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Abstract: Evaluation of productivity of imported 
crossbred pigs (Landrace × Yorkshire ×  Duroc). 
The aim of the conducted studies was to determine 
the run of fattening and slaughter value of imported 
hybrid pigs: L × Y × D. The uniform nutrition and 
management was employed; the pigs were fattened 
from body weight 30 to 115–120 kg. For 4433 ani-
mals, who completed fattening and were slaugh-
tered, very good production results were obtained: 
mean daily body gains – 989 g, feed conversion 
– 2.88 kg/kg; meatiness – 58.86%; participation 
of carcasses in classes S and E – 92.9% in total. 
The obtained results indicate a very good, and, 
fi rst of all, repeatable quality of the examined hy-
brid fatteners in respect of traits which are eco-
nomically important for meat producers and meat 
industry. They are also the evidence of high and 
stabilized genetic potential of purebred popula-
tions of animals, employed in three-breed com-
mercial crossbreeding, serving for production of 
piglets for fattening.

Key words: crossbred fatteners, production para-
meters

INTRODUCTION

In pig management, good quality of 
animal material is the condition for 
obtaining satisfying economic results. Its 
improvement is based on measurements 
of live animals and accurate post-
-slaughter evaluation (Blicharski 1999). 
The selection-breeding work, oriented 
to the betterment of utility traits of pigs, 

including meatiness of carcasses, has 
caused that at present, the animals differ 
in utility, conformation and growth rate 
as compared to those ones who were at 
the disposal of breeders several years 
ago (Różycki 2004). The breeding work 
and high import of pigs for domestic 
breeding have brought about the change 
of in relationships between the particular 
slaughter traits and meatiness (Żak et 
al. 2008). The animals, imported to 
Poland, were bred within the frames of 
various programmes. Their assumptions 
differed often each other because the 
level of utility traits of the animals in 
the particular countries was different as 
well as the expectations of the receivers 
of breeding material, live pork and of 
the consumers (Różycki and Żak 2001). 
The genetic breed and environmental 
(feeding) factors have an impact on the 
carcass fat content and distribution as 
well as its composition – fatty acids’ 
profi le (Scheeder 2004, De Smet et al. 
2004, Wood et al. 2008). The quality of 
carcass is also dependent on the meat 
content (Orzechowska et al. 2012).

After the entrance of Poland to the EU 
structures and opening of the European 
market, the national producers of live 
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pork began to buy material for fattening 
not only from Polish piggeries but also 
from abroad. It was supported by the offer 
of delivering greater, uniform and healthy 
lots of animals at competitive prices.

The reached considerable progress 
in meatiness of domestic and imported 
animals, the changes in the systems of 
feeding the pigs, abbreviating fattening 
period and the introduced prophylactic 
programmes are favourable for obtaining 
good results (Różycki and Żak 2001). 
From the economic point of view, at the 
present level of live pork purchasing 
prices, the parity income may be obtained 
when selling at least several hundreds 
(300–500) fatteners during a year. 

The aim of the work was to evaluate 
productivity and repeatability of the 

result sof imported hybrid pigs, fattened 
in private farm in the standardized 
(uniform) conditions of nutrition and 
management.

MATERIAL AND METHODS

The crossbred piglets (Landrace × 
× Yorkshire × Duroc) were intended 
for fattening at body weight of 30.5 
±0.5 kg. The pigs were ad libitum fed in 
the two-stage system. Initially, a ready 
granulated feed for weaners was used 
and then, the feed for fatteners and/or 
the own mixture, containing cereals and 
concentrate was administered (Table 1). 
Fattening of pigs was conducted in the 
building with the area of 360 m2 (30 × 
× 12 m) in 14 pens on a deep litter, with 
maximum density of 450 head (one 

TABLE 1. Composition of raw materials and nutritional value of mixtures
Specifi cation Grower 

(BW 20–35 kg)
Fatteners 

(BW 35–70 / 80 kg)
Concentrate weaner / fattener 

(20 / 17%)

Raw material 
composition 

Cereal meals: corn, wheat, barley, triticale, 
animal pork fat, mineral-vitamin and enzy-
matic additives, tryptophan 

Vegetal by-products of spirit prod-
ucts’ manufacture, products of pork 
blood, mineral-vitamin and enzy-
matic additives

Extraction soy and rape meal, wheat brans, wheat protein

Nutritional value of 1 kg of mixture (g)

Specifi cation Grower 
(20–35 kg m.c.)

Fatteners 
(35–70 / 80 kg)

Concentrate weaner / fattener 
(20 / 17%)

Crude ash 44.60 43.32 126.23
Crude protein 165.00 160.00 399.98
Crude fat 37.65 29.70 35.99
Crude fi bre 39.88 43.07 56.90
Calcium 7.00 6.50 33.00
Phosphorus 5.80 5.70 15.80
Sodium 2.00 2.00 10.00
Lysine 11.30 10.00 40.00
Methionine 3.71 2.77 10.75
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lot). The animals were kept in standard 
management and nutrition conditions. 
After completion of fattening of a lot 
of pigs, manure was removed and the 
premises were cleaned, washed and 
disinfected, using jodosol preparation 
and lime milk. During the observation 
period, the requirements concerning 
animal welfare were satisied (EU 1999, 
EU 2001). In ten successively fattened 
groups, 4433 animals were produced in 
total. After reaching body weight of ca. 
115–120 kg, the pigs were slaughtered 
according to the procedures, obligatory 
in the meat industry. The mean daily 
body gains and feed conversion per 1 kg 
of body weight gain were determined. 
Meatiness of carcasses was assessed 
using choirometer (Sydel CGM) and 
then, they were qualifi ed into appropriate 
classes in EUROP system. The results 
were given in tables and fi gures as the 
weighed means.

RESULTS AND DISCUSSION

The obtained fattening parameters are 
given in Table 2. They are found within 
the ranges established by the receiver of 
live pork – ANIMEX Group SA and the 
mentioned limits should be found below 
900 g/day, with feed conversion on the 
level of 2.99 kg/kg of body weight gain. 
Better results were obtained in own 
studies; daily gains were higher by 89 g 
(+10.99%), feed conversion was lower 
by 0.11 kg/kg of body weight gain (Figs  
1 and 2). It means saving of ca. 10 kg of 
feed per fattener in relation to threshold 
value, established by the receiver. It 
may be stated that Danish hybrids have 
good body weight gains as well as they 
utilize feed well in the appropriate 
management conditions; they had such 
conditions ensured during the monitored 
fattening period. Their meatiness was 
very high (Table 3). Classes S and E 
included 92.9% of carcasses in total. 

TABLE 2. The selected indicators of fattening and slaughter value (10 groups of fatteners; n = 4433)
Group
of fatteners

Quantity in the 
group 

Period of 
fattening (days)

Body weight 
of fatteners at 
slaughter (kg)

Dressing 
percentage (%)

Mean meatiness 
(%)

1 414 94.68 119.17 79.35 59.39
2 442 85.23 119.15 79.41 58.87
3 441 93.83 120.91 77.64 57.65
4 440 85.00 118.70 79.03 59.08
5 432 87.85 119.54 79.29 59.56
6 475 92.14 124.21 78.77 59.09
7 458 97.34 124.29 79.07 58.30
8 458 92.89 119.53 78.70 59.02
9 443 96.84 124.05 79.07 59.02
10 435 85.82 116.60 79.39 58.64
Mean 443.3 91.30 120.81 79.05 58.86
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The mean meatiness of the fatteners 
from 10 groups was comparable with the 
results of Sieczkowska et al. (2009) and 
Moczkowski (2010). 

The comparison of results of the 
study of Różycki and Żak (2001) versus 
own analysis indicates to differences 

in meat percentage in carcass and feed 
conversion per 1 kg of body weight gain 
(PIC – 58.06% and 3.09 kg/kg, HYPOR 
– 53.27% and 2.97 kg/kg, PENAR LAN 
– 54.30% and 2.96 kg/kg), in favour of 
own study (58.86% and 2.88 kg/kg). The 
maximal difference in meat in carcass 
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amounted to 5.59 percentage points. 
Signiffi cant time difference between the 
two studies has to be, however noted. 

Meatiness of fatteners was by 3% 
higher as compared to the threshold 
value, established by meat factories and 
higher than the national mean for mass 
population, evaluated in the years 2011– 
–2012. In case of a very good meatiness, 
feed conversion per 1 kg of gain was 
equal to 2.88 kg what affected positively 
the effectiveness of production. If we 
compare the consumption of feeds in the 
own studies and the consumption of the 
mixtures by the animals PEN AR LAN, 
we will fi nd a difference – 0.08 kg/kg of 
gain. In case of fattening, lasting 91.3 days, 
it means saving of feed on the level of 
7.22 kg per animal (with assumption 
adopted by Animex SA group, it is 
9.94 kg/head). In case of the group of 
fattened pigs equal to 450 heads (one 
lot), it means demand on feed versus PEN 
AR LAN, as being lower by 4 t. In relation 
to the assumptions of Animex SA group, 
the demand on the feeds for the whole 
quantity of fatteners (n = 4433 heads) 
amounted to more than 44 t (44,064 kg) 
what gave a guarantee of good fattening 
effectiveness. Moczkowski (2010) 

analyzed a group of crossbred pigs 
produced on the grounds of the breeds, 
managed in Poland (PLW × PL) × 
Duroc and (PLW × PL) × Pietrain and 
Danish and Dutch breeds – (Landrace × 
× Yorkshire) × Duroc. In case of 
production of more than 6.3 thousand 
animals, deaths in experimental 
fattening period were as follows: Polish 
(P) – 3.1%; Dutch (H) – 6.3%; and 
Danish (D) – 2.5%. In the structure 
of the sold pigs, the participation of 
fatteners P, H and D was 37.07, 26.07 and 
36.86%, respectively. The participation 
of carcasses in classes S and E was as 
follows: Polish fatteners – 25 and 59%, 
Dutch fatteners – 14 and 46% and Danish 
fatteners – 46 and 49%, respectively. 
The results, obtained for Polish fatteners 
were considered by Moczkowski (2010) 
as satisfying, however, the relatively 
low participation of the pigs in class S 
decreased the incomes. In evaluation 
of the cited author, a low meatiness of 
Dutch fatteners resulted, fi rst of all, from 
the state of induction of immunological 
system. A very good meatiness of Danish 
fatteners confi rmed their high genetic 
potential in respect of slaughter traits. 
Sieczkowska et al. (2009) emphasize 

TABLE 3. Evaluation of carcasses according to EUROP scale (10 groups of fatteners; n = 4433) 
Class
of 
fatteners

Number of fatteners 
in class (heads) 

Number of heads in 
class (%)

Mean meatiness
(%)

Mean weight of carcass 
in class (kg)

S 1606 36.2 61.35 95.59
E 2512 56.7 57.97 93.43
U 302 6.8 53.51 93.99
R 13 0.3 47.89 89.70
Total 4433 100 58.86 94.24
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that the Danish pigs are characterized 
by a very good quality and technological 
suitability with preservation of high, 58-
-percentage-meatiness. The meatiness 
on the level of 58–59% for a big group 
of Danish fatteners was also obtained 
in the studies of Moczkowski (2010). 
Sieczkowska et al. (2009) recognize 
the mentioned level of meatiness as 
being good. The results of Różycki and 
Żak (2001), Eckert and Orzechowska 
(2002), Rybarczyk et al. (2004), Borzuta 
et al. (2008), Strzelecki et al. (2008) and 
Grześkowiak et al. (2010) also confi rm 
a good quality of slaughter hybrid pigs. 
High meatiness of fatteners in the own 
studies is, inter alia, the effect of a very 
good nutrition. The animals with a high 
growth potential require the mixtures 
with a high concentration of energy and 
nutrients (Rekiel and Olejniczak 2009). 
Ad libitum nutrition is the simplest method 
for intensive fattening; the excessive 
fatness of carcass is its defect. It may be 
prevented when limiting the quantity of 
the consumed feed by the animals for the 
period of a few weeks before slaughter 
and, as it was revealed in the studies of 
Affentranger et al. (1996), by a decrease 
of the quantities of energy in the mixture 
during the fi nal stage of fattening. It 
lowers the costs of fattening and causes 
depositing of by 2–3% greater quantity of 
lean meat in the carcass. 

CONCLUSIONS

The obtained results indicate a very good 
and, fi rst of all, repeatable quality of the 
examined hybrid fatteners in respect of 

the traits, being economically important 
for meat producers and meat industry. 
They are also an evidence of a high and 
stabilized genetic potential of initial, 
purebred populations of animals, used in 
three-breed commercial crossbreeding. 
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Streszczenie: Ocena produkcyjności importo-
wanych świń hybrydowych landrace × yorkshire 
× duroc. Celem przeprowadzonych badań było 
określenie przebiegu tuczu i wartości rzeźnej 
importowanych świń mieszańców L × Y × D. 
Stosując ujednolicone żywienie i utrzymanie, 
świnie tuczono od masy 30 do 115–120 kg. Dla 
4433 zwierząt, które ukończyły tucz i były ubite, 
uzyskano bardzo dobre wskaźniki produkcyjne; 
średnie przyrosty dobowe – 989 g, wykorzystanie 
paszy – 2,88 kg/kg, mięsność – 58,86%, udział 
tusz w klasach S i E – łącznie 92,9%. Uzyska-
ne wyniki wskazują na bardzo dobrą, a przede 
wszystkim powtarzalną jakość badanych tucz-
ników hybrydowych w zakresie cech ważnych 
gospodarczo dla producentów i przemysłu mię-
snego. Dowodzą też wysokiego i ustabilizowa-
nego potencjału genetycznego czystorasowych 
populacji zwierząt używanych w 3. rasowym 
krzyżowaniu towarowym, służącym produkcji 
prosiąt do tuczu.
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Abstract: Effect of rearing system on the micro-
biological quality of Pekin P44 and Muscovy 
MR71 ducks bowel. In this study, we analyzed 
the effect of rearing system of ducks on the 
quantitative and qualitative composition of their 
gut microfl ora. 180 ducks and 180 drakes of Pe-
kin 44 and Muscovy MR71 lines were kept in 
the intensive system on litter; the same number 
of birds was kept in the semi-intensive system. 
In the latter, starting from the 3rd week of life 
the birds were allowed to use free ranges. After 
slaughter of 15 ducks and 15 drakes from each 
group, their intestinal digesta was subjected to 
microbiological analysis. The possibility of using 
the free ranges had a positive effect on the quan-
titative and qualitative composition of intestinal 
microfl ora of these birds. The count of aerobic 
mesophilic heterotrophs in the intestinal digesta 
of ducks was higher in the case of birds kept in 
the semi-intensive system. More benefi cial re-
sults were achieved in the case of Muscovy ducks 
considering mainly the coli/lacto ratio which was 
the lowest (0.08) in this group for both sexes kept 
on free range. Noteworthy is also that no patho-
genic bacteria of the genera: Salmonella, Proteus, 
Pseudomonas, Staphylococcus, Clostridium per-
fringens and Escherichia coli were found in any 
of the analyzed samples.

Key words: Pekin ducks, Muscovy ducks, bowel, 
microbiological quality, rearing system

INTRODUCTION

Owing to the ban on the use of antibiotic 
growth stimulants in poultry feeding im-
posed on the 1 January 2006 in the EU 

Member States, the maintenance of the 
appropriate microbiological medium of 
the gastrointestinal tract is a prerequi-
site of the production cycle. Intestinal 
bacteria have a great impact on effec-
tive utilization of nutrients, functions 
of the immune system and, thereby, on 
the development of the whole body of 
birds (Kohl 2012). Irrespective of spe-
cies, it is assumed that chicks hutch 
with sterile gastrointestinal tract that is 
next colonized by microorganisms in-
habiting their environment. According 
to Cook et al. (2005), Peralta-Sa´nchez 
et al. (2010) and Ruiz-De-Castan˜eda 
et al. (2011), under natural conditions 
a great role is ascribed in this process to 
hutching behavior of parents and their 
microbiological status. In the produc-
tion process, however, the role of adult 
birds was limited only to the production 
of hatching eggs. As a consequence, the 
microbiological status of chicks is in-
fl uenced mainly by conditions occur-
ring in the hatching incubator and in the 
rearing facility, meaning indirectly by 
man’s actions. 

Development of methods for the 
intensive production of poultry, with 
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the main assumption of as maximal as 
possible isolation of the area the birds 
are kept at (constant keeping the birds 
indoors) from impacts of the external 
environment as well as dissemination 
of the so-called principles of bio-protec-
tion, have in part created the possibility 
of controlling the development of the 
appropriate microfl ora in the gastroin-
testinal tract of poultry. Today, produc-
tion of this type is most frequently con-
demned by animal rights defenders and 
consumers as it diminishes the welfare 
of birds (Fanatico et al. 2008) and de-
teriorates the quality of fi nished prod-
ucts (Berri et al. 2005). The rearing of 
birds in semi-intensive, ecological sys-
tems which allow the birds to use free 
ranges for at least 1/3 of their life span 
(Council Directive No 2092/91/EEC on 
24 June 1991/Rozporządzenie Rady nr 
2092/91/EWG z dnia 24 czerwca 1991 
roku) is becoming an alternative to this 
system. A question then arises whether 
birds produced via artifi cial incubation 
and kept indoors at least in the initial pe-
riod of life are capable to cope with and 
yield effective production results when 
allowed to use free ranges. It needs to be 
emphasized that even upon the greatest 
caution of man, it is impossible to isolate 
slaughter poultry from wild fowl and to 
control microclimatic conditions, as well 
as to avoid changes in the total admin-
istered feed as affected by ingestion of 
fresh vegetation by birds at the pasture. 

This study was aimed at analyzing 
the effect of rearing system (intensive 
– IS, semi-intensive – OS) on the micro-
biological quality of bowels of two types 
of functional ducks in Poland: Pekin P44 
and Muscovy MR71. 

MATERIAL AND METHODS

Experimental procedures were approved 
by the Ethical Commission (approval 
no. 27/2009 of 16 April 2009).

The study was conducted with Mus-
covy ducks (Grimaud, Rossy, France) of 
R71 line (MR71) (Grimaud Fréres 2012) 
and Polish Pekin ducks of P44 line (P44) 
(Kokoszyński et al. 2010). Till the 3rd 
week of life, 360 ducks from each group 
(MR71: 180 ♂♂ and 180 ♀♀; P44: 
180 ♂♂ and 180 ♀♀) were kept in the 
intensive system on litter in the same 
building (2.9 bird/m2), afterwards half 
of ducks and drakes randomly selected 
from each group were allowed to use 
free ranges (0.08 bird/m2) – Figure 1. 
Both sexes of P44 ducks were reared 
till the 7th week of life, whereas MR71 
ducks till the 10th and MR71 drakes till 
the 12th week of life, however chick in-
clusions were made at various terms in 
order to synchronize slaughter time. De-
tailed data related to the characteristics 
of free ranges, weather conditions oc-
curring when the birds were using free 
ranges, nutritive values of feed mixtures 
and basic production results including: 
growth, feed conversion ratio and mor-
tality, were published in our earlier work 
(Damaziak et al. 2014).
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After slaughter, samples of small in-
testine digesta were collected from 15 
ducks and 15 drakes from each groups 
(in total: 120 birds) for microbiologi-
cal analyses. Determinations were car-
ried out for: ammonifying heterotrophic 
bacteria (nutrient agent without/with the 
addition of 5% defi brinated ram blood 
at 37°C); bacteria (lac+ and lac–) of the 
family Enterobacteriaceae (culture me-
dium according to McConkey’(at 37°C); 
bacteria of the genus Pseudomonas 
– culture medium according to King B 
(28°C); microscopic fi lamentous fungi 
and yeast – culture medium according to 
Martin and Sabouraud with the addition 
of streptomycin (28°C); lactic fermenta-
tion bacilli of the family Lactobacillus 
– solid culture medium according to 
Eijkman with glucose, lactose and bro-
mocresole purple and Sabouraud’s me-
dium (without antibiotics) (37°C); and 
sulfate-reducing Clostridium perfi ngens 
bacteria – liquid medium and solid me-
dium according to Wilson-Blair (37°C). 
The count of bacteria was determined 
with the plate method and test tube meth-
od (MPN – most probable number).

Microorganisms were identifi ed based 
on macroscopic observations of liquid 
and solid cultures and microscopic prep-
arations of life bacteria in a fl at droplet, 
stained with the Gram’s method and with 
acridine orange. 

The statistical analysis of results 
was conducted using statistical package 
SPSS 21.0 (IBM SPSS 2012). Normal-
ity of variables distribution was checked 
with Kołmogorow-Smirnow test. The 
contribution of ammonifying hetero-
trophs and Enterobacteriaceae family 
bacteria (lac+) showed normal distri-
bution after logarithmic transformation 
(decimal logarithm from the variable 
+ 1). The Lac – variable did not show 
normal distribution, even after transfor-
mation, hence non-parametric Mann-
-Whitney test was used in its case. The 
effect of factors on other parameters, 
which showed normal distribution, was 
estimated with analysis of variance 
(GLM procedure). The model of vari-
ance analyses for variables possessing 
normal distribution was as follows: 

FIGURE 1. Experimental scheme showing the location of pens (––) and runs (……) for experimental 
birds
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where: 
Yijmk         – trait; 
 μ             – general mean; 
Pi              – effect of i-th sex, i = 1.2; 
Uj            – effect of j-th housing system; 
Rm           – effect of m-th genotype, m =
                   = 1.2;
(PU)ij     – effect of interaction between
                   sex and housing system; 
(PR)im     – effect of interaction between
                   sex and genotype; 
(UR)jm    – effect of interaction between
           housing system and geno-
                  type;
(PUR)ijm – effect of interaction between
                              sex, housing system and geno 
                   type; 
eijmk          – random error.

RESULTS AND DISCUSSION

Based on study results presented in Ta-
ble 1, it was stated that the count of aero-
bic mesophilic heterotrophic bacteria in 
small intestinal digesta of ducks was sig-
nifi cantly (P ≤ 0.01) higher in the case of 
birds kept in the OS system, compared 
to the IS system. This was, probably, 
linked with the possibility of ingesting 
green vegetation by birds. Gajewska 
et al. (2009) demonstrated earlier the 
feeding chickens mixtures with the ad-
dition of plant preparations containing 
mixtures of various herbs signifi cantly 
increased the count of aerobic micro-
organisms. In addition, a reduction was 
observed in the count of bacteria of the 

family Enterobacteriaceae, grown on 
McConkey’s medium, in both types of 
ducks produced in the OS system (Ta-
ble 1). The use of Sabouraud’s medium 
and Eijkman’s medium for the culture 
of lactic fermentation bacteria did not 
cause any signifi cant differences in bac-
terial counts between ducks kept in dif-
ferent rearing systems. A higher count of 
Lactobacillus bacteria was determined 
only in the case of MR71 ducks reared 
in the OS system, but the signifi cance 
was confi rmed at P ≤ 0.05 (Table 1). It is 
known that the basic microorganisms for 
birds are facultative and strict anaerobic 
bifi dobacteria, Lactobacillus and lactate-
-fermentation bacteria, and Bacteroides 
(Yaghobfar et al. 2006).

No pathogenic bacteria of the gen-
era: Salmonella, Proteus, Pseudomonas, 
Staphylococcus, Clostridium perfrin-
gens and Escherichia coli were found 
in any of the analyzed samples. No fi la-
mentous fungi and yeast were either de-
tected with the use of Martin’s medium, 
irrespective of the rearing system, origin 
and sex of birds (Table 1). According to 
Ziółkowska and Tokarzewski (2007), an 
increase of infection rate with Salmonel-
la spp., Pasteurella spp., Campylobacter 
spp. and Listeria spp., was observed in 
geese as a result of progressing intensifi -
cation of the production process and in-
creasing stock density of birds. The lack 
of these microorganisms in digesta of 
ducks in this study could be due to rear-
ing conditions (OS groups), as well as 

Yijmk = μ + Pi + Uj + Rm + (PU)ij + (PR)im + (UR)jm + (PUR)ijm + eijmk
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to low stock density and relatively low 
number of birds in experimental fl ocks.

The housing system was observed to 
have a signifi cant effect on changes in 
the coli/lacto ratio computed based on 
the ratio of total count of Enterobacte-
riaceae family bacteria to the count of 
LAF bacteria (Table 2). In the case of 
both sexes of MR71 ducks, a more fa-
vorable, lower (ca. 8 times lower) value 
of the ratio was noted for ducks from the 
OS system, compared to birds produced 

in the IS system. In the case of P44 ducks, 
values of the coli/lacto ratio did not dif-
fer signifi cantly between birds reared in 
the IS and OS systems. Similar values 
were noted for birds of both sexes. Prob-
ably, the lowest values of the coli/lacto 
ratio determined for MR71 ducks pro-
duced in the OS system are linked with 
longer rearing period of these birds and, 
thereby, with longer period when the 
birds could use free ranges, compared to 
P44 birds.

TABLE 1. Total count of aerobic heterotrophs, fi lamentous fungi and yeast (LSM; SEM) in digesta of 
small intestines of Pekin P44 and Muscovy MR71 ducks (1 g d.m.), reared on litter (IS) and on free 
ranges (OS)

Housing 
system

Geno-
type Sex Sabouraud

Lactobacillus
Eijkman

Lactobacillus

Nutrient agara

Endo_lac+/
/lac–

McConkey
Enterobacteria-

ceae

Martinb

fungi and 
yeast

OS
P44

M 2.48 × 105 1.11 × 105 3.09 × 107 3.21 × 104 <1.0 × 102

F 3.17 × 105 2.00 × 105 3.27 × 107 3.00 × 104 <1.0 × 102

MR71
M 2.33 × 105 1.02 × 105 0.12 × 107 5.51 × 102 <1.0 × 102

F 3.01 × 105 1.00 × 105 2.21 × 107 4.89 × 103 <1.0 × 102

IS
P44

M 2.20 × 105 1.87 × 104 2.25 × 106 2.52 × 105 <1.0 × 102

F 0.66 × 105 0.36 × 104 6.67 × 105 2.40 × 105 <1.0 × 102

MR71
M 2.05 × 103 4.3 × 105 3.34 × 106 1.93 × 105 <1.0 × 102

F 1.19 × 104 3.9 × 105 3.23 × 106 2.20 × 105 <1.0 × 102

SEM 0.20 0.05 0.49 0.75 0.00
Main effects

  housing system * NS ** ** NS
  genotype * * ** ** NS
  sex * NS NS * NS
   housing system ×

     × genotype NS * ** ** NS

  housing system ×
     × sex * NS ** ** NS

  genotype × sex NS NS ** ** NS
  housing system ×

     × genotype × sex NS NS ** ** NS

a Nutrient agar with the addition of ram blood; b fi lamentous fungi and yeast; NS: P > 0.05, *P ≤ 0.05, 
**P ≤ 0.01; SEM – standard error of the mean.
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The housing system was observed to 
have a signifi cant effect on changes in 
the coli/lacto ratio computed based on 
the ratio of total count of Enterobacte-
riaceae family bacteria to the count of 
LAF bacteria (Table 2). In the case of 
both sexes of MR71 ducks, a more fa-
vorable, lower (ca. 8 times lower) value 
of the ratio was noted for ducks from the 
OS system, compared to birds produced 
in the IS system. In the case of P44 ducks, 
values of the coli/lacto ratio did not dif-
fer signifi cantly between birds reared in 
the IS and OS systems. Similar values 
were noted for birds of both sexes. Prob-

ably, the lowest values of the coli/lacto 
ratio determined for MR71 ducks pro-
duced in the OS system are linked with 
longer rearing period of these birds and, 
thereby, with longer period when the 
birds could use free ranges, compared to 
P44 birds.

In summary, the results obtained in-
dicate that allowing ducks to use free 
ranges had a positive effect on the qual-
itative and quantitative composition of 
their gut microfl ora. Of the two genetic 
groups of ducks (P44 and Muscovy), 
better microbiological parameters were 
noted in the case of MR71 OS group, 

TABLE 2. Values of coli/lacto ratio determined based on counts of Enterobacteriaceae family bacteria 
and LAF bacteria (LSM; SEM), present in digesta of small intestines of Pekin 44 and MR71 Muscovy 
ducks, reared on litter (IS) and on free range (OS) 
Housing 
system Genotype Sex Endo_lac+ Endo_lac– Lactobacillaceae Coli/lacto

OS
P44

M 5.51 × 106 0.01 × 105 2.30 × 106 0.52
F 1.40 × 107 0.11 × 106 3.12 × 107 0.65

MR71
M 2.15 × 106 0.00 × 105 2.30 × 106 0.08
F 2.20 × 106 0.00 × 105 2.79 × 106 0.08

IS
P44

M 9.66 × 106 0.01 × 105 2.12 × 107 0.66
F 3.36 × 106 0.01 × 105 0.57 × 106 0.74

MR71
M 2.70 × 106 0.31 × 105 1.84 × 107 0.59
F 6.64 × 106 0.24 × 106 1.16 × 107 0.54

SEM 0.17 0.00 0.58 0.05

Main effects

housing system ** ** * **
genotype ** NS NS *
sex NS NS NS NS
housing system × genotype ** ** NS **
housing system × sex ** ** * **
genotype × sex ** * NS **
housing system × genotype ×

    × sex ** NS NS NS

NS: P > 0.05, *P ≤ 0.05, **P ≤ 0.01; SEM – standard error of the mean.
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which could be due to the longer period 
of rearing and using free ranges. In the 
future, results of microbiological assays 
of intestinal digesta should be confronted 
with results of parasitological analyses, 
since the risk posed by internal parasites 
is one of the major causes postulating 
for reduced application of the semi-in-
tensive methods of poultry rearing.
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Streszczenie: Wpływ systemu utrzymania na 
jakość mikrobiologiczną jelit kaczek Pekin P44 
i piżmowych MR71. W badaniach analizowano 
wpływ systemu utrzymania kaczek na ilościowy 
i jakościowy skład mikrofl ory jelitowej. Po 180 
kaczek i 180 kaczorów Pekin P44 i piżmowych 
MR71 utrzymywano w systemie intensywnym 
na ściółce i taką samą ilość ptaków w systemie 
półintensywnym. W systemie półintensywnym 
ptaki od 3. tygodnia życia mogły korzystać 
z ograniczonych wybiegów. Po uboju 15 kaczek 
i 15 kaczorów z każdej grupy wykonano analizę 
mikrobiologiczną treści ich jelit cienkich. Możli-
wość korzystania z  wybiegów miało pozytywny 
wpływ na jakościowy i ilościowy skład ich mi-
krofl ory jelitowej. Liczebność tlenowych mezo-
fi lnych bakterii heterotrofi cznych, w treści jelita 
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cienkiego kaczek, była wyższa dla ptaków utrzy-
mywanych w systemie półintensywnym. Korzyst-
niejsze wyniki stwierdzono w przypadku kaczek 
piżmowych, głównie odnośnie współczynnika 
coli/lacto, który był najniższy (0,08) u tej gru-
py dla obu płci utrzymywanych na wybiegu. Na 
szczególną uwagę zasługuje również fakt, iż nie 
stwierdzono obecności bakterii chorobotwór-
czych z rodzaju Salmonella, Proteus, Pseudo-
monas, Staphylococcus, Clostridium perfringens 
i Escherichia coli w żadnej z  badanych prób.
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Abstract: The effect of birth body weight of pig-
lets on their rearing up to the age of 10 weeks. 
The aim of the paper was to evaluate the effect 
of the birth body weight of the piglets on their 
productivity and survivability up to the age of 10 
weeks. The observations covered the piglets born 
by 11 sows F1 of Polish Large White × Polish 
Landrace, inseminated by the semen of the boras 
(Duroc × Pietrain). The piglets were weighed on 
1st, 21st, 35th and 70th day of life and the feed in-
take (per litter) was controlled. Depending on their 
birth body weight, the piglets were classifi ed into 
two groups: light (L) <1.5 kg (n = 52), heavy (H) 
≥1.5 kg (n = 60). The mean general body weight of 
the piglets on 1st, 21st, 35th and 70th day was 
equal to 1.45, 5.09, 7.70 and 14.18 kg, respec-
tively. In the groups, it was as follows: L – 1.17, 
4.58, 6.91 and 13.00 kg; H – 1.70, 5.51, 8.29 
and 15.12 kg, respectively (L–H, P ≤ 0.001). The 
deaths of the piglets in groups L and H amounted 
to 15.4 and 6.7%, respectively. In the situation of 
a free access of the progeny to mother’s feed and 
solid feedstuff, the obtained results indicate that 
the worse productivity, as expressed by lower 
feed conversion (by 10.5–16%), slower growth 
rate (by 12–20%) and lowered survivability (by 
8.7 percentage points) of the piglets from groups 
L vs. group H, were the effect of considerably 
lower body weight of the newborn piglets as 
compared to their mean body weight. 

