0.55) and Landrace x 
Large White crossbreed (0.42) pigs (ROTHSCHILD et al., 2000; WANG et al., 2006; 
LINVILLE et al., 2001).  
In the current study, many candidate gene markers for litter size was found including 
alleles at the ESR gene locus, the PRLR locus, and the CYP21 locus (ROTHSCHILD 
et al., 1996, 2000; SHORT et al., 1997; VINCENT et al., 1998; TERMAN, 2005; 
ZIEMAK and GRZESIAK, 2006). ROTHSCHILD et al. (2000), using data of nearly 
2,800 litters of 1,300 RBP4 genotyped sows of six commercial lines, reported a 
significant additive effect associated with RBP4 of +0.15 NBA. ROTHSCHILD et al. 
(2000) stated that it is difficult to determine whether it is linked to one or more genes 
having this effect. WANG et al. (2006), showed that sows with BB genotype of RBP4 
locus had more piglets per litter than sows with AA and AB genotypes. These results 
are comparable to the results reported in this study. 
The analysis of the total number born (TNB) and number born alive (NBA) reported 
by DROEGEMÜLLER et al. 2001, showed no significant effect RBP4 locus on litter 
size in pigs.  
 
 

Conclusion 
The preliminary study of RBP4 gene showed that the sows with the BB genotype 
produced more piglet than sows with the AA and AB genotypes. This result was 
confirmed statistically (P≤0.05) in first and second parity. The present study showed 
that the RBP4 gene is strongly associated with litter size in sows. The analysis of the 
number piglets born alive (NBA), numbers piglets weaned (NW) in later parities 
showed small and statistically not significant differences between sows carrying 
different RBP4 genotypes. The obtained results suggest a possibility of utilisation of 
the polymorphism in breeding that aims at an improvement of some reproductive 
performance traits of sows.  
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Differences in muscle fibre composition and tenderness of m. 
longissimus lumborum between heterozygous and homozygous 
negative Polish Landrace pigs for the RYR1* 

 
 
 

Abstract 
The objective of this study was to investigate the effect of RYR1 genotype on muscle fibre traits and meat 
tenderness of m. longissimus lumborum in fatteners. The study was carried out on 16 heterozygous Nn and 24 
RYR1-free NN Polish Landrace gilts. Muscle samples were taken to categorize muscle fibre types (I, IIA and 
IIB) according to their mATP-ase activity and to determine the following technological parameters of meat: 
hardness and Warner-Bratzler shear force. Muscle fibre percentage, diameter and phenotypic correlation 
between muscle fibre traits and meat tenderness were estimated. The results obtained indicated that RYR1 
genotype had no effect on muscle fibre proportion, meat hardness and shear force. On the other hand, significant 
differences between groups were found in the size of muscle fibres. The m. longissimus lumborum of the Nn 
fatteners had significantly larger diameter of all examined muscle fibre types than muscle from group NN. The 
phenotypic correlations between histological and meat quality traits were generally low. A positive correlation 
was found between hardness and shear force and percentage of type IIB fibres, in contrast to a negative 
correlation between hardness and shear force and percentage of type I fibres. On the other hand, size of type I 
fibres, unlike that of type IIB fibres, positively correlates with meat quality traits. In addition, correlations 
between fibre type percentages were negative, in contrast to positive correlations between fibre type diameters. 
 
Key Words: pigs, muscle microstructure, RYR1, tenderness, m. longissimus lumborum 
 
 

Zusammenfassung 
Titel der Arbeit: Einfluss des RYR1 Genpolymorphismus auf Muskelfasereigenschaften und Zartheit im M. 
longissimus lumborum bei hetero- und homozygot negativen Polnischen Landrasseschweinen  
Vorliegende Arbeit untersucht den Einfluss von Genpolymorphismus im Lokus RYR1 auf  
Muskelfasereigenschaften und Zartheit im M. longissimus lumborum bei Schweinen. Einbezogen waren 16 
heterozygote (Nn) und 24 RYR1 freie Homozygote  (NN) Jungsauen der Polnischen Landrasse. Anhand der 
Myosin-ATP-ase Aktivität wurden drei Muskelfasertypen  (I, IIA und IIB) sowie deren Dicke (Durchmesser) 
und ihr prozentualer Anteil bestimmt. Weiterhin wurden zwei technologische Merkmale, nämlich der Härtewert 
und die Schnittstärke, untersucht. Der RYR1 Genotyp hatte keinen signifikanten Einfluss auf den 
Fasertypenanteil, den Härtewert und die Schnittstärke. Signifikant wurde durch das Gen dagegen die 
Muskelfaserdicke beeinflusst. Im Vergleich zu den NN Tieren wiesen die Nn Tiere signifikant dickere 
Muskelfasern bei allen Typen auf. Die phänotypischen Korrelationskoeffizienten zwischen den histologischen 
Merkmalen und den Qualitätseigenschaften des Schweinefleisches waren sehr niedrig. Der Härtewert und die 
Schnittstärke zeigten positive Beziehungen zum Muskelfaseranteil des Typs IIB, dagegen negative zum Typ I. 
Andererseits ergaben sich bei der Anzahl der Typ I Fasern im Gegensatz zu den IIB Typen positive 
Korrelationen zu den Fleischqualitätsmerkmalen. Insgesamt waren die Beziehungen zwischen den Anteilen der 
Muskelfasertypen negativ, jedoch im Gegensatz hierzu die Beziehungen zwischen der Dicke einzelner 
Fasertypen positiv.  
 
Schlüsselwörter: Schwein, Muskelfaser, RYR1, Zartheit, m. longissimus lumborum  
 
 

Introduction 
Meat quality describes the attractiveness of meat to consumers. The three major 
attributes of meat, which affect consumer satisfaction, are tenderness, juiciness and 
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flavour. Tenderness is probably the most significant in determining the overall 
acceptability of meat. Evidence from the literature (KARLSSON et al., 1993; 
MIGDAŁ et al., 2004) indicates that muscle characteristics and particularly fibre type 
percentages may be an important source of variation in eating quality. Muscle fibre 
composition is influenced by environmental factors (GENTRY et al., 2004), nutrition 
(KARLSSON et al., 1993; MIGDAŁ et al., 2004), exercise (PETERSEN et al., 1998), 
genetics (BROCKS et al., 1998; WOJTYSIAK and MIGDAŁ, 2006) and their possible 
interactions. The m. longissimus is the most frequently used indicator muscle in meat 
quality studies in pigs. Fibres of mammalian skeletal muscle have been classified on 
the basis of various physiological, morphological and biochemical parameters and 
attempts have been made to make functional correlations. PETER et al. (1972) 
correlated aerobic-oxidative and glycolytic capacities of muscle fibres to physiological 
measurements and myosin ATPase activity to give rise to the classification system, 
slow-twitch oxidative (SO), fast-twitch-oxidative-glycolytic (FOG), and fast-twitch-
glycolytic (FG). Using histochemical methods these fibre types are designated as types 
I, IIA and IIB by BROOKE and KAISER (1970), types βR (red), αR and αW (white) 
by ASHMORE et al. (1972), respectively. Muscle metabolism is the summation of the 
activities of the individual muscle fibres, which comprise the muscle. 
For many years pig breeding has been very successful in selection for improved lean 
meat production and reduced fat level. Selection for improved performance of pigs in 
the fattening period can have a negative influence on meat quality. In the last decades 
a large number of indicators and tests for stress susceptibility have been developed. 
One of the major genes affecting meat quality traits is the halothane sensitivity gene 
(HAL), known since 1991 as mutated ryanodine receptor gene (RYR1) (FUJII et al., 
1991). Three genes, i.e. RYR1, RYR2, and RYR3, have been identified coding for a 
skeletal muscle, cardiac muscle, and brain isoform, respectively. The skeletal muscle 
isoform (RYR1) is one of the key proteins involved in excitation-contraction (E-C) 
coupling in skeletal muscle, where it functions as a Ca2+ release channel in the 
sarcoplasmic (SR) membrane. This can lead to rapid glycogenolysis immediately 
postmortem while the carcass is cooling, resulting in myosin denaturation, loss of 
water-holding capacity, and inferior meat quality (WARNER et al., 1997). There is no 
doubt that a very close causal relation exists between the mutation of the RYR1 and the 
porcine stress syndrome as well as the poor meat quality. Moreover, ryanodine 
receptor RYR1 has gained special interest because it was shown to be involved in 
malignant hyperthermia. In stress susceptible pigs, a higher incidence of PSE (pale, 
soft, exudative) meat was found (O’BRIEN, 1987). Meat from mutant genotypes is 
often tougher than that from normal animals, which could in part be due to reduced 
postmortem proteolysis (MURRAY et al., 1989; LUNDSTROM et al., 1995). Several 
researches have revealed the effect of stress susceptibility on meat quality and muscle 
fibre traits (ESSEN-GUSTAVSSON and FJELKNER-MODIG, 1985; FIEDLER et al., 1993, 
1999), whereas others reported no differences in muscle fibre characteristics 
(ACKERMAN and SALOMON, 1991). 
Therefore, the objective of this study was to examine a relation between genotypes at 
the RYR1 loci and muscle fibre traits and meat tenderness of m. longissimus lumborum 
in Polish Landrace fatteners. 
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  Material and methods 
Animals 
The study was carried out on 40 Polish Landrace gilts. Animals were fed ad libitum 
and slaughtered at 105 kg body weight. Pigs were transported 20 km to a commercial 
slaughterhouse and lairaged overnight before slaughter. Feed was withdrawn 12 h 
before slaughter but water was freely available in lairage. Fatteners were stunned with 
CO2 and processed according to the normal slaughterhouse procedures (exsanguinated, 
scalded, dehaired and eviscerated). 
 