Key words: piglets, body weight, growth rate, 
survivability

INTRODUCTION

In spite of the improvement of manage-
ment techniques and intensive studies 
concerning nutritional requirements of 

mammals during the recent half of the 
century, low body weight still becomes 
a serious problem in animal production 
and the knowledge on the effect of nu-
trition on mechanisms, regulating the 
growth of foetus, has become incomplete 
(Wu et al. 2006, Rekiel et al. 2014a).

The growth and development of 
foetuses is affected by genetic and en-
vironment (Redmer et al. 2004). Due to 
incidence of IUGR (intrauterine growth 
retardation), we state the occurrence of 
considerable losses of foetuses in farm 
animals, in the initial as well as in the 
middle and fi nal period of gestation (Wu 
et al. 2006). The environmental fac-
tors, favourable for IUGR and low body 
weight include; nutrition of mother (low 
or high consumption of feed and lack of 
balance of nutrients). The effect is also af-
fected by temperature of environment and 
stress, and bad management conditions 
(Redmer et al. 2004, Wu et al. 2004a).

Insuffi cient volume of uterus and 
inadequate (compared to the require-
ments) nutrition are the main reasons 
for retardation of foetus growth and 
low body weight (Redmer et al. 2004). 
The environment of uterus may affect 
the size of foetuses; it was revealed in 
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various pig breeds. The available data 
indicate that the prenatal growth of all 
higher mammals (placenta mammals) 
is dependent on the direct and indirect 
effect of mother’s nutrition and uterus 
volume (Robinson et al. 1999, Allen et 
al. 2002, cited by Rekiel and Królewska 
2014, Ferguson 2005). 

As compared to the offspring with 
a high or normal birth body weight, the 
newborns with light body weight, i.e. 
lambs, piglets or foals often die, and they 
need more time as to adapt themselves 
to postnatal life. At the moment of birth, 
the heavier young animals are more vi-
tal and they adapt more quickly to ex-
trauterine environment (Wu et al. 2004a, 
b). From among domestic animals, most 
frequently in the case of pigs, light body 
weight and intrauterine growth retarda-
tion (IUGR) occur naturally what is con-
nected with the high fertility of the men-
tioned species. In the case of the piglets 
with light body weight and IUGR, we 
fi nd structural and functional changes, 
including the changed structure of the 
whole body, muscles and types of mus-
cle fi bres, higher content of intra-muscu-
lar fat, less skeletal muscles, weakened 
growth of the whole body since the birth 
until slaughter, weaker feed conversion 
as compared to the piglets with high 
body weight at birth, worse quality of 
slaughter raw material and pork meat 
(Gondret et al. 2005, Karunaratne et al. 
2005, Rehfeldt et al. 2008, Rekiel et al. 
2013a, b, Rekiel et al. 2014a, b).

The aim of the work was to examine 
the effect of the body weight of the pig-
lets at birth on their rate of growth, feed 
conversion and survivability until 70th  
day of life. 

MATERIAL AND METHODS

The piglets for the studies derived from 
eleven sows F1 of Polish Large White 
× Polish Landrace, inseminated with 
the semen of crossbred boar Duroc × 
× Pietrain. The pregnant females (after 
3 week of gestation) were kept in group 
pen and one week before the parturition, 
they were transferred to parturition pens; 
they stayed there until weaning of the 
piglets (5 weeks). The study covered 112 
piglets from birth until 70th day of life.

The pregnant and suckling sows were 
individually fed the mixture of barley 
and wheat meal and protein concentrate 
(Table 1). The participation of cereal 

TABLE 1. Energy content and feeding value of 
concentrate for sows
Specifi cation  Concentrate
Metabolic energy (MJ) 11.8

Crude protein (%) 32
Crude fat (%) 2.60
Crude ash (%) 16.50
Phosphorus (%) 1.20
Lysine (%) 2.94
Crude fi bre (%) 5.50
Vitamin A (i.u./kg) 71 500 
Vitamin D3 (i.u./kg) 14 300 
Vitamin E (i.u./kg) 371
6-Phytase EC (FTU/kg) 4 290
Copper (mg/kg) 57.2
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meals and concentrate was as follows: 
mixture LP – 82.5 and 17.5% and LK 80 
and 20%, respectively. In low and high 
gestation, the rate of 2.4 kg/animal/day 
and 3.0 kg/animal/day was employed. 
During lactation period, the rate was 
dependent on the number of fed piglets 
(Standards of Pig Nutrition 1993). The 
piglets were additionally fed the mix-
ture of prestarter type and after weaning 
– with starter mixture (Table 2). 

TABLE 2. Energy content and feeding value of 
mixture for piglets
Specifi cation Prestarter Starter
Metabolic energy (MJ) 13.6 13.4
Crude protein (%) 18.00 17.00
Crude fat (%) 5.10 3.00
Crude ash (%) 5.20 4.50
Phosphorus (%) 0.53 0.35
Lysine (%) 1.13 1.11
Crude fi bre (%) 3.60 3.80
Vitamin A (i.u./kg) 12 000 12 000
Vitamin D3 (i.u./kg) 2 000 2 000
Vitamin E (i.u./kg) 100 50
Phytase  (FYT/kg) 603 750
Copper (mg/kg) 160 15

The newborn piglets were subject 
to basic zootechnical treatment; they 
were marked at birth; they received 
iron preparation (Ferrovet) on 3rd day 
of life; they received ear rings on 21st 
day. The body weight of the piglets, their 
deaths and feed intake by the litter were 
controlled on 1st, 21st, 35th and 70th 
day of life. After 35 days of rearing, the 
piglets were transferred to pens without 
the change of the structure of the group 
and they were reared up to the age of 10 

weeks. The analysis of the rearing re-
sults was conducted after classifi cation 
of the piglets into two groups, differing 
in body weight; light piglets (L) < 1.5 kg 
BW, n = 52 (mean BW in the group was 
1.17 kg; the number of boar piglets 29 
heads; gilts 23 heads); heavy piglets 
(H) > 1.50 kg BW, n = 60 (mean BW 
in group 1.70 kg; boar piglets 30 heads, 
gilts 30 heads) (L–H, P ≤ 0.001).

The results have been statistically 
tested using SPSS Statistics 21 software. 
Normality or results has been checked 
using the Shapiro-Wilk test. The dif-
ferences between the groups have been 
analysed using the t-Student test (for 
traits with normal distribution, i.e. body 
weight on 21st and 35th day of life) or 
the U Mann-Whitney test (for all other 
traits).

RESULTS AND DISCUSSION

The mean body weight of all examined 
piglets was average, typical of the spe-
cies and it amounted to 1.45 kg at birth. 
The number of the piglets born in the lit-
ter was equal in average to 10 animals 
(8–14 piglets/litter), sex ratio – male : 
: female equals 1.1 : 1), deviating from 
the standard equal to 1 : 1 but it was con-
fi rmed at various animal species (Rekiel 
et al. 2010).

The piglets from groups L and H re-
vealed the increase of their body weight 
during the successive weightings (Ta-
ble 3). Body weight of the piglets at 
birth in group L vs. group H was lower; 
it amounted to 68.8% of BW in group C 
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and on 70th day of rearing it was equal 
to 86.7%. The resulting change may in-
dicate the compensation of growth in the 
piglets of group L. In the opinion of the 
researchers, it is possible (Rehfeldt et al. 
2011, 2012a, 2012b, cited by Rekiel et 
al. 2014a); in the specifi ed case, it has 
a limited extent. It seems, however, that 
in the own studies the discussed differ-
ence could result in a greater degree 
from the fact of the increased deaths of 
the piglets to be weaned in group L as 
compared to group H. The losses con-
cerned very light piglets: in group L, 8 
piglets died and their mean birth weight 
was equal to 0.92 kg; in group H, 4 
piglets died and their mean birth body 
weight amounted to 1.70 kg. The dif-
ferences between the groups of the pig-
lets L and H were also characterized by 
body weight of the heaviest individuals 
on 70th day of life: in groups L and H, 
it was 16.85 and 20.15 kg, respectively 
(difference of 3.30 kg in favour of group 
H vs. group L, i.e. 19.58%).  The progress 
of body weight of the piglets was lower 

until the moment of weaning in group L 
vs. group H. The changes in the groups 
were as follows: 1–21 day – 3.41 and 
3.81 kg, respectively; 21–35 day – 2.33 
and 2.78 kg, 35–70 day – 6.09 and 
6.03 kg, respectively; the difference in 
the further successive periods in group 
H vs. group L was: +11.73, +19.31 and 
–0.99%. The recent result confi rms 
the mentioned earlier compensation of 
growth. Lack of capacity of increasing 
the protein synthesis in tissues explains 
the incomplete compensation of growth 
during the postnatal period. The longer 
is the period of intrauterine limitation of 
nutrients, the lower are the capabilities 
of the IUGR pigs to restore their correct 
condition (Rehfeldt et al. 2011, 2012a, 
2012b, cited by Rekiel et al. 2014a).

In the group of the piglets L since 
birth until 21st day of rearing, 6 piglets 
died what constituted 75% of losses; the 
remaining 25% occurred during the pe-
riod after weaning. In the group of the 
piglets H, also 75% of deaths had place 
up to 21st day, but there were only
3 animals; the successive 25% concerned 
the period before weaning. The level of 
losses until 10th week of life was higher 
in group L vs. group H and it amounted 
to 15.4 and 6.7%, respectively Herpin et 
al. (2002) and Wolter et al. (2002), cited 
by Rekiel et al. (2013b), Gondret et al. 
(2005), Rehfeldt et al. (2008) state that a 
low birth body weight is relating to the 
lowered survivability of the piglets. In 
the groups of the piglets L, the deaths af-
ter weaning could be caused by weaning 

TABLE 3. Body weight of light (L) and heavy 
(H) piglets during rearing period

Item Group 
L < 1.5 kg

Group 
H ≥ 1.5 kg P

Body weight 
at birth (kg) 1.17 1.70 0.001

Body weight 
on 21st day of 
life (kg)

4.58 5.51 0.001

Body weight 
on 35th day 
of life (kg)

6.93 8.30 0.001

Body weight 
on 70th day 
of life (kg)

13.00 15.11 0.001
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stress and weaker development of inter-
nal organs, inter alia, of gastrointestinal 
system (Wang et al. 2005) in 2 animals, 
the birth body weight of which was low 
and amounted to 0.99 and 1.09 kg, re-
spectively. During the whole rearing 
period, the mortality of boar piglets was 
higher than that of gilts; in total, 7 males 
and 5 females died (deaths in group L 
– 4/4, in group H – 3/1). In the studies 
of Bocian et al. (2011), the mortality of 
the piglets was the highest up to 21st 
day and concerned mainly the individu-
als, the birth body weight of which was 
lower than 1.2 kg. The losses in the dis-
cussed group were equal to 24.49%; on 
the other hand, among the piglets with 
body weight of 1.2–1.6 kg, it amounted 
to 6.78%. Bocian et al. (2011) recorded 
the lowest mortality among the piglets 
weighing at birth beyond 1.6 kg (only 
4%). Dysfunctions of intestines and 
respiratory system are the main factors, 
predisposing the newborns to higher 

mortality rate before weaning (Wu et al. 
2004b).  

The higher level of losses and slower 
growth rate of the piglets lighter at birth 
and the disorders in postnatal develop-
ment of muscle fi bres and skeletal mus-
cles are explained by the results of the 
studies and monographic descriptions, 
published in scientifi c foreign and na-
tional periodicals (Wu et al. 2004b, 
Rekiel et al. 2013a, 2013b, Rekiel et al. 
2014c). Small intestine plays an impor-
tant role in fi nal digestion and absorption 
of nutrients and postnatal growth of ani-
mals (Wang et al. 2005). Naturally oc-
curring or experimentally induced IUGR 
is related with the incorrect morphology 
of alimentary tract and stomach-intesti-
nal disturbances what contributes to de-
crease of utilization of nutrients coming 
from feed (Wu et al. 2004a). The mean 
intake and conversion of feed has been 
given in Table 4. The conversion of feed, 
as expressed by the degree of changes 

TABLE 4. Feed intake and conversion in the successive periods of rearing the piglets

Period of 
rearing (days)

Mean feed 
intake by the 

litter (kg)

Mean feed 
intake by 
one piglet 

(kg)

Piglets light at 
birth – 1.17 kg (L)

Piglets heavy at 
birth – 1.70 kg (H)

Ratio of changes 
in feed conversion 
by the piglets, H 

vs. L (%)Feed conversion (kg/kg of body 
weight gain of one piglet)

Since 1st up to 
21st day 2.56 0.25 0.074 0.066 –10.55

Since  21st up 
to 35th day 6.75 0.72 0.309 0.259 –16.16

Since 35th up 
to 70th day 6.30 0.69 0.114 0.102 –10.81

Since  1st up to 
35th day 9.31 1.00 0.173 0.151 –12.87

Since 1st up to 
70th day 15.62 0.25 0.145 0.128 –11.72
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in group H vs. group L occurred to be 
better by ca. 10.5–16%. It had also the 
infl uence on growth rate which was re-
vealed to be higher in the case of the pig-
lets heavier at birth as compared to the 
lighter animals. The ratio of the changes 
depending on the rearing period was 
equal to ca. 12–20% (Table 5). The high-
est body weight gains were reached by 
piglets H vs. L since 21st up to 35th day 
of life; the difference amounted to 33 g.

Bocian et al. (2011) confi rmed a sig-
nifi cant effect of body weight at birth 
on the growth rate of the piglets dur-
ing rearing period. The piglets with the 
lower body weight had slower weight 
gains during the discussed period and 
they also reached weaker fattening re-
sults. Gondret et al. (2005), Rehfeldt et 
al. (2008) and Herpin et al. (2002) and 
Wolter et al. (2002), cited by Rekiel et 
al. (2013b) state that in the case of low 

body weight of the newborn animals, the 
indicators of growth in the postnatal pe-
riod until reaching the slaughter weight, 
are lowered.

The conducted own studies as well 
as the selected examples of the studies 
carried out in various scientifi c centres 
by different research teams (Wallace et 
al. 2005, Wu et al. 2006, Rehfeldt et al. 
2008, Bocian et al. 2011, Van Vliet et al. 
2013) indicate the meaningful effect of 

the body weight of the newborn animals 
at birth on production results, including 
their rate of growth and survivability. 
The low birth body weight is connected 
with IUGR syndrome. IUGR occurs in 
economically important utility animals, 
including pigs (Rekiel and Królewska 
2014). In spite of the improvement of 
management techniques and intensive 
studies in respect of the nutritional re-
quirements of mammals, IUGR still re-

TABLE 5. Growth rate of the piglets

Period of rearing 
(days)

Piglets light (L) at birth 
with mean body weight of 

1.17 kg

Piglets heavy (H) at birth with 
mean body weight of 1.70 kg

Ratio of 
changes in 
daily body 

weight gain for 
piglets H vs. 

L (%)

Mean body 
weight gain 

of piglet (kg)

Mean daily 
gain (g)

Mean body 
weight gain of 

piglet (kg)

Mean daily gain 
(g)

Since 1st up to 
21st day 3.41 162 3.81 181 11.73

Since 21st up to  
35th day 2.33 166 2.78 199 19.88

Since 35th up to  
70th day 6.09 174 6.83 195 12.07

Since 1st up to  
35th day 5.74 164 6.59 188 14.63

Since 1st up to  
70th day 11.83 169 13.42 192 13.61
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mains the important problem in breed-
ing due to the incomplete knowledge on 
the effect of nutrition on mechanisms, 
regulating the foetuses’ growth (Wu et 
al. 2004a, Murphy et al. 2006). Finding 
the solution for the discussed problem 
will have a meaningful infl uence on the 
improvement of the rearing results and 
by this, profi tability of production. 

CONCLUSIONS

In the compared groups and periods, the 
average rate of growth of the examined 
piglets was found; it did not exceed 
200 g. It was revealed that the piglets 
with the lower body weight at birth 
(group L) as compared to heavier pig-
lets (group H) were characterized by 
slower growth rate (P ≤ 0.001). The dif-
ferences in the gains between the groups 
during the research periods, i.e. since 
1st up to 21st, 21st to 35th and since 
35th up to 70th day of life amounted to 
19 g (11.73%), 33 g (15.0%) and 21 g 
(12.07%), respectively. From birth un-
til weaning, the difference was equal to 
24 g (14.63%) and up to the age of 10 
weeks – 23 g (13.61%). The mean feed 
intake by the litter amounted to 15.62 
kg, including the period after weaning 
when it was only 6.30 kg what may be 
considered as the basic reason for weak 
gains of the piglets from the both groups 
for the period of 5 weeks after weaning. 
The ratio of the changes for feed conver-
sion and growth rate of the piglets H vs. 
L indicates the better by 10.5–16% uti-
lization of the mixtures and by 12–20% 

better growth rate of the piglets H vs. L. 
The deaths in groups L and H amounted 
to 15.44 and 6.7%, respectively, what 
indicates the unfavourable effect of the 
lowered body weight at birth on surviv-
ability of the piglets. 
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Streszczenie: Wpływ masy ciała prosiąt przy 
urodzeniu na ich odchów do wieku 10 tygodni. 
Celem pracy była ocena wpływu masy ciała pro-
siąt przy urodzeniu na ich produkcyjność i prze-
żywalność do wieku 10 tygodni. Obserwacjami 
objęto prosięta urodzone przez 11 loch F1 rasy 
wielka biała polska × polska biała zwisłoucha 
inseminowanych nasieniem knurów (duroc × pie-
train). Prosięta ważono w 1., 21., 35. i 70. dniu, 
kontrolowano pobranie paszy (na miot). Prosięta 
w zależności od masy ciała przy urodzeniu po-
dzielono na grupy: lekkie (L) <1,5 kg (n = 52), 
ciężkie (H) ≥1,5 kg (n = 60). Średnia masa ciała 
wszystkich prosiąt w 1., 21., 35., i 70. dniu wy-
niosła: 1,45; 5,09; 7,70; 14,18 kg, a w grupach 
odpowiednio: L – 1,17; 4,58; 6,91; 13,00 kg oraz 
H – 1–70; 5–51; 8–29; 15–12 kg (L–H, P ≤ 0,001). 
Upadki prosiąt grup L i H wyniosły 15–4 i 6–7%. 
Przy swobodnym dostępie potomstwa do pokar-
mu matki i paszy stałej uzyskane wyniki wskazu-
ją, że gorsza produkcyjność wyrażona słabszym 
o 10,5–16% wykorzystaniem paszy, wolniej-
szym o 12–20% tempem wzrostu oraz obniżoną 
o 8,7 punktu procentowego przeżywalnością pro-
siąt z grupy L względem grupy H, były efektem 
znacząco mniejszej w stosunku do średniej masy 
ciała nowonarodzonych prosiąt. 
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Abstract: Nanoparticles of copper and ento-
mopathogenic nematodes Steinernema feltiae 
(Filipjev, 1934) in reducing the number of the 
lesser mealworm beetle Alphitobius diaperinus 
(Panzer, 1797). Antibacterial properties of metal 
nanoparticles are well documented and known, 
but its potential use in agriculture as an anti pest 
agents – not. Possible negative or positive reac-
tions with popular integrated pest management 
(IPM) methods need to be checked and verifi ed. 
The effect of copper nanoparticles on the mor-
tality of entomopathogenic nematodes (EPNs) 
Steinernema feltiae from Owinema bioprepara-
tion was tested. This biopreparation is being used 
against serious agricultural pests. It was found 
that mortality of nematodes depends on nano-
-Cu concentrations and on the length of contact 
of Steinernema larvae with nano-Cu solution. In 
this study the effect of different concentrations 
of nanoparticles on pathogenic properties of en-
tomopathogenic nematodes – mortality of pest 
beetle Alphitobius diaperinus (Panzer, 1797)  in-
fected by EPNs and extensiveness of infection, 
was also studied. It showed that the high concen-
trations of Cu may decrease abilities of EPNs to 
enter, grow and proliferate inside the host body.

Key words: entomopathogenic nematodes, Stein-
ernema feltiae, Owinema, Alphitobius diaperinus, 
lesser mealworm beetle, copper nanoparticles

INTRODUCTION

Entomopathogenic nematodes (EPNs) 
are different nematode species, that dur-
ing their development display patho-
genicity against insects (Brzeski and 
Sandner 1974). Two nematode families 
(Steinernematidae and Heterorhabditi-
dae) are being used as biological control 
agents on a commercial scale (Kowal-
ska 2006). Invasive larvae of EPNs live 
together, in mutualistic relationship, 
with bacteria from the Enterobacteria-
cae family. These microorganisms use 
nematodes as vectors, that inject them 
into the insect bodies. Finally, bacteria 
kill the new host (Martens et al. 2003). 
EPNs are used in poultry houses to con-
trol the lesser mealworm beetle Alphi-
tobius diaperinus (Tenebrionidae). It is 
a pest of bred birds and a vector of many 
diseases, example Marek’s, Gumboro 
and Newcastle diseases (Lancaster and 
Simco 1967, De la Casas et al. 1972, De 
la Casas et al. 1976, Geden et al. 1987, 
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Avancini and Ueta 1990, Despins et al. 
1994, Goodwin and Waltman 1996, Steel-
man 1996, Pezowicz 2005, Ignatowicz 
2008, Ignatowicz 2009, Chernaki-Leffer 
et al. 2010, Walldorf et al. 2012).

History of nanotechnology starts in 
1950s. With use of nanoparticle mate-
rials it is possible to create, for exam-
ple, new biopreparations with different 
biochemical properties. “Nano” scale in 
connection with huge reactive surface of 
nanoparticles causes that they are char-
acterized by high biochemical reactiv-
ity, even at low concentrations (Myczko 
2006). Nanocolloidal copper is being 
used in cosmetics, household, industry, 
medicine and in agriculture (www.nano-
tech.pl).

MATERIAL AND METHODS

The effect of copper nanoparticles (fi rm 
Nano-tech Polska sp. z o.o.) on the mor-
tality and pathogenic properties of ento-
mopathogenic nematodes Steinernema 
feltiae (Filipjev, 1934) (Owinema made 
by the fi rm OWIPLANT in Owińska) 
was studied in experimental conditions. 
Copper nanoparticles suspended in 
deionized water in concentrations of 5, 
2 and 0.5 ppm were used in the experi-
ments.

The experiment was carried out dur-
ing 5 days under laboratory conditions 
at a temperature of 25 ±1°C. Larvae of 
the 3rd invasive growth stage (IJs) were 
placed in water solutions containing the 
appropriate concentration of nano-Cu. 
The control group consisted of larvae 

kept in distilled water. Samples of solu-
tion were taken and nematodes mortal-
ity was estimated every day. Tests were 
performed in 5 repetitions. After 5 days 
the nematodes that survived the con-
tact with nano-Cu were separated by 
sedimentation. The sedimentation did 
not, however, allow for complete re-
moving of chemical compounds from 
the sample. Live nematodes obtained 
in that way and the residues of chemi-
cal substances were used to infect the 
four-week larvae and the adult insects 
of Alphitobius diaperinus (Coleoptera: 
Tenebrionidae). 

Next experiment was performed in 
Petri dishes of a diameter of 9 cm lined 
with fi lter paper in which 10 insects 
were placed. Five hundred invasive 
larvae (IJs) were added to each dish, 
which made 50 IJs/insect. Tests were 
made in 3 repetitions. Mortality was 
controlled during 5 days. Dead insects 
were transferred to empty dishes and 
placed in the incubation chamber for 
48 h. Then the insects were dissected 
to check whether nematodes were the 
cause of their death. The control con-
sisted of insects in the respective growth 
stage infected by nematodes which had 
no contact with nano-Cu. The mortal-
ity and the extensiveness of infection of 
A. diaperinus were analyzed. 

The obtained results were statisti-
cally processed with the SPSS 15.0 soft-
ware (Chi2 test). Statistical signifi cance 
was tested at p < 0.05. 
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RESULTS AND DISCUSSION

With increasing concentrations of nano-
-Cu, higher mortality of entomopathogen-
ic nematodes was observed (Fig. 1). The 
highest concentration of nanoparticles 
(5 ppm) caused 48% mortality in S. fel-
tiae in the fi fth day of experiment. The 
lowest concentration (0.5 ppm) caused 
much lower death rate – 10%. Mortal-
ity in the control group, in the last day 
of experiment, averaged 15%. Wang et 
al. (2009) showed that the nano-Al2O3, 
nano-ZnO i nano-TiO2 affected reduc-
tion of body length of C. elegans and 
the number of eggs produced by nema-
todes. In contrast, Oberdörster et al. 
(2005), Jones et al. (2008) and Ma et 
al. (2011) found high toxicity of nano-
-ZnO and nano-TiO2. The above-men-
tioned high concentration of nanopar-

ticles and hydroxylated fullerenes also 
negatively affect nematode survival 
(Wang et al. 2009, Cha et al. 2012). In 
Poland, the impact of nanocolloidal sil-
ver and copper on EPNs was studied by 
Kuźniar (2009). He found that nano-
-Ag in concentrations ranging from 5 to 
50 mg/dm3 were highly toxic to nema-
todes S. feltiae  from biopreparations: 
Owinema, Nemasys, Nemaplus. After 
2 h of direct contact of IJs with differ-
ent concentrations of nano-Ag he re-
ported almost 100% mortality. A differ-
ent situation was related to nano-Cu, in 
nematodes from biopreparations Owin-
ema and Nemasys. In these nematodes 
100% survival was observed even at 
the highest concentration of compound 
(50 mg/dm3). However, in the case of 
nematodes from Nemaplus bioprepara-

  0 ppm

  0.5 ppm

  2 ppm 

  5 ppm 

FIGURE1. The effect of nano-Cu on the mortality of the IJs of Steinernema feltiae (test Chi2 refers to 
the last day of experiment – Ch2 = 2002.2, df = 3, p < 0.001)
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tion, at the highest concentration, larval 
mortality was approximately at 29%.

Different concentrations of nano-Cu 
solutions (5, 2, 0.5 ppm), with which 
IJs had contact, did not infl uence their 
abilities to kill larvae of A. diaperinus. 
This may give evidence that nematode 

mutualistic bacteria are not vulnerable 
to nano-Cu (Fig. 2). Mortality and ex-
tensity of infection, after the contact of 
EPNs with nano-Cu (2 ppm) in the last 
day of experiment, averaged 90 and 56% 
respectively. Lower death rate was ob-
served in lower concentrations of the so-
lution (0.5 ppm) and in a control group. 

In both cases it reached 53%. The exten-
sity (13%) was lower after the contact of 
EPNs with nano-Cu. Mortality and ex-
tensity of infection of adult beetles was 
the highest in control group (36 and 33% 
respectively). After the contact of EPNs 
with nanoparticles, death rate averaged 

3 and 10% and extensity of infection – 0 
and 3% (Fig. 3). Kuźniar (2009) found 
that nematodes S. feltiae from Owinema 
biopreparation, that have been exposed 
to solutions of nano-Cu concentrations 
ranging from 1 to 50 mg/dm3, caused 
mortality of larvae Tenebrio molitor 
ranging from 40 to 80%.

  0 ppm

  0.5 ppm 

  2 ppm 

  5 ppm 

  0 ppm

  0.5 ppm 

  2 ppm 

  5 ppm 

FIGURE 2. The effect of nanoparticles on pathogenic properties of the nematodes Steinernema feltiae 
exposed for 5 days to nano-Cu solutions. Tests Chi2 of mortality (Ch2 = 1.3, df = 3, p > 0.05) and exten-
siveness of infection (Ch2 = 6.1, df = 3, p > 0.05) of the Alphitobius diaperinus larvae 

m
or

ta
lit

y 
an

d 
ex

te
ns

iv
en

es
s 

of
 in

fe
ct

io
n 

[%
]



Nanoparticles of copper and entomopathogenic nematodes...     33

CONCLUSIONS

Mortality of invasive larvae of Stein-
ernema feltiae depends on concentra-
tions of nano-Cu and on the time of 
exposition.
Mortality of Alphitobius diaperinus 
larvae after the contact of nematodes 
with nano-Cu is higher than in the 
control.
The extensity of infection of A. dia-
perinus larvae after the contact of 
nematodes with nano-Cu is the high-
est at 2 ppm (56%), and the lowest at 
a concentration of 0.5 ppm (13%).
Invasive larvae of nematodes treated 
with various concentrations of nano-
-Cu cause low mortality (3 and 10%) 

1.

2.

3.

4.

and extensity of infection (0 and 3%) 
in adult beetles. In the control group 
mortality and extensiveness of infec-
tion are 37 and 33%.
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Streszczenie: Nanocząstki miedzi i nicienie en-
tomopatogeniczne Steinernema feltiae (Filipjev, 
1934) w ograniczaniu liczebności pleśniakowca 
lśniącego Alphitobius diaperinus (Panzer, 1797).
Właściwości antybakteryjne nanocząsteczek 
metali są dość dobrze znane, jednak ich możli-
we wykorzystanie w rolnictwie, do zwalczania 
szkodliwych bezkręgowców, już nie. Pozytyw-
ne i negatywne interakcje z popularnymi, zinte-
growanymi metodami zwalczania szkodników 
(IPM) powinny zostać sprawdzone i zweryfi ko-
wane. Zbadano wpływ nanocząsteczek miedzi 
na śmiertelność nicieni entomopatogenicznych 
Steinernema feltiae pochodzących z bioprepara-
tu Owinema. Stwierdzono, że śmiertelność ich 
zależy od stężenia nanocząsteczek miedzi oraz 
czasu kontaktu larw z tymi roztworami. Zbadano 
również wpływ różnych stężeń nano-Cu na pa-
togeniczność nicieni – śmiertelność zainfekowa-
nych chrząszczy Alphitobius diaperinus (Panzer, 
1797), ekstensywność infekcji. Wykazano, że 

w wyższych stężeniach Cu nicienie mogą mieć 
mniejszą zdolność do penetrowania, wzrostu 
i rozmnażania się w ciele gospodarza.
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Abstract: Evaluation of thickness and color of 
wool in primiparas of Żelaźnieńska and Cor-
riedale Sheep. The study was conducted on 19 
samples of wool of Żelaźnieńska Sheep and 28 
samples of wool of Corriedale Sheep. The thick-
ness of fi bre and rendement were examined. The 
color of wool were measured by colorimetric 
technique. Basis of studies found a wider range of 
thicknes fi bre of Corridale Sheep and narrow range 
of thickness fi bre of Żelaźnieńska Sheep compared 
with the standards. Particular importance is to 
eliminate from the breeding primiparas Corriedale 
Sheep characterized by nominal thickness of fi bers 
25 μm and less. Average nominal thickness of the 
fi bers were consistent with the cited standards. In 
Żelaźnieńska Sheep breed obtained, positive and 
highly signifi cant correlation coeffi cients of rende-
ment and thickness to brightness (L*) and found 
a signifi cant correlation coeffi cient between rende-
ment and the share of yellow color (b*). In Cor-
riedale Sheep found positive and signifi cant statis-
tical correlation coeffi cient between the brightness 
(L*) and nominal thickness. Correlations between 
traits characterizing the color of wool, and in par-
ticular the measurement of brightness (L*), to fea-
tures such as the nominal thickness of the fi bers, 
indicate different trends occurring in Żelaźnieńska 
Sheep and Corriedale Sheep.

Key words: sheep, wool, thickness of fi ber, color

INTRODUCTION 

Sheep’s wool had a large role in the 
production, in times of the planned 
economy (GUS database from 2013). 

Currently, due to a signifi cant decrease 
in its economic meaning, there is no pay 
attention to quality of wool in breeding 
work. Due to the fact that in genetic re-
sources program many breeds of sheep 
are protected, it is interesting to check 
the thickness of its wool and compare the 
obtained results with the standards de-
scribed by Wójcikowska-Soroczyńska et 
al. (1993). That could be useful to track 
possible changes of wool. The objective 
aim of protecting native breeds of sheep 
is to keep quantitative and qualitative 
usability of animals (Krupiński 2012). 
That helps to compare possible changes 
and allows the adjustment of direction of 
breeding work.

Therefore, it was decided to inves-
tigate the thickness, color and rende-
ment of the wool of Corriedale Sheep 
and Żelaźnieńska Sheep. Due to need 
for free interpretation of the results, the 
samples of wool were collected dur-
ing the shearing from 2 years old ewes, 
before their fi rst birth Wójcikowska-
-Soroczyńska et al. (1993).

MATERIAL AND METHODS

The research material consisted of samples 
of wool from primiparas of Żelaźnieńska 
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Sheep (n = 19) and Corriedale Sheep 
(n = 28). The sheep were from a pri-
vate farm located near Poddębice and 
from Research Farm of Sheep and Goats 
– WULS-SGGW in Żelazna, both farms 
located in Łódź Voivodeship. The main 
subject of studies was the wool taken 
from primiparas of both breed during 
shearing. It took place in January four 
weeks before lambing. Wool samples 
were collected from the side part of the 
animal (center of the last rib) and used to 
determine the thickness and color of the 
fi bers. Then the wool has been washed 
with a detergent in water at a tempera-
ture not higher than 40°C. The wool was 
thoroughly dried and removed from it all 
impurities. The next steps were done in 
laboratory. Loosening of fi bers was per-
formed on samples weighing 2.5 g de-
rived from each of the tested sheep.

Measurement of content of impurities 
consisted of weighting the wool samples 
before washing and after washing. Dur-
ing washing all impurities (plants, sand, 
dust and lanolin) were removed.

The rendement and level of impuri-
ties were determined. Both parameters 
were expressed as percentage. Measur-
ing the thickness of the wool fi ber was 
carried out using the method of Air-
Flow (SGS 2011). The device used for 
measuring was the production of CLM 
Components LTD, and the measurement 
has been done according to following 
standard: IWTO-6-98 (2010). The results 
were expressed in nominal value (μm). 
The results of thickness measurements of 
wool were divided into groups (μm):

Żelaźnieńska Sheep: 24–26.9; 27.0–
–28.9; 29.0–30.9; 31.0–32.9; 33.0–
–34.9; 35.0–36.9;
Corriedale Sheep: 23.0–24.9; 25.0–
–26.9; 27.0–28.9; 29.0–30.9; 31.0–
–32.9; 33.0–34.9.
The color of wool was examined us-

ing device Chroma Mater CR-40 (Koni-
ca Minolta Ltd.). The color was meas-
ured using the system of color space 
L*a*b* (L* – brightness, a* – share of 
the red color, b* – share of the yellow 
color). The results were statistically ana-
lyzed within each breed separately using 
the IBM SPSS Statistics 21 software. 
The statistical model included the group 
of thickness of wool. Correlation coeffi -
cients between the rendement and nomi-
nal thickness of fi bers and wool color 
measurement were calculated. Results of 
studies are presented in charts and tables.

RESULTS AND DISCUSSION

The results of measurement of wool for 
both breeds are presented in Table 1. In 
both breeds the average thickness of 
wool were consistent with the model de-
scribed by Wójcikowska-Soroczyńska 
et al. (1993). However, the rendement 
in Żelaźnieńska Sheep was higher and 
the content of impurities was lower 
compared to the model. In case of Cor-
riedale Sheep rendement and the content 
of impurities consisted with described 
model. Range of thickness of wool is 
presented in Figures 1 and 2. In both 
breeds, the class of thickness of wool 
showed a highly signifi cant effect on the 

–

–
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nominal thickness traits (Niżnikowski 
and Rant 1997, Niżnikowski et al. 1997, 
1998, 2005). The range of the size 
nominal thickness of wool showed the 
highest number of samples in the range 
of 29.0–30.9 in Żelaźnieńska Sheep 
(Fig. 1). However, the nominal thickness 
value range was much narrower than that 
described in the standard (Wójcikowska-
-Soroczyńska et al. 1993). That indi-
cates to conduct breeding work towards 
expanding the range of fl uctuations of 
the nominal thickness, even at the ex-
pense, thinning of that thickness of fi ber. 
The distribution of the occurrence of 
a nominal thickness of the fi bers had up-
ward trend for the frequency of fi bers in 
the higher thickness class for Corriedale 
Sheep. In Corriedale Sheep breed correc-
tion of nominal thickness value should be 
done with keeping the average values   on 

TABLE 1. Wool measurements of primiparas 
Żelaźnieńska Sheep and Corriedale Sheep

Specifi cation
Żelaźnień-
ska Sheep
Primiparas 

Corriedale 
Sheep

Primiparas 
n 19 28

Nominal 
thickness of 
fi ber (μm)

x 30.95 29.96

SE 0.75 0.45

Rendement 
(%)

x 84.57 66.48

SE 2.14 1.03

Impurities 
(%)

x 15.43 33.52

SE 2.14 1.03

Color of wool

L*
x 82.46 79.16

SE 0.48 0.43

a*
x –0.23 –1.42

SE 0.11 0.11

b*
x 14.29 12.54

SE 0.51 0.72
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FIGURE 1. The number of Żelaźnieńska Sheep in fi ber thickness ranges (P ≤ 0.01)
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the current level. Animals that were char-
acterized by very low values at the nomi-
nal thickness of 25 μm and less should 
be eliminated. The results of the assess-
ment of color wool measured colori-
metric technique were very interesting 
(Table 1). In Żelaźnieńska Sheep noted 
the high level of brightness (L*) at small 
values of green color (a*) and high val-
ues for the yellow color (b*). Corriedale 
Sheep have also high level of brightness 
of the color, but the share of green color 
was higher but yellow color was lower.

It is diffi cult to comment on these re-
sults due to the fact that the colorimetric 
technique so far in the national survey 
was not used before. Table 2 presents 
the correlation coeffi cients between 
the technological features of wool and 
color within breed. Particularly impor-

tant were highly statistically signifi cant 
correlations between the brightness of 
the color (L*) and rendement, as well as 
between the brightness of the color and 
the nominal thickness in Żelaźnieńska 
Sheep. There were positive and achieve 
high value (Niżnikowski and Rant 1997, 
Niżnikowski et al. 1997, 1998, 2005)

The correlation coeffi cient between 
rendement and yellow color was sta-
tistically signifi cant but the value was 
lower and negative. The obtained re-
sults indicate the possibility of using 
colorimetric techniques in the evalu-
ation of the quality characteristics of 
wool from Żelaźnieńska Sheep. In Cor-
riedale Sheep obtained only a signifi -
cant and negative correlation between 
the nominal thickness and the bright-
ness (L*). That indicates the different 

Thickness of wool ( m) 
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FIGURE 2. The number of Corriedale Sheep in fi ber thickness ranges (P ≤ 0.01)
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trends in the relationship of color wool 
with a nominal thickness in comparison 
with the values   of this indicator identi-
fi ed in Żelaźnieńska Sheep. Summing 
up the correlation coeffi cients and the 
level of statistical signifi cance can be 
observed the possibility of using a color-
imetric technique in the assessment of 
the quality characteristics of wool from 
Żelaźnieńska Sheep inspired by these 
results requires further research in this 
area.

CONCLUSIONS 

The obtained results lead up to follow-
ing statements and conclusions:

A wider range of nominal thickness 
in Corriedale Sheep, and too nar-
row in Żelaźnieńska Sheep com-
pared with the standards described 
by Wójcikowska-Soroczyńska et al. 
(1993) which requires correction by 
the further breeding work. Elimina-
tion of the breeding primiparas Cor-
riedale Sheep characterized by a nom-
inal thickness of fi ber of 25 μm and 
less, should be regarded as particu-
larly important. The average nominal 
thickness of the fi bers was within the 
cited standards.

1.

Very high values   for the brightness of 
the color measured by the colorimet-
ric method in both breeds. 
Positive and highly signifi cant cor-
relation coeffi cients of rendement 
and thickness to brightness (L*) 
and found a signifi cant correlation 
coeffi cient between rendement and 
the share of yellow color (b*) in 
Żelaźnieńska Sheep. 
Positive and signifi cant statistical 
correlation coeffi cient between the 
brightness (L*) and nominal thick-
ness in Corriedale Sheep.
Correlations between traits charac-
terizing the color of wool, and in par-
ticular the measurement of brightness 
(L*) to features such as the nominal 
thickness of the fi bers, indicate differ-
ent trends occurring in Żelaźnieńska 
Sheep and Corriedale Sheep. The cor-
relations should be used to assessing 
the productive value and developed 
through further research, separately 
for each breed.
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Streszczenie: Ocena grubości i barwy wełny przy-
stępek owcy żelaźnieńskiej i corriedale. Badania 
przeprowadzono na 19 próbach wełny owcy że-
laźnieńskiej i 28 corriedale pobranych podczas 
strzyży wykonanej na przystękach przeznaczo-
nych do dalszej hodowli. Ocenie poddano ce-
chy grubości włókien i rendement oraz barwy 
wełny mierzonej techniką kolorymetryczną. 
Na podstawie przeprowadzonych badań stwier-
dzono szerszy przedział grubości nominalnych 
u owiec corriedale oraz zbyt wąski u owiec żelaź-
nieńskich w porównaniu z przyjętym wzorcem, 
co wymaga korekty poprzez pracę hodowlaną. 
Za szczególnie ważne uznać należy wyelimino-
wanie z hodowli przystępek corriedale charak-
teryzujących się grubością nominalną włókien 
25 μm i mniej. Średnie grubości nominalne włó-
kien mieściły się w standardach zgodnych z cy-
towanym wzorcem. Uzyskano również wysokie, 
dodatnie i wysoko istotne współczynniki korela-
cji rendement i grubości nominalnej z pomiarem 
stopnia jasności (L*) oraz istotny współczynnik 
pomiędzy rendement a udziałem barwy żółtej (b*) 
u owiec żelaźnieńskich oraz dodatni i istotny 
statystyczne współczynnik korelacji pomiędzy 
pomiarem stopnia jasności (L*) a grubością no-
minalną u owiec corriedale. Związki korelacyjne 
pomiędzy cechami charakteryzującymi barwę 
wełny, a w szczególności pomiarem stopnia ja-
sności (L) a cechami np. grubości nominalnej 
włókien, wskazują na odmienne tendencje wystę-
pujące u owiec żelaźnieńskich i corriedale. 
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Abstract: Polymorphism of insulin-like growth 
factor (IGF-1) gene in Polish Lowland Sheep from 
Podlaskie Voivodeship. Research was carried out 
on 432 Polish Lowland Sheep (405 ♀ and 27♂) 
of three varieties: Corriedale, Żelaźnieńska Sheep 
and Polish Lowland Sheep of Podlasie region. All 
animals were subjected to gene identifi cation fac-
tor insulin – IGF-1, in the assessment of alleles 
C and T. In conclusion it should be noted  that in 
the three  examined varieties of Polish Lowland 
Sheep showed no polymorphism in exon 3 of the 
insulin-like growth factor (IGF-1) gene, limiting 
its scope to determine the allele C, respectively 
genotype CC. This result indicates the need for 
further research in this area in “culture” sheep im-
ported and adapted to Polish conditions and the 
production environment.

Key words: Polish Lowland sheep, IGF-1 gene, 
genetic polymorphism

INTRODUCTION

Protein IGF-1 is one of the key compo-
nents of the pathway of growth hormone 
(Franco et al. 2005). IGF-1 is produced 
in  the liver and is responsible for cell 
growth and body treatments. 

It is believed that the effect of growth 
hormone occurs in  the tissue in coopera-

tion with local somatomedin e.g. IGF-1 
and stimulates the  secretion of hypo-
thalamic somatostatin  inhibits secretion 
of growth hormone (Krzymowski – Ed. 
1998). Insulin factor gene is exchanged 
among the conditions which were useful 
to the identifi cation of races, as demon-
strated in the Mediterranean countries 
(Pariset et al. 2006). Niżnikowski et al. 
(2013) presents a different view in rela-
tion to the research carried out on domes-
tic sheep breeds compared to the ancestor 
of the sheep – European moufl on Ovis ar-
ies musimon. Taking into account the fact 
reported in the cited work conditions in-
fl uence the incidence of insulin-like factor 
gene IGF-1, it was decided to examine its 
frequency of occurrence in three varieties 
of Polish Lowland Sheep: Żelaźnieńska, 
Corriedale and Polish Lowland Sheep of 
the  Podlasie region (PZO 2013).

MATERIAL AND METHODS

The studies were conducted on Polish 
Lowland Sheep: Corriedale Sheep (2 
herds), Żelaźnieńska Sheep (2 herds) 
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and Polish Lowland Sheep of Podlasie 
region (3 herds). Ewes and rams were 
aged 2 to 11 years (Table 1). Herds were 
randomly selected for sampling. For the 
isolation of genomic DNA blood sam-
ples were obtained of animals from vein 
jugularis into tubes containing anticoag-
ulant EDTA. The study was carried out 
assessment of the polymorphic region 
(exon 3) in insulin-like growth factor 
(IGF-1) gene.
TABLE 1. Experimental material used in the 
study

Sheep Breeds
Number of ewes and rams

Total
♀

Total
♂ Herd sampling

Corriedale 108 6 Herd 1 – 98♀, 6♂
Herd 2 – 10♀

Polish Low-
land Sheep of 
the Podlasie 
region

185 14
Herd 1 – 25♀, 4♂
Herd 2 – 57♀, 4♂
Herd 3 – 93♀, 6♂

Żelaźnieńska 112 7 Herd 1 – 96♀, 6♂
Herd 2 – 16♀, 1♂

Total within 
gender 405 27

×
Total 432

DNA was isolated from blood leuco-
cytes using the conserved EDTA. In order 
to receive high quality DNA suitable after 
freezing and thawing of a reusable, blood 
is pretreated with the resulting DNA

modifi cation by removal of heme-com-
pounds lysis of erythrocytes products.

DNA is isolated from leukocytes by 
chromatography on mini-columns of 
silicate A&A Biotechnology. The frac-
tion thus obtained was used as template 
DNA for amplifi cation of polymorphic 
gene allele fragment. Sample genotyping 
was performer with  KASPar® system 
(www.kbioscience.co.uk), which use the 
single nucleotide polymorphism (SNP) 
based on primers listed in Table 2. 

The genotyping of DNA samples 
within the ewes and rams shows distribu-
tions of alleles and genotypes frequency 
separately for each varieties of studied 
sheep. Allele and genotype frequencies 
were compared depending on the variet-
ies of sheep using χ2 test and SPSS v. 21 
software, with was assessed range of al-
leles and genotypes frequency between 
varieties, sexes, and the differences be-
tween the sexes in terms of individual 
alleles and genotypes. 

RESULTS AND DISSCUSION

Studies have shown that for factor IGF- 1 
gene were found only the C allele. Ana-
lyses of 432 samples collected from the 
rated sheep did not show the presence of 

TABLE 2. The name of locus primer sequence and SNP of the polymorphic region in IGF-1 gene

Locus Name Primers sequences 3’–5’
(forward/reverse) SNP Localization

IGF-1 insuline-like factor CACACACCTTGTTGCACTCC/ 
/GCTGAGTTGGTTGGATGCTCT 

AY737509: 211 
C > Ta Exon 3

a Pariset et al. (2006).
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the T allele in any case. In comparison 
with the results of Pariset et al. (2006), 
mainly describing sheep found in the 
region of the Mediterranean Sea, Black 
Sea and Germany, sheep tested in Poland 
showed no polymorphism here. That 
was confi rmed by the results achieved 
by Niżnikowski et al. (2013) in studies 
conducted in sheep breeds in Poland. It 
is expected that the distribution of the 
conditions occurring in sheep breeds in 
Poland was typical for this region of the 
world and different from the observed 
trends in other European countries 
(Pariset et al. 2006). Perhaps it has to do 
with another course of life processes of 
growth and development, which wrote 
Krzymowski – Ed. (1998). In this situ-
ation, can be a useful series of studies 
on sheep imported into Polish, polymor-
phism alleles and genotypes of insulin-
-like factor gene subject to change due to 
processes of adaptation – which requires 
further work in this area.

Generally, it should be noted that the 
summing up of the three examined vari-
eties  of Polish Lowland Sheep showed 
no polymorphism alleles and genotypes 
of factor IGF-1, limiting its scope to de-
termine is the C allele and genotype CC. 
This result indicates the need for further 
research in this area in “culture” sheep 
imported and adapted to Polish condi-
tions and the production environment.
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Streszczenie: Polimorfi zm genu czynnika insuli-
nopodobnego IGF-1  u polskich owiec nizinnych 
utrzymywanych w województwie podlaskim. Ba-
dania przeprowadzono na materiale 432 polskich 
owiec nizinnych (405 ♀ i 27♂) trzech odmian: 
corriedale, owcy żelaźnieńskiej i polskiej 
owcy nizinnej regionu podlaskiego. Wszystkie 
zwierzęta były poddane identyfi kacji genu czyn-
nika insulinopodobnego IGF-1, w zakresie oce-
ny występowania alleli C i T. Podsumowując, 
należy stwierdzić, iż u badanych trzech odmian 
polskich owiec nizinnych nie wykazano poli-
morfi zmu występowania alleli i genotypów genu 
czynnika insulinopodobnego IGF-1, ogranicza-
jąc jego zakres do ustalenie jedynie do allelu C 
i genotypu CC. Wynik ten wskazuje na potrzeby 
przeprowadzenia dalszych badań z tego zakresu 
u owiec kulturowych pochodzących z importu 
i adaptowanych do polskich warunkach środowi-
ska produkcyjnego.
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Abstract: The application of ultrasonography 
(USG) technique for assessment of muscularity of 
Berrichon du Cher and Polish Merino lambs at 
the age of 70 days. The research was conducted 
on 106 Polish Merino lambs in 2010–2013 and 
221 Berrichon du Cher lambs in 2008–2013 
(except 2009). The research took place in GRH 
Żydowo near Gniezno. Animal muscularity was 
tested by USG technique on mld muscle cross sec-
tion. Based on obtained results, the effect of type 
of birth, sex, father origin and class of scrapie re-
sistance and double-factor interactions were sta-
tistically insignifi cant impact (except interactions 
sex × year of birth on round of “eye” of loin) on 
muscularity traits of Polish Merino and Berrichon 
du Cher lambs, highly statistical signifi cant  effect 
of the year of birth on USG measurement traits 
p ≤ 0.01 (except spread width of “eye” of loin in 
Polish Merino breed). No effect of scrapie resist-
ance class for muscularity traits indicates the pos-
sibility of freely conduct breeding work towards 
increasing resistant to scrapie genetics, without 
a negative impact on muscularity of lambs of 
both breeds. Strongly infl uence of year of the re-
search as an environmental factor on the level of 
muscularity of lambs of both breeds at the age of 
70 days has been shown, rather than the type of 
birth, sex, father origin or class of genetic resist-
ance to scrapie.

Key words: sheep, ultrasonography technique, 
“eye” of the loin, muscle measurements

INTRODUCTION

Ultrasonography technique can be used 
to estimate the level of muscularity of 
the lambs (Przybylak et al. 2008, Knapik 
et al. 2009, Niżnikowski et al. 2010a, b, 
Knapik 2011). Thanks that reason the as-
sessment of muscularity of lambs could 
be done with high repeatability of results. 
This technique was also used to compare 
muscularity  between genetic combina-
tions of lambs and  giving the possibility 
to use this method for assessing the level 
body conformation (Niżnikowski et al. 
2010a, b).

Considering the use of USG tech-
nique, it was decided to take measure-
ments mld muscle at age of 70 day in 
Polish Merino lambs and Berrichon du 
Cher lambs. The aim was to examine 
the effect of some important factors 
taken into breeding work on the tested 
muscularity traits using ultrasonogra-
phy technique.
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MATERIAL AND METHODS

The research was conducted on 106 Polish 
Merino lambs in 2010–2013 and 221 
Berrichon du Cher lambs in 2008–2013 
(except 2009). The research took place 
in GRH Żydowo near Gniezno. The ani-
mals were selected for the renovation of 
the herd during the selection work car-
ried out in both sexes. Both ewes and 
rams were born as singles, twins or tri-
plets.  The animals were kept in building 
during whole year and fed according to 
the norms (Osikowski et al. 1993). Mat-
ing  season  was conducted in period of 
May – June for Polish Merino and for 
Berrichon du Cher the mating season was 
conducted in period August – September.  
Basing on the breeding books the data of 
origin of father was collected: in case of 
Polish Merino Sheep (Polish or German) 
as well as Berrichon du Cher (Polish or 
France). In 2004 the German Mutton Me-
rino rams were imported to Poland and 
included to Polish Merino breed genotype 
at no more than 50%. In 2005 and 2012 
Berrichon du Cher rams were imported 
from France.

In both breed’s offspring the geno-
type of prion protein was examined ac-
cording to the method by Niżnikowski 
et al. (2013) and the class of frequency 
resistant to scrapie were specifi ed (DE-
FRA 2006).

In Polish Merino breed following 
genotypes were observed: in class G1 
(ALRR/ALRR), in class G2 (ALRR/
/AFRQ, ALRR/ALHQ, ALRR/ALRQ),  
in class G3 (ALRQ/ALHQ, ALRQ/

/ALRH, ALRQ/ALRQ), in class G4 
(VLRQ/ALRR ) and in class G5 (VLRQ/
/AFRQ, VLRQ/ALRQ).

In Berrichon du Cher breed follow-
ing genotypes were observed: in class 
G1 (ALRR/ALRR), in class G2 (ALRR/
/ALHQ, ALRR/ALRH, ALRR/ALRQ), in 
class G3 (ALRQ/ALRQ, ALRQ/ALHQ) 
and in class G5 (VLRQ/ALHQ).

The USG measurement (using Hon-
da 2000 device) were done on the mld 
muscle on live lambs at 70 day of age. 
The USG measurement allowed to es-
tablish the live parameters of muscular-
ity: height, spread width, round and area 
of “eye” of loin, as well as the fat over 
the “eye” of the loin.

The statistical analysis was depended 
on the breed according to the statisti-
cal model included following variation 
sources: the year of birth, sex, type of 
birth, the origin of father, the class of ge-
netic resistance to scrapie and selected 
double-factor interactions. The Duncan 
test was used to evaluate the effect of the 
year on examined traits (Ruszczyc 1981). 
The statistical calculations were done in 
SPSS software (version 21 for Windows). 
The results are shown in tables.

RESULTS AND DISCUSSION

The effect of chosen factors and interac-
tions on muscularity traits of Polish Me-
rino breed was presented in Table 1. The 
effect of the year of birth was observed 
in majority USG measurement traits 
(p ≤ 0.01) (except spread of “eye” of loin). 
The effect of interaction (sex × birth of 
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year) was observed for round of „eye” of 
loin (p ≤ 0.05). The statistical signifi cant 
effect of the rest of variation sources on 
the USG measurement was not observed. 
The effect of chosen factors and interac-
tions on muscularity traits of Berrichon 
du Cher was presented in Table 2. In this 
case only the effect of the year of birth 
was observed in all USG measurement 
traits (p ≤ 0.01).

The effect of year of birth on USG 
measurement traits was presented in Ta-
bles 3 and 4. In 2012 year were the best 
conditions for both breed. The greatest 
values of measurement were reported in 
that year. This indicates a signifi cant in-
fl uence of environmental conditions on 
the body composition of both examined 
breeds. This study confi rms the results 
of Niżnikowski et al. (2010a, b) made 
in various breeds of sheep also using 
USG techniques.

Due to the fact that USG measurement 
has a great relationship with  slaughter 
value its very helpful to estimate live 
body conformation during a selection 
(Przybylak et al. 2008, Knapik et al. 
2009, Knapik 2011).

No effect of type of birth on muscu-
larity was not a characteristic trend for 
lambs (Niżnikowski et al. 2010a, b). It 
is known phenomenon catching body 
weight in lambs from twins compared to 
single. Everything points to the fact that 
the achievement of this level of body 
conformation was at the age of 70 days 
for lambs from twins in environmental 
conditions GHR Żydowo, as well as TA
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sustainable impact of these conditions 
on the development of muscle in lambs 
from different sexes.

The aim of import Merino Mutton 
rams from Germany and Berrichon du 
Cher rams from France was to indicated 
relatively low genetic distance of both 
breed breeding in our country. No ef-
fect of origin of father on the live body 
composition was inconsistent with the 
results of Niżnikowski et al. (2010a). 
The author reported that the lambs com-
ing from the cross with Berrichon du 
Cher rams imported from France had 
lower thickness of fat over the “eye” of 
the loin. It should be noted that these re-
sults only applied to one year of research 
and a smaller number of animals used in 
combination with long-term test results 
described in this paper.

The impact of class resistance to 
scrapie on the muscularity showed no 
statistically signifi cant effect in both 
breeds. That results was inconsistent 
with results of Wiśniewska et al. (2009), 
moreover it was very positive in case of 
examined sheep.

Both breeds are selected to increase 
the frequency of resistant to scrapie.

No effect of genotype of the prion 
protein gene PRNP on the muscular-
ity points to the possibility of breeding 
work in this direction without having 
a negative impact on the muscularity. 
Generally, muscularity of lambs of both 
sexes and breeds was more infl uenced 
by environmental factors than the type 
of birth, sex, father’s genotype or class 
resistance to scrapie.TA
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TABLE 3. The effect of year of birth on measurement traits on mld muscle cross section by USG tech-
nique at the last thoracic vertebra on Polish Merino lambs at the age of 70 days

Traits Duncan 
test

Year of birth

2010 2011 2012 2013

Number of lambs (n)

26 28 25 27

mld “eye” hight (mm)
LSM 20.585 20.683 22.537 23.334
SE 1.164 0.742 0.720 0.667

mld “eye” spread (mm)
LSM 52.376A 53.828B 63.579A,B,C 49.348B,C

SE 1.870 1.191 1.157 1.071

fat over the “eye” of 
the loin (mm)

LSM 1.166D 1.093E 1.248F 1.730D,E,F

SE 0.165 0.105 0.102 0.094

mld “eye” round (mm)
LSM 132.702G 135.845H 152.340G,H,I 130.030I

SE 4.601 2.931 2.846 2.634

mld “eye” area (cm2)
LSM 7.693J 8.592K 10.787J,K,L 9.022L

SE 0.589 0.375 0.364 0.337
A–L – statistical signifi cance at p ≤ 0.01.