Genotyping of RYR1 polymorphisms 
DNA was isolated from the whole blood drawn into sterile tubes containing EDTA. 
Isolation was carried out using a MasterPure™ Genomic DNA Purification Kit 
(Epicentre Technologies, USA), according to manufacturer’s instructions. 
Polymorphisms at the porcine loci RYR1 were identified using the PCR-RLFP method 
described by KAMIŃSKI et al. (2002). On this basis the pigs were assigned to the two 
groups: 16 heterozygous (Nn) and 24 RYR(1)-free (NN). 
 
Histochemical muscle fibre analysis 
For histochemical analysis muscle samples were taken from the right carcass-side 
from the m. longissimus lumborum (LL) 20-min postmortem at the level of the 5th 
lumbar vertebra and deep within the muscle. Samples were immediately cut into 
1×1×1-cm pieces (parallel to the muscle fibres) and frozen in isopentane that was 
cooled using liquid nitrogen and stored at -80ºC until histochemical analyses were 
performed. Samples were mounted on a cryostat chuck with a few drops of tissue-
freezing medium (Tissue-Tek; Sakura Finetek Europe, Zoeterwoude, The 
Netherlands). Serial tissue sections (10-µm thick) obtained from cryostat (Slee MEV, 
Germany) sectioning at -20ºC were stained for myosin ATP-ase after both acid (pH 
4.6) and alkaline (pH 10.3) preincubation at room temperature. The slow-twitch-
oxidative type I fibres stained dark in the sections preincubated under acidic conditions 
whilst the fast-twitch-glycolytic type IIB fibres and fast-twitch-oxidative and 
glycolytic type IIA fibres appeared light under microscopy. Preincubation under 
alkaline conditions has the inverse effect, namely type I fibres appeared light but type 
IIB fibres dark and type IIA fibres intermediate (BROOKE and KAISER, 1970; 
GUTH and SAMAHA, 1970). The Multi Scan v. 14.02 computer image analysis 
software was used to evaluate percentage and muscle fibre diameter. A minimum of 
300 fibres was counted in each section. Additionally, phenotypic correlation between 
muscle fibres traits and meat tenderness was estimated.  
 
Shear force and hardness measurement 
Meat samples for analysis were taken from right half-carcasses after 24 h cooling at 
4°C. For analysis of Warner-Bratzler shear force and hardness chops were roasted at 
180°C to reach an internal temperature of 78°C and then cooled to room temperature. 
Next ten cores, 14 mm in diameter, were taken from each chop parallel to the muscle 
fibre orientation. Shear force was measured using a Texture Analyser TA-XT2 
(Stable-Micro Systems, UK) with Warner-Bratzler unit and with a triangular blade. 
The cores for hardness determination were doubly compressed by a cylinder (SMS 
P/25, base diameter 50 mm) to 70% of their height, at the rate of 2 mm/s and with a 3-
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second break between the storage of compression. Hardness was analysed using a 
Texture Analyser TA-XT2 (Stable-Micro Systems, UK). 
 
Statistical analysis 
Differences between the examined groups in histochemical characteristics of the 
muscle fibres were tested using analysis of variance by Statgraphics 5.0 (STSC Inc., 
Rockville, MD) and tested for differences by the Tukey test. Body weight at slaughter 
was included as a covariant. Differences were considered significant at P≤0.05.  
 
 

Results and Discussion 
In the present study the effect of genotype at RYR1 loci was analysed in relation to 
meat tenderness and muscle fibre traits in LL muscle. The microstructural 
characteristics of fibre types and traits of tenderness from LL muscle in both genotype 
groups are presented in Table 1. 
 
Table 1 
Percentage, diameter of muscle fibre type (I, IIA and IIB), and hardness and Warner-Bratzler shear force of m. 
longissimus lumborum from two examined genotype groups of fatteners 

 
traits 

group NN 
x  

group Nn 
x  

 
SE 

 
Sign. level 

Percentages of muscle fibres [%] 
IIB 72.48 75.57 1.64 Ns 
IIA 11.21 10.16 0.68 Ns 

I 16.31 14.27 0.56 Ns 
Diameter of muscle fibre [µm] 

IIB 76.96 84.67 1.24 * 
IIA 57.12 64.21 1.19 * 

I 52.92 61.03 1.02 * 
 

Shear force [kg/cm2] 4.54 5.24 0.67 Ns 
Hardness [N] 130.42 132.05 7.26 Ns 

*  significant at P ≤ 0.05 
Ns – not significant 
 
There was no significant effect of RYR1 on percentages of all examined muscle fibre 
types. However, in the heterozygous Nn fatteners a tendency towards an increased 
number of type IIB fibres, and a declining number of type I fibres compared to 
homozygous NN fatteners were observed. A similar tendency was observed in earlier 
studies. FIEDLER et al. (1999) showed that pigs which were homozygous for the 
malignant hyperthermia mutation nn had significantly more fast-twitch-glycolytic 
fibres than pigs heterozygous Nn or without the mutation NN, between which no 
significant differences were observed. Moreover, the present study showed a 
significant difference between the examined group of fatteners in the size of muscle 
fibres. The LL muscle of the Nn fatteners had significantly larger diameter of all 
examined muscle fibre types compared to the muscle from group NN. The fact that 
RYR1 genotype had an effect on fibre size confirms the earlier results of FIEDLER et 
al. (1993, 1999) and KŁOSOWSKA et al. (2004). KŁOSOWSKA et al. (2005) also 
observed an effect of the RYR1 genotype on muscle microstructure characteristics, but 
only on the diameter of fast-twitch-glycolytic fibres. FIEDLER et al. (1999) suggested 
that the differences in fibre diameter indicate that the muscle growth in LL muscle in 
pigs carrying the mutant Nn allele is more marked than in the NN pigs. On the other 
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hand, ACKERMANN and SALOMON (1991) found no major differences in muscle 
fibre characteristics between normal and malignant hyperthermia susceptible pigs. 
GENTRY et al. (2004) suggest that the presence or lack of differences in fibre type 
composition observed in literature may be affected by a lack of uniformity in the 
classification of muscle fibre types, especially type II, and additionally, by different 
histochemical methods used for the identification of muscle fibre types. It is also 
possible that some of the controversial data found in literature result not only from 
different methods of muscle fibre classification but from the fact that the physiological 
differentiation of muscle fibres is in a dynamic balance, which may change during 
growth or in response to changes in the work pattern of a muscle (SWATLAND, 
1994). Variation in the fibre composition may be connected with transformation of 
fibre type I and IIA, being dependent on oxygenic metabolism, into type IIB fibres 
dependent on glycolytic metabolism. Moreover, it is also possible that variation in the 
fibre composition and size is affected by various examined parts of longissimus muscle 
(MORITA et al., 2000; WOJTYSIAK et al., 2004).  
The present study also showed that shear force and hardness were similar for the two-
genotype groups of pigs (Tab. 1). However, a tendency towards lower values of shear 
force and hardness was observed in NN pigs compared with Nn pigs. The lack of 
effect of the genotype on shear force values between NN pigs and Nn pigs agrees with 
the observation of LEACH et al. (1996), DE SMET et al. (1996) and MILLER et al. 
(2000). On the other hand, higher shear force values and lower tenderness panel scores 
for stress-susceptible pigs were mentioned by MURRAY et al. (1989), BOLES et al. 
(1991) and HAMILTON et al. (2000). CASTEELS et al. (1995) also concluded that 
selection against the halothane gene would positively influence sensory meat quality 
traits. The effect of genotype on meat quality has been described by other authors. 
MONIN et al. (1999) reported that for most traits of meat quality, the heterozygous 
were intermediate between the two homozygous, but they were closer to NN than to 
nn pigs. The presence (or lack) of differences in meat tenderness probably resulted not 
only from differences in muscle fibre composition but also are connected with 
numerous factors (such as collagen content/cross-linking and sarcomere length), which 
contribute to the tenderness of the LL muscle (WHEELER et al., 2000). 
 