TABLE 4. The effect of  year of birth on measurement traits on mld muscle cross section by USG tech-
nique at the last thoracic vertebra on Berrichon du Cher lambs at the age of 70 days

Traits Duncan 
test

Year of birth
2008 2010 2011 2012 2013 

Number of lambs (n)
50 72 25 32 42

mld “eye” hight (mm)
LSM 17.645A 17.485B 17.025C 23.854A,B,C 20.177A,B,C

SE 0.557 0.809 0.814 0.785 0.532

mld „eye” spread (mm)
LSM 54.907D 58.156E 51.992E,F,a 62.197D,F,G 48.192D,E,a,G

SE 1.040 1.512 1.520 1.466 0.994

fat over the “eye” of 
the loin (mm)

LSM 1.479H 1.487I,b 1.321J 2.104H,I,J 1.865H,b,J

SE 0.093 0.135 0.135 0.130 0.088

mld “eye” round (mm)
LSM 134.525K 141.209c,L 128.325c,M 150.596K,M,N 119.919K,L,N

SE 2.522 3.668 3.686 3.556 2.412

mld “eye” area (cm2)
LSM 7.677O 7.981d,P 6.582d,R 10.832O,P,R,Q 7.588Q

SE 0.329 0.478 0.480 0.463 0.314
A–Q – statistical signifi cance at p ≤ 0.01, a–d – statistical signifi cance at p ≤ 0.05.
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CONCLUSIONS

The obtained results led up to follow-
ing statements and conclusions:

The effect of type of birth, sex, father 
origin and class of scrapie resistance 
and double-factor interactions were 
statistically insignifi cant impact (ex-
cept interactions sex x year of birth 
on round of “eye” of loin) on mus-
cularity traits of Polish Merino and 
Berrichon du Cher lambs.
The effect of the year of birth affected 
USG measurement traits p ≤ 0.01 (ex-
cept spread width of “eye” of loin).
No effect on scrapie resistance class 
for muscularity traits indicates the 
possibility of freely conduct breed-
ing work towards increasing resistant 
to scrapie genetics, without a nega-
tive impact on muscularity of lambs 
of both breeds.
Strongly infl uence of year of the re-
search as an  environmental factor on 
the level of muscularity of lambs of 
both breeds at the age of 70 days has 
been shown, rather than the type of 
birth, sex, father origin or class of ge-
netic resistance to scrapie.
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Streszczenie: Wykorzystanie techniki USG w oce-
nie umięśnienia jagniąt ras merynos polski i Berri-
chon du Cher w 70. dniu życia. Badaniami objęto 
106 jagniąt rasy merynos polski w latach 2010–
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–2013 oraz 221 jagniąt rasy Berrichon du Cher 
w latach 2008–2013 (z wyłączeniem 2009 roku, 
w którym prac nie prowadzono) w GRH Żydo-
wo pod Gnieznem. Zwierzęta poddano ocenie 
umięśnienia techniką USG, wykonując pomia-
ry na przekroju poprzecznym mięśnia mld. Na 
podstawie przeprowadzonych prac badawczych 
stwierdzono: nieistotny wpływ typu urodzenia, 
płci i pochodzenia po ojcu oraz klasy oporno-
ści na trzęsawkę i interakcji dwuczynnikowych 
(z wyłączeniem wpływu interakcji płeć × rok uro-
dzenia na pomiar obwodu przekroju poprzeczne-
go mięśnia mld) na cechy umięśnienia jagniąt 
rasy merynos polski i Berrichon du Cher mie-
rzone techniką USG; bardzo istotny wpływ roku 
doświadczenie na cechy umięśnienia mierzone 
techniką USG (za wyjątkiem wysokości „oka” 
polędwicy u rasy merynos polski); brak wpływu 
klasy oporności na trzęsawkę na cechy umięśnie-
nia wskazuje na możliwość swobodnego prowa-
dzenie pracy hodowlanej w kierunku zwiększenia 

opornych na trzęsawkę uwarunkowań genetycz-
nych, bez negatywnego wpływu na poziom umię-
śnienia jagniąt obu ras. Wykazano zdecydowanie 
większy zakres oddziaływania roku doświadcze-
nia, a więc czynnika środowiskowego, na poziom 
umięśnienia jagniąt obu ras w wieku 70 dni niż 
typu urodzenia, płci, pochodzenia po ojcu czy 
klasy oporności genetycznej na trzęsawkę. 
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Abstract: Analysis of fattening results of Polish 
Holstein-Friesian bulls and PHF × Belgian 
Blue crossbreds bulls. The aim of study was the 
comparison of fattening results of Polish Hol-
stein-Friesian (PHF) and PHF × Belgian Blue 
crossbreds (PHF × BB) bulls fattened in inten-
sive system up to age of 18 months. Fattening 
results of 50 bulls in each genotype group were 
analyzed.  Bulls were kept in freestall system at 
seven private farms located in Central Poland 
and up to about 60 days of life fed with milk re-
placement, hay and concentrates and since that 
maize-silage, hay-silage and concentrates were 
introduced to their diet. Animals were weighted 
on digital scale every 3 months. After slaughter 
the dressing percentage and the carcasses evalu-
ation by EUROP method were collected from 
processing plant. Standardized averages of bulls 
body weight at 120th, 210th and 540th day of life 
were calculated as well as the average daily body 
gains in particular fattening periods. Results re-
viled that crossbreds PHF × BB were heavier by 
94.2 kg (11.61%) then purebreds PHF at age of 
18 months. The average daily body gains were 
high and accounted 1081 g for PHF and 1183 g for 
PHF × BB bulls, respectively. Daily body gains 
of crossbreds were higher by 10.94%. Observed 
dressing percentage was high for the both geno-
type groups but by 3.4 percentage points higher 
for crossbreds which also obtained the better 
notes in EUROP carcasses evaluation.

Key words: fattening, commercial crossing, Bel-
gian Blue, Polish Holstein-Friesian

INTRODUCTION

Belgian Blue is a double-muscled breed 
with the muscular hypertrophy caused 
by myostatin mutation (Grobet et al. 
1997, Kambadur 1997, Grobet et al. 
1998, Casas 1999, Albera 2006). The 
last decades, BB have met a worldwide 
development, wider than expected. The 
use of BB as cross breed all over the 
world is a major fact at the end of the 
last century (Hanset and Georges 1997). 
Belgian Blue crossbreds are predisposed 
for the intensive fattening with the high 
daily body weight gain at the moderate 
feedstuffs use. Animals kept for slaugh-
tering can be fattened to the high body 
weight without any risk of over fattening 
(Grodzki 1999, Grodzki and Przysucha 
2004, Jasiorowski and Przysucha 2004). 
The high performance of the modern 
BB as pure breed had caught attention 
of farmers to be used it as terminal sire 
(Albera et al. 2001). Similarly in Poland 
the role of BB in commercial crossing is 
growing up. There were 13,524 insemi-
nations with BB semen in 2012, which 
was 4.4% of all commercial crossings 
(Przysucha et al. 2014).
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The aim of the study was the com-
parison of fattening performance of Pol-
ish Holstein-Friesian and PHF × Belgian 
Blue crossbreds bulls.

MATERIAL AND METHODS

The material for the analysis were fat-
tening results of Polish Holstein-Frie-
sian (PHF) and PHF × Belgian Blue 
crossbreds (PHF × BB) bulls fattened 
in an intensive system up to age of 
18 months. Crossbreds mothers (PHF) 
were multiparous cows without any prob-
lems with delivery course in the past.

Fattening results of 50 bulls in each 
genotype group were analyzed. Bulls 
were kept in freestall system at seven  
private farms located in Central Poland 
and up to about 60 days of life fed with 
milk replacement, hay and concentrates 
and since that maize-silage, hay-silage 
(ad libitum) and concentrates (from 1 to 
4 kg depending on age and body weight) 
were introduced to their diet. Animals 
were weighted on digital scale every 
3 months. After slaughter the dressing 
percentage and the carcasses evaluation 
by EUROP method were collected from 
processing plant. Standardized averages 
of bulls body weight at 120th, 210th and 
540th day of life were calculated as well 
as the average daily body gains in par-
ticular fattening periods.

Calculation of standardized body 
weight of the animal for the particular 
day of its life (120, 210, 540) was execut-
ed according to the following formula:

MCS = [(MCB – MCU) / WW] × WS +
           + MCU 

where: 
MCS – standardized  body weight of the
             animal (kg);
MCB – real body weight of the animal in
             the day of weighing (kg);
MCU – real body weight of the animal at
             48 h after birth (kg);
WW – age of the animal in the day of
            weighing (days);
WS – standardized age of the animal, 
            210 or 420 (days).

Average daily body weight gains of 
the animals were calculated in the peri-
ods: 

from birth up to 120th day of life;
from birth up to 210th day of life;
from birth up to 540th day of life.

Average daily body weight gains of 
the animals were calculated according to 
the following formula:

PDMC = (MCK – MCP) × 1000 / (WK –
                 – WP)

where: 
PDMC – daily body weight gain of the
                animal (g);
MCK     – fi nal body weight of the animal
                in the day of weighing (kg);
MCP      – initial body weight of the animal
                in the day of weighing (kg);
WK     – fi nal age of the animal in the
                day of weighing (days);
WP      – initial age of the animal in the
                day of weighing (days).

–
–
–
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Statistical analysis of the study data 
was carried out by GLM procedure on 
IBM SPSS 21.0 (Statistical Product and 
Service Solution 2013). 

RESULTS AND DISCUSSION

Results presented in Table 1 revealed 
that PHF × BB crossbreds were heavier 
by 94.2 kg (11.61%) then PHF pure-
breds at age of 18 months. The aver-
age daily body gains were high and 
accounted 1081 g for PHF and 1183 g 
for PHF × BB bulls, respectively. Dai-
ly body gains from birth to the age of 
540 days of the crossbreds were higher 
by 10.94%. Observed dressing percent-
age was high for the both genotype groups 
but by 3.4 percentage points higher for 
crossbreds which also obtained the bet-
ter notes in EUROP carcasses evaluation. 
Hanset and  Georges (1997) showed, that 

average carcass yield of Holstein-Frie-
sian bulls was 53.03% when BB × HF 
bulls was 59.19%. The same authors in 
the earlier studies obtained 55 and 60% 
of dressing percentage, respectively. The 
daily body weight gains of bulls were 
1.3 kg for HF and 1.5 kg for BB × HF. 
Hanset and Georges (1997) gave accord-
ing to Langholz and Gerardy studies, that 
33% of HF carcasses were evaluated in 
EUROP scale as “R” grade and 67% as 
“O”. In case of BB × HF crossbred it was 
38% as “U” and 62% as “R”.

CONCLUSIONS

Commercial crossbreds bulls PHF × BB 
fattened in intensive system up to age of 
18 months showed much higher daily 
body weight gains in every fattening 
period as well as higher dressing per-
centage and better EUROP grade than 

TABLE 1. The results of experimental bulls fattening

Specifi cation
Bulls
PHF

Bulls
PHF × BB Difference

(%)
Average SD Average SD

Body weight at birth (kg) 38.4 1.15 39.2 1.73 2.08
Body weight at age of 120 days (kg) 142.4 2.56 152.1 2.98 1.07
Body weight at age of 210 days (kg) 220.5 4.32 277.3 4.12 12.58
Body weight at age of 540 days (kg) 583.8 5.43 678.0 4.77 11.61
Average daily body weight gain up to age 
of 120 days (g) 867 63 941 89 10.85

Average daily body weight gain up to age 
of 210 days (g) 987 84 1134 102 11.49

Average daily body weight gain up to age 
of 540 days (g) 1081 111 1183 132 10.94

Number of carcasses according to 
EUROP evaluation system 

U – 17

–
R 17 31
O 33   2

Dressing percentage (%) 57.20 1.34 60.60 1.12
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purebred PHF bulls. Therefore PHF × 
× BB bulls are signifi cantly better fat-
tening material than PHF one kept un-
der intensive production systems.
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Streszczenie: Analiza wyników opasu buhajków 
phf i mieszańców phf × belgijska biało-błękitna. 
Celem pracy było porównanie wyników opasu 
buhajków phf i mieszańców phf × belgijska bia-
ło-błękitna opasanych w systemie intensywnym 
do wieku 18 miesięcy. Analizowano wyniki opa-
su 50 buhajków w każdej grupie genotypowej. 
Buhajki obu grup były opasane w siedmiu gospo-
darstwach prywatnych w centralnej Polsce. Bu-
hajki były utrzymywane luzem w kojcach grupo-
wych i żywione do ok. 60. dnia życia preparatami 
mlekozastępczymi, sianem i paszami treściwymi, 
a po tym okresie kiszonką z kukurydzy, siano-
kiszonką i paszą treściwą. Opas prowadzono 
w systemie półintensywnym do ok. 18. miesią-
ca życia. Zwierzęta były ważone co trzy mie-
siące na wadze elektronicznej. Po odstawieniu 
do uboju z zakładów mięsnych uzyskano dane 
dotyczące wydajności rzeźnej i wydajności po-
ubojowej oceny tusz metodą EUROP. Wyliczono 
średnie standaryzowane masy ciała buhajków na 
120., 210. i 540. dzień życia oraz średnie dobo-
we przyrosty w poszczególnych okresach opasu. 
Buhajki mieszańce phf × bbb uzyskały w wieku 
18 miesięcy większą o 94,2 kg masę ciała, czyli 
o 11,61% od czystorasowych buhajków rasy phf. 
Średnie dobowe przyrosty za cały okres opasu 
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były bardzo duże i wynosiły 1081 g dla buhajków 
phf i 1183 g dla buhajków phf × bbb. Przyrosty 
mieszańców były o 10,94% większe niż cieląt 
czystorasowych. Wydajność rzeźna była wysoka 
w obu grupach genetycznych, ale o 3,4% wyższa 
w grupie mieszańców, które uzyskały również 
wyższe oceny uformowania tuszy  w systemie 
klasyfi kacji poubojowej tusz EUROP.
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Abstract: The effect of fi bre level in the mixture 
on the state of intestinal epithelium of fatteners. 
The purpose of the work was to determine the ef-
fect of the fi bre content in the mixture on morpho-
metric traits of intestinal epithelium of fatteners. 
In one-phase fattening, 14 crossbred pigs were 
classifi ed into two groups and ad libitum fed the 
mixtures, differing in the composition and nu-
tritional value, including the level of crude fi bre 
(control group – C – 3.4%; experimental group 
– E – 12%) but with the maintained energy-pro-
tein ratio (1 : 13). At the age of 180 days, the 
fattening was completed; the weight of the pigs 
from C group was equal to ca. 100 kg and that one 
of the pigs from group E was by ca. 26 kg lower. 
The rate of growth of pigs from group E as com-
pared to the animals from group C was slower 
(P ≤ 0.01). After slaughter, morphometric evalu-
ation of the scrapes from the following three 
segments of the small intestine was carried out: 
duodenum, jejunum and ileum. There was found 
a lower mitosis index (the number of divisions 
per one crypt) of the intestinal epithelium cells 
of the pigs from group E as compared to group 
C (duodenum, P ≤ 0.01). The height of the epi-
thelial cells in crypts and depth of crypts in three 
examined segments of small intestine (D, J, I) 
was higher in group E vs. group C (P ≤ 0.05; 
P ≤ 0.01), whereas the villus height was lower in 
group E vs. group C. The fi bre level in the mix-
ture affected the direction and level of changes in 
the examined indicators, characterizing the mor-
phometric traits of intestinal epithelium. 

Key words: fatteners, nutrition, fi bre level, intes-
tinal epithelium

INTRODUCTION

The application of the mixtures with the 
increased fi bre content, containing e.g. 
dried substances and/or pectins in the 
nutrition of monogastric animals con-
stitutes the basis for the studies on the 
physiology of nutrition and digestion 
and utilization of nutrients and also, on 
the morphology and morphometry of in-
testines in the pigs and model animals 
(Jin et al. 1994, Pluske et al. 1997, Wenk 
2001, Fusch et al. 2003, Hedemann et 
al. 2006, Drzikova et al. 2007, Rekiel et 
al. 2007, Serena et al. 2008, Rekiel et al. 
2010, Hanczakowska and Świątkiewicz 
2012, Święch et al. 2012).

Feed materials, containing consider-
able quantities of fi bre, dried grass and 
cotyledonous plants, wheat brans, oats 
grain are not employed in intensive pro-
duction of slaughter pigs, or they are 
administrated in small quantities. It re-
sults from limitation of digestibility and 
assimilability of nutrients (Fusch et al. 
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2003). For growing pigs, piglets, wean-
ers and fatteners under intensive pro-
duction, it is recommended to employ 
full-ration mixtures with a low content 
of fi bre and high digestibility. In exten-
sive management, inter alias, ecological 
one, feed materials with a higher fi bre 
content are used. Nutritional preferences 
of the pigs differing in age and phys-
iological condition, connected with the 
production systems (intensive, organic) 
are the basis for the studies on feed ma-
terials (Fabijańska et al. 2003). They 
concern also the effect of diet, contain-
ing nutritional fi bre on development of 
gastrointestinal tract. Depending on the 
source and level of fi bre in the mix-
tures, the growth of small intestine and 
internal organs, liver and pancreas was 
examined in the rats (Faraldo Corrêa et 
al. 2009); in the pigs, the length and vol-
ume of gastrointestinal tract was studied 
(Jin et al. 1994). As affected by the feed 
components and the present fi bre, intes-
tinal mucus is changed. Its optimal level 
stimulates growth of intestinal villi and 
increases the number of crypts. In the 
crypts, the epithelial cells are proliferat-
ing and the factors of antibacterial resist-
ance are produced (Paneth cells produce 
peptides – defensins) as well as endo-
crine factors, e.g. chromogranine A. The 
changes within the intestinal crypts in-
crease or lower proliferating activity of 
enterocytes, contributing to the change 
in secreting activity of bactericidal fac-
tors and secretion of mucus (Mc Cul-
lough et al. 1998, Ayabe et al. 2000).

The aim of the work was to deter-
mined the effect of fi bre content in the 
mixture on the morphometric traits of 
intestinal epithelium of fatteners.

MATERIAL AND METHODS

One-phase fattening of 14 crossbred pigs 
of 4 breeds (PL × PLW) × (DUR × PIETR) 
was carried out; the animals were ad li-
bitum fed from the initial body weight of 
ca. 25 kg in the intensive system (control 
group – C), or in the extensive system 
(experimental group – E). The groups 
consisted of 7 animals in each group, 
including 4 gilts and 3 barrows, from 
7 litters. The mixtures for animals from 
groups C and E differed in composition 
and nutritional value (AOAC 1990), in-
cluding crude fi bre content (C – 3.4%; 
E – 12%) but they had the same ratio of 
energy to protein (Table 1).

TABLE 1. Composition of raw materials of the 
mixtures and their nutrive values

Specifi cation
Group

C E
Content

Barley meal

%

64.0 64.0
Wheat meal 15.0 –
Extraction soy 
meal 13.5 –

Lard 7.0 –
Premix 0.5 0.5
Dried papiliona-
ceous plants – 35.5

Nutrive value
Metabolizable energy 
(MJ/kg) 13.53 9.81

Crude protein (%) 17.75 12.80
Crude fi ber (%) 3.4 12.0
Ratio of energy to 
protein (–) 1 : 13.1 1 : 13.0
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After completion of fattening (age of 
180 days), the animals were subject to 
standard slaughter procedures. From all 
pigs, the following samples from three 
segments of small intestines were post 
mortem collected: duodenum (D), the 
fi rst loop of jejunum (J) and ileum (I), 
with dimensions of 5 × 20 mm each. 
The collected material was washed out 
with 0.9% solution of physiological salt 
and then, preserved in 10% buffered for-
malin solution (for 24 h). The samples 
were immersed in paraffi ne (paraplast-
-Sigma). To protect material, Vacuum 
Infi ltration Processor (V.I.P.) by SAKU-
RA company was used.

Paraffi ne blocs, containing speci-
mens of intestines were cut into series of 
scrapes of 4 μm thickness in microtome 
and placed on basic slides, covered 
with protein (for histological staining). 
Staining of the scrapes was carried out 
using a review method: hematoxyline 
– eosine (H-E), using colouring ma-
chine DIVERSIFIED STAINER DRS-
-601 by SAKURA company. Then, the 
preparations were closed with a band, 
using closing device Coverslipper by 
SAKURA company. 

The evaluation of the preparations 
with magnitude of 400× was performed 
with the use of light microscope BX 50 
Olimpus. The number of partitions of 
enterocytes in crypt (mitotic index per 
1 crypt), counting each time 100 cells 
in three repetitions was calculated. The 
height of villi and depth of crypts was 
also determined. The height of epithe-
lial cells in crypts was evaluated, using 

analysis of the image AnalySIS 3.0. The 
result was expressed as the mean for 
10 measured cells. 

The number of cells’ division per 
1 crypt – mitotic index, height of epithe-
lium cells in crypts, villus height, depth 
of crypts in each  intestine segment 
(duodenum, jejunum, ileum) among the 
groups were compared with the Wilcox-
on test with the Bonferroni correction 
using R software.

RESULTS AND DISCUSSION

The rate of growth of pigs from group E 
as compared to the animals from group 
C was slower (446 vs. 682; P ≤ 0.01) 
– Figure 1. The results of the own stud-
ies are confi rmed by the results of another 

experiment (Fusch et al. 2003) in which 
various levels of fi bre were employed in 
the mixtures for weaners. The increased 
participation of the fi bre in feed for 
growing pigs caused abbreviation and 
decrease of the absorptive area of small 
intestine and prolongation of colon what 
slowed down the growth rate of the ani-
mals. Lower by 25.9 kg body weight of 
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FIGURE 1. Growth rate (g) 

A, A – P ≤ 0.01.
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the pigs from group E vs. group C (ex-
tensively fed in comparison to those ones 
fed intensively) as being found in own 
studies, confi rmed a negative effect of 
the increased fi bre level in the mixture on 
physiology of digestion and, in effect, on 
the growth rate (Wenk 2001).

The correct histological structure of 
intestinal wall was recorded. The de-
tailed evaluation included image of in-
testinal crypts and border of mucus and 
intestinal villi. Any univocal directional 
changes in the research groups E and C, 
as being expressed by value of the exam-
ined indicators (number of partitions into 
1 crypt, height of epithelial cells in crypts 
and height of villi and depth of crypts) in 
small intestine (Table 2) were recorded. 

The number of partitions per 1 crypt 
was higher in group C vs. group E in one 
from three examined segments of small 
intestine – in duodenum (P ≤ 0.01). 
Values of the two examined indicators: 
height of enterocytes in crypts and depth 

of crypts revealed domination in group 
E vs. group C in each from three stud-
ied segments of small intestine. In D, 
J, I segments of intestine, the height of 
epithelial cells in crypts was higher in 
group E vs. group C by 0.20 (0.94%), 
2.84 (13.58%) at P ≤ 0.05, and by 4.12 
(22.34%) at P ≤ 0.01, respectively; the 
depth of crypts was higher by 80.92 
(22.01%), 51 (13.74%) and 48 (14.81%) 
at P ≤ 0.05, respectively. In D, J, I seg-
ments of intestine, villi were shorter in 
group E vs. group C by 6.67 (1.48%), 
6.04 (1.46%), 5.7 (1.31%).

Nutritional factors and bacteria, 
present in intestines, may modify their 
microstructure and change functioning of 
mucus (Babińska et al. 2005). It was also 
demonstrated that the level of fi bre and 
feed components changed microfl ora of 
intestinal content of growing pigs (Pluske 
et al. 1997). The results, obtained in own 
studies, indicate that the increased level 
of fi bre in the mixture (group E) changed 

TABLE 2. Morphometry of intestines of fatteners mixtures with different fi bre level (mediana and 
IQR)

Item Intestine segment
Group

C E

Number of cells’ division per 
1 crypt – mitotic index

Duodenum (D) 2 (2.00) A 1 (1.00) A
Jejunum (J) 2 (1.00) 2 (0.50)
Ileum (I) 2 (2.00) 2 (1.00)

Height of epithelium cells in 
crypts (μm) – magnif. 20×

Duodenum (D) 21.35 (4.73) 21.55 (6.01)
Jejunum (J) 20.91 (5.39) a 23.75 (8.55) a
Ileum (I) 18.44 (4.33) A 22.56 (5.09) A 

Villus height (μm) – magnif. 
4× 

Duodenum (D) 450.49 (220.78) 443.82 (154.04) 
Jejunum (J) 413.12 (118.42) 407.08 (99.97)
Ileum (I) 433.89 (101.53) 428.19 (82.40)

Depth of crypts (μm) – mag-
nif. 4× 

Duodenum (D) 367.58 (129.76) 448.50 (119.50)
Jejunum (J) 374.62 (97.75) a 426.10 (87.42) a 
Ileum (I) 326.60 (146.27) 374.96 (107.02)

A, A – P ≤ 0.01; a, a – P ≤ 0.05.
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the structure of intestinal epithelium 
of fatteners and its morphometric par-
ameters. It was a “response” to different 
mixture which was administrated to ex-
perimental pigs. Slower rate of growth 
of pigs from group E vs. group C result-
ed from worse utilization (conversion) 
of nutrients in feed with the increased 
fi bre level. The obtained results indi-
cate and confi rm the limited capacities 
of utilizing hardly digestible feed com-
ponents by monogastric animals where 
enzymatic digestion is dominating. In 
case of pigs, the participation and activ-
ity of favourable intestinal microfl ora in 
digestion process is small (Pluske et al. 
1997, Babińska et al. 2005).

CONCLUSIONS

The pigs from the experimental group as 
compared to the animals from the con-
trol group were characterized by slower 
growth rate (P ≤ 0.01). It could be as-
sociated, inter alias, with morphologi-
cal changes of intestinal epithelium. The 
number of partitions per 1 crypt was 
higher in group C vs. group E in case 
of duodenum (P ≤ 0.01). The height of 
the epithelial cells in crypts and depth 
of crypts in three examined segments 
of small intestine (D, J, I) was higher in 
group E vs. group C (P ≤ 0.05; P ≤ 0.01), 
whereas the villus height was lower in 
group E vs. group C. The results indi-
cate the effect of differentiated content 
of fi bre (derivate of diet components) on 
morphometric traits of intestinal epithe-
lium. Preliminary results require confi r-
mation on a larger sample. 
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Streszczenie: Wpływ poziomu włókna w mie-
szance na stan nabłonka jelit tuczników. Celem 
pracy było określenie wpływu zawartości włókna 
w mieszance na cechy morfometryczne nabłonka 
jelit tuczników. W tuczu jednofazowym, 14 świń 
mieszańców podzielono na dwie grupy i żywio-
no do woli mieszankami różniącymi się składem 
i wartością pokarmową, w tym zawartością 
włókna surowego (grupa kontrolna – C – 3,4%, 
grupa doświadczalna – E – 12%), ale o zachowa-
nym stosunku energetyczno-białkowym (1 : 13). 
W wieku 180 dni zakończono tucz; świnie z gru-
py C ważyły ok. 100 kg, a z grupy E o ok. 26 kg 
mniej. Tempo wzrostu świń z grupy E w porówna-
niu z grupą C było wolniejsze (P ≤ 0,01). Poubojo-
wo dokonano oceny morfometrycznej skrawków 
trzech odcinków jelita cienkiego: dwunastnicy, 
jelita czczego i jelita biodrowego. Stwierdzono 
niższy indeks mitotyczny (liczba podziałów na 
1 kryptę) komórek nabłonka jelit świń (dwunast-
nica, P ≤ 0,01) otrzymujących mieszankę o du-
żej zawartości włókna (grupa E) w porównaniu 
z grupą otrzymującą jego standardową zawartość 
w paszy (grupa C). Wysokość komórek nabłonka 
w kryptach i głębokość krypt w trzech badanych 
odcinkach jelita cienkiego (dwunastnica, jelito 
czcze i jelito biodrowe) miały większe wartości 
w grupie E w porównaniu z grupą C (P ≤ 0,05; P 
≤ 0,01), a wysokość kosmków mniejszą. Poziom 
włókna w mieszance wpłynął na kierunek i po-
ziom zmian badanych wskaźników charakteryzu-
jących cechy morfometryczne nabłonka jelit.
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Abstract: Effect of sex on results of slaughter 
analysis of grey partridge Perdix perdix. The 
experimental material included grey partridges 
Perdix perdix planned for re-introduction into 
the natural habitat, reared at the Center of Game 
Breeding on the area of Mazovia Province. 
10 hens and 10 roosters were selected for slaugh-
ter. After exsanguination, plucking and eviscera-
tion, the birds were cooled for 24 h to a tem-
perature of 4°C. The carcasses were subjected 
to dissection to enable determination of dressing 
percentage and calculation in the carcass contents 
of: breast muscles, leg muscles, adipose fat and 
giblets. The study showed no effect of sex on re-
sults of slaughter analysis of grey partridge. 

Key words: grey partridge, dressing percentage, 
game

INTRODUCTION

It is estimated that ca. 94 species of par-
tridges occur worldwide. They belong 
to the galliforms order (Galliformes), 
pheasant family (Phasianide) and par-
tridge subfamily (Perdicinae). Most of 
these birds inhabit open areas. Likewise 
pheasants, they are mainly represented 
by settled, non-migrating species. In Po-
land, grey partridge Perdix perdix occurs 
on the entire area of the country. This 
species inhabits open areas and prefers 

habitats with high biological productiv-
ity (clumps of bushes, belts of brush-
woods, midfi eld shrubs, foliage-fi elds) 
and with good access to water (Okarma 
and Tomek 2008). Partridges have been 
hunted for years but today this tradi-
tion is abandoned due to a signifi cant 
decrease in the population number of 
these species on hunting grounds. Con-
temporarily, game birds appear on tables 
sporadically. However, in some homes 
and cultures, the hunter’s cuisine is still 
meticulously cultivated and brings the 
plentitude of ideas, courses and fl avors 
onto our tables. Unfortunately, numer-
ous changes in the natural habitat of 
birds caused their lower number on hunt-
ing grounds (Panek 2012). The tradition 
of bird hunting is vanishing, however, 
hunting for pheasants and partridges is 
still popular in some regions of Poland, 
especially these where environmental 
conditions are unfavorable to the big 
game (Rancew-Sikora 2009).

Game meat has for years been play-
ing the most signifi cant role among meat 
courses. Partridge game is highly valued 
by consumers as the most delicate and 
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the most tasty meat of all game birds 
(Łebkowska and Łebkowski 1995). Only 
a few species of birds are still economi-
cally signifi cant, therefore bird hunting 
has lost its commercial character. Nev-
ertheless, in some countries, courses 
prepared from wild fowl are a local deli-
cacy, are perceived as a luxury course, 
often claimed a tourist attraction (Wnuk 
et al. 2013), They are, simultaneously, 
a valuable dietary complement and vari-
ety (Wójcik et al. 2010). 

The aim of this study was to de-
termine the effect of sex on results of 
slaughter analysis of grey partridge. 

MATERIAL AND METHODS

The experimental material included grey 
partridges Perdix perdix planned for re-
introduction into natural habits, reared at 
the Game Breeding Center on the area of 
Mazovia Province. 

Complete feed mixtures were applied 
in the rearing period. In fi rst 4 weeks of 
birds life, the feed mixtures contained: 
29% of total protein, 11.5 MJ of metabo-
lizable energy and 3.6% of crude fi ber. 
Since 6th till 10th week of birds life the 
mixtures contained: 23% of total pro-
tein, 11.5 MJ of metabolizable energy 
and 4% of crude fi ber. From 10th week 
of birds life till the end of rearing, the 
birds were fed diets, with a daily feed ra-
tion including up to 50 g of wheat and 
maize grain and ad libitum grass which 
included a mixture of maize, sunfl ower, 
alfalfa, grasses and marrows stem kale. 

For fi rst 4 weeks, partridges were 
kept indoors. Since then, they had free 
access to rearing aviaries that were part-
ly roofed, with the roof covered with an 
electric cord to protect against predators. 
The aviaries with gravel-sand bottom 
were planted with vegetation and pos-
sessed natural hideaways in the form of 
rootstocks and large stones. 

10 hens and 10 roosters aged of 14 
weeks were selected for slaughter. After 
exsanguination, plucking and eviscera-
tion, the birds were cooled for 24 h to 
a temperature of 4°C. Cooled carcasses 
were weighed and subjected to a sim-
plifi ed carcass analysis according to 
methodology provided by Ziołecki and 
Doruchowski (1989). Dissection was 
performed at the laboratory of the Depart-
ment of Poultry Breeding, Warsaw Uni-
versity of Life Sciences – SGGW. Once 
the carcasses had been cooled, dissection 
was performed to enable determining 
dressing percentage and calculating in 
the carcass contents of: breast muscles, 
leg muscles, abdominal fat and giblets.

Results achieved were elaborated 
statistically with the use of Student’s 
t-test in SPSS 19.0 PL software (SPSS 
Inc., Chicago, IL, USA). Differences 
were found signifi cant at P ≤ 0.05 and 
P < 0.01.

RESULTS AND DISCUSSION

The conducted experiment did not show 
any differences in results of the slaugh-
ter analysis between sexes of grey par-
tridge (Table 1). Body weight of roosters 
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was higher (387.33 g) than that of hens 
(380.67 g). A similar tendency was dem-
onstrated by Kokoszyński et. al (2013), 
however, in their study the fi nal body 
weight of birds was defi nitely lower and 
reached 301.8 g in roosters and 299.5 g 
in hens. Body weight of grey partridge 
changes in the annual cycle. Since No-
vember till January, they reach the maxi-
mum body weight, whereas since June 
till August, namely in the breeding pe-
riod, they reach the lowest body weight. 

Males weigh from 340 to 410 g, and fe-
males from 350 to 395 g (Krupka 1986). 
Putaala and Hissa (1995) demonstrated 
that partridges reared in closed runs had 
higher (P < 0.05) body weight compared 
to wild birds. A similar tendency may 
be observed in case of pheasants. Many 
authors (Hofbauer et al. 2010, Brudnicki 
et al. 2012) point to differences between 
birds reared in the hunting ground and 
birds reared in aviaries. Among par-
tridges being of dietary importance, a 

signifi cantly higher body weight reach-
ing ca. 460 g is reported for rock par-
tridges Alectoris graeca. When reared 
in closed runs, they reach a signifi cant-
ly (P ≤ 0.01) higher body weight of ca. 
480 g (Ozdemir and Esen 2006). 

In the conducted experiment, dressing 
percentage was similar in both sexes and 
reached ca. 68% (Table 2). According to 
Adamski (2012), carcasses of partridges 
are characterized by high dressing per-
centage of ca. 71.1%, which is similar to 

dressing percentage of broiler chickens 
that accounts for 70–71% on average in 
the EU Member States (Łukaszewicz 
2008). Kokoszyński et al. (2013) also 
showed no effect of sex on dressing per-
centage, demonstrating a slightly higher 
value of this parameter at 72.1–72.4%. 
In turn, Łukasiewicz et al. (2011) dem-
onstrated the effect of sex in pheasants, 
where dressing percentage was lower 
in roosters (71.90%) compared to hens 
(73.50%). The study of Ozdemir and 

TABLE 1. Results of slaughter analysis [g] of grey partridge Perdix perdix

Group
Body weight Breast muscles Leg muscles Fat

x SE x SE x SE x SE

♂♂ 387.33 12.50 73.68 4.16 40.67 2.08 2.00 0.00
♀♀ 380.67 12.22 83.67 4.16 45.33 11.24 1.33 0.57

 

TABLE 2. Results of slaughter analysis (%) of grey partridge Perdix perdix

Group
Dressing percentage Breast muscles Leg muscles Fat

x SE x SE x SE x SE

♂♂ 68.55 3.58 26.78 2.49 15.37 2.08 0.65 0.05
♀♀ 68.34 2.05 32.30 2.71 17.47 11.24 0.53 0.23
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Esen (2006) shows that dressing percent-
age of rock partridge ranges from 71.88 
to 72.85%. In the group of game birds, 
a similar dressing percentage as in our 
study was demonstrated for game pheas-
ants: 70.4–70.8% (Kokoszyński et al. 

2011), and slightly lower one for Mal-
lard duck: 64.9–65.9% (Murawska et 
al. 2013), and for hazel grouses: 65.5% 
(Dzierżyńska-Cybulko and Fruziński 
1997).

In our study, roosters were charac-
terized by a higher percentage content 
of breast muscles and leg muscles, and 
a lower content of fat compared to hens. 
As reported by Adamski (2012), the 
content of breast muscle in partridge 
carcass reaches ca. 24.4%, that of leg 
muscle – 14.8%, and that of fat – 3–4%
(skin + fat). In turn, Kokoszyński et 
al. (2013) demonstrated higher per-
centage contents of breast muscles at 
30.7–31.1%, legs at 17.0–17.4%, and fat 
with skin at 5.3 – 5.5%. Similar contents 
of breast and leg muscles are found in 
game pheasants (27.5 and 19.1%). All 
cited works and our study showed no ef-
fect of sex on the percentage content of 
muscles.

No differences were demonstrated 
in the edible giblets between sexes of 
grey partridge (Table 3). Roosters were 
characterized by a higher mass of liver 
(7.67 g) and gizzard weight (6.67 g) 
compared to hens (5.33 and 6.00 g, re-

spectively). The heart weight was equal 
in both sexes (3 g). In terms of percentage 
content in the carcass, a higher content 
was determined for liver and gizzard in 
roosters and for heart in hens. According 
to Adamski (2012), the content of edible 
giblets (heart, live and gizzard) in carcass 
of grey partridge reaches 4.6%, whereas 
in game pheasant 4%. In the conducted 
experiment, the content of edible giblets 
was higher in roosters than in hens (4.46 
vs. 3.76%). The study by Ozdemir and 
Esen (2006) demonstrated that in rock 
partridge it was signifi cantly higher and 
reached 7.42%. In case of red-legged par-
tridge, it was comparable to that noted in 
grey partridge, i.e. 4.07% (Millan et al. 
2002). According to Putaala and Hissa 
(1995), wild partridges are characterized 
by higher heart, live and gizzard weight. 
Similar conclusions were also reached by 
Liukkonen-Anttila et al. (1999). 

TABLE 3. Content of edible giblets in carcass of grey partridge Perdix perdix

Group

Liver Heart Gizzard
g % g % g %

x SE x SE x SE x SE x SE x SE

♂♂ 7.67 1.52 3.09 0.48 3.00 0.00 1.11 0.08 6.67 0.57 2.57 0.17
♀♀ 5.33 0.57 2.04 0.55 3.00 0.00 1.16 0.07 6.00 0.00 2.32 0.14
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CONCLUSIONS

The conducted study showed no effect 
of sex on results of slaughter analysis of 
grey partridge. Noteworthy is the high 
dressing percentage of these birds. 
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Streszczenie: Wpływ płci na wyniki analizy 
rzeźnej kuropatwy polnej Perdix perdix. Mate-
riał badawczy stanowiły kuropatwy polne Per-
dix perdix przeznaczone do wsiedlenia do śro-
dowiska naturalnego, odchowywane w Ośrodku 
Hodowli Zwierzyny na terenie województwa 
mazowieckiego. Do uboju wybrano po 10 kur 
i 10 kogutów. Ptaki po skrwawieniu, oskubaniu 
i wypatroszeniu schłodzono w ciągu 24 h do 
temperatury 4°C, przeprowadzono dysekcję, na 
podstawie której określono wydajność rzeźną 
oraz obliczono udział w tuszce: mięśni piersio-
wych, mięśni nóg, tłuszczu sadełkowego i po-
drobów. Nie wykazano wpływu płci na wyniki 
analizy rzeźnej kuropatwy polnej. 
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Abstract: The role of vestibulum in the nests of 
the red mason bee Osmia bicornis L. The function 
of  vestibulum (the outermost empty brood cell, 
without provisioning mass and larvae) has not 
been precisely determined so far. It is most prob-
ably a behavioral relic, which currently has no 
adaptive value. However, red mason bees often 
build vestibulum. In this study, we examined the 
nest tubes of red mason bees in three sites (Kłoda, 
Kanie and Warsaw) in Mazovian Province and in 
one site (Sąpłaty) in Warmian-Masurian Prov-
ince. About 70% of the nest tubes in Kłoda, Kanie 
and Warsaw had vestibulum, whereas only 29% 
of the tubes in Sąpłaty had vestibulum. It can be 
assumed that the vestibulum protects the brood 
against unstable atmospheric conditions, and the 
proximity of the lake Sąpłaty reduced the temper-
ature amplitude. It was found, however, that the 
vestibulum did not protect the brood cell against 
nest parasitoides and cleptoparasites. More cells 
were infested by parasites and kleptoparasites in 
tubes with vestibulum.

Key words: Osmia bicornis L., red mason bees, 
vestibulum, parasitoides, cleptoparasites

INTRODUCTION

Nests of many Aculeata have empty 
cells in variable numbers and posi-
tions (Linsley 1958, Krombein 1967, 
Tepedino et al. 1979). Red mason bees 

Osmia bicornis L. build linear nests in 
horizontal holes in wood or reed tubes 
Phragmites australis. The bees leave the 
outermost cell of the nest (so-called ves-
tibulum) empty, without provisioning 
mass and egg/larvae. Many authors have 
tried to explain the purpose of the vesti-
bulum built by bees of the genus Osmia. 
In nests which are exposed to unstable 
weather conditions, the vestibulum pro-
tects the brood against temperature fl uc-
tuations (Seidelmann 1999). Another 
purpose of vestibular cell is to discour-
age parasites and predators from enter-
ing the nest (Krombein 1967). According 
to the probability models by Tepedino et 
al. (1979), empty, but closed cells can 
reduce the success of parasitoides of 
mud-nesting Hymenoptera. According 
to Krombein (1967), the vestibulum is 
a behavioral relic, which currently has 
no adaptive value. Accompanying fauna 
and parasitoides are  major problems in 
mason bee keeping and may restrict the 
mason bee population, particularly in 
large bee aggregations (Wójtowski and 
Wilkaniec 1969,Wójtowski and Szymaś 
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1973, Szymaś 1991). Parasitoides and 
cleptoparasites usually enter open nest 
cells at the time the female is collect-
ing pollen. The longer the female leaves 
the nest unattended, the more likely are 
parasites and cleptoparasites to lay their 
eggs inside. The risk of parasitism in 
open cells is correlated with the provi-
sioning time (Seidelmann 2006). This is 
why in mason bee keeping it is impor-
tant to provide bees with food base rich 
in fl ower pollen, which shortens the time 
of collecting pollen by the female and, 
additionally, results in obtaining larger 
and more effective pollinators (Giejdasz 
et al. 2005). The aim of this research was 
to determine the frequency at which bees 
build vestibulum and whether its pres-
ence limits the number of cells occupied 
by parasitoides and cleptoparasites.

MATERIAL AND METHODS

The material consisted of reed tubes 
nested by red mason bees Osmia bi-
cornis, taken from four nesting sites: 

M1 – Kłoda, M2 – Sąpłaty, M3 – Kanie, 
M4 – SGGW. Artifi cial nest and co-
coons placed fi rst time in M1, M2 and 
M3, while in M4 red mason beehad 
been nesting every year for 10 years. All 
cocoons became from one populations 
breeded of Apicultural Division Warsaw 
Uvniversity of Life Science – SGGW. 
All the nesting sites had similar foraging 
conditions for the development of the 
solitary bee populations (mixed orchard 
apple and plum, home gardens, mixed 
forest). The M1, M3 and M4 sites were 
located in the Mazovian Province, while 
the M2 site was located in the Warmian-
-Masurian Province, in the vicinity of 
the lake Sąpłaty. Table 1 presents the 
mean daily temperatures in the period 
of bee fl ights. Four hundreds nest tubes 
were chosen randomly from each nest-
ing site and analyzed. The nest contents 
were examined between October 2012 
and February 2013 in the Bee Divi-
sion of the Warsaw University of Life 
Sciences – SGGW. All the tubes were 

TABLE 1. Daily temperature and nest exposure at annual and perennial nesting sites
Mean daily temperature* (°C)

Specifi cation M1 – Kłoda M2 – Sąpłaty M3 – Kanie M4 – SGGW
April 9.4 5.6 10.0 9.6
May 15.1 14.2 14.0 15.5
June 17.6 16.3 17.6 17.1
July 22.3 19.7 20.6 20.8
August 19.2 17.9 19.1 19.4
Overall mean 
temperature 16.7 14.7 16.3 16.5

Nest exposure south-east south-east south-east south
*The weather data from the nearest meteorological stations were provided from http://pogoda.eko-
logia.pl/.
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opened with a scalpel and the cells with 
well developed cocoons, dead larvae 
and nest parasitoides and cleptoparasites 
were counted. The frequency of building 
a vestibulum by bees was determined. 
Whether the presence of vestibulum in 
a reed tube affected the numbers of well-
developed cocoons, dead larvae and the 
number of brood cells infested by three 
species of the most commonly found 
parasitoides and cleptoparasites (Ca-
coxenus indagator, Monodontomerus 
obscurus, Chaetodactylus osmiae) was 
examined by analyzing the data on the 
nest contents of red mason bees. The 
statistical analyses were performed by 
the SPSS 17 software. The normality 
of data distributions was verifi ed using 
Kolmogorov-Smirnov test and Shapiro-
-Wilk test. Non-parametric Chi-square, 
Kruskal-Wallis and Mann-Whitney 
U tests were used for comparing the 
groups.

RESULTS

Distributions of the analyzed data

The distributions of all analyzed fea-
tures differed signifi cantly from the nor-
mal distribution (Kolmogorov-Smirnov 
test and Shapiro-Wilk test, P ≤ 0.001). 
The distribution of the number of ves-
tibular cells was slightly to moderately 
skewed – between –1; 1, the number of 
fully formed cocoons, dead larvae, para-
sitoides and cleptoparasites was slightly 
to highly skewed – between –1; 9.

Frequency of constructing vestibulum 
by the red mason bee
Almost 70% of tubes in the M1, M3 and 
M4 sites had a vestibulum. Bees nesting 
in the M2 site left the outermost brood 
cell empty signifi cantly less (in every 
third tube) than in sites M1 (χ² = 44.63, 
df = 1, P < 0.001), M3 (χ² = 42.98, df = 
= 1, P < 0.001) and M4 (χ² = 48.38, df = 1, 
P < 0.001) – Table 2. 

TABLE 2. Frequency of a vestibular cell in nest traps for solitary bees O. bicornis L. in new and pe-
rennial nesting sites

Nesting site Number of 
tubes

Tubes with vestibulum
No % Median Skewness

M1
Kłoda 400 276 69.0 1 a* 0.97

M2
Sąpłaty 400 116 29.0 0 b 0.93

M3
Kanie 400 272 68.5 1 a –0.77

M4
SGGW 400 287 71.8 1 a 0.12

*Different letters in columns indicate signifi cant differences in mean ranks of the groups (Kruskal-Wallis 
test: χ² = 799.00, df = 3, P < 0.001; pairwise comparisons: Chi-square test, P < 0.01).



76    B. Zajdel et al.

Impact of vestibular cells on the 
number of fully formed cocoons, dead 
larvae and parasitism

The results demonstrated that signifi -
cantly more healthy cocoons were ob-
tained from nest tubes lacking vestibu-
lum than from tubes without vestibulum 
in M1, M3 and M4 sites (Mann-Whitney 
U test, P < 0.00). The numbers of para-
sitized cells and cells with dead larvae 
were similar in tubes with and without 
vestibulum (Tables 3 and 4).

DISCUSSION

In all the nests (M1, M2, M3 and M4) 
bees built vestibulum. The vestibulum 
protects the brood from unstable en-

vironmental conditions (Seidelmann 
1999). In nests exposed to sun and high 
temperature bees built vestibulum more 
frequently (Seidelmann 1999). The M2 
site, Sąpłaty, is located next to the lake 
Sąpłaty in the Warmian-Masurian Prov-
ince, which has a cooler climate (Table 1), 
but also smaller temperature amplitudes. 
This is probably why bees from the M2 
site built fewer vestibulum – only in ca. 
30% of the tubes, while at the other sites 
(M1, M3 and M4) vestibuli were found 
in ca. 70% of the tubes (Table 2). It can 
be concluded that the frequency of build-
ing vestibulum by mason bees is mainly 
infl uenced by environmental conditions 
(e.g. temperature amplitudes, lower di-
urnal temperatures).

TABLE 3. Fully formed cocoons and dead larvae in nest tubes with and without vestibulum in M1 
(Kłoda), M2 (Sąpłaty), M3 (Kanie) and M4 (SGGW)
Specifi cation Mean Median Skewness Mean Median Skewness

M1 – Kłoda With vestibulum (71.3%*) Without vestibulum (28.7 %)

No of cocoons 6.77 a** 7 0.2 7.23 b 7 –0.15
No of dead larvae 0.74 a 0 2.13 0.71 a 0 2.54

M2 – Sąpłaty With vestibulum (29%) Without vestibulum (71%)

No of cocoons 7.08 a 7 0.06 6.91 a 7 0.01
No of dead larvae 0.85 a 0 1.28 0.84 a 0 1.71

M3 – Kanie With vestibulum ( 69%) Without vestibulum (31%)

No of cocoons 6.94 a 7 –0.04 6.01 b 6 –0.15
No of dead larvae 0.28 a 0 2.25 0.33 a 0 1.14

M4 – SGGW With vestibulum (68%) Without vestibulum (32%)

No of cocoons 5.93 a 6 –0.11 5.37 b 6 –0.7
No of dead larvae 0.66 a 0 2.57 1.13 a 1 1.74

*Percentage of tubes with/without vestibulum in all analyzed tubes.
**Different letters in the same lines indicate signifi cant differences in mean ranks of the groups 
(Kruskal-Wallis test, P < 0.01 and Mann-Whitney U test, P < 0.01).



The role of vestibulum in the nests of the red...     77

It has been hypothesized that these 
vestibular cells function to discourage 
penetration of parasitoides and preda-
tors to the stored cells (Krombein 1967). 
Nevertheless, our observations during 
the present study demonstrated that the 
occurrence of vestibulum did not de-
crease the number of cells in the tubes 
occupied by parasitoides/cleptoparasites 
(Table 4). Unexpectedly, more cocoons 
were obtained from the nesting tubes 
which had no vestibular cell in M1, M3 
and M4 sites (Table 3). 

It may be concluded, therefore, that 
the main function of vestibular cells 
built by mason bees is most probably 
to protect the nest against harmful at-

mospheric conditions (e.g. overheating) 
rather than against parasites and accom-
panying fauna.

CONCLUSIONS

The frequency of building vestibular 
cells by red mason bees is probably 
infl uenced by unstable environmen-
tal conditions. In Sąpłaty where the 
temperatures during bee fl ights were 
lower and the temperature ampli-
tudes were smaller, only 29% of the 
nest tubes had a vestibulum.
The vestibulum does not protect 
mason bee nests against nest parasi-
toides and cleptoparasites.

1.

2.

TABLE 4. Parasitoids and cleptoparasites in nest tubes with and without vestibulum in M1 (Kłoda), M2 
(Sąpłaty), M3 (Kanie) and M4 (SGGW)
Specifi cation Mean Median Skewness Mean Median Skewness

M1 – Kłoda With vestibulum (71.3%*) Without vestibulum (28.7%)

C. indagator 0.27 a** 0 2.18 0.29 a 0 4.05
M. obscurus 0.05 a 0 5.07 0.02 a 0 7.77
Ch. osmiae 0.11 a 0 5.04 0.16 a 0 4.48
M2 – Sąpłaty With vestibulum (29%) Without vestibulum (71%)
C. indagator 0.36 a 0 3.79 0.24 a 0 2.91
M. obscurus 0.13 a 0 3.60 0.02 a 0 8.82
Ch. osmiae 0.11 a 0 3.30 0.09 a 0 4.81
M3 – Kanie With vestibulum (69%) Without vestibulum (31%)
C. indagator 0.47 a 0 3.29 0.54 a 0 3.06
M. obscurus 0.13 a 0 2.77 0.18 a 0 2.60
Ch. osmiae 0.03 a 0 7.23 0.05 a 0 4.34
M4 – SGGW With vestibulum (68%) Without vestibulum (32%)
C. indagator 0.91 a 0 1.56 1.2 a 1 1.65
M. obscurus 0.13 a 0 3.60 0.20 a 0 2.95
Ch. osmiae 0.32 a 0 3.30 0.35 a 0 2.01

*Percentage of tubes with/without vestibulum in all analyzed tubes.
**Different letters in the same lines indicate signifi cant differences in mean ranks of the groups (Krus-
kal-Wallis test: P < 0.01 and Mann-Whitney U test: P < 0.01).
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Streszczenie: Funkcja vestibulum w gnieździe 
murarki ogrodowej Osmia bicornis L. Funkcja 
vestibulum (najbardziej zewnętrznej komory 

gniazdowej) nie została dotychczas dokładnie 
określona. Prawdopodobnie jest to behawioral-
ny relikt obecnie bez żadnej wartości adaptacyj-
nej. Jednak pszczoły chętnie budują vestibulum. 
W trzech miejscach badań: Kłoda, Kanie, War-
szawa (woj. mazowieckie), w 70% rurek gniaz-
dowych znajdował się przedsionek. Stwierdzo-
no, że murarki gniazdujące w Sąpłatach (woj. 
warmińsko-mazurskie) vestibulum wybudowały 
jedynie w 29% rurek. Można przypuszczać, że 
przedsionek chroni czerw przed zmiennymi wa-
runkami atmosferycznymi, a bliskość jeziora ła-
godziła amplitudy temperatury. Stwierdzono nato-
miast, że vestibulum nie zabezpieczało komórki 
z czerwiem przed pasożytami i kleptopasożytami 
gniazdowymi. W rurkach, które miały vestibu-
lum, stwierdzono więcej komórek porażonych 
przez pasożyty i kleptapasożyty.
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Abstract: Behaviors of the corvids towards 
common buzzard Buteo buteo on urban and extra-
-urban areas of the Mazowieckie Province. The 
study was based on observations of birds of the 
crow family (Corvidae) since May till November, 
during intensive training of a raptor common 
buzzard Buteo buteo on various areas – urban 
and extra-urban, of the Mazowieckie Province at 
various times of the day. A distinct difference was 
noted in the activity of the corvids depending on 
land development. In the study period, 305 birds 
were recorded, the majority of which (n = 276) were 
noted on the urban area, which constituted 91% of 
all birds observed in the entire study period. The 
evaluation was also signifi cantly affected by day 
time. In the afternoon hours, the activity of birds 
towards common buzzard was signifi cantly higher 
and reached 65% on average. A lower activity of 
the birds was observed on extra-urban areas where 
representatives of the crow family – Eurasian jay 
Garrulus glandarius and Eurasian magpie Pica 
pica – showed minimal interest in the bird of prey. 
They were undertaking individual attempts of 
scaring the raptor off, without intensive alerting 
signals and calling other individuals.

Key words: corvids, raven, common buzzard, 
behaviors

INTRODUCTION

Behaviors of birds are currently addressed 
in many studies, while our knowledge 
on this exquisitely fascinating subject is 
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still fragmentary. The problem relies, in 
part, in the fact that these behaviors often 
attain many forms that also result from 
various environments. 

In Europe, the corvids are repre-
sented by 12 species. In Poland, regular 
hatches are observed for 7 species: rook 
Corvus frugilegus, hooded crow Cor-
vus cornix, raven Corvus corax, magpie 
Pica pica, jackdaw Corvus monedula, 
jay Garrulus glandarius, and spotted 
nutcracker Nucifraga caryocatactes. 
The raven Corvus corax (Linnaeus, 
1758) is the least “singing” and at the 
same time the largest representative of 
the order of passerines Passeriformes. 
The syntaxonomic position of raven, 
determined based on DNA analysis, is 
as follows: order Passeriformes, sub-
order Oscines, superfamily Corvoidea, 
family Corvidae, subfamily Corvinae, 
and species Corvus (Glangt 2003, after 
Sibeley and Ahlquist 1990). The raven 
is a large bird, in size resembling com-
mon buzzard, with completely black 
(raven-black) plumage having a metal-
lic sheen. Also feathers of raven are in 
size similar to those of common buzzard 
and, additionally, have a characteristic 
scent absent in other Accipitriformes 
(Zawadzka 2006). 
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Great environmental plasticity and ca-
pability of utilizing food residues left by 
man made that for hundreds of years the 
corvids have been accompanying man. 
In recent years, the population of corvid 
family birds (Corvidae) has rapidly in-
creased on urban areas (Mazgajski and 
Szczepanowski 2005). It was ascribed to 
the easiness of acquiring feed and a re-
duced number of raptors. The corvids 
have been shown to exert a strong impact 
on the nesting success of many species of 
birds (Tomiałojć and Stawarczyk 2003, 
Zduniak 2005). In addition, their role 
in ecosystems stirs up many emotions 
amongst biologists, hunters, officials ad-
ministering the bird-protecting areas and 
institutions responsible for natural envi-
ronment preservation in Poland, by mak-
ing this group a conflicting one (Mazga-
jski and Szczepanowski 2005). For a few 
decades, a very large (over 100,000 birds) 
population of the corvids is observed to 
appear each year in Warsaw at the begin-
ning of November and to leave the city 
at the turn of February and March. In Po-
land, the corvids occur both in forests, on 
open areas as well as on fringes of arable 
lands and forests. The majority of this 
population is nesting in forests. If they do 
nest in large agglomerations, it is always 
on their outskirts (Luniak et al. 2001, 
Tomiałojć and Stawarczyk 2003).

Common buzzard Buteo buteo is 
a slender bird of prey with elongated tail 
and long sharp-ended wings that during 
winging are kept in the form of a shallow 
letter “V”. Its population is averagely nu-
merous. It inhabits the entire area of the 
country and its biotopes include forests 
(usually their fringes) or fringes of for-
est enclaves (Dudziński 1988). Common 
buzzard feeds with small rodents of the 

rural and field landscape (Perrins 1998), 
small passerines and other birds. Birds 
constitute the second in line component 
of its diet (Goszczyński and Piłatowski 
1986, Jędrzejewska and Jędrzejewski 
2001, Reif et al. 2001, Goszczyński et al. 
2005, Skierczyński 2006).

The biology of birds, their behavior-
ism, migrations and geography of routes 
are very interesting and increasingly bet-
ter recognized. But still little is known 
on the dynamics of the flock – including 
species and spatial dynamics, causes of 
sudden “plays” during flight, behaviors 
towards other bird species, or alerting sig-
nals. Therefore, any action that allows ex-
tending knowledge on birds is valuable. 

In view of the above, this study was 
aimed at evaluating behavioral differ-
ences of the corvids on the urban and 
extra-urban areas of the Mazowieckie 
Province toward birds of prey. 

MATERIAL AND METHODS

The study was based on observations of 
the corvid family birds (Corvidae) since 
May till the end of November, during 
intensive trainings of a raptor common 
buzzard Buteo buteo in various areas 
– urban and extra-urban, of the Mazo-
wieckie Province at different times of 
the day without rain. Observations were 
registered with photograms and short 
videos, and meticulously described.

RESULTS AND DISCUSSION

The analysis of results of observations 
demonstrated a significant difference in 
the activity of the corvids depending on 
land development. A similar tendency 
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was noted by Mazgajski and Szczepa-
nowski (2005).

In the course of the study, a total of 
305 birds were noted, the majority of 
which were observed on the rural areas 
(i.e. 276 birds, 91% of all birds observed 
in the study period). The evaluation of 
birds behavior was also significantly af-
fected by the time of the day. The activ-
ity of the corvids towards common buz-
zard was remarkably higher in the hours 
before the afternoon and reached 65% 
on average (Table 1). Since the results 
of the observations were often similar in 
the amount of observed birds in the dia-
gram shows the chosen dates.

The corvids (Fig. 1) are fiercely ter-
ritorial birds (Mazgajski and Szczepa-
nowski 2005, Zduniak 2005). Our study 
showed that most of the birds colonizing 
the area, where the raptor common buz-
zard Buteo buteo was appearing, were 
raising a significant verbal alert. It needs 

to emphasized that the birds are recog-
nizing one another inside the flock. After 
alerting signals, the corvids were sud-
denly flying off and were hovering in 
smaller and smaller circles around the 
raptor or were sitting on nearby trees, 
brickworks, roof of buildings, and were 
calling their fellows. We also observed 
attempts of attacks on the claw bird with, 
e.g. twigs, acorns and other materials 
available to the corvids, that were aimed 
at scaring the intruder off. The main ag-
gressors were birds with predominat-
ing positions in the flock. According to 
Henrich (1989, 1999), the group actions 
of the corvids are aimed, most of all, at 
satisfying the needs of an individual, and 
not the community. These actions in-
clude the need to break the defense line 
of protecting the resources by owners of 
the territory (hatching mates of ravens) 
and scaring off the species competing for 
feed – carrion. 

24.05 7.06 18.10 8.11 23.11

Urban areas, hours before the 
a�ernoon
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Urban areas, hours a�er the 
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TABLE 1. Activity of the corvids depending on the site and time of observations
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FIGURE 1. The corvids – from left raven, hooded crow and jackdaw (authoress: Paulina Sosnowska)

Lower activity was observed on the ex-
tra-urban areas, where representatives of 
the corvids – jay and magpie – expressed 
minimal interest in the raptor. They were 
undertaking individual attempts of scar-
ing the raptor off, without intensive alert-
ing signals and calling other individuals. 
Such a different behavior was, probably, 
due to conditions occurring in these two 
extremely different environments. Ex-
cellent living conditions, lack of natural 
enemies, easiness in acquiring food, and 
living in large flocks – that are character-
istic for the developed area – contributed 
to the elimination of the instinct of natu-
ral escape from the raptor in the group of 
the corvids. Most of relations with large 
birds of prey are examples of commen-
salism, dietary parasitism, competitive-
ness or predation.

It is likely that the enhanced activ-
ity of the corvids in the hours before af-
ternoon could be due to disturbance of 

uneventful feeding of their community 
by the predator. Slightly different ob-
servations were made by Selva (2004) 
in the Białowieski Primeval Forest. This 
author stated that although ravens were 
attacking all birds except for jay, most of 
their aggressive behaviors were targeted 
at individuals of their own species, i.e. 
as many as 94% of cases, and that only 
4% of cases referred to attacks on com-
mon buzzard and 2% to attacks on white-
tailed eagles. The white-tailed eagle, def-
initely predominating in this community, 
was attacking most of all ravens (90%). 
Ravens were also targets of attacks by 
common buzzard (89%), whereas other 
common buzzards were attacked signifi-
cantly less frequently. 

Because attacks hardly ever ended 
in a definite victory of one of the sides, 
it is difficult to determine explicitly the 
hierarchy between common buzzard and 
raven. It may be hypothesized that, in 
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this case, the common buzzard was the 
“dominant” owing to the presence of 
man during bird training.

SUMMARY

The corvids are characterized by specific 
intelligence and interesting behaviors in 
the flock; what is more, they are capable 
of acting in a group. Raven being a nu-
merous and controversial species in Po-
land, ought to be definitely more often 
a subject of complex investigations. 

REFERENCES

DUDZIŃSKI W., 1988: Ptaki łowne, PWRiL 
Warszawa.

GOSZCZYŃSKI J., PIŁATOWSKI T., 1986: 
Diet of common buzzards (Buteo buteo 
L.) and goshawks (Acipiter gentilis L.) in 
the nesting period. Ekologia Polska 34: 
655–667. 

GOSZCZYŃSKI J., GRYZ J., KRAUZE D., 
2005: Fluctuations of a Common Buzzard 
Buteo buteo population in Central Poland. 
Acta Ornithologica 40: 75–78.

HENRICH B., 1989: Ravens in Winter. Vin-
tage Books, New York.

HENRICH B., 1999: Mind of the Raven. 
Harper Collins Publisher Inc., New York.

JĘDRZEJEWSKA B., JĘDRZEJEWSKI W., 
2001: Ekologia Zwierząt Drapieżnych 
Puszczy Białowieskiej. Wydawnictwo 
Naukowe PWN, Warszawa.

LUNIAK M., KOZŁOWSKI P., NOWICKI 
W., PLIT J., 2001: Ptaki Warszawy 1962-
-2000 – Atlas Warszawy 8. IGPiP PAN, 
Warszawa.

MAZGAJSKI T.D., SZCZEPANOWSKI R., 
2005: Liczebność zgrupowania ptaków 
krukowatych zimujących w Warszawie. 
[In:] Ptaki krukowate Polski. Bogucki. 
Wyd. Nauk., Poznań: 427–434.  