Table 2 
Phenotypic correlations between hardness, shear force and longissimus lumborum muscle fibre characteristics 

Percentage (%) Diameter Ø  
IIA I IIB IIA I 

Shear force   Hardness

% IIB -0.88* -0.80* ns ns ns 0.01* 0.05* 
% IIA  ns ns ns ns ns ns 
% I   ns ns ns -0.08* -0.06* 
Ø IIB    0.82** 0.77** -0.01* -0.04* 
Ø IIA     0.86** ns ns 
Ø I      0.06* 0.09* 

*  significant at P ≤ 0.05 
**  significant at P ≤ 0.01 
 
Phenotypic correlations between muscle fibre characteristics and meat quality traits are 
presented in Table 2. The phenotypic correlation between fibre type percentages was 
significantly negative, whereas correlations between fibre type size were all positive 
and highly significant. These results confirm the earlier results of LARZUL et al. 
(1997) and WOJTYSIAK et al. (2004). On the other hand, the  correlations between 
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fibre percentages and diameter were not significant. In contrast, LARZUL et al. (1997) 
showed low correlations between fibre percentages and fibre size. The phenotypic 
correlations between muscle fibre traits and hardness and shear force were generally 
low. Diameters of type I fibres, unlike that of type IIB fibres, positively correlate with 
hardness and shear force, similarly to the results by CAMERON et al. (1998). 
Moreover, the present study showed a positive phenotypic correlation between 
hardness, shear force and percentage of type IIB fibres, in contrast to a negative 
correlation between hardness, shear force and percentage of type I fibres. This is in 
accordance with the data of CAMERON et al. (1998). On the other hand, these results 
still remain open to criticism. In literature, one may find diverse opinions. SAZILI et 
al. (2005) suggests that exactly how muscle fibre composition and meat tenderness are 
correlated is unclear and a number of inconsistent reports exist. KARLSSON et al. 
(1993) in pigs and O'HALLORAN et al. (1997) in cattle have shown that the 
percentages of type IIB fibre is negatively correlated with toughness. On the other 
hand, RENAND et al. (2001), in a study on bulls, found a positive correlation between 
toughness and the proportion of type I fibres. MALTIN et al. (1998), however, 
supported a positive relationship between the percentage of type I fibres and sensory 
tenderness and a negative relationship between percentage of type IIB fibres and 
tenderness. The positive relationships between type I fibres frequency and tenderness 
is perhaps not surprising. There is evidence that m calpain, a proteolytic enzyme 
thought to be crucially involved in postmortem proteolysis, is preferentially localized 
in type I fibres. This is consistent with the high rates of protein synthesis in type I 
fibres (GARLICK et al., 1989). Hence, an association between type I fibres frequency 
and tenderness might be predicted (MALTIN et al., 1998). 
 
 

Conclusion 
The genotype of RYR1 had no effect on muscle fibre percentage and meat hardness 
and shear force, but influenced the diameter of muscle fibre. The LL muscle of the Nn 
pigs had significantly larger diameter of all examined muscle fibre types than muscle 
from NN pigs. Phenotypic correlations between fibre type percentages were negative, 
in contrast to positive correlations between fibre type diameters. In addition, 
correlations between fibre type percentages were negative, in contrast to positive 
correlations between fibre type diameters. On the other hand, correlations between 
histological and meat quality traits were generally low. 
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Abstract 
GPX5 – one of the components of the enzymatic complex of factors protecting the organism against harmful 
peroxides – is a seleno-independent isoenzyme of glutathione peroxidase activity, specific to epididymis in male 
mammals. In pigs, GPX5 gene locus is located on chromosome 7. GPX5/HinfI restriction polymorphism within 
intron 1 was defined by PCR-RFLP method in 247 AI boars. Allele GPX51B was found to occur with a frequency 
of 0.1964, whereas allele GPX52B occurred with a frequency of 0.8036. In the studied herd of boars, 
GPX51BGPX51B and GPX51BGPX52B genotype frequencies were 0.0405 and 0.3117, respectively, whereas 
GPX52BGPX52B genotype frequency was 0.6478. The analysis of associations between GPX5 genotypes and the 
examined semen characteristics showed statistically significant associations (P ≤ 0.05) and the results suggest the 
possibility of using this gene polymorphism to improve some reproductive traits in AI boars. 
 
Key Words: glutathione-peroxidase-5 gene, GPX5, boars, reproduction traits 
 
 
Zusammenfassung 
Titel der Arbeit: RFLP/Hinfl-Polymorphismus innerhalb des 1. Intron des Glutathion-Peroxydase-5 
(GPX5) Gens bei Besamungsebern 
GPX5 ist eine der Komponenten des Enzymkomplexes von Faktoren, die den Organismus vor schädlichen 
Superoxyden schützen. Es ist ein selenunabhängiges, Isoenzym der Glutamin-Peroxydase Aktivität  und für die 
Nebenhoden von Säugetieren spezifisch. Beim Schwein findet sich der Lokus des GPX5 Gens im 7. 
Chromosom. Der GPX5 Restriktions Polymorphismus des 1. Introns wurde mit der PCR-RFLP-Methode bei 247 
Besamungsebern mehrerer Rassen bestimmt. Es konnten die zwei Allele GPX51B und GPX52B mit den 
Frequenzen von 0,1964 bzw. 0,8036 identifiziert werden. In der untersuchten Eberpopulation traten die 
Genotypen mit folgenden Frequenzen auf: GPX51B GPX51B – 0.0405, GPX51B GPX52B – 0,3117 und GPX52B 
GPX52B – 0,678.  Die Analyse ergab statistisch signifikante Abhängigkeiten zwischen den GPX5 Genotypen und 
den Spermamerkmalen und damit die Möglichkeit diesen Genpolymorphismus für die Beurteilung einiger 
Spermamerkmale von Besamungsebern zu nutzen.   
 
Schlüsselwörter: Glutathion-Peroxydase-5-Gen, GPX5, Eber, Spermamerkmale 
 
 

Introduction 
Pork production profitability depends largely on the possibility to obtain numerous 
offspring from each sow in successive litters. Studies carried out by many research 
centres suggest that certain genes can be used as markers of reproductive traits in pigs, 
which may have practical application in early selection aimed at increasing the effec-
tiveness of sow insemination and the number of piglets per litter. Both these parame-
ters depend on, among others, the number of spermatozoa in a boar’s ejaculate which 
are capable of interacting with egg cells. The percentage content of live, fully-
developed spermatozoa per ejaculate is one of the criteria for a boar’s reproductive 
utility.  
In the reproductive systems of male mammals, there are many factors which have a 
negative effect on spermatozoa maturation, vitality and motility. The factors include 
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active oxidants – ROS (reactive oxygen species) and free radicals, which increase cell-
membrane permeability and cause sperm immotility, which in turn leads to a de-
creased fertilization capability. Epididymis cells contain an enzymatic complex con-
sisting of catalase, glutathione peroxidase (GPX) / glutathione reductase and other pro-
teins capable of deactivating oxidizers (HALL et al., 1998). GPX5, one of the compo-
nents of the complex, is a seleno-independent isoenzyme of glutathione peroxidase 
activity, specific to epididymis. It was proved (OKAMURA et al., 1997) that in the 
boar epididymis, GPX5 protein binds to the spermatozoon acrosome and disappears 
during the acrosomal reaction. Moreover, GPX5 protein was found to delay this reac-
tion considerably when induced in vitro. It was suggested that GPX5 gene product 
plays a role in preventing spermatozoa from premature acrosomal reaction and there-
fore maintains the fertilization capability of spermatozoa collected in the epididymis. 
GPX5 may also be of importance for the correct process of sperm cell maturation 
(SCHWAAB et al., 1998). 
GPX5 gene locus is located on chromosome 7, along with the genes of the major his-
tocompatibility complex (SLA) (BERTANI et al., 1999). Within the partial GPX5 
gene sequence (2,849 base pairs) that is known, there occurs a mutation in the gene 
intron recognized by HinfI restriction enzyme. Basing on this, two GPX5 gene alleles 
can be identified: 1B and 2B (BERTANI et al., 1999). As the GPX5 gene mutation in 
humans is known to cause a considerable decrease in fertility (HALL et al., 1998), it 
can be presumed that GPX5/HinfI polymorphism in boars is likely to be linked to their 
lowered reproductive capability (decreased sperm quality and vitality, lowered egg-
cell fertilization capability).  
The aim of this study was to identify GPX5/HinfI polymorphism in AI boars kept in 
Animal Breeding and Artificial Insemination Centres in Poland as well as to find pos-
sible associations between the identified GPX5 genotypes and selected reproductive 
traits in boars.  
 
 

Materials and methods 
The study included 247 AI boars (Polish Landrace – 60, Polish Large White – 41, 
Pietrain – 15, Hampshire – 3, Duroc – 4, Duroc x Pietrain – 53, Hampshire x Pietrain – 
34, Duroc x Hampshire – 8, Polish Synthetic Line – 10, PIC – 19) bred in Animal 
Breeding and Artificial Insemination Centres in Poland (Table 1.). All the boars were 
kept in the same conditions and used exclusively for reproductive purposes. The data 
on 9,456 ejaculates used in this study was collected from the 247 boars in the years 
1997 – 2002 and concerned the following semen characteristics: ejaculate volume, 
sperm concentration, percentage of live sperm, live sperm count per ejaculate and 
number of insemination doses. The ejaculates were collected from boars aged 221 – 
585 days to eliminate the effect of age on the characteristics under study. The semen 
collection period was divided into two seasons: the spring-summer season (1 April to 
30 September) and the autumn-winter season (1 October to 30 March). The season as 
well as the year, breed and sire effect were taken into account while determining vari-
ability. 
The DNA used in this study was isolated from all the peripheral blood samples col-
lected into vacuum test tubes containing K3EDTA as an anticoagulant. The isolation 
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was performed using the Master PureTM Genomic DNA Purification Kit from Epicen-
tre Technologies.  
Glutathione-peroxidase-5 genotypes were determined by PCR-RFLP method. The mu-
tation located within introne 1 of the GPX5 gene was detected by using specific starter 
sequences (forward primer: 5’ – TTC ATG TAG AAC TTA TTT CTG – 3’ and re-
verse primer: 5’ – TGG TGC CTG TCA CGT CTT – 3’) and an appropriate thermal 
profile (94°C/3 min., 40 x (94°C/40 sec., 52°C/45 sec., 72°C/2.5 min.) + 72°C/5 min.) 
for the PCR reaction. The amplified fragment was digested with 5 units of restriction 
enzyme HinfI at 37°C for 4-5 hours. The obtained DNA restriction fragments were 
separated by electrophoresis on 2% agarose gels containing ethidium bromide in 
buffer 1xTBE. Afterwards, the gels were visualized and analysed under UV light and 
recorded using the Vilber Lourmat system. 
Statistical analysis of the associations of concern was carried out with the SAS pack-
age (General Linear Model Procedure – the SAS System) according to the following 
model: 

Yijklm = µ + Mi + Oj + Rk + Zl + Ym + Sn + (ZSR)lmn +WS + G/Ht + eijklmnstw 
 

where: Yijklm – observation; µ - mean for the herd; Mi – effect of ith dam; Oj – effect of 
jth sire; Rk – fixed effect of kth boar breed (k = 1, 2, ... , 7); Zl – effect of lth insemina-
tion centre (l = 1, 2); Ym – effect of mth year (m = 1, 2, ... , 6); Sn – effect of nth season 
(n = 1, 2); (ZSR)lmn – interaction effect of appropriate model effects; Ws – effect of sth 
boar’s age; G/Ht – effect of tth genotype GPX5/HinfI (t = 1, 2 and 3);  eijklmnstw – error. 
 
The results are presented in tables, including mean and standard deviations, and the 
number of ejaculates under study. The significance of differences, verified with Dun-
can test, is also included. 
 
 

Results and Discussion 
The PCR product was digested with endonuclease HinfI and the restriction fragments 
obtained thereby were subsequently separated on 2% agarose gels and thus different 
band patterns were obtained, which enabled to identify two alleles, GPX51B and 
GPX52B, which determined the occurrence of three genotypes: GPX51BGPX51B, 
GPX51BGPX52B and GPX52BGPX52B. The frequencies of the identified genotypes and 
GPX5/HinfI alleles in the herd of AI boars under study are presented in Table 1. The 
frequency of allele GPX51B in the herd was 0.1964, whereas the frequency of allele 
GPX52B was 0.8036. A similar allele frequency in another herd of AI boars had been 
reported previously by MACKOWSKI et al. (2002): 0.28 for allele GPX51B and 0.72 
for allele GPX52B. As can be seen in Table 1, the frequency of particular GPX5/HinfI 
alleles varies from breed to breed. Allele GPX51B frequency ranged from 0.3235 in 
Hampshire x Pietrain crossbred boars to 0.125 in Duroc boars. MACKOWSKI et al. 
(2002) had reported a considerably higher frequency of allele GPX51B in Duroc and 
Hampshire AI boars (0.50 and 0.63, respectively), and the same frequency in Duroc x 
Hampshire crossbred boars (0.25). The analysis of glutathione-peroxidase-5 genotypes 
frequency in the studied herd of boars showed that the most frequent genotype was 
GPX52BGPX52B with a frequency of 0.6478. GPX51BGPX52B genotype frequency was 
0.3117, whereas GPX51BGPX51B genotype frequency was 0.0405. MACKOWSKI et 
al. (2002) had reported a considerably lower frequency of GPX52BGPX52B genotype 
(0.51) and a higher frequency of GPX51BGPX52B genotype (0.46). Particularly worth 
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noting is the low frequency of GPX51BGPX51B genotype, which was found only in 
Polish Large White boars (0.0731) and Hampshire x Pietrain crossbred boars (0.2059). 
The heterozygous GPX51BGPX52B genotype was most frequent in Duroc x Pietrain 
crossbred boars (0.7358), and least frequent in Hampshire x Pietrain crossbred boars 
(0.2353). The frequencies of heterozygous genotypes determined by MACKOWSKI et 
al. (2002) had been different: this genotype had been found to be most frequent in 
Duroc (1.00) and Polish Large White (0.756) boars, and least frequent in Pietrain boars 
(0.16). The homozygous GPX52BGPX52B genotype was most frequent in Duroc boars 
(0.75) and least frequent in Duroc x Pietrain crossbred boars (0.2642). 
 
Table 1 
The frequency of GPX5/HinfI genotypes and alleles of boars under study 

Genotyp GPX5  GPX5 allele 
Breed 

Number of 
boars in 

breed groups GPX51BGPX51B GPX51BGPX52B GPX52BGPX52B GPX51B GPX52B 

Polish Landrace 60 - 0.3167 0.6833 0.1583 0.8417 

Duroc x Pietrain 53 - 0.7358 0.2642 0.1321 0.8679 

Polish Large 
White 41 0.0731 0.3171 0.6098 0.2317 0.7683 

Hampshire x 
Pietrain 34 0.2059 0.2353 0.5588 0.3235 0.6765 

PIC 19 - 0.3684 0.6316 0.1842 0.8158 

Pietrain 15 - 0.4000 0.6000 0.2000 0.8000 

Polish Synthetic 
Line 10 - 0.4000 0.6000 0.2000 0.8000 

Duroc x Hamp-
shire 8 - 0.5000 0.5000 0.2500 0.7500 

Duroc 4 - 0.2500 0.7500 0.1250 0.8750 

Hampshire 3 - 0.3333 0.6667 0.1667 0.8333 

Total 247 0.0405 0.3117 0.6478 0.1964 0.8036 

 
No statistically significant differences were found in the studied herd of AI boars be-
tween the observed distributions and the expected ones estimated theoretically for 
GPX5/HinfI genotypic groups according to the Hardy-Weinberg law. 
Associations were analysed between GPX5/HinfI polymorphism and the following 
semen characteristics: ejaculate volume, sperm concentration, percentage of live sperm 
per ejaculate and number of insemination doses per ejaculate. The mean ejaculate vol-
ume in the herd of boars under study was 219.2 cm3 and it was lower than the mean 
ejaculate volume recorded by MACKOWSKI et al. (2002). Ejaculates of the highest 
volume were obtained from GPX51BGPX52B boars (225.2 cm3), ejaculates of statisti-
cally significantly lower volume were obtained from GPX52BGPX52B boars, whereas 
ejaculates of the lowest volume came from GPX51BGPX51B boars. All the differences 
in ejaculate volumes between boars of different GPX5/HinfI genotypes were con-
firmed statistically (Table 2). The mean sperm concentration in the studied ejaculates 
was 598.4 x 106/cm3. The sperm concentration recorded in ejaculates of 
GPX52BGPX52B boars (604.5 x 106/cm3) was higher than both the mean for the herd 
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under study and the mean for boars of the other GPX5/HinfI genotypes 
(GPX51BGPX52B – 587.6 x 106/cm3 and GPX51BGPX51B – 601.2 x 106/cm3). The dif-
ferences were confirmed statistically (Table 2.). A slightly lower sperm concentration 
in ejaculates had been reported by MACKOWSKI et al. (2002) in GPX5/HinfI geno-
typic groups (445 x 106 for GPX51BGPX52B boars and 411 x 106 for GPX52BGPX52B 
boars), and the differences had been confirmed statistically. On the other hand, in their 
analysis of associations between GPX5/HinfI polymorphism and Hampshire x Pietrain 
boar semen characteristics, KMIEĆ et al. (2002) had found the highest sperm concen-
tration in the ejaculates of GPX51BGPX52B boars (634.1 x 106), and the lowest in the 
ejaculates of GPX52BGPX52B boars (604.7 x 106). The differences between the boars 
of different GPX5/HinfI genotypes had also been confirmed statistically with P ≤ 0.05. 
 