PERRINS C., 1998: The Complete Birds of 
the Western Paleartic [CD-ROM]. Oxford 
University Press, Oxford. 

REIF V., TORNBERG R., JUNGELL S., 
KORPIMÄKI E., 2001: Diet variation of 
common buzzards in Finland supports the 
alternative prey hypothesis. Ecography 
24: 267–274.

SELVA N., 2004: The role of scavenging in 
the predator community of Białowieża 
Primeval Forest. PhD Thesis. Mammal 
Research Institute Academy of Scences.

SIBLEY C.G., AHLQUIST J.E., 1990: Phy-
logeny and classification of birds: A study 
in molecular evolution. Yale Univ. Press, 
New Haven, CT.

SKIERCZYŃSKI M., 2006: Food niche 
overlap of three sympatric raptors breed-
ing in agricultural landscape in Western 
Pomerania region of Poland. Buteo 15: 
17–22. 

TOMIAŁOJĆ L., STAWARCZYK S., 2003: 
Awifauna Polski. Rozmieszczenie, 
liczebność i zmiany. PTPP “pro Natura”, 
Wrocław.

ZAWADZKA D., 2006: Kruk. Wydawnic-
two Klubu Przyrodników, Świebodzin: 
1–196.

ZDUNIAK P., 2005: Wrona siwa Corvus cor-
nix w Polsce – stan wiedzy i perspekty-
wy badań. [In:] Ptaki krukowate Polski. 
Bogucki. Wyd. Nauk., Poznań: 113–125.  

Streszczenie: Zachowania ptaków krukowatych 
w stosunku do myszołowa zwyczajnego Buteo 
buteo na obszarach miejskich i pozamiejskich 
województwa mazowieckiego. Badania oparto 
na obserwacjach ptaków z rodziny krukowatych 
(Corvidae) od maja do końca listopada, podczas 
intensywnego treningu ptaka drapieżnego my-
szołowa zwyczajnego Buteo buteo w zróżnico-
wanych obszarach – miejskim i pozamiejskim, 
województwa mazowieckiego o różnych porach 
dnia. Stwierdzono wyraźną różnicę w aktywności 
krukowatych w zależności od zabudowania tere-
nu. W trakcie prowadzonych badań odnotowano 
305 sztuk ptaków, z czego zdecydowaną więk-
szość, tzn. 276 sztuk, na terenie miejskim, co sta-
nowiło 91% obserwowanych osobników w ciągu 
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całego okresu badań. Istotny wpływ na ocenę 
miała również pora dnia. W godzinach przedpo-
łudniowych aktywność ptaków w stosunku do 
myszołowa zwyczajnego była znacznie większa 
i wynosiła średnio 65%. Mniejszą aktywność 
obserwowano na terenach pozamiejskich, gdzie 
przedstawiciele krukowatych – sójka zwyczajna 
Garrulus glandarius oraz sroka Pica pica – wyka-
zywały minimalne zainteresowanie ptakiem dra-
pieżnym. Podejmowały one indywidualne próby 
odstraszenia drapieżnika, bez intensywnych sy-

gnałów ostrzegawczych i nawoływania innych 
osobników. 
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Abstract: Factors affecting prolificacy and lambs 
rearing results in Olkuska sheep population. The 
aim of this study was to evaluate reproductive 
performance of the growing Olkuska sheep 
population and to analyse impact of a number 
of factors on lamb rearing results as well as the 
length of ewes’ utilisation in the flock. Although 
reproductive performance of Olkuska sheep is 
still at a relatively high level, recently a decrease 
of average prolificacy and the continuously low 
percentage of lambs reared have been observed. 
This might be related to the rapid growth of the 
population in the recent years and rather short 
flock-life of ewes, on average 3.17 years. The 
results of this study confirm that the size of the 
litter had the highest impact on lamb rearing 
results. Substantial differences in reproductive 
performance depending on the age of the dam were 
also observed. Despite of poor rearing of lambs 
born in large litters, no significant correlation 
between the average prolificacy of ewes in the 
flock and the percentage of lambs being reared 
was observed. The results indicate that a major 
influence on lamb rearing performance depends 
upon individual characteristics of a dam, as well 
as husbandry conditions in the flock and skills of 
the breeder.

Key words: Olkuska sheep, litter size, lamb 
rearing

INTRODUCTION 

Olkuska sheep, developed in the early 
20th century in the Olkusz region, is 
a native Polish longwool sheep breed. 

Factors affecting prolifi cacy and lambs rearing results 
in Olkuska sheep population
WIOLETA DROBIK, ELŻBIETA MARTYNIUK
Department of Genetics and Animal Breeding, Warsaw University of Life Sciences – SGGW

The breakdown of the sheep sector in the 
period of 1980s and 1990s resulted in 
the rapid decrease of the Olkuska sheep 
population size, down to 100 breeding 
ewes only. Since 2000, as result of the 
coordinated efforts undertaken within 
the genetic resources conservation pro-
gramme, and especially enhanced finan-
cial support to maintain endangered local 
sheep breeds provided through the Rural 
Development Programme 2004–2006, 
the Olkuska sheep population systemati-
cally increased and the number of flocks 
is growing (Sikora 2010).

At present, the population of Olkuska 
sheep is developing steadily. In 2013, 
1550 purebred ewes were registered in 
the flock books (PZO 2013). Of these, 
952 breeding ewes (kept in 50 flocks) 
have been included in the genetic re-
sources conservation programme (IZ-
-PIB 2005).

Olkuska sheep are characterised by 
exceptionally high prolificacy and good 
maternal abilities. With single lambing 
per year, the mean litter size of two and 
over two years old ewes is at least two 
(IZ-PIB 2005). Such high prolificacy 
is genetically determined by a single 
gene of a major effect increasing ovula-
tion rate in carriers (Martyniuk 2009). 
Recent research has shown that in the 
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Olkuska sheep population, a novel mu-
tation FecXO in BMP15 gene on X chro-
mosome, is segregating (Kaczor 2011; 
Demars et al. 2013). Contrary to six 
other known mutations in BMP15 gene, 
in Olkuska sheep, the homozygous car-
riers are fertile and hyperprolific. The 
litter size in Olkuska sheep ranges from 
one to seven.

Rearing lambs from large litters puts 
substantial demands on breeders’ time 
and investment.  As a result of the rapid 
development of Olkuska sheep popula-
tion and high number of newly estab-
lished flocks, more farmers, without 
adequate experience are becoming in-
volved in Olkuska sheep breeding. Giv-
en this trend, better understanding of the 
specific characteristics of reproductive 
performance of Olkuska sheep is needed 
to enhance management and further de-
velop the breed.

The aim of this paper was to ana-
lyse selected traits of reproductive per-
formance of the breed in the last several 
years. Due to substantial lamb mortal-
ity observed within some flocks, it was 
also important to evaluate the impacts of 
various factors on lamb rearing results, 
and the length of ewes’ utilisation within 
the flock to be able to conduct informed 
discussion with Olkuska sheep breed-
ers participating in the genetic resources 
conservation programme. 

MATERIAL AND METHODS

The material used in this study included 
data on lambings of 1718 Olkuska ewes 
participating in the reproduction in years 
1996–2012. Based on data availability 
and quality, the lamb rearing results were 

analysed only in the years 2003–2012. 
Two reproductive traits were considered 
in this study at the flock level:

Prolificacy, defined as the percentage 
of all lambs born (alive and dead) of 
all ewes lambed in the flock;
Lamb rearing, defined as the percent-
age of lambs reared out of all lambs 
being born (alive and dead).
Similarly, reproductive traits ana-

lyzed for individual ewes  included litter 
size and percentage of lambs reared.

Data for this study were obtained 
from various sources: lambing reports 
since 2007 provided by regional branch-
es of the Polish Union of Sheep-Farmers 
of Nowy Targ, Opole, Lublin, Warszawa, 
Malbork, and Poznań; lambing data-
bases of the National Research Institute 
of Animal Production (since 2002) and 
breeding documentation obtained direct-
ly from Olkuska flocks (Imbramowice 
and Żelazna since 1996).

The study on relationship between 
the length of utilisation and the repro-
ductive performance of ewes was con-
ducted on 399 ewes that completed 
their flock-life and had at least three 
lambings. In total, 1937 lambing re-
sults of 399 ewes were analysed. Out 
of 399 ewes, 124 ewes had three litters 
only, 99 four litters, 56 five and 120 six 
or more litters. A separate analysis was 
conducted for sheep kept at Warsaw 
University of Life Sciences – SGGW 
flock in Żelazna (77 out of 399 ewes). 

In order to identify factors having 
a significant impact on lamb rearing 
results, data on 10 676 lambs born by 
1718 dams were analyzed. Due to the 
gaps in data, 25 dams from the initial 
group were eliminated, leaving 1693 
ewes for the final analysis. For each 

–

–
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lamb the following data were recorded: 
year of birth, type of birth (range from 1 
to 6 and more), age of dam (range from 
1 to 8 and older), herd ID, dam ID, and 
survival up to 56 days (values 0 or 1).

The reproductive performance of 
Olkuska ewes belonging to different 
age classes was analyzed for 1693 ewes. 
Age categories were determined accord-
ing to similar age-related reproductive 
potential  of ewes, what reduced data 
loss to minimum. Litters of ewes older 
than 7 years accounted for only 5.3% 
of the data and therefore older ewes 
were grouped in one category (7–12). 
The age structure of ewes participat-
ing in the lambings was analyzed for 
1058 ewes participating in year 2012 
reproductive season. Age distribution 
in 2012 was representative for the last 
few years.

The relationship between lamb rear-
ing results and mean prolificacy of the 
dam in individual flocks was estimated 

using the sample of flocks (44) with 
available relevant data for the years 
2008–2012.

The Spearman rank correlation test 
(cor.test, method=”Spearman”), linear 
Pearson correlation test (cor.test, method
=”Pearson”) and the test for equality 
of proportions based on chi-square sta-
tistics (prop.test and pairwise.prop.test 
with Bonfferoni correction) in R envi-
ronment (R Development Core Team 
2008) were used in statistical analysis.

RESULTS

The average prolificacy of Olkuska sheep 
in 2012, was 207% (N = 1058) with lamb 
rearing at the level of 74.01%. In the 
period studied, the lamb rearing was in 
the range of 72.3% (in 2004) to 84.7% (in 
2007), while the mean prolificacy was in 
the range of 208% (2012) to 221% (in 
2004) as shown on Figure 1.
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–2012
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The mean reproductive performance 
in Olkuska ewes increased with age, hav-
ing the highest values in 4–6 years old 
ewes (Table 1). The substantially higher 
prolificacy was observed in 2 or 3 years 
old ewes (217%) in comparison with 
1 year old ones (185%). The increase of 
average prolificacy in older ewes was 
mainly due to a higher share of large lit-

ters in this age group. For instance, tri-
plets constituted over 20% of litters in 2 
or 3 years old ewes, while in 1 year old 
ewes, their share was 8.3% only.

Lamb rearing percentage was the 
highest in ewes between 2 and 6 years 
old, on average 76% (Table 1). A sub-
stantial decline was observed in 7 or 
more years old ewes, down to 70.5%. 

TABLE 1. Mean prolifi cacy, litter size distribution and lamb rearing results in years 2003–2012 in ewes 
of different age (N = 1693)

Age 
of dam 
[years]

Average 
prolificacy

[%]

Litter 
size

Litters
Average share 

of lambs reared 
[%]Number

Share 
in the flock 

[%]

Share 
of lambs reared 

[%]

1 185

1 175 25.9 86.9

73.6
2 438 64.8 74.1
3 56 8.3 59.5
4 6 0.9 66.7
5 1 0.1 40.0

2–3 217

1 401 16.0 86.3

76.0

2 1447 57.9 80.4
3 532 21.3 71.6
4 93 3.7 62.9
5 20 0.8 54.0
6 5 0.2 16.7
7 3 0.1 38.1

4–6 227

1 209 13.9 90.0

76.0

2 836 55.4 80.5
3 361 23.9 70.4
4 70 4.6 70.4
5 22 1.5 78.2
6 6 0.4 25,.0
7 4 0.3 35.7

7–12 228

1 47 18.0 70.2

70.5

2 128 49.0 77.7
3 61 23.4 63.9
4 17 6.5 57.4
5 7 2.7 82.9
6 0 0 0
7 1 0.4 42.9
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The age of the dam had significant ef-
fect on lamb rearing results, both in case 
of large litters and in twins and singles. 
Significant differences were observed:

in twins and singles (p < 0.05) 
– between 1, 2–3 and 4–6 years old 
ewes;
in litters of three lambs and more 
(p < 0.05) – between 1 and 4–6 years 
old ewes.
A highly significant relationship 

(propability test; p < 0.01) was observed 
between the litter size and the number of 
lambs reared (Table 2). The lamb rearing 
was rather low in triplets and litters con-
sisting of four or five lambs (69%). The 
most difficult to rear were lambs born in 
litters of six or seven, only 28% of them 
were weaned.

The mean prolificacy and percentage 
of lambs reared in 44 selected flocks in 
years 2008–2012 are presented at Fig-
ure 2. The average prolificacy in ex-
amined flocks ranged between 170 and 
312%, while the average percentage 
of lambs reared was between 33.3 and 
92.1%. No significant phenotypic cor-
relation was observed between these two 
traits (+0.039, p = 0.703). Among the 
44 flocks included in the analysis, there 
were flocks of relatively low prolificacy 
for Olkuska breed (192%) and poor rear-

–

–

TABLE 2. Lamb rearing results in litters of 1–7 lambs

Specification
Litter size

1 2 3 4 5 6 7 Total
Number of lambs born 832 5 698 3 030 744 250 66 56 10 676
Number of lambs reared 719 4 520 2 121 486 171 14 21 8 052
Share of lambs reared [%] 86.4 A 79.3 B 70.0 C 65.3 C 68.4 C 21.2 D 37.5 D 75.4

Groups with different letters (A, B, C, D) have highly significant differences in the percentage of lambs 
reared.

ing results (50.7% only), as well as flocks 
with outstanding reproduction results 
(225 and 91.8% respectively) – Figure 2.

The average length of ewe utilisa-
tion in the flock estimated on the basis of 
a sample of 399 ewes was rather short, 
with a high standard deviation, indicat-
ing substantial differences between indi-
vidual dams (3.17 ±1.64).  It has to be un-
derlined that a high share of young ewes 
was observed in the examined flocks.  

The age structure of ewes participat-
ing in the lambing in 2012 (N = 1058) is 
presented at Figure 3. Due to the early 
maturity of Olkuska breed and good 
husbandry conditions, some flocks used 
to practice an early lambing, therefore 
a small share (10.9%) of 1 year old ewes 
was observed in lambing in 2012. The 
highest contribution to 2012 lambing had 
ewes 2, 3 and 4 years old (20.0, 18.5 and 
20.6% respectively), while only 28.1% 
of all litters were born by older ewes.

A significant relationship between 
mean litter size and a maximum litter 
size of ewes and the length of their uti-
lisation in a flock was observed for the 
whole population of the Olkuska sheep 
(Table 3). However, such relationship 
was not significant for the Żelazna flock, 
probably due to the small sample size. In 
opposition to the rest of the population,  
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TABLE 3. The Spearman rank correlation coeffi cient between length of ewe utilisation on the fl ock and 
mean and maximum litters size and mean lamb rearing 

Specification
Correlation coefficient

Population 
(N = 322)

RZD Żelazna 
(N = 77)

Total
(N = 399)

A length of ewe utilisation 
in the flock and
mean litter size
maximum litter size
mean share of lambs reared [%]

+0.134a

+0.347b

+0.006

+0.218
+0.193
+0.315b

+0.149b

+0.317b

+0.068
a Significant (<0.05),   b highly significant correlation (<0.01).
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positive correlation between lamb rear-
ing results and the length of ewes’ uti-
lisation was observed in Żelazna flock 
(+0.315; p < 0.01).

DISCUSSION

Olkuska sheep is a breed of high repro-
ductive potential and good maternal abil-
ities, which combined with breeders’ ex-
perience and knowledge, enable rearing 
lambs from numerous litters. The average 
prolificacy of Olkuska ewes in the ana-
lyzed period of 2003–2012 was signifi-
cantly higher than the minimum level, set 
in the breed standard. However, in recent 
years, a slight decrease in the average lit-
ter size was observed. High variation in 
prolificacy levels between years and the 
clear downward trend was also reported 
by Piwczyński et al. (2013). In 2012, the 
average prolificacy of Olkuska ewes was 
the lowest of all analyzed years, amount-
ing to 208%; also a percentage of lambs 
reared remained at a relatively low level. 
These results may be associated with 
a high proportion of primiparous ewes in 
the population (30.9% in 2012; Fig. 3), as 
well as a higher share in the recent years 
of breeding rams that were not carriers 
of the FecXO gene. A frequency of the 
FecXO gene in the population, regional 
distribution of the gene carriers, as well 
as its effect on litter size and other repro-
ductive traits, requires further research.

The significant correlation between 
the average prolificacy and maximum 
litter size of ewes and the length of their 
utilization in the flock could indicate 
that breeders prefer to keep more prolific 
ewes longer in the flock. However, it 
should be also noted that the age related 
physiological increase of the litter size 

could have contributed to this relation-
ship. In Żelazna flock, in the opposition 
to the rest of the population the length 
of ewes’ flock-life was most affected by 
their performance in lambs’ rearing. This 
trend is in line with flock management 
strategy, to cull dams that have poor 
lamb rearing results.

The relationships between litter size 
and survival of lambs were studied in 
a number of prolific sheep breeds (Fog-
arty et al. 2000; Kleemann and Walker 
2005; Gootwine et al. 2008). In studies 
conducted by Gootwine et al. (2008)  
lamb survival at birth in Awassi and As-
saf  breeds was 98, 92, 86, 78 and 65% 
for litters consisting of respectively of 
a single lamb, twins, triplets, quadru-
plets and quintuplets. Also, in previous 
studies on Olkuska sheep, a high mortal-
ity at birth and poor lamb rearing were 
observed in litters consisting of many 
lambs. In Drozdy flock (Klewiec and Ba-
ranowski 1999), 7% of still born lambs 
were observed in twins, 14% in litters 
of triplets and 25% in quadruplets. High 
lamb losses were also reported during 
the rearing period.  On average, in this 
flock, 1.4 lambs and were weaned from 
twin litters and 1.1 lambs from triplet lit-
ters at the age of 56 days.

Rearing results in Olkuska sheep is 
also influenced by the age of dams, how-
ever, the impact of this factor is much 
smaller than the litter size. It should be 
underlined, that poor rearing results ob-
served in this study can be attributed to 
a large share of primiparous in the cur-
rent population of Olkuska sheep. The 
average length of utilisation of ewes in 
the flock, only a little over 3 years, is 
shorter than recommended. The average 
flock-life, about 5 years, would be most 
beneficial to farmers. The present low 
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flock-life may be associated with the dy-
namic development of the Olkuska sheep 
population, a large number of newly es-
tablished flocks and resulting exchange 
of adult females between farmers. The 
number of flocks participating in the 
sheep genetic resources conservation 
programme has increased from 10 to 50 
in the period 2005–2013.

Analysis conducted in the selected 
44 flocks indicated high differenc-
es both in the level of prolificacy, as 
well as the percentage of lambs reared 
among flocks. Despite the high effect of 
litter size on the success of lambs’ rear-
ing, and thus the strong relationship be-
tween dam prolificacy and lamb rearing 
results, no significant correlation was 
observed between the average prolifica-
cy of ewes in the flock, and the percent-
age of lambs being reared. This result 
indicates the importance of individual 
maternal abilities of the ewes and qual-
ity of husbandry conditions provided 
individual flocks. The flock effect is 
a combination of a number of factors, 
such as the overall husbandry condi-
tions, nutrition and animal welfare; and 
most of all engagement, experience and 
the skills of a breeder. Management of 
a flock of such a high prolificacy, as 
observed in the case of Olkuska breed, 
requires greater efforts than in the case 
of the majority of Polish sheep breeds 
which have an average litter size not 
exceeding 1.50. It is recommended that 
beginner breeders, start from a lower 
level of flock prolificacy, and with in-
creased knowledge and experience, 
select their flocks towards reaching 
the full potential of fecundity offered 
by Olkuska sheep breed (Smętek and 
Korczyński 2010).

In light of the establishment of a large 
number of new flocks and the high differ-
ences in performance among individual 
flocks, it becomes particularly impor-
tant to ensure that breeders have access 
to the most complete information about 
the breeding material. Genotyping of all 
rams available for sale to make sure if 
they are carrying the FecXO gene would 
greatly facilitate a choice of appropriate 
rams and enable better management of 
flock prolificacy. The genotype infor-
mation would assist in the selection of 
breeding pairs for mating to control re-
production level as well as inbreeding 
in the flock. At present, the increasing 
genetic relationship between ewes and 
rams impose a significant management 
problem in the Olkuska sheep population 
(Martyniuk 2011; Drobik 2014).

CONCLUSIONS

Olkuska sheep is a highly prolific breed 
therefore maintaining its overall repro-
ductive performances is of a major im-
portance. Although, as expected, the 
impact of litter size on lamb mortality is 
substantial, also other factors, such as age 
of dam and flock effect, play an are im-
portant role. At the current rate of popula-
tion growth there is a high risk of further 
decrease in reproductive performance. 
The flock effect and the length of ewe 
utilisation in the flock are factors which 
improvement is possible though a bet-
ter husbandry and could lead to a higher 
reproductive performance of Olkuska 
sheep in Poland. It is very important to 
discuss this issue with breeders and fa-
cilitate sharing experience of lamb rear-
ing techniques and overall flock manage-
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ment to improve flocks’ outputs and the 
breed performance. Monitoring and ana-
lysing performance results of the Olkuska 
population, especially flocks that are par-
ticipating in sheep genetic resources con-
servation programme, and communicate 
it to breeders is essential for the future of 
the breed, as many farmers experiencing 
difficulties in lamb rearing are getting 
disappointed with the breed. 
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Streszczenie: Analiza czynników wpływających 
na plenność oraz odchów jagniąt w populacji 
owiec rasy olkuskiej. Celem niniejszej pracy było 
scharakteryzowanie populacji owiec olkuskich 
pod względem użytkowości reprodukcyjnej na 
przestrzeni ostatnich lat oraz analiza wpływu wy-
branych czynników na wyniki odchowu jagniąt 
oraz długość użytkowania matek w stadzie. Użyt-
kowość reprodukcyjna owiec olkuskich kształtuje 
się na stosunkowo wysokim poziomie, w ostat-
nich latach obserwuje się jednak obniżenie po-
ziomu plenności oraz utrzymujący się dość niski 
poziom odchowu jagniąt. Może to być związane 
z dynamicznym rozwojem populacji oraz krótkim 

okresem użytkowania matek w stadach wynoszą-
cym średnio jedynie 3,17 lat. Czynnikiem, który 
ma największy wpływ na odchów jagniąt u owiec 
rasy olkuskiej, jest wielkość miotu. Obserwuje się 
również wyraźne zmiany w użytkowości repro-
dukcyjnej w zależności od wieku matki. Pomimo 
słabszych wyników odchowu w przypadku licz-
nych miotów nie obserwuje się istotnej korelacji 
między średnią plennością matek w stadzie a po-
ziomem odchowu jagniąt. Wskazuje to na fakt, że 
decydujący wpływ na odchów mają indywidualne 
predyspozycje matki, warunki utrzymania zwie-
rząt oraz umiejętności hodowcy.
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Abstract: Young chinchillas weight gain, 
depending on their body mass at birth. The aim 
of the study was to determine if the results of 
raising and growth for up to 4th months of age 
in chinchilla depends on body weight and the 
litter size at birth. There were also attempts to 
answer the question, when sexual dimorphism 
begins to be visible in young chinchillas. Males 
are heavier females from the fi rst month of life in 
chinchilla, however up to the 4th months of age 
the differences are not statistically signifi cant. 
During the study it was found, that young 
chinchillas mortality depends on their body 
weight at birth. When the body weight at birth 
is higher, the greater chances of survival of the 
young are. Number of puppies in the litter affects 
their body weight: the more young per litter are, 
the less average body weight is. 

Key words: chinchillas, body gain, litter size

INTRODUCTION

One of the parameters to assess the repro-
ductive performance of female mammals 
is the number of young born and weaned 
per year. The research carried out on 
pigs (Quiniou et al. 2002, Foxcroft et al. 
2009;) shows that a large litter size reduc-
es the average birth weight of young and 
increases the variability of birth weight in 
the litter. Body weight of piglets at birth 
is the primary factor for their survival, 
growth rate and body weight at wean-
ing and significantly affects their subse-

quent fattening efficiency (Gondret et al. 
2005; Rehfeldt and Kuhn 2006). Reach-
ing high daily gains in fattening is only 
possible when achieved good growth al-
ready during the rearing period of piglets 
(Węckowicz and Haraśny 1992). Low 
body weight of piglets at birth is associ-
ated with an increasing number of piglets 
born dead and the increasing number of 
falls during the rearing period (Milligan 
et al. 2002a, b).

In breeding chinchillas also it comes 
to obtaining the largest possible number 
litters, and the largest possible number 
of young from the female during the 
year. A positive result is already two 
litters a year, although some authors 
point to a higher reproductive potential 
chinchillas. On the other hand, the ex-
cessive exploitation of females weakens 
their bodies and as a result may cause 
a reduction in fertility and shorten the 
length of the period of use (Barabasz 
2001; Socha et al. 2001a; Socha et al. 
2001b, Socha and Kasjaniuk 2003).

In fur animals especially important is 
the size of the skin, which is a determi-
nant of its value. In studies carried out by 
different authors at finn racoons, foxes 
and mink shown that there is a positive 
correlation between the body weight and 
the size of the skin of animals (Gugołek 
et al. 2002). 
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Many studies have been carried out to 
take into account the indicators of fertility 
chinchillas depending on their age, color 
variety or a group of genetic origin (Socha 
and Wrona 2000a, b; Socha et al. 2003).

The aim of the study was to deter-
mine if the results of raising and growth 
for up to 4th months of age in chinchilla 
depends on body weight and the litter 
size at birth. There were also attempts 
to answer the question, when sexual di-
morphism begins to be visible in young 
chinchillas.

MATERIAL AND METHODS

The studies were performed on a farm 
chinchillas in WULS-SGGW in 4 con-
secutive years. 98 litters (173 individu-
als) were rated together. The pups body 
weight measurements were performed 
once a week, starting from birth to 16th 
weeks of age (4 months). Chinchil-
las were kept in standard netting cages. 
The animals were fed pelleted feed ra-
tion (18.4% protein, 2.8% fat and 12% 
fiber)  and hay ad libitum. The animals 
had continuous access to water.

The following parameters were cal-
culated:

the number of litters per female at-
tributable to the year;
the number of young born per litter;
the average birth weight of pups;
an overall mortality of pups.

–

–
–
–

Data analysis was performed by us-
ing one-way ANOVA and post hoc test 
and test NIR.

RESULTS AND DISCUSSION 

Fertility rates and prolificacy of females 
in the experiment are shown in Table 1. 

Fertility and prolificacy are the par-
ameters defining the reproductive per-
formance of females. Both genetic and 
environmental factors have an impact 
on the reproductive performance of fe-
males. Since many factors, particularly 
environmental ones may affect the farms 
breeding results. The average litter size 
in conducted throughout the period of 
4-year studies were obtained at the level 
of 1.93 young. Literature sources indi-
cate that chinchillas female in one lit-
ter give birth from 1 to 5 young, with 
an average litter size ranged from 1.79 
to 2.15 (Socha et al. 2001a; Seremak 
2007). Obtained in the study results are 
consistent with the literature cited.

Ratio of the average number of lit-
ters from female per year in the ana-
lyzed herd ranged from 1.31 to 1.63. 
The results are also  similar to the lit-
erature data. Sulik and Barabasz (1995) 
received 1.21,  Barabasz et al. (2000) 
reported 1.54–1.90 litters per female 
per year. 

Percentage distribution of litter size is 
shown in Table 2. 

TABLE 1. Reproductive parameters of chinchillas female

Parameters
1st 

observation 
year

2nd 
observation 

year

3th 
observation 

year

4th 
observation 

year
Average

Average number of pups in litter 1.88 1.87 2.13 1.81 1.93
Average number of litters per year 1.53 1.63 1.36 1.31 1.46
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Most in terms of numbers were ob-
tained from litters of young chinchillas 
double – 57.8%. Next were litters of 
three young constituting 22.54% and 
single – 12.72%. Received 12 chinchil-
las born in litters of 4 pups, which ac-
counted for only 6.94%. By Neira et 
al. (1989), most chinchillas give birth 
to 1 young – 47.2%; 2 in the litter born 
29.7%, 3 – 7.6% and 4 puppies – 0.6% 
of females. 

The mean body weight for all lit-
ters of puppies at birth was 49.5 g. The 
highest average body weight at birth had 
a chinchilla from individual litters, and 
the lowest mass characterized by quad-
ruplets.

The survival rate of young accord-
ing to their birth weight are shown in 
Table 3. 

Best results are obtained with birth 
weight above 60 g. Good results were 
obtained from rearing puppies from the 
group with birth weight 50–59 g and 
40–49 g. 

TABLE 2. Litter size, the percentage distribution and average body weight of born pups

Parameters
Litter size (number of pups)

1 2  3 4 
Number of born pups 22 100 39 12
Share of in litter (%) 12.72 57.80 22.54 6.94

Average body weight at birth (g) ±SD 57.25 ±4.42 50.60 ±6.61 44.72 ±7.34 41.92 ±9.22

TABLE 3. Percentage of falls chinchillas pups 
depending on birth weight

Body weight at birth 
(g)

Share of in all falls 
(%)

30–39 47.40
40–49 23.20
50–59 19.30

Over 60 6.00

The overall mortality pups from 
birth to weaning was 19.52%, while in 
the first 2 weeks 17.9% of puppies have 
died. This is consistent with literature 
data. According to Jarosz and Rżewska 
(1996) and Seremak (2007), the first 
2 weeks after birth are considered crucial 
to the survival of young chinchillas. This 
period is characterized by the highest 
mortality rate (around 20%), which may 
be due to low resistance and the absence 
of maternal milk. 

Lower body weight of puppies at 
birth is correlated with high mortality: 
more susceptible to falls are lighter chin-
chillas.

Figure 1 shows the development 
of the body weight of young chinchil-
las from birth to 16th week of life, tak-
ing into account their body weight at 
birth. Puppies belonging to the lightest 
group (30–39 g) at the age of 4 months 
weighed an average of 362.8 g. Animals 
of the heaviest group (60–69 g at birth) 
in the same time weighed average until 
480.2 g. Difference in body weight be-
tween individuals of the extreme groups 
was approximately 117.4 g. Pearson cor-
relation coefficient calculated for birth 
weight and weight at week 16 was 0.496. 
It indicates, that the relationship exists: 
the heavier the newborns are, the heavier 
4-month youth will be. The strength of 
this relationship, however, is average.
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FIGURE 1. Changes in average body weight of chinchilla pups depending on body weight at birth

The analysis of young chinchillas 
changes in body weight with respect to 
gender are shown in Table 4. 