Table 2 
Values of studied semen traits in reference to GPX5/HinfI genotype 

GPX5/HinfI genotype 
Character  

GPX51BGPX51B GPX51BGPX52B GPX52BGPX52B 
Total 

Number of ejaculate  288 3363 5805 9456 

Ejaculate volume  [cm3] Mean SD 204.0BC  64.8 225.2 AB  84.9 216,6AC  74.2 219.2      78.1 

Sperm concentration  [mln/cm3] Mean SD 601.2B  123.5 587.6AB  121.8 604.5A  125.0 598.4   124.1 

Sperm alive percentage Mean SD 70.8BC       2.8 72.9AB     5.2 72.2AC    4.5 72.4        4.7 

Live sperm count in ejaculate  [mld] Mean SD 83.6AB    28.2 93.5A     31.7 90.8B    30.3 91.5      32.1 

Number of insemination doses Mean SD 23.3AB     7.5 24.4B     9.4 24.1A     8.1 24.2      8.6 
Means in rows marked with the same letter differ significantly at P ≤ 0.05.  
 
The analysis of associations between GPX5/HinfI genotypes and the mean percentage 
of live sperm per ejaculate shows that the mean percentage in the semen of 
GPX51BGPX52B boars was significantly higher than in the semen of GPX51BGPX51B 
boars and significantly higher than in the semen of GPX52BGPX52B boars. The differ-
ences were confirmed statistically (Table 2.). Similarly, the highest live sperm count 
per ejaculate was recorded in the semen of heterozygous GPX5/HinfI boars. That 
count was significantly higher than the one in the ejaculates of GPX51BGPX51B boars. 
These significant differences prove the associations previously found but not statisti-
cally confirmed by KMIEĆ et al. (2002) in their study on Hampshire x Pietrain cross-
bred boars.  
The lowest number of insemination doses was obtained from the ejaculates of 
GPX51BGPX51B boars, whereas the highest – from the ejaculates of boars with het-
erozygous GPX5/HinfI genotype, and the difference was confirmed statistically (Table 
2.). A statistically significantly higher number of insemination doses was also obtained 
from the ejaculates of GPX52BGPX52B boars than from the ejaculates of 
GPX51BGPX51B boars. A slightly lower number of insemination doses (23.4) obtained 
from the ejaculates of Hampshire x Pietrain crossbred boars had been reported previ-
ously in the study by KMIEĆ et al. (2002). The lowest number of insemination doses 
obtained in that study had been recorded in heterozygous GPX5/HinfI boars. However, 
the differences had not been confirmed statistically.  
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  Conclusions 
The study carried out on a herd of AI boars demonstrated the existence of GPX5/HinfI 
polymorphism. Two alleles were identified: GPX51B with a frequency of 0.1964 and 
GPX52B with a frequency of 0.8036. The alleles were found to determine the occur-
rence of three genotypes: GPX51BGPX51B with a frequency of 0.0405, GPX51BGPX52B 
with a frequency of 0.3117 and GPX52BGPX52B with a frequency of 0.6487. The 
analysis of GPX5/HinfI genotypic groups in the herd of AI boars under study did not 
show any disruption of genetic equilibrium between the observed distributions and the 
expected ones estimated theoretically according to the Hardy-Weinberg law. 
The analysis of associations between GPX5/HinfI genotypes and the examined quanti-
tative and qualitative characteristics of semen suggest the possibility of using the exist-
ing polymorphism to improve reproductive traits in AI boars as heterozygous 
GPX51BGPX52B boars were found to produce ejaculates of the greatest volume, the 
highest percentage of live sperm and the highest live sperm count per ejaculate, and 
from which the greatest number of insemination doses was obtained.  
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Abstract 
The FABGL gene encodes a nicotinamide adenine dinucleotide (NAD)-dependent 17β-hydroxysteroid 
dehydrogenase (17b-HSD) which is responsible mainly for immune response. It can also regulate the 
concentration of biologically active estrogens and androgens. It is appear as oxidative enzyme that inactivates 
estradiol, testosterone, and dihydrotestosterone as well as reductive enzyme by synthesis of estradiol from 
estrone. Investigations  showed that FABGL gene is expressed within the ovaries and testes. Different variants of 
this gene may be associated with reproduction traits in pigs. The aim of this study was to determine 
polymorphism in the promoter region of FABGL gene as well as examine associations between particular 
genotypes and reproduction traits in Polish Large White x Polish Landrace sows. Polymorphism in FABGL/BbvI 
was determined by applying PCR-RFLP and following frequency of alleles were obtained: A - 0.45, B - 0.55. 
Statistical analysis showed associations (P≤0.05, P≤0.01) between particular genotypes and some reproduction 
traits in investigated herd of sows. 
 
Key Words: FABGL gene, sows, polymorphism, reproduction traits 
 
 
Zusammenfassung 
Titel der Arbeit: Restriktionspolymorphismus des FABGL/BbvI Gens bei Kreuzungssauen aus Große 
Polnische Weiße x Polnische Landrasse 
Das FABGL-Gen verschlüsselt die NAD-abhängige 17ß-Hydroxysteroid Dehydrogenase (17b-HSD), welche 
hauptsächlich für die Immunantwort verantwortlich ist. Da sie ein Oxydationsenzym ist, wird auch mit deren 
Hilfe die Konzentration des biologisch aktiven Östrogens und Androgens reguliert. Untersuchungen haben 
ergeben, dass das FABGL-Gen einer Expression in den Eierstöcken und Hoden unterliegt. Verschiedene 
Varianten dieses Gens könnten also mit dem Niveau von Wurfleistungsmerkmalen beim Schwein verbunden 
sein. Das Ziel vorliegender Arbeit war die Bestimmung des Polymorphismus im promotorischen Teil des 
FABGL-Gens sowie die Untersuchung von Zusammenhängen zwischen den einzelnen Genotypen und den 
Wurfleistungsmerkmalen bei Kreuzungssauen der Rassen Große Polnische Weiße x Polnische Landrasse. Bei 
Anwendung der PCR-RFLP-Technik konnte der FABGL7BbvI-Polymorphismus bestimmt und Zusammenhänge 
zwischen den Genotypen und einzelnen Wurfleistungsmerkmalen festgestellt werden.  
 
Schlüsselwörter: FABGL-Gen, Sau, Polymorphismus, Wurfleistungsmerkmale 
 
 

Introduction 
Steroid hormones act through specific receptors effect activation of gene transcription. 
The biological activity of these hormones is regulated at the pre-receptor level 
(MINDNICH et al., 2004). Several enzymes are committed in this process. 
Nicotinamide adenine dinucleotide (NAD)-dependent 17β-hydroxysteroid 
dehydrogenases (17β-HSD) are key enzymes acting in the last step of formation of 
androgens and estrogens. Eleven  17β-HSDs coded by different not homologous genes 
have been discovered, which vary in tissue distribution, catalytic preferences, substrate 
specificity, subcellular localization and mechanism of regulation. These enzymes are 
mainly involved in conversion at position 17 of sex steroids. They can also metabolize 
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different substrates including alcohols, bile acids, fatty acids and retinols (ADAMSKI 
and JAKOB, 2001).  
17β-hydroxysteroid dehydrogenase VIII (17β-HSD8) protein efficiently catalyses the 
oxidation of estradiol, testosterone and dihydrotestosterone leading to their 
inactivation. It also appear reductive activity by synthesis of estradiol from estrone 
(FOMITCHEVA et al., 1996). Gene which codes this enzyme is known as FABGL 
gene as well as KE6 or RING2 gene. In swine it was assigned to chromosome 7. within 
the class II region of pig major histocompatibility complex. It is called SLA and 
located on the long arm in 7q1.1 (CHARDON et al., 1999). FABGL gene consist of 
nine exons with 86% and 82% homology to human and mouse mRNA sequences 
respectively (JACOBS et al., 2002). FOMITCHEVA et al. (1996) have demonstrated 
that FABGL gene is expressed within the ovaries and testes maintaining local level of 
sex steroids. Polymorphisms in this gene may be associated with the fertility and lipid 
metabolism in swine.  
The aim of this study was to determine polymorphism in the promoter region of 
FABGL gene discovered by JACOBS et al., (2002) as well as examine associations 
between particular genotypes and reproduction traits in Polish Large White x Polish 
Landrace sows. 
 
 

Materials and methods 
Investigation were carried out on herd 305 sows derived from crossing Polish Large 
White x Polish Landrace breeds. Conditions of  rearing and feeding were equalized for 
all animals. DNA was extracted from whole blood by using standard kit 
(MasterPure™ DNA Purification Kit for Blood, Epicentre). Primers for PCR reaction 
were designed according to JACOBS et al., (2002). To estimate optimal annealing 
temperature gradient thermocycler was used (TGradient, Biometra). PCR was 
performed for each sample in total volume 15µl contains: 1xPCR buffer (C), 2mM 
MgCl2 , 0.2mM dNTP mix, 15pmol of each primer, 0.75U Taq (Eurx), about 80ng of 
DNA, PCR grade water up to 15µl. Following thermal profile was applied: initial 
denaturation at 94°C for 5min, 35 cycles: 94°C/45s, 69°C/50s, 72°C/40s and the final 
extension at 72°C for 5min. 5µl of PCR product was checked on 1% agarose gel 
staining with ethidium bromide. After positive estimation it was digested by using 1U 
of BseXI (BbvI) restriction enzyme in 65°C overnight. Restriction fragments were 
separated on 2% agarose gels. To visualization and record gels Vilber Lourmat system 
was used. 
The analysis of associations between FABGL/BbvI genotypes and total number born 
(TNB), number of weaned (NW) and number falls (NF) were performed  applying 
following models according to parity order: 
first parity (I) 
Yijk = µ + ai + cj + dk + b(av) + eijk 
second and remaining (>I) 
Yijk = µ + ai + cj + dk + el + b(av) + eijk 
where: 
Yijk - analyzed trait 
µ - the overall mean 
ai - constant effect of FABGL/BbvI genotype (i = 1, 2, 3) 
cj - fixed effect of sire (j = 1, ...38) 
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dk - fixed effect of year-season (k = 1,…14) 
el - fixed effect of parity order (l = 2, …14) 
b(av) - the regression of age at first farrowing/value of trait 
eijk - the random error 
 
 

Results 
Two alleles of FABGL gene were identified in investigated herd of sows: A and B. 
Presence of three genotypes: AA, AB, BB were confirmed. The following lengths of 
restriction fragments were observed: AA - 273bp, AB - 273, 150, 123bp, BB - 150, 
273bp. Table 1 presents obtained frequency of alleles and genotypes of  FABGL/BbvI.  
The analysis of associations between polymorphism at FABGL/BbvI locus and 
reproduction traits is showed in Table 2. 
 
Table 1 
Frequency of the FABGL/BbvI alleles and genotypes 

N FABGL/BbvI 
genotypes Frequency FABGL/BbvI 

alleles Frequency 

59 AA 0.19 

158 AB 0.52 

88 BB 0.29 

A 
 

B 

 
0.45 

 
0.55 

 
 
Table 2 
Means and standard deviations of investigated traits in relation to FABGL/BbvI genotypes 

 
FABGL/BbvI 

genotypes 
 

Litter n TNB1 NW2 NF3 

AA 55 8.96±2.03 7.76±1.92 1.091±0.369 
AB 137 8.93±2.21 7.73±1.83 1,022±0.426 
BB 

I 
75 8.68±2.15 7.72±2.06 0,027±0.162 

Total 267 8.87±2.15 7.73±1.91 0.713±0.319 
AA 233 10.32±2.54A 8.80±2.16aB 0.537±0.770 
AB 660 10.00±2.43 8.45±2.06a 0.441±0.705 
BB 

>I 
435 9.77±2.58A 8.39±2.22B 0.375±0.820 

Total 1328 9.98±2.51 8.49±2.13 0.451±0.765 
Means in lines with the same letters differ significantly, small letters - P≤0.05, capitals - P≤0.01 
1TNB - total number born, 2NW - number of weaned, 3NF - number of falls 
 
 

Discussion 
There are many investigations concerning polymorphisms and their relationships with 
performance traits in domestic animals. In pigs mainly reproduction, carcass and meat 
quality traits are taking under consideration. Recent studies have proved that 
polymorphisms in some genes may be associated with reproduction traits in pigs. In 
sows have examined following genes: ESR1, FSHB (WANG et al., 2006, 
HUMPOLIČEK et al., 2006), RBP4 (WANG et al., 2006), CYP21 (ZIEMAK and 
GRZESIAK, 2006), GPX, FUT1, ESR2 (BUSKE et al., 2006) PRLR, LEP (TERMAN 
2006) sFBP (VALLET et al., 2005), EPOR (VALLET et al., 2005), however in boars: 
ESR1, ESR2 (TERMAN et al., 2006), GNRHR, PRL, PRLR, FSHB, LHB, FST, INHA, 
INHBA, INHBB (LIN et al., 2006) ACTN1, ACTN4, ACTG2 (WIMMERS et al., 2005). 
In our study we investigated FABGL gene on account of role in reproduction which 
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plays the product of this gene. We have found statistical significant associations 
between particular genotypes and total number born and number of weaned in second 
and remaining parities. Higher value for TNB characterized sows (P≤0.01) with 
genotype AA (10.32) in relation to genotype BB (9.77). Considering NW, higher value 
for this traits achieved sows with genotype AA (8.80) than sows with genotype BB 
(8.39) (P≤0.01) and AB (8.45) (P≤0.05). Differences in number of falls for 
FABGL/BbvI genotypes were also observed but they were not statistical significant. 
There are no data in the literature concerning association study of  FABGL gene. Only 
JACOBS et al. (2002) has given frequency of alleles in different breeds of pigs. In our 
study following frequency of alleles were obtained: A - 0.45, B - 0.55. Similar 
frequency were observed in two breeds: Czech Meat Pig A - 0.47, B - 0.53 and 
Landrace A - 0.42, B - 0.58.  Higher frequency of allele A were found in Pietrain - 0.57 
and Large White - 0.54. Allele B was not found in pigs belong to Meishan breed. 
Results of our study indicates that genotype AA is favourable for TNB and NW. It may 
be suggested that FABGL gene is 'candidate gene' for reproduction traits but 
investigation should be verified on bigger population as well as on different breeds. 
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Abstract 
The presented study was aimed at determining the association of growth hormone (GH) gene polymorphism 
with the traits that characterise carcass and meat quality and meat basic chemical composition in porkers with 
genotype CC with respect to RYR1 locus. The study was carried out on 126 PIC porkers originating after 
Camborough 22 sows and PIC 337 boars. The polymorphism of GH gene was identified respectively with 
restrictive enzymes MspI, HaeII, CfoI and ApaI. The allele frequencies were as follows: GH/MspI A = 0.78 and 
B = 0.22; GH/HaeII A = 0.86 and B = 0.14; GH/CfoI C1 = 0.09 and C2 = 0.03 and C3 = 0.18 and C4 = 0.70; 
GH/ApaI A1 = 0.28 and A2 = 0.72. The analysis of association of GH genotypes identified with four restrictive 
enzymes did not show any relationship between the GH gene polymorphism and the carcass slaughter traits 
determined with meatiness measuring apparatus CGM and the meat quality and meat basic chemical 
composition in PIC hybrid porkers. It may be stated, basing on the analysis performed, that GH gene is weakly 
related to the variability of analysed traits in PIC porkers. 
 
Key Words: pig, GH genotype, meatiness, meat quality  
 
 
Zusammenfassung 
Titel der Arbeit: Zusammenhänge zwischen dem Polymorphismus des Wachstumshormongens (GH) und 
Qualitätsmerkmalen des Schlachtkörpers bei PIC Hybridschweinen  
Ziel der Arbeit war die Untersuchung von Zusammenhängen zwischen dem Polymorphismus des 
Wachstumshormongens (GH) und Qualitätsmerkmalen des Schlachtkörpers bei Mastschweinen des Genotyps 
CC hinsichtlich des RYR1 Lokus. Einbezogen waren 126 Mastschweine aus Paarungen  von Camborough-22 
Sauen und PIC-337 Ebern. Der Polymorphismus des GH-Gens wurde mittels der Restriktionsenzyme MspI, 
HaeII, CfoI und ApaI identifiziert. Die Allelfrequenzen betrugen: GH/MspI A = 0,78 und B = 0,22; GH/HaeII A 
= 0,86 und B = 0,14; GH/CfoI C1 = 0,09, C2 = 0,03, C3 = 0,18 und C4 = 0,70; GH/ApaI A1 = 0,28 und A2 = 
0,72. Die mit Hilfe von vier Restriktionsenzymen identifizierten GH Genotypen ergaben keine Zusammenhänge 
zwischen diesen und den untersuchten Qualitätsmerkmalen des Schlachtkörpers. 
 