TABLE 4. Changes in chinchillas body weight 
from birth to 16th weeks of age disaggregated by 
gender: x – mean, V – variability (%)

Age 
(weeks)

Average body weight (g)
male female

x V x V
At birth 50.30 16.20 48.58 15.52
1st 68.72 21.57 66.75 17.74
2nd 91.73 18.16 89.33 18.46
3th 114.75 18.48 111.40 20.25
4th 141.23 17.28 136.84 18.37
5th 170.21 15.96 166.26 18.05
6th 200.72 15.07 195.09 17.56
7th 228.18 13.82 219.70 15.07
8th 253.56 13.64 247.45 14.59
9th 282.67 12.47 276.44 14.02
10th 308.14 13.01 291.28 18.52
11th 328.87 13.40 316.54 11.90
12th 348.59 12.99 343.15 11.89
13th 362.37 12.67 353.18 11.19
14th 382.09 11.76 376.15 11.41
15th 401.57 9.88 392.84 10.05
16th 418.54 11.74 410.52 10.14

There was no observed gender impact 
on body weight (in any of the analyzed 
weeks, animals of different sexes did not 
differ statistically from each other).

In the literature there are reports (Ja-
rosz and Rżewska 1996), that the male 
chinchilla are smaller than female. In this 
study the observed period to 4th months 
of age, females were characterized by 
lower body weight. Age of 4 months is 
the beginning of puberty chinchillas and 
this may have an impact on the subse-
quent differences in body weight be-
tween females and males. However, this 
requires further observations on a larger 
population of animals, but also in a long-
er period of time.

The relationship between litter size 
and the body weight of the animals are 
shown in Table 5. 

Litters with one puppy characterized 
the highest body weight throughout the 
rearing period and the difference was 
highly significant compared with the 
other groups. Group of triplets character-
ized by a highly significant lower aver-
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age body weight than the other groups of 
litters, also of quadruplets. It may result 
because of a small sample of quadruplets 
litters. Such results may also be affected 
by different numbers of individual in ob-
served litters.

Barabasz and Łapiński (2008) in their 
study observed significant differences in 
body weight of pups from a single litters 
and “triplets” throughout the period of 
lactation (up to 5th weeks of age). Signif-
icant differences also occurred between 
puppies from litters of single and double 
in the first period of lactation. Differences 
decreased from the moment when pups 
have started to eat a pellets. The average 
body weight of pups from the “twins” 
were significantly higher than those of 

TABLE 5. Effect of chinchilla litter size on body weight from birth to 16th weeks of age

Age
(weeks)

Litter size (number of pups)
P1 2 3 4 

N X V N X V N X V N X V
At birth 22 57.25 7.73 100 50.60 13.06 39 44.72 16.42 12 41.92 21.99 <0.001

1st 21 79.00 15.92 85 69.25 17.36 36 58.81 21.64 8 64.75 16.38 <0.001
2nd 20 102.20 14.78 82 93.21 16.43 32 78.31 17.17 8 84.88 16.93 <0.001
3th 21 128.81 14.67 83 116.53 17.05 33 97.82 18.44 6 96.67 22.13 <0.001
4th 20 156.65 14.12 78 143.36 16.28 35 122.60 15.66 6 125.50 17.72 <0.001
5th 18 189.89 14.21 82 172.41 15.91 37 152.30 14.40 6 148.67 15.99 <0.001
6th 20 220.40 11.16 72 203.24 14.98 35 178.54 15.27 6 180.83 18.71 <0.001
7th 20 247.40 8.86 70 230.74 12.73 36 202.10 14.36 8 209.38 16.71 <0.001
8th 16 270.88 9.32 69 258.59 12.10 36 227.78 14.86 5 247.20 19.50 <0.001
9th 15 310.93 8.58 68 284.60 11.70 35 256.31 14.16 8 284.13 16.92 <0.001
10th 16 302.71 24.97 64 309.71 12.22 32 279.53 14.47 7 311.71 16.40 0.025
11th 14 343.07 9.96 53 330.09 11.92 23 300.43 11.66 5 305.80 10.69 0.003
12th 13 359.54 9.44 56 352.29 12.14 23 322.87 11.24 7 349.71 17.74 0.026
13th 11 392.09 7.13 52 360.67 12.01 23 344.09 10.59 5 325.20 17.19 0.005
14th 13 407.69 6.65 51 382.88 11.79 25 361.52 10.92 5 361.60 14.36 0.012
15th 12 421.75 6.71 44 402.84 9.52 17 377.18 9.87 3 347.33 3.17 <0.001
16th 10 434.70 6.11 41 418.83 10.78 17 391.06 10.00 4 429.75 20.06 0.064

N – number of litters; X – average body weight of one puppy (g); V – variability (%); P – statistical significance of 
the difference.

the triple in 14th, 21st and 28th days of 
age. The author suspects that it could be 
related to competition for nipple access.

CONCLUSIONS

1.  Young chinchillas mortality depends 
on their body weight at birth. When 
the body weight at birth is higher, 
the greater chances of survival of the 
young are.

2.  Birth weight determines the body 
weight of puppies chinchilla at the age 
of 4 months in the average degree.

3.  Number of puppies in the litter affects 
their body weight. The more young 
per litter are, the less average body 
weight is.
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4.  Males are heavier females from the 
first month of life, but to the age 
4 months the differences are not sta-
tistically significant.
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Streszczenie: Wpływ urodzeniowej masy ciała 
na wyniki odchowu szynszyli. Celem badań było 
określenie, czy wyniki odchowu szynszyli do 4. 
miesiąca życia zależą od masy ciała i wielkości 
miotu przy urodzeniu. Spróbowano odpowiedzieć 
również na pytanie, w którym momencie rozwo-

ju młodych zwierząt uwidacznia się dymorfi zm 
płciowy. Od początku samce są cięższe od sa-
mic, lecz aż do 4. miesiąca życia różnica ta nie 
jest istotna statystycznie. Podczas badania stwier-
dzono zależność między urodzeniową masą ciała 
a śmiertelnością młodych. Większa masa ciała 
wpływa na większe szanse na przetrwanie. Liczba 
szczeniąt w miocie wpływa na ich wagę ciała: im 
więcej młodych, tym przeciętnie mają mniejszą 
masę ciała. 
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Abstract: Effect of ensiling pumpkin Cucurbita 
maxima with the addition of inoculant or without 
it on chemical composition and quality of silages. 
The aim of the studies was to determine the effect 
of ensiling the pumpkin on chemical composition 
and quality of silages. The silages were produced 
from pumpkin of Justynka variety. Before 
ensiling, the disintegrated pumpkin fruits were 
mixed with the dried beet pulp in ratio equals 
80 : 20. Two variants of silages were prepared: 
with the inoculant and without it. In the silages, 
the following basic chemical composition was 
determined:  the content of dry matter, crude ash, 
crude protein, crude fat, crude fi bre, NDF, ADF 
and ADL. The indicators, being an evidence of 
the run of ensiling process and the quality of 
the obtained silages, were also determined, i.e. 
pH, lactic, acetic and butyric acids, ammonia 
nitrogen, ethanol and aerobic stability. In the 
obtained silages, as compared to the material 
before ensiling, the lower content of crude fi bre 
and ADF was found whereas in the silage with 
inoculant, NDF level was also lowered. The 
silages with the inoculant were characterized 
by higher content of lactic and acetic acids and 
lower level of nitrogen, ammonia and ethanol. 
The silages with the inoculant had also higher 
aerobic stability. The conducted studies indicate 
that the application of inoculant has affected 
the improvement of the quality of the obtained 
silages.

Key words: silage, pumpkin, dried beet pulp, 
inoculants, chemical composition

Effect of ensiling pumpkin Cucurbita maxima with the addition 
of inoculant or without it on chemical composition and quality 
of silages
GABRIELA DOROTA HALIK, ANDRZEJ ŁOZICKI, 
AGATA KOZIORZĘBSKA, MARIA DYMNICKA, EWA ARKUSZEWSKA
Department of Animal Nutrition and Biotechnology, Warsaw University of Life Science – SGGW

INTRODUCTION

Pumpkin Cucurbita maxima and es-
pecially its new varieties with a higher 
content of dry matter and carotenoids 
may become a valuable feedstuff for 
farm animals. The fruits of pumpkin, 
containing many carbohydrates, are eas-
ily digested by animals and they are rich 
in mineral, carotenoids and vitamins 
(Danielenko 2000; Korzeniewska et al. 
2004; Niewczas et al. 2005). The pump-
kin may be utilized in nutrition of ani-
mals in a form of fresh fruits, dry solids 
and silage. The seasonal availability of 
fresh fruits causes that their ensiling may 
become a good solution for their preser-
vation. Owing to the increased content 
of dry matter, fruits of new varieties of 
pumpkin reveal better suitability for en-
siling and the obtained feed may possess 
a high nutritional value. It may become 
especially valuable feedstuff for the dairy 
cows, having a positive influence on pal-
atability of the ration and improvement 
of dietetic values of the obtained milk 
(Kuczyńska 2011). The discussed feed 
may constitute an interesting proposal 
for organic farms. The increase of dry 
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matter content from few to several per-
cent (Korzeniewska et al. 2004) increas-
es the suitability of the pumpkin for en-
siling but it does not give the possibility 
of ensiling it alone. If we want to ensure 
the correct run of fermentation and ob-
tain the feed with a high nutritional val-
ue, we must ensile the pumpkin together 
with the dry substance, e.g. with straw 
(Hashemi and Razzaghzaden 2007). The 
ensiling of the pumpkin with dry sugar 
beet root pulp seems to be an interest-
ing solution. The high level of easily-fer-
menting carbohydrates in the pumpkin 
and the beet pulp, as mixed altogether, 
should ensure the correct fermentation 
run. The improvement of the ensiling 
process and the silage quality may be 
also obtained via application of the addi-
tives which facilitate the ensiling, e.g. in-
oculants (Raczkowska-Werwińska et al. 
2008; Kilic and Saricicek, 2010; Alves et 
al. 2011; Selwet 2011).

The aim of the studies was to evaluate 
the nutritional value and quality of the si-
lage, obtained from the pumpkin, ensiled 
with the dried beetroot pulp in variants 
with inoculant and without it.  

MATERIAL AND METHODS

The study used the Justynka variety of 
pumpkin (Cucurbita maxima D.), which 
has an increased content of dry matter 
(14–20%) and carotenoids (8–12 mg per 
100 g fresh matter). Pumpkin was grown 
in an experimental field at the Depart-
ment of Plant Genetics, Breeding and 
Biotechnology, Warsaw University of 
Life Sciences – SGGW. Fruits were har-
vested from the field in late September 
and used to prepare silages at the Depart-

ment of Animal Nutrition and Biotech-
nology, Warsaw University of Life Sci-
ences – SGGW in October.

Silages were prepared in mini-silos, 
made of 20-L plastic bags. To increase 
the dry matter content of the ensiled 
material, ground pumpkin fruits were 
mixed with dried sugar beet pulp at 
80 : 20. The material was compressed in 
an automated press and packed into mini-
-silos. The ensilage treatments were: with 
a bacterial-enzyme inoculant, and no in-
oculant. The bacterial-enzyme inoculant 
contained Lactobacillus plantarum bac-
teria, endo-1,4-beta-glucanase, xylanase, 
and glucoamylase. The preparation was 
applied at 0.2% of the ensiled material. 
Ten mini-silos were prepared for each 
ensiling treatment.

Mini-silos were stored in the labora-
tory for 10 weeks in shaded conditions 
(19–23°C). After 10 weeks mini-silos 
were opened and their contents were 
sampled for analysis.

Samples for analyses were collected 
from fresh pre-ensiled material and from 
silages. Fresh material samples were col-
lected from 10 mini-silos (5 from inocu-
lant treatment and 5 from control treat-
ment) before sealing them up. After col-
lection, the samples were frozen at –30°C 
until chemical analyses. Silage samples 
were collected from all the mini-silos.

The chemical composition of the 
fresh material and silage was determined 
according to AOAC (2005): DM by 
drying at 104°C for 24 h, ash by incin-
eration at 550°C for 6 h, crude protein 
(N × 6.25) by using the micro-Kjeldahl 
technique (Kjeltec System 1026 Dis-
tilling Unit, Foss Tecator, Sweden) and 
crude fat after extraction with petroleum 
ether by the Soxhlet method. NDF was 
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determined according to Van Soest et al. 
(1991) and expressed as the ash free resi-
due after extraction with boiling neutral 
solutions of sodium lauryl sulfate and 
EDTA in a Tecator apparatus. The silage 
pH was determined using a CP-315 EL-
METRON pH-meter equipped with a re-
placeable electrode. The concentrations 
of L-form lactic acid, L-form acetic acid 
and D-3-hydroxybutyric acid were de-
termined spectrophotometrically using 
a commercial enzymatic test combina-
tion (Boehringer Mannheim/R-Bio-
pharm, Darmstadt, Germany).

The content of ammonia nitrogen 
(N-NH3) in the silage was determined by 
Conway method. Ethanol was determined 
by oscillometric method (PB-ZF/GS-
-11). The aerobic stability of the silages 
was determined by measurement of tem-
perature, using thermometer (automatic, 
electronic, multi-channel thermometer 
LB-711), performing the measurements 
of temperature each hour during the suc-

cessive 7 days. The measurements were 
conducted under the standardized condi-
tions – in air-conditioning room, at con-
stant temperature of 21°C.

The effects of ensiling and silage ad-
ditive on chemical composition of the 
silages were evaluated by using one-way 
analysis of variance (ANOVA) followed 
by Duncan’s multiple range test. Statisti-
cal analyses were carried out, using Stat-
graphics 6.0 Plus.

RESULTS

In Table 1, the basic chemical com-
position of the studied silages has been 
given.

When we compared the basic compo-
sition of the silages and the material be-
fore the ensiling, we found a significant 
decrease of crude fibre content in the si-
lages (for the silage without the inoculant 
p ≥ 0.05; for the silage with the inoculant 

TABLE 1. Effect of ensiling on chemical composition of the silages

Component Fresh material
Silages

p-value SE
without inoculant with inoculant

Dry matter (g · kg–1) 289.56 303.31 298.01 0.083 4.140
Crude ash (g · kg–1 DM) 71.13 70.50 68.59 0.194 0.998
Crude protein (g · kg–1 DM) 114.69 109.72 108.97 0.131 1.873
Crude fat (g · kg–1 DM) 46.58 41.43 42.33 0.109 1.754
Crude fibre (g · kg–1 DM) 189.24Bb 168.80a 162.01A 0.003 3.994
WSC g · kg–1 DM) 57.83B 60.95A 61.71A 0.005 0.616
NDF (g · kg–1 DM) 340.85B 314.39A 307.32A 0.001 6.502
ADF (g · kg–1 DM) 257.74B 213.34A 215.42A 0.001 8.426
ADL (g · kg–1 DM) 51.35 45.51 45.32 0.147 2.366
UFL (kg–1 DM) 1.07 1.05 1.08 0.321 0.034
PDIN (g kg–1 DM) 83.72 81.87 82.26 0.725 2.925
PDIE (g kg–1 DM) 123.87 127.12 128.32 0.436 2.391

AB – differences between the selected rows (P ≤ 0.01); ab – differences between the selected rows (P ≤ 0.05); WSC 
– water-soluble carbohydrates; NDF – neutral detergent fibre; ADF – acid detergent fibre; ADL – acid neutral lignin; 
UFL – unit of energy for milk  production; PDIN – protein digested in the small intestine depending on rumen de-
graded protein; PDIE – protein digested in the small intestine depending on rumen-fermented organic matter.
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p ≥ 0.01), NDF (p ≥ 0.01) and ADF (p ≥ 
0.01). The content of WSC in silages was 
significantly higher compare to fresh ma-
terial (p ≥ 0.01). On the other hand, the 
comparison of the basic composition of 
two studied variants of the silages did not 
reveal any statistically significant differ-
ences (Table 1). Any significant differ-
ences between the variants of ensiling in 
respect of pH of the silages were not found 
(Table 2). The silages produced with the 
addition of inoculant were characterized 
by significantly higher acetic acid (p ≥ 
0.01) and of lactic acid (p ≥ 0.05) content 
(Fig. 1). The content of butyric acid in 
both variants of ensiling was recorded on 
the similar, very low level.

Statistically significant differences 
between the silages were found in the 
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FIGURE 1. The mean content of volatile fatty acids in the silages and the statistical analysis (g · kg–1 DM)

content of ammonia nitrogen (N-NH3), 
the higher concentration of which oc-
curred in the silage without the participa-
tion of the additive, facilitating the ensil-
ing process (p ≥ 0.01). The discussed si-
lage was also characterized by the higher 
content of ethanol (p ≥ 0.01), resulting 
from the alcohol fermentation (Table 2).

Aerobic stability of the silage is the 
important parameter, indicating the sus-
ceptibility of the silage to the secondary 
fermentation.  There was found a posi-
tive effect of the employed inoculant 
on aerobic stability of the examined 
silages, i.e. significantly higher stabil-
ity of the silages produced with the ad-
dition of inoculant as compared to the 
silages without the mentioned additive 
(p ≥ 0.01).

TABLE 2. The effect of the ensiling method on the parameters, determining quality of the silages

Quality parameters of silage Silage without inoculant Silage with inoculant SE p-value
pH 4.5 4.4 0.123 0.548
Ammonia nitrogen (g · kg–1 DM) 11.06A 8.23B 0.421 <0.001
Ethanol (g · kg–1 DM) 9.72A 7.13B 0.512 0.003
Aerobic stability (h) 21.63A 44.25B 5.201 0.002

AB – differences between the selected rows (P ≤ 0.01); ab – differences between the selected rows (P ≤ 0.05).
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DISCUSSION

Freshly disintegrated fruits of pumpkin 
are characterized by a low content of dry 
matter; they are the material which is 
difficult to be ensiled. Due to this fact, 
it is recommended to enrich the ensiled 
biomass with the additional components, 
increasing the content of dry matter in 
the ensiled material. In the conducted 
experiment, dried beet pulp was the ad-
ditional source of dry matter and organic 
substance, containing simple sugars. 
The application of the dried beet root 
pulp increased the dry matter content in 
the ensiled material and additionally, it 
increased the level of easily fermenting 
carbohydrates. The mentioned additives 
were the factors favourable for ensil-
ing process and the obtained silage was 
characterized by high dry matter content 
and a high nutritional value. The addi-
tion of the beet root pulp could consti-
tute a specific stimulator of fermentation 
in the initial stage of lactic fermentation 
(Bodarski et al. 2004). Hashemi and 
Razzaghzadeh (2007) ensiled pumpkin 
with the wheat straw (in the quantity of 
28.6%) and also, added molasses to the 
ensiled material with the aim to improve 
the conditions of lactic fermentation.

The ensiling process, irrespectively 
of the examined variant, did not have any 
effect on the dry matter content in the si-
lages as compared to the fresh material. 
Kilic and Saricicek (2010) when ensiling 
beet root pulp with different additives, 
including the bacterial ones, did not find 
any effect of ensiling on the content of 
dry matter in the silages. In the studies 
of Kilic and Saricicek (2010), the effect 
of the application of the inoculant on the 
crude protein content in the silages was 

also not found. In our studies, the con-
tent of crude protein in the silages and 
also, of the crude fat was similar as the 
content of the mentioned components in 
the fresh material. Any effect of the in-
oculant on the content of the discussed 
components in the silage was also not 
recorded. The application of the inocu-
lant did not affect the content of crude 
protein in the grass silages in the studies 
of Jalč et al. (2009). On the other hand, 
the cited authors stated the decline of 
fiber content when the bacterial prepara-
tions were employed.  In the studies of 
Kilic and Saricicek (2010) on the ensil-
ing of beet root pulp, any effect of in-
oculant on fiber content in the obtained 
silages was not found. In our studies, the 
decrease of the crude fiber content and 
ADF in the silages vs. the fresh mate-
rial was recorded and in the silages with 
inoculant, also NDF decline was stated. 
On the other hand, any differences in the 
fiber content (crude fiber, NDF, ADF 
and ADL) between the examined silages 
were not stated. In the pumpkin as well 
as in the beet pulp, there is a high content 
of sugars and pectins, which are greatly 
decomposed by fermentation bacteria. 
Perhaps in the case of the mentioned raw 
materials, the intensive fermentation, 
even without the participation of bacte-
ria from inoculant, affects the decom-
position of a considerable part of struc-
tural carbohydrates, being present in the 
discussed raw materials. Hence, there is 
a lack of distinct effect of the inoculant 
application whereas the effect of ensiling 
process is visible.  

Any significant differences in respect 
of pH value between the examined vari-
ants of silages were not found. On the 
basis of the above-mentioned fact, we 
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may state that the process of ensiling in 
the both cases was equally efficient and 
it was favourable for lowering of pH of 
the ensiled biomass. In the both silages, 
the pH value was found within the lim-
its of 4.0–4.5. Such value of pH inhibits 
development of putrefying bacteria and 
fungi and activity of proteolytic vegetal 
enzymes, so it constitutes a preserving 
factor (Bodarski et al. 2004).

The bacterial-enzymatic prepara-
tion, as being employed in the experi-
ment contained as follows: Lactobacillus 
plantarum bacteria, endo-1,4-beta-gluca-
nase, xylanase and glucoamylase. Lacto-
bacillus plantarum bacteria belong to the 
group of lactic acid bacteria and their 
addition should support fermentation to-
wards lactic acid. The enzymes which are 
present in the preparation, i.e. endo-1,4-
-beta-glucanase, xylanase and glucoamy-
lase, increase the decomposition of crude 
fiber in the ensiled material what increas-
es the production of simple sugars, being 
a substrate for growth of lactic acid bac-
teria (Kowalik and Michalski 2006).

The content of ammonia nitrogen 
(N-NH3) in the silage is an indicator, i.a. 
of putrefaction processes which run in 
the silage usually due to the activity of 
butyric acid bacteria. Therefore, we may 
usually observe a positive correlation 
between the butyric acid and ammonia 
nitrogen content in the silage (Kowalik 
and Michalski 2006). In the examined si-
lages, significantly lower N-NH3 content 
was recorded in the silage with inoculant. 
The discussed silages were characterized 
by a higher content of lactic and acetic 
acid. The higher level of the mentioned 
acids could limit the development of 
proteolytic bacteria, decomposing pro-
tein to ammonia. 

The examined silages differed signifi-
cantly in respect of aerobic stability – the 
variants of the silages without inoculant 
were characterized by its lower value. 
Certain studies indicate that the silages 
with a higher content of lactic acid are 
more sensitive to the secondary fermen-
tation as compared to the silages with the 
higher level of acetic acid (Szyszkowska 
et al. 2010). We may, therefore, assume 
that the silage produced from pumpkin 
with the higher content of lactic acid 
will be characterized by lower aerobic 
stability. Any such relationship was not, 
however, stated and the silage produced 
with the inoculant with higher lactic acid 
content had also higher aerobic stabil-
ity. In the case of the examined silages 
in variant with the inoculant, apart from 
the higher level of lactic acid, there was 
also stated higher content of acetic acid 
which limits the development of second-
ary fermentation-inducing bacteria. It 
was stressed in the studies of Pyś et al. 
(2008), who analyzed the effect of Lac-
tobacillus buchneri bacteria on the pro-
cess of ensiling the maize.  

We should pay the attention to the fact 
that the water-soluble simple sugars as 
contained in the ensiled material are the 
main substrate for development of bacte-
ria, yeasts and moulds. Aerobic stability 
of the silage is decreasing proportionally 
to the increase of their content in the si-
lage after completion of fermentation 
(Szyszkowska et al. 2010). The addition 
of beet root pulp to the ensiled pump-
kin had a favourable effect on the ensil-
ing process and nutritional value of the 
obtained silage. It constituted, however, 
a certain threat to its quality. The higher 
content of water-soluble carbohydrates in 
the silage increased significantly its sen-
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sitivity to aerobic decomposition. Racz-
kowska-Werwińska et al. (2008) inform 
that a limited development of undesirable 
bacteria (Clostridium sp., Coli sp.) and 
fungi in the silages is obtained by the ap-
plication of chemical and microbiological 
additives. It was confirmed in our studies, 
i.e. in lower content of ethanol and am-
monia nitrogen in the silage with inocu-
lant, and its higher aerobic stability.  

CONCLUSIONS

The obtained results of the studies indi-
cate that mixing the disintegrated pump-
kin fruits and dried pulp before ensiling 
allows obtaining the feed with a high nu-
tritional value which may be employed, 
first of all, in nutrition of ruminants but 
also of monogastric animals. The appli-
cation of inoculant during ensiling proc-
ess increases the quality of the silage and 
improves its aerobic stability.

Acknowledgemen

This study was supported by the Pol-
ish National Research Council grant 
N CN NN311 521740.

REFERENCES

ALVES S.P., CABRITA A.R.J., JEROMINO 
E., BESSA R.J.B., 2011: Effect of ensiling 
and silage additives on fatty acid compo-
sition of ryegrass and corn experimental 
silages. J. Anim. Sci. 89: 2537–2545.

AOAC, 2005: Official Methods of Analysis 
of AOAC International 16th Edition. As-
sociation of Analytical Chem., Arlington, 
VA, USA.

BODARSKI  R., KRZYWIECKI S., PAS-
TERNAK A., 2004: Wpływ nawożenia 
azotem oraz dodatków kiszonkarskich na 

skład chemiczny i jakość oraz stabilność 
tlenową kiszonek z pszenżyta. Zesz. 
Nauk. AR we Wrocławiu Zootech. LII, 
505: 47–54.

DANIELENKO H., 2000: The research on 
biochemical composition, culinary values 
and usability for processing of pumpkin 
family vegetables. Rocz. AR w Poznaniu 
31(2): 245–252.

HASHEMI A., RAZZAGHZADEH S., 2007: 
Investigation on the Possibility of Ensil-
ing Cucurbit (Cucurbita pepo) Residues 
and Determination of Best Silage Formu-
la. J. Anim. Vet. Adv. 6 (12): 1450–1452.

JALČ D., LAUKOVAL A., SIMONOVA M., 
VARADYOVAL Z., HOMOLKA P., 2009: 
The use of bacterialinoculants for grass 
silage: their effects on nutrient composi-
tion and fermentation parametersin grass 
silages. Czech J. Anim. Sci. 54: 84–91.

KILIC U., SARICICEK B.Z., 2010: The Ef-
fects of Different Silage Additives on in 
vitro Gas Production, Digestibility and 
Energy Values of Sugar Beet Pulp Silage. 
Asian J. Anim. Vet. Adv. 5: 566–574.

KORZENIEWSKA A., SZTANGRET J., 
SEROCZYŃSKA A., NIEMIROWICZ-
-SZCZYT K., 2004: The carotenoid con-
tent in the fruits of winter squash (Cucur-
bita maxima Duch). Adv. Agri. Sci. Probl. 
Issues 497: 339–345.

KOWALIK I., MICHALSKI T., 2006: Wpływ 
niektórych czynników agrotechnicznych 
na parametry jakościowe kiszonki z kuku-
rydzy odmiany „stay green”. Pam. Puł. 
142: 201–224.

KUCZYŃSKA B., 2011: Składniki bioak-
tywne i parametry technologiczne mleka 
produkowanego w gospodarstwach eko-
logicznych i konwencjonalnych. Rozpra-
wy Naukowe i Monografie. Wydawnic-
two SGGW, Warszawa.

NIEWCZAS J., SZWEDA D., MITEK M., 
2005: Zawartość wybranych składników 
prozdrowotnych w owocach dyni ol-
brzymiej (Cucurbita maxima). Żyw. 
Nauk. Tech. Jakość 2 (43): 147–155.

PYŚ J.B., KARPOWICZ A., KANIA K., 2008: 
Wpływ dodatków – białkowego, bakteryj-



110     G.D. Halik et al.

nego lub chemicznego na skład chemiczny, 
mikrobiologiczny oraz stabilność tlenową 
kiszonek z całych roślin kukurydzy. Zesz. 
Nauk. WSA Łomża. 37: 240–250.

RASZKOWSKA-WERMIŃSKA K., PO-
TKAŃSKI A., GRAJEWSKI J., TWA-
RUŻEK M., MIKLASZEWSKA B., ŁU-
KOMSKA W., GUBAŁA A., SELWET 
M., 2008: Wpływ wybranych dodatków na 
wartość pokarmową i mikroflorę kiszonki 
z kukurydzy inokulowanej Penicillium ver-
rucosum 410. Med. Wet. 64 (2): 240–244.

SELWET M., 2011: The effect of bacterial 
silage inoculants on the fermentation, 
cell wall contents and aerobic stability of 
maize silage.  Acta Sci. Pol., Zootech. 10 
(3): 83–92.

SZYSZKOWSKA A., KRZYWIECKI S., 
SOBCZYK I., 2010: Czynniki wpływają-
ce na intensywność procesu wtórnej fer-
mentacji oraz wpływ skarmiania niesta-
bilnych tlenowo kiszonek na ryzyko wy-
stąpienia jednostek chorobowych u krów 
mlecznych. Zesz. Nauk. UP Wroc., Biol. 
Hod. Zwierz. LX, 577: 205–2015.

Van SOEST P.J., ROBERTSON J.B., LEWIS 
B.A., 1991: Method for dietary fibre, neu-
tral detergent fibre, and non starch poly-
saccharides in relation to animal nutrition. 
J. Diary. Sci. 74: 3583–3597.

Streszczenie: Wpływ zakiszania dyni olbrzymiej 
z dodatkiem lub bez dodatku inokulanta na skład 
chemiczny i jakość kiszonek. Celem badań było 
określenie wpływu zakiszania dyni na skład che-

miczny i jakość kiszonek. Kiszonki przygotowa-
no z dyni odmiany Justynka. Przed zakiszeniem 
rozdrobnione owoce dyni wymieszano z suszony-
mi wysłodkami w proporcji wynoszącej 80 : 20. 
Przygotowano dwa warianty kiszonek z prepara-
tem bakteryjno-enzymatycznym i bez preparatu. 
W kiszonkach oznaczono podstawowy skład che-
miczny: zawartości suchej masy, popiołu surowe-
go, białka ogólnego, tłuszczu surowego, włókna 
surowego, NDF, ADF, ADL. Oznaczono również 
wskaźniki świadczące o przebiegu procesu zaki-
szania i jakości uzyskanych kiszonek: pH, zawar-
tość kwasów mlekowego, octowego i masłowego, 
azotu amonowego, etanolu oraz stabilność tleno-
wą. W uzyskanych kiszonkach w porównaniu do 
materiału przed zakiszaniem stwierdzono mniejszą 
zawartość włókna surowego, ADF, a w kiszonce 
z inokulantem również NDF. Podstawowy skład 
chemiczny oraz pH w obu wariantach zakiszania 
były podobne. Kiszonki z inokulantem charakte-
ryzowały się większą zawartością kwasów mle-
kowego oraz octowego, natomiast mniejszą azotu 
amoniaku i etanolu. Kiszonka z inokulantem mia-
ła również wyższą stabilność tlenową. Badania 
wskazują, że zastosowanie inokulanta wpłynęło 
na poprawę jakości uzyskanych kiszonek.  
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Abstract: A survey of Deoxynivalenol and 
Zearalenone content in commercial dry foods for 
growing dogs. The Polish market of commercial 
dry dog food for growing dogs of small breeds was 
surveyed for the presence of DON and ZEN with its 
metabolites α- and β-zearalenol (α-, β-ZOL). LC/
/MS method was applied for 6 randomly selected 
foods. The low levels of toxins found, gives 
overall picture of the safe segment of the market. 
The content of masked α-zearalenol, however, 
from the perspective of long term consumption 
of small amounts may pose a health risk for the 
reproductive system of bitches.