Schlüsselwörter: Schwein, GH Genotyp, Fleischanteil, Fleischqualität 
 
 

Introduction 
Meat quantity and quality are affected by a whole number of genetic, feeding and 
environmental factors and interactions occurring between them (DE VRIES et al., 
1998; CAMERON, 1990; KUSEC et al., 2005). Genetic effects play a key role in 
shaping pig carcass composition and quality, though the quality of meat is less affected 
by genetic factors than its quantity. It is assumed that genetic factors determine meat 
quality in 10 to 30%, whereas the other part falls on environmental factors (DE VRIES 
et al., 1994). Studies show that animals belonging to various breeds but characterised 
by the same genotype with respect to RYR1 locus demonstrate significant differences 
not only in carcass muscling, but also in meat quality traits. The occurrence of meat 
with PSE traits among animals with genotype CC at RYR1 locus, or also of meat with 
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normal parameters in animals with genotype TT in RYR1 locus, may come out of the 
effect of other genes on carcass and meat quality traits, modifying the RYR1 gene 
effect (KOĆWIN-PODSIADŁA and KURYŁ, 2003). 
The knowledge of genome and the compilation of genetic maps are indispensable for 
isolating and characterising the genes concerned. Quantitative trait loci (QTL) studies 
and candidate gene analysis have resulted in identification of important chromosomal 
regions and genes associated with economically important traits in pigs (WIMMERS 
et al., 2005). 
A gene that arouses large interest is growth hormone (GH) gene, which is connected 
with the fact that growth hormone is directly involved in increasing intensity of the 
course of some metabolic conversions, in particular of protein synthesis (LE ROITH et 
al., 2001; TE PAS et al. 2003). Studies point at more rapid growth rate and thinner 
backfat in pigs with higher GH concentration in blood (ALTHEN and GERRITS, 
1976; CHENG et al. 2000). Also ETHERTON (2000) reports that porcine 
somatotropin (PST) increases muscular tissue increment and decreases fatty tissue 
deposition during the pig growth. On the other hand, the results of studies on 
association of different GH gene variants with carcass quality traits are not 
unambiguous. KNORR et al. (1997) demonstrated significant association of GH 
genotypes with eight carcass fatness traits in Meishan x Pietrain pigs, whereas did not 
confirm this fact in the hybrids of wild boar x Pietrain pigs. WANG et al. (2003) 
showed an association of GH/ApaI gene polymorphism with carcass meat content in 
Yorkshire pigs, however not confirming this in Nanchang White pigs. Also the studies 
of LARSEN et al. (1995) on the hybrids of wild boar x Pietrain pigs and of URBAN et 
al. (2002) on Duroc porkers did not prove an association of GH gene polymorphism 
with carcass quality traits. On the other hand, PIERZCHAŁA et al. (1999; 2004), 
KŘENKOVÁ et al. (1999), KURYŁ et al. (2003), FRANCO et al. (2005) point to 
significant association of different GH gene variants with carcass fatness and 
meatiness in different pig breeds and lines. 
The presented study was aimed at determining the association of growth hormone 
(GH) gene polymorphism with the traits that characterise carcass and meat quality and 
meat basic chemical composition in porkers with CC genotype with respect to RYR1 
locus.      
 
 
  Material and methods 
The study was carried out on 126 PIC hybrid porkers, which came from a farm 
running the pig production in Western Pomeranian province (Poland). Examination 
covered the offspring after PIC 337 boars and Camborough 22 sows, which was kept 
under the same environmental conditions and fed with a balanced feed-mix ad libitum. 
All porkers destined for the experiment were conveyed from a farm to the “Agryf” 
Meat Plant in Szczecin (Poland) by one means of transport in the evening and 
slaughtered in the morning on the next day after 4 hours long transportation from a 
distance of 250 km. 
During slaughtering the animals, after stunning them with CO2, blood samples were 
collected to EDTA-coated tubes for DNA analysis in order to identify both alleles and 
genotypes with respect to RYR1 and GH loci. Furthermore, the sex of porkers was 
established on the slaughter line, among which there were 68 gilts and 58 barrows. 
Thereafter, carcass slaughter value was measured on the left-hand side half-carcass 
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with a needle-optical probe equipped CGM apparatus (Sydel, France) (Borzuta, 2004) 
and hot carcass weight of the examined porkers was determined. Mean hot carcass 
weight of porkers under examination was 78.98 ± 0.39 (mean value and standard 
error). After 24 hours long carcass cooling, meat samples were collected from 
longissimus lumborum muscle (LL) in 1-4 lumbar vertebrae section of the right-hand 
side half-carcass, in which meat pH24 value and drip loss volume from the muscular 
tissue determined after 48 hours from the slaughter were recorded according to 
HONIKEL (1987). Approximately 48 hours after slaughter, on minced muscular 
tissue, pH measurement was taken in aqueous solution, colour traits were determined, 
i.e. L* - lightness, a* - red colour, and b* - yellow colour by means of HunterLab 
apparatus using D65 light source and 10° observer (CIE, 1978), as well as meat water 
holding capacity with the method of Grau and Hamm in Pohja & Niinivaar’s 
modification (1957), thermal drip according to Walczak [1959], water-soluble protein 
content with Kotik’s method (1974) and basic meat chemical composition, i.e. total 
protein, fat, ash and dry matter (AOAC, 1990), were estimated.  
Genomic DNA was extracted from blood using Master Pure kit of Epicentre 
Technologies (Madison, WI, USA). Genotypes of RYR1 and GH were determined by 
PCR-RFLP method. RYR/Hin6I genotypes were identified using sequence of primers 
according to FUJI et al. (1991). All of the pigs were CC/RYR1 genotype.  
The GH fragments were amplified from a genomic template using the PCR with 
primer sequences reported by KIRKPATRICK et al. (1992), LARSEN and NIELSEN 
(1993). Information on primer sequences, restriction enzymes and allele sizes are 
given in Table 1. PCR reactions were performed in a total volume of 20 µl using 50 ng 
porcine genomic DNA, 0.5 µM of each primer, 100 µM of each dNTP, 3 mM MgCl2 
and 1 U of Taq DNA polymerase in standard PCR buffer. Thermal conditions were as 
follows: 940C for 5 min followed by 35 cycles of 45 s at 940C, 45 s at 570C (GH/MspI 
and GH/HaeII) and 55 s at 940C, 50 s at 530C (GH/CfoI and GH/ApaI) and last 
extension for 5 min at 720C. Digestion of the PCR product was performed with 5 IU of 
the appropriate restriction endonuclease (Table 1) at 370C overnight. The restriction 
fragments of DNA were separated by electrophoresis in 2% (GH/MspI and GH/HaeII) 
and 2,5% (GH/CfoI and GH/ApaI) agarose gel stained with ethidium bromide. The 
results were visualized using UV rays.  
 
Table 1 
Primer sequences, endonuclease and allele sizes of GH gene  

Primer sequence  
(5'-3') 

PCR product size 
(bp) Endonuclease Allele size (bp) source 

GCCAAGTTTTAAA
TGTCCCTG 506 MspI A – 222, 147, 137 

B – 284, 222 

DTGTCCCTCCGGG
ATGTAG 506 HaeII A – 506 

B – 333, 173 

Kirkpatrick et al. (1992) 

TTATCCATTAGCAC
ATGCCTGCCAG 605 CfoI 

C1 – 605 
C2 – 497, 108 
C3 – 448, 157 
C4 – 448, 108, 49 

CTGGGGAGCTTAC
AAACTCCTT 605 ApaI A1 – 449, 101, 55 

A2 – 316, 133, 101, 55 

Larsen and Nielsen 
(1993) 

 
 



 208

Genetic equilibrium of analysed population was evaluated on the basis of chi-square 
test. A statistical analysis was performed to compare carcass and meat quality and 
basic chemical coposition traits between pigs of different genotypes, using the least 
squares method of the GLM procedure (Statistica 7.1) according to the following 
model: 

 
Yijk = µ + Gi  + sexj + β (xijk - x ) + eijk 

where:  
Yijk  - trait measured;  
µ - the overall mean; 
Gi - the effect of a particular genotype at the GH locus (i = AA, AB, BB of GH/MspI 
and GH/HaeII; C1C4, C2C4, C3C4, C4C4 of GH/CfoI; A1A2, A2A2 of GH/ApaI); 
sexj - the effect sex (j = 1, 2); 
β - linear regression coefficient for hot carcass weight; 
xijk  - hot carcass weight of ijk-th individual included as covariable; 
x  - mean for hot carcass weight; 
eijk - the random error.  
 
 
  Results and discussion 
The observed frequency of genotypes and alleles for the growth hormone (GH) gene 
identified with endonucleases MspI, HaeII, CfoI and ApaI PIC hybrid porkers is 
presented in Tables 2 and 3. The chi-square analysis showed that genotype frequencies 
for GH/MspI, GH/CfoI and GH/ApaI loci (p<0.01) did not present the Hardy-
Weinberg equilibrium. Higher frequency was stated of allele A at GH/MspI and 
GH/HaeII loci, which is also confirmed by the results of allele estimation in the 
porkers after Large White boars, as well as after Large White x Pietrain (KŘENKOVÁ 
et al., 1999) and Duroc ones (URBAN et al., 2002). ERNST et al. (2003) found in wild 
boar a higher frequency of allele A (0.61) for GH/HaeII polymorphism and a higher 
frequency of allele B (0.61) in case of GH/MspI genotype. 
 
Table 2 
Frequency of GH alleles in PIC pigs 

GH/MspI GH/HaeII GH/CfoI GH/ApaI 

A B A B C1 C2 C3 C4 A1 A2 

0.7817 0.2183 0.8571 0.1429 0.0873 0.0278 0.1825 0.7024 0.2817 0.7183 

78.17% 21.83% 85.71% 14.29% 8.73% 2.78% 18.25% 70.24% 28.17% 71.83% 

 
Table 3 
Frequency of GH genotypes in PIC pigs 

GH genotype 

GH/MspI GH/HaeII GH/CfoI GH/ApaI  

AA AB BB AA AB BB C1C3 C1C4 C2C4 C3C4 C4C4 A1A1 A1A2 A2A2

n 86 25 15 97 22 7 2 20 7 44 53 3 65 58 

% 68.3 19.8 11.9 77.0 17.5 5.6 1.6 15.9 5.6 34.9 42.1 2.4 51.6 46.0 

χ2 11.43** 3.37 10.03** 9.50** 
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In the present study, from among three genotypes at locus GH/MspI and GH/HaeII, 
the lowest frequency was stated in genotype BB, while the highest one for genotype 
AA. KURYŁ et al. (2003), who examined Pietrain, Polish Landrace, Złotnicka 
Spotted, Torhyb line and PIC line pigs, found that the frequency of particular variants 
of GH gene differed and depended on pig breed or line. In that study, genotype AA 
frequency in PIC hybrid porkers was lower than that of genotype BB at locus 
GH/MspI, as well as higher frequency was stated of genotype AB at locus GH/HaeII. 
In the examined PIC hybrid porkers, the highest frequency was found of allele C4 at 
locus GH/CfoI, whereas the higher one for allele A2 at locus GH/ApaI. From among 
GH/CfoI genotypes, the highest frequency was stated for genotype C4C4, while the 
lowest for genotype C1C3. Moreover, similar frequency was stated of genotypes 
A1A2 and A2A2 and the lowest of genotype A1A1 at locus GH/ApaI. Due to low 
frequency of genotypes C1C3 GH/CfoI and A1A1 GH/ApaI in the PIC porkers, they 
were not included in statistical analysis with GLM procedure. 
 
Table 4 
The LSQ means and their standard errors (SE) and relationship between growth hormone (GH) genotypes for 
analysed traits in PIC pigs 

GH genotype  
Traits 

LSQ 
mean 

 
SE MspI HaeII CfoI ApaI 

meatiness, % 56.90 0.33 n.s. n.s. n.s. n.s. 

thickness muscle, mm 55.39 0.69 n.s. n.s. n.s. n.s. 

fat thickness, mm 13.02  0.31 n.s. n.s. n.s. n.s. 

Total protein, % 22.31 0.05 n.s. n.s. n.s. n.s. 

Fat, % 2.07 0.05 n.s. n.s. n.s. n.s. 

Ash, % 1.16 0.00 n.s. n.s. n.s. n.s. 

Dry matter, % 25.57  0.06 n.s. n.s. n.s. n.s. 

pH24 5.80 0.01 n.s. n.s. n.s. n.s. 

pH48 5.70 0.01 n.s. n.s. n.s. n.s. 

 L*  55.81 0.19 n.s. n.s. n.s. n.s. 

a* 15.70 1.09 n.s. n.s. n.s. n.s. 

b* 6.88 0.07 n.s. n.s. n.s. n.s. 

Drip loss, % 6.08 0.17 n.s. n.s. n.s. n.s. 

WHC, % of free water 17.94 0.33 n.s. n.s. n.s. n.s. 

WHC, % of bound water 75.90 0.44 n.s. n.s. n.s. n.s. 

Thermal drip, % 25.43 0.18 n.s. n.s. n.s. n.s. 

Water-soluble protein, % 10.04 0.11 n.s. n.s. n.s. n.s. 
F-test: n.s. = not significant 
 
In the examined PIC hybrid porkers, free of stress-susceptibility gene (RYR1T), no 
effect of the growth hormone (GH) gene polymorphism, identified with endonucleases 
MspI, HaeII, CfoI and ApaI, was found on carcass slaughter value, i.e. on the percent 
content of meat in carcass and the thickness of backfat and longissimus dorsi (LD) 
muscle determined with a meatiness measuring apparatus CGM (Table 4). KURYŁ et 
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al. (2003) found differences in the level of some carcass traits depending on the GH 
genotype, each relationship occurring in one line or breed not being confirmed in 
another. These authors stated in PIC hybrid porkers a relation between the GH gene 
polymorphism and the slaughter value of ham, whereas did not confirm it for meat 
content and carcass fatness, as it was found in our study. They found that AA 
genotypes at locus GH/HaeII and BB genotypes at locus GH/MspI proved to be the 
least advantageous for ham weight and ham meat when compared with other 
genotypes with respect to these loci. On the other hand, genotype BB at GH/MspI was 
associated with the increased carcass length. Also PUTNOVÁ et al. (2001) showed 
that the length of carcass is related to the GH gene polymorphism identified with 
enzyme DdeI. In the study of PIERZCHAŁA et al. (2004), an association was 
demonstrated of genotype BB at locus GH/MspI and genotype AA at locus GH/HaeII 
with higher ham weight and ham meat weight and higher carcass ham content in the 
porkers after Polish Large White, Duroc and Pietrain boars and Polish Large White x 
Polish Landrace sows. In their earlier study however, KŘENKOVÁ et al. (1999) did 
not find an association between the GH/HaeII gene polymorphism and carcass 
muscling and fattening traits in hybrid porkers, while showing unfavourable effect of 
AA MspI-HaeII haplotype on these traits. On the other hand, PIERZCHAŁA et al. 
(1999) stated unfavourable effect of genotype AA GH/HaeII only, while AA MspI-
HaeII haplotype influenced positively carcass quality traits in hybrid porkers. 
It is well-known that carcass slaughter value as well as meat quality in pigs is related 
to stress-susceptibility gene RYR1. KŘENKOVÁ et al. (1999) did not find an 
interaction between GH genotypes identified with enzymes HaeII and MspI and RYR1 
genotypes in carcass quality traits. It was showed in the study of FRANCO et al. 
(2005) on Landrace pigs free of stress-susceptibility gene (RYR1T) that the 
polymorphism of GH gene identified with enzyme DdeI is associated with the 
thickness of backfat. However, in the study of URBAN et al. (2002) no association 
was showed of the GH/MspI gene polymorphism with carcass meatiness and fatness in 
Duroc porkers with genotype CC/RYR1. 
The quality of meat depends on many genetic and extragenetic factors. Therefore, 
studies on the effect of specific genes on meat quality of porkers should be carried out 
under most standardised environmental conditions (DE VRIES et al., 1998). In the 
present study, all porkers were treated the same way, in particular during the pre-
slaughter handling and the slaughtering, as well as carcasses directly after slaughter, as 
it is well-known that these procedures affect meat qualitative traits sometimes even 
more than genetic factors. 
In the examined PIC hybrid porkers no association was found between the 
polymorphism of growth hormone (GH) gene identified with enzymes MspI, HaeII, 
CfoI and ApaI and the traits that characterise meat quality and its basic chemical 
composition. Also CASAS-CARILLO et al. (1997) did not show an association of the 
polymorphism of GH/DdeI and GH/HaeII genes with carcass quality traits and meat 
quality determined on the grounds of pH measured in longissimus dorsi and 
semimembranosus muscles in pigs originating after Yorkshire, Landrace, Hampshire 
pigs and their crossbreds. According to these authors, the polymorphism of GH gene is 
weakly related to the variability of growth and carcass quality traits. Also KNORR et 
al. (1997) did not find an association of GH gene variants with meat quality traits in 
the hybrids of wild boar x Pietrain pigs and of wild boar x Meishan pigs.  
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  Conclusions 
In the PIC hybrid porkers allele frequencies were as follows: GH/MspI A = 0.78 and  
B = 0.22; GH/HaeII A = 0.86 and B = 0.14; GH/CfoI C1 = 0.09 and C2 = 0.03  and  
C3 = 0.18 and C4 = 0.70; GH/ApaI A1 = 0.28 and A2 = 0.72.  Basing on the 
performed study, no association was found between the polymorphism of growth 
hormone (GH) gene identified with enzymes MspI, HaeII, CfoI and ApaI and the traits 
that characterise carcass and meat quality and meat basic chemical composition in the 
PIC porkers with genotype CC at locus RYR1 originating after Camborough 22 sows 
and PIC 337 boars. It may be stated, basing on the analysis performed, that GH gene is 
weakly related to the variability of analysed traits in PIC porkers. 
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