Key words: mycotoxin, growing dog, reproduction

INTRODUCTION

In recent years a growing concern can be 
observed, regarding the potential health 
risks for pets via grain compounds of 
petfood, commonly contaminated with 
mycotoxins (Böhm et al. 2010).

From the perspective of animal nu-
trition, the most significant mycotoxins 
or mycotoxin groups are aflatoxins, zea-
ralenone – ZEN, deoxynivalenol – DON, 
fumonisins and ochratoxin A – OTA 
(Schatzmayr and Streit 2013).

Among the Fusarium mycotoxins, 
DON and ZEN are of special importance 
because their occurrence cannot be com-
pletely excluded during plant production. 
Special attention has to be paid to the co-
occurrence of those toxins. The intensity 
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of the effects observed may depend both 
on the concentration and as well as on 
the DON/ZEN. The proliferation-de-
pressing potential of DON and ZEN on 
the same target cells serves as an exam-
ple of their metabolic interactions (Döll 
and Dänicke 2011).

Numerous studies confirm, that the 
severity of mycotoxicoses, occurring af-
ter ingestion of feed contaminated with 
mycotoxins depends on dose, exposure 
duration, type of toxin, animal species 
and the age of the animal (Zachiarasova 
et al. 2014).

The most apparent clinical effect of 
DON is the voluntary intake depression. 
Its acute ability to induce vomiting has 
assigned it the trivial name “vomitoxin” 
(Döll and Dänicke 2011). Hughes et al. 
(1999) revealed, that the toxicity of DON 
in dogs is similar to that in swine, while 
dogs can be more prone to vomiting, be-
cause of their well-known tendency to 
rapidly consume their food.

Administered orally, ZEN is entirely 
absorbed in the gastrointestinal tract. It 
can be metabolized in monogastric ani-
mals and humans with the formation of 
α- and β-ZOL, subsequently conjugated 
with glucuronic acid. The anatomopatho-
logical investigations have revealed, that 
ZEN administration of 200 μg/kg of body 
weight per os for 7 days, caused apparent 
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structural changes in the ovarian follicle 
of the young, growing bitch (Gajęcka et 
al. 2004). It should be stressed, however, 
that both male and female dogs are af-
fected by ZEN toxicity (Boermans and 
Leung 2007).

The capacity for ZEN metabolism 
in plants, leading to α- and β-ZOL syn-
thesis was described for rice and corn 
by Goliński et al. (1988) and further 
confirmed in a model study (Berthiller 
et al. 2007). The presence of ZEN and 
its metabolites in animal feed triggers 
a competition with the body estrogens 
and leads to a deregulation of estrogenic 
effects via impaired RNA and protein 
synthesis, clinically resulting in hyper-
estrogenism and reproductive disorders 
(Döll and Dänicke 2011).

Numerous scientific reports have 
been published on the prevalence of 
various mycotoxins in foods for com-
panion animals, in particular dogs but, 
to our best knowledge there was no 
previous reports addressing the myco-
toxin contamination within particular 
segment of the market, i.e. dry food for 
growing dogs.

The aim of the present study was to 
survey the Polish market of commercial 
dry foods intended for puppies and grow-
ing dogs of small breeds, for the presence 
of DON, ZEN, α- and β-ZOL.

MATERIAL AND METHODS

Sample collection
A product database was created con-
taining 47 dry extruded foods for grow-
ing dogs of small and mini/toy breeds 
that are commercially available on the 
Polish market (including retail sale and 
internet distribution). Six foods were 
randomly selected and purchased in 
medium weight packages (from 0.4 to 
3 kg), with the special care for the re-
mote “best before” date. All products 
were stored factory-sealed until analy-
sis.

Table 1 presents the nutritional char-
acteristics of the evaluated products, as 
pictured on the labels, complemented 
with the calculated content of nitrogen 
free extract (NFE) and metabolizable en-
ergy (ME) levels.

TABLE 1. Analytical constituents listed on the labels with the calculated values of ME

Product 
number

Protein
(%)

Fat
(%)

Crude ash
(%)

Crude fibre
(%)

NFE
(%)

ME
(kJ/100g)

1 28.5 14.5 7.8 2.9 36.3 1 541.6

2 30.0 20.9 11.9 4.0 25.2 1 602.7

3 25.0 12.0 7.5 2.5 43.0 1 504.7

4 29.0 16.0 6.5 2.5 36.0 1 602.7

5 32.0 22.0 7.0 2.5 26.5 1 716.2

6 31.0 21.0 7.5 1.9 29.6 1 723.7

NFE – nitrogen free extract; ME – metabolizable energy (calculated accordingly to NRC 2006).
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LC/MS analysis
DON and ZEN were assessed in the sam-
ples according to norms PN-EN 15791 
and PN-EN 15792, respectively.

In brief, the high performance liquid 
chromatographic method with fluores-
cence detection and immunoaffinity col-
umn clean-up was used.

Statistical calculations were per-
formed using SPSS ver. 21 software.

RESULTS AND DISCUSSION

The results of the mycotoxin content 
analysis were summarized in Table 2. All 
assayed substances were present in all 
products, however in small amounts. It 
can be noticed, that there was relatively 
little variation in ZEN and β-ZOL con-
tent, unlike with DON and α-ZOL.

In the recently published paper, 
Błajet-Kosicka et al. (in press) collected 
data of 5 foods for puppies. Among other 
mycotoxins assayed, the average levels 
of DON and ZEN were substantially 
higher than those presented in this study. 

TABLE 2. The content of deoxynivalenol (DON) zearalenone (ZEN) and α-, β-zearalenol (α-, β-ZEL) 
in dry foods for growing dogs

Product
number

DON
(μg/kg)

ZEN
(μg/kg)

α-ZEL
(μg/kg)

β-ZEL
(μg/kg)

1 5.86 3.11 6.51 5.49

2 23.25 2.13 7.49 3.16

3 5.19 2.74 2.92 3.74

4 9.07 2.65 6.57 3.13

5 6.16 3.01 4.15 2.81

6 17.57 2.52 4.23 5.59

Average 11.18 ±7.49 2.69 ±0.35 5.31 ±1.79 3.98 ±1.24

The authors named the primary compo-
nents of all 49 products studied: wheat, 
maize, soybean, rice, meat and animal-
origin (chicken and fish) and dairy prod-
ucts (Błajet-Kosicka et al. 2014).

Main compounds of foods evaluated 
in this study were listed in Table 3. Prod-
ucts 1 and 2 were not produced with the 
extrusion technology. The label of the 
Product 2, probably intentionally did not 
contain the full list of ingredients, and 
there was no reply for the inquiry send 
by an e-mail to the producer.

Indeed, it is a general rule of thumb 
that the first 5 ingredients in the list pro-
vide 80% nutrients of the product (Case 
2014). As it is helpful when compar-
ing foods, it does not provide a definite 
knowledge on the possible source of 
toxins, since the potential contamination 
was shown not only for plant but also for 
animal commodities (Duca et al. 2009). 
In animals continuously fed on diets 
containing significant mycotoxin levels 
there is a risk of the varying extent of 
toxin deposition and accumulation be-
yond compliance even if the feed used 
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does not exceed the actual recommenda-
tion (Völkel et al. 2011).

Therefore, the final level of myco-
toxins in the foods may be a cumulative 
effect of the contamination of various 
components, on the contrary to the previ-
ously published reports (Pestka 2007).

One plausible explanation of the no-
ticeable differences between the results 
published by Błajet-Kosicka et al. (in 
press) and this study may be the qual-
ity of the ingredients used in particular 
production plants. It was previously 
claimed, that among the major chal-
lenges in the pet food industry are grain 
processing and sampling for the quality 
control (Leung et al. 2006).

TABLE 3. First 5 ingredients listed on the labels of assayed products

Product 
number

Ingredients

1 2 3 4 5

1 dried beef brown rice dried duck meat maize menhaden meat

2 beef proprietary

3 cereals 
(min. 4% maize)

meat and animal- 
-origin products

plant protein 
extracts oils and fats plant derived 

products

4 maize flour poultry meal pork scratchings poultry fat bovine fat

5 poultry meat rice wheat meal animal fats wheat

6 dried chicken rice maize chicken fat dried fish

Nevertheless, the content of α-ZOL 
in all assessed foods may be slightly dis-
turbing, thus demanding further studies 
of toxicological safety in pet foods. This 
metabolite is often described as more 
biologically dangerous than its parent 
chemical (ZEN). Early study (Fitzpatrick 
et al. 1989) has shown, that α-ZOL has 
greater binding affinity for estrogen re-
ceptors, than ZEN or β-ZOL. 

Consequently, we speculate that an 
applied, feasible for a dog owner out-
come of the present study, could be the 
assumption of the theoretical risk, linked 
with the consuming of evaluated foods 
by a “model” animal. Table 4 presents 
the calculated dose of assayed toxins, 

TABLE 4. Hypothetic approximate total exposure on mycotoxins (μg) of a model dog

Product number DON ZEN α-ZOL β-ZOL

1 82.6 43.8 91.8 77.4

2a 390.6–558.0 35.8–51.1 125.8–179.7 53.1–75.8

3 156.5 82.6 88.0 112.8

4 206.8 60.4 149.8 71.3

5 165.2 80.7 111.3 75.3

6 500.7 71.8 120.5 159.3
a Due to the given range of dosage, suggested by manufacturer.
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that would be ingested by the dog dur-
ing continuous offering of the particular 
food from 2 to 10 months of age (i.e. for 
240 days – 8 months).

The model dog was set as a female of 
a small breed, with expected adult body 
weight of 5 kg, fed solely the particular 
product (1–6), consuming completely 
her daily ration, calculated accordingly 
to feeding suggestions, taken from the 
tables on the package. For the purpose 
of calculation, we assumed the constant 
level of mycotoxins in foods throughout 
the feeding period (batch to batch).

It seems reasonable to assume, that 
concentrations of DON and ZEN in dry 
pet foods, reported here, were below 
the no-observed-adverse-effect-level 
(NOAEL) proposed for dogs (EC 2002; 
Gajęcka et al. 2013b).

Boermans and Leung (2007) have 
described the main elements of the as-
sessment of toxicity risk for pets, with 
its two main components being toxicity 
and exposure. Numerous reports empha-
sized chronic effects of consuming mod-
erate to low amounts of mycotoxins as 
well as their co-occurrence or synergism 
(Leung et al. 2006, Döll and Dänicke 
2011). Moreover, the special importance 
of fusariotoxins DON and ZEN interac-
tions was discussed separately (Döll and 
Dänicke 2011).

Low doses of DON and ZEN (around 
NOAEL) administered in feed were 
shown to decrease the mRNA expres-
sion of genes controlling nitric oxide 
synthase (NOS), particularly in distal 
sections of the digestive tract of imma-
ture gilts (Gajęcka et al. 2013b). The 
prolonged effects of an impaired nitric 
oxide (NO) production can modify gas-
trointestinal functions, accelerating peri-

stalsis increasing tension of sphincters 
thus contributing to the inhibition of gas-
tric emptying and digesta transfer in the 
intestines (Waśkiewicz et al. 2014).

Moreover, it should not be over-
looked, that monotonic consumption of 
foods, containing small amounts (far be-
low NOAEL) of mycotoxins, likely due 
to its cumulative effect in tissues, may 
result in female reproductive system 
dysfunctions, that were recently revealed 
(Gajęcka et al. 2013a).

Another physiologically important 
consequence of long term low dose 
oral exposure to ZEN was reported by 
Gajęcka et al. (2011). It was documented, 
that at 150% NOAEL dose of ZEN may 
disturb the fragile enzymatic equilibrium 
in pre-pubertal bitches by slowing down 
the steroidogenesis essential for instance 
in carbohydrate metabolism.

One interesting observation was in-
creased body weight of pre-pubertal 
bitches intoxicated per os with NOAEL 
dose of ZEN: 50 μg/kg BW (Gajęcka et 
al. 2013a). Authors concluded, that very 
low doses of ZEN in commercial dog 
food do not result in clinical symptoms 
of intoxication, but they may enhance 
the somatic cells proliferation, stimulat-
ing/adaptive effect, consistent with the 
principle of hormesis (Calabrese 2005).

CONCLUSIONS

The present study revealed low levels 
of DON, ZEN, α- and β-ZOL in the dry 
food for growing dogs. The optimistic 
picture of obviously effective qual-
ity control in the manufacturing phase 
should not be overestimated, due to im-
minent adverse effects of the masked 
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mycotoxins of plant and animal origin, 
present in pet foods.
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Streszczenie: Charakterystyka rynkowego seg-
mentu suchych karm pełnoporcjowych dla psów 
pod względem poziomu deoksyniwalenolu i ze-
aralenonu. W reprezentatywnej próbie 6 losowo 
wybranych produktów, należących do rynkowego 
segmentu suchych karm pełnoporcjowych dla 
psów rosnących, oznaczono poziom deoksyniwa-
lenolu i zearalenonu wraz z jego metabolitami (α-, 
β-zearalenolem), z wykorzystaniem metody LC/
/MS. Uzyskane wyniki wskazują na stosunkowo 
niski poziom oznaczanych mykotoksyn w ocenia-
nych karmach. Istotne wydaje się zwrócenie uwa-
gi na poziom α-zearalenolu (zaliczanego do tzw. 
toksyn ukrytych, po ang. masked toxins), który 
w kontekście długotrwałego przyjmowania z kar-
mą może stwarzać potencjalne zagrożenie dla 
rozwoju układu rozrodczego młodych suk.
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Abstract: The effect of different ripening stages 
of durian Durio zibethinus fruit on zinc content in 
liver of rats loaded with cholesterol. Durian Durio 
zibethinus is an exotic, climacteric fruit, rich in 
dietary fiber, polyphenols, saccharides, vitamins 
and minerals. Postharvest changes in durian 
fruit influence its physical and chemical quality, 
which determined its health protective effect 
– antioxidant and hypocholesterolemic. Durian is 
a good source of zinc. The aim of this study was 
to investigate the zinc content in lyophilisate of 
durian fruit and in the diets supplemented with 
durian fruits at different stages of maturity. The 
in vivo experiment was designed to determine the 
influence of these diets on zinc content in the liver 
of rats loaded with cholesterol. The zinc content 
in durian fruit, in the diets, and in rats livers 
was examined using a flame atomic absorption 
spectrophotometry (Perkin-Elemer 1100B). The 
zinc content in durian fruits ranged from 8.1 to 
12.3 mg/kg. The zinc content amounted 45.0, 
44.2, 47.1, 47.3 and 48.0 mg/kg in C, ch, chDM, 
ch DR and chDOR diet, respectively. The content 
of zinc in the liver in all animal groups was 
within the normal limits and amounted from 25.0 
to 33.0 mg/kg fresh weight. Diet supplemented 
with durian fruits at different stages of ripening 
increases accumulation of zinc in the liver of 
rats loaded with cholesterol. Durian fruits, 
especially ripe ones, could be used as a natural 
supplementation of zinc in the diet and might 
be helpful in prevention of diseases or disorders 
related to zinc deficiency.
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INTRODUCTION

The exotic durian fruit Durio zibethinus 
is a precious source of bioactive com-
pounds like dietary fiber, polyphenols, 
oligosaccharides, vitamins and minerals 
(Arancibia-Avila et al. 2008). It is one of 
the most important tropical fruit crops 
in Thailand, however the lack of an es-
tablished technology for handling, trans-
port and storage makes durian available 
abroad only frozen or lyophilised. Duri-
an is a climacteric fruit what means that 
respiratory activity and ethylene produc-
tion is rising also after the harvest and 
many enzymatic processes occur, which 
cause changes in content of saccharides 
and bioactive compounds (Ketsa and 
Daengkanit 1998). Ketsa and Pangkool 
(1994, 1995) and Ketsa and Daengkanit 
(1998) reported that temperature and 
humidity, and also ethylene and carbon 
dioxide production have particular im-
portance in ripening process. They also 
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indicated that these parameters deter-
mined physical and chemical properties 
of durian, its consumption quality. Pre-
cise knowledge of the chemical compo-
sition of durian fruits during ripening is 
very important because durian is con-
sumed in different stages of maturity. An 
unripe durian may be cooked as a veg-
etable, a ripe one is consumed mainly 
fresh, of course, where it is available. 
Overripe durian has a strong odour that 
attracts carnivorous animals and could 
be used as a dietary supplement which 
improves palatability and feed intake. 
Postharvest changes in durian fruit influ-
ence its physical and chemical quality, 
which determined its health protective 
effect – antioxidant and hypocholeste-
rolemic. One of the most popular culti-
var of durian is Mon Thong. The flesh, 
botanically called aril, is creamy, mild 
sweet with relatively moderate smell and 
have a higher content of polyphenols 
and antioxidant potential than in Chanee 
and Kan Yao cultivars (Leontowicz et al. 
2008), which are also widely available 
at the Thai markets. Leontowicz et al. 
(2008) suggested that durian fruits cul-
tivar Mon Thong, especially ripe ones, 
can be used like a dietary supplement for 
humans with metabolic disorders and in 
consequence can help people who suffer 
from cardio-vascular diseases.

Durian is a good source of zinc, how-
ever its concentration may differ de-
pending on cultivar, stage of maturity, 
and ripening conditions (Haruenkit et 
al. 2007, 2010, Leontowicz et al. 2008, 
2011, Poovarodom et al. 2010). Zinc is 
an essential mineral for multiple aspects 
of metabolism required for the catalytic 
activity of more than 200 enzymes (Os-
redkar and Sustar 2011). Zinc is also 

critical to tissue growth, wound healing, 
immune system function, prostaglandin 
production, bone mineralization, proper 
thyroid function, blood clotting, and nor-
mal functioning of the brain and central 
nervous system (Bhowmik et al. 2010). 
So far, studies on the ripening of durian 
fruits have been mainly related to physi-
cochemical changes in its respiration, 
solids, starch, firmness, activities of po-
lygalacturonase and pectinesterase, con-
tent of polyphenols, and antioxidant po-
tential (Imsabai et al. 2002, Toledo et al. 
2008). To the best of our knowledge no 
results of comparative studies describing 
the influence of diets supplemented with 
durian fruits at different stages of ripen-
ing (mature, ripe and overripe) on zinc 
content in liver of rats have been pub-
lished. 

The aim of this study was to inves-
tigate the zinc content in lyophilisate of 
durian fruit and in the diets supplement-
ed with durian fruits at different stages 
of maturity. The in vivo experiment was 
designed to determine the influence of 
these diets on zinc content in the liver of 
rats loaded with cholesterol. The results 
of the investigation of durian at different 
stages of maturity in vivo on rats loaded 
with cholesterol would advances the use 
of this fruit in human nutrition.

MATERIAL AND METHODS

Samples preparation

In this investigation samples of Mon 
Thong cultivar of durian fruits at differ-
ent stages of ripening were studied. All 
durian samples were harvested in May 
2008, from a 25-year old commercial 
durian orchard, in Chantaburi province, 
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eastern Thailand. Harvesting and deter-
mination of maturity were carried out 
by Thai workers using the following 
techniques: day count, character of fruit 
spines, tapping the fruit, colour and shape 
of the fruit (Yaacob and Subhadraband-
hu 1995). To get mature durian flesh 
with firm texture and no odour samples 
were left for 1 day at room temperature. 
Other fruits were left for another 4 days 
to ripen until their flesh became soft and 
overripe samples – having strong odour 
were obtained when fruits were left for 
another 3 days. All fruits were cleaned, 
weighed, chopped and homogenised in 
a high-speed blender (Hamilton Beach 
Silex professional model) for 1 min and 
lyophilised for 48 h (Virtis model 10-
-324). 

Rats, diets and management
The study was conducted in the Depart-
ment of Physiological Sciences, Faculty 
of Veterinary Medicine Warsaw Univer-
sity of Life Sciences – SGGW. The re-
sults of plasma lipids, antioxidant activ-
ity, liver enzymes and histopathology of 
the aorta and liver of rats were presented 
in the previous publication (Leontowicz 
et al. 2011). The experimental model 
comprised the male Wistar rats (n = 30) 
loaded with dietary cholesterol (1%) for 
6 weeks. The body weight of rats at the 
beginning of the experiment was 95.4 
±3.0 g. The animals were randomly di-
vided into 5 groups: control (C), con-
trol with cholesterol (ch) and with ma-
ture (chDM), ripe (chDR) and overripe 
(chDOR) durian fruits. The rats of all 
5 groups were fed a basal diet (BD), 
which included wheat starch, casein, 
soybean oil, vitamin and mineral mix-
tures (Leontowicz et al. 2011). Control 

group (C) was fed the BD only, 1% of 
cholesterol was added to the BD of the 
ch group, and BD of three other groups: 
chDM, chDR, chDOR was supplement-
ed with 1% of cholesterol and 5% durian 
fruits (as freeze-dried powder) at the 
mentioned above different stages of rip-
ening. All rats were fed ad libitum and 
had free access to water. The diets were 
offered once a day. The feed intake was 
monitored daily.

Before the section the rats were not 
fed for 24 h. At the end of the experi-
ment, the rats were anaesthetized using 
Narcotan® (Zentiva) for inhalation, and 
from the liver of each experimental rats 
left lateral lobe were dissected. The Ani-
mal Care Committee of the Warsaw Uni-
versity of Life Sciences – SGGW, Poland 
approved this study (No. 10/2007).

Zinc analysis
Approximately 0.5 g of lyophilized durian 
fruits in different stages of ripening, 0.5 
g of five diets (C, ch, chDM, chDR and 
chDOR) and 1.0 g of liver were mineral-
ized in microwave oven Milestone 900 
with 5 ml 65% HNO3 (Merck 1.00441) 
and 1 ml 30% H2O2 (Merck 1.07298) 
and the content of zinc was determined 
using a flame atomic absorption spectro-
photometer (Perkin-Elmer 1100B), at 210 
nm. The method provides a linearity in 
the concentration range of 0–1 mg/l with 
a detection limit of 1 μg/l. The standards 
of 0.5 and 1.0 mg/l were prepared using 
9953 Titrisol Zinc standard (Merck).

Statistical analysis
One-way ANOVA analysis of variance 

(Duncan’s test) was performed using Sta-
tistica 9 software. Differences were con-
sidered significant at P ≤ 0.05. Data are 
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presented in figure as means ±standard 
deviation.

RESULTS AND DISCUSSION 

Fruits species vary widely in zinc con-
centration. The factors affecting the nu-
tritional quality of crops can be assigned 
to two groups: pre-harvest like soil type, 
climate, disease, insects, harvest date, 
and post-harvest: storage conditions, 
post-harvest processing. It has been 
shown that out of four investigated exotic 
fruits: dragon fruit, star fruit, Longgong 
and durian, the last fruit cultivar Chanee 
has the highest (0.27 mg/100 g) content 
of zinc in fresh flesh (Charoensiri and 
Kongkachuichai 2006). Leontowicz et al. 
(2008) have reported, that the content of 
zinc in all three studied cultivars of duri-
an: Mon Thong, Kan Yao and Chanee was 
comparable (P > 0.05) and ranged from 
49.5 to 78.4 μg/100 g fresh weight. Our 
study indicates that the content of zinc 
ranged from 8.1 to 12.3 mg/kg in durian 
fruit Mon Thong harvested in 2008. It 
must be noted that analytical determina-
tion was made in lyophilisate of durian. 
Our previous studies, conducted since 
1994, have confirmed that freeze-drying 
process (lyophilisation) does not lead to 
loss of valuable components.

Zinc is an important component of 
carotenoids. Costa et al. (2011) have 
published that no significant variation 
was found in the Zn, P, Na and K con-
centrations during the tomato ripening 
after harvest, but have indicated that zinc 
concentration were higher in red toma-
toes than in green ones. The increase in 
zinc content and reached a peak at the 
ripe stage was noted in banana Musa ssp. 

fruits (Adeyemi and Oladiji 2009). Dur-
ing ripening after harvest, green pigment 
of unripe banana is converted to carote-
noids in ripe banana. Zinc requirements 
for most young domestic animals and 
poultry range from approximately 40 to 
100 ppm in the diet (McDowell 1992). 
In our study all rats were fed basal diet 
containing 45 mg/kg zinc. The other four 
experimental diets with 1% of cholester-
ol and 5% of fruits in different stage of 
maturity were not significantly different 
(P > 0.05) in zinc content and amounted 
44.2, 47.1, 47.3 and 48.0 mg/kg in ch, 
chDM, ch DR and chDOR diet, respec-
tively. Various dietary components may 
change zinc absorption. Puls (1994) in-
dicates that increased dietary cholesterol 
reduces serum zinc and high density li-
poproteins which may result in deve-
lopment of coronary heart disease. Most 
zinc is in the brain, muscle, bones, kid-
ney and liver, with the highest concentra-
tions in the prostate and parts of the eye 
(Osredkar and Sustar 2011). The concen-
trations of zinc in most mammalian tis-
sues ranged from 10 to 100 μg/g fresh 
weight (30–250 μg/g dry weight), with 
little variation among species (McDow-
ell 1992). The liver plays a central role 
in zinc homeostasis and vice versa, zinc 
plays an important role in the therapy for 
several liver diseases (Sidhu et al. 2004, 
Tian et al. 2014). In our previous work 
(Leontowicz et al. 2011) we concluded 
that durian at different stages of ripen-
ing, especially ripe one, constitutes an 
excellent source of effective natural com-
pounds with antioxidant and health-pro-
tective activity in general, and liver and 
heart-protective effect in cholesterol fed 
rats in particular. Hepatic tissue morphol-
ogy of rats fed basal diet with 1% of cho-
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lesterol and with unripe durian revealed 
high contents of fat inside hepatic cells in 
contrast to rats fed diets with ripe durian, 
where hepatic tissue shows small number 
of large fat droplets. Furthermore somat-
ic index of liver increased significantly in 
all rats receiving diet supplemented with 
cholesterol. This stress could affect zinc 
levels, despite the fact that durian fruits 
are rich in various minerals and other 
bioactive compounds (Leontowicz et al. 
2011). The conducted research was de-
signed to answer if diet supplementation 
with durian at different stages of maturity 
influences the liver zinc content in rats 
loaded with cholesterol. As shown at Fig-
ure 1, despite the highest feed intake in 
the control group (C), the zinc content is 
not reflected in the liver. 
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FIGURE 1. Zinc content in the liver (fresh weight) and total feed intake of rats fed diets with durian in 
different stages of maturity and with cholesterol

The content of zinc in the liver in all 
animal groups was within the normal lim-
its and amounted from 25.0 to 33.0 mg/kg 
fresh weight. The lowest zinc content 
and feed intake were noticed in control 
rats (ch) fed diet with cholesterol. Rats 
receiving atherogenic diet with ripe 
durian have the highest content of zinc 
in the liver, significantly different from 
C and ch group. The various components 
of the diet and the durian fruit itself may 
change absorption of zinc and affect its 
bioavailability. Durian fruit is a good 
source of Fe, Mn and Cu, which may 
compete or/and inhibit of Zn uptake into 
intestinal cells. This fruit is also rich in 
dietary fiber that binds cholesterol and 
decreases its content in the blood. It is 
important to mention that the amount of 
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alanine and aspartate aminotransferases 
were in normal range in blood plasma of 
rats fed atherogenic diet supplemented 
with durian (Leontowicz et al. 2011). 
Koo et al. (1986) have reported that nu-
tritional status of zinc is an important 
factor influencing the intestinal absorp-
tion and subsequent metabolism of die-
tary cholesterol. 

CONCLUSIONS

Diet supplemented with durian fruits 
at different stages of ripening increases 
accumulation of zinc in the liver of rats 
loaded with cholesterol. Durian fruits, 
especially ripe ones, could be use as 
a natural supplementation of Zn in the 
diet and might be helpful in prevention 
of diseases or disorders related to zinc 
deficiency.
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Streszczenie: Wpływ różnych faz dojrzałości 
owocu durianu Durio zibethinus na zawartość 
cynku w wątrobie szczurów obciążonych chole-
sterolem. Durian Durio zibethinus to egzotyczny, 
klimakteryczny owoc, bogaty we włókno pokar-
mowe, polifenole, oligosacharydy, witaminy i mi-
nerały. Zmiany następujące po zbiorze owoców 
durianu wpływają na ich fi zyczne i chemiczne 
parametry determinujące ich właściwości zdro-
wotne – przeciwutleniające i hypocholestero-
lemiczne. Durian jest cennym źródłem cynku. 
Celem badania było określenie zawartości cynku 
w owocach durianu, w dietach z dodatkiem du-
rianu w różnych fazach jego dojrzałości. Badanie 
in vivo miało na celu określenie wpływu tych 
diet na zawartość cynku w wątrobie szczurów 
obciążonych cholesterolem. Zawartość cynku 
w owocach durianu, w dietach i wątrobach ozna-
czono metodą płomieniowej absorpcji atomowej 
(Perkin-Elmer 1100B). Zawartość cynku w liofi -
lizacie owoców durianu mieściła się w zakresie 
8,1–12,3 mg/kg. Zawartość cynku w dietach: 
C, ch, chDM, ch DR and chDOR wynosiła od-
powiednio 45,0, 44,2, 47,1, 47,3 i 48,0 mg/kg. 
W wątrobie szczurów wszystkich grup zawartość 
cynku mieściła się w zakresie wartości referen-
cyjnych i wynosiła od 25,0 do 33,0 mg/kg świeżej 
masy. Diety z dodtkiem owoców durianu w różnej 
fazie dojrzałości zwiększają akumulację cynku 
w wątrobie szczurów obciążonych cholesterolem. 
Owoce durianu, w szczególności dojrzałe, mogą 
być stosowane jako naturalny suplement cynku 
w diecie i być pomocne w prewencji chorób lub 
stanach związanych z niedoborem cynku.
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Abstract: Diets supplemented with Mytilus 
galloprovincialis from polluted and non-polluted 
waters and their influence on zinc content in liver 
of rats loaded with cholesterol. Mussels may reflect 
the environmental problems that the ecosystem 
faces. Mytilus galloprovincialis is widely used 
as an indicator of water pollution in biological 
monitoring studies. These mussels are filter 
feeders and may accumulate important ecosystem 
pollutants what in turn may pose a potential risk 
to other organisms in the food chain.  The aim 
of the study was to determine zinc content in the 
diets supplemented with mussels from polluted 
and non-polluted areas and in the livers of rats 
fed these diets for 30 days. The zinc content 
in the diets with mussels from contaminated 
and non-contaminated waters and in rat livers 
was examined using a flame atomic absorption 
spectrophotometry (Perkin-Elmer 1100B). The 
slight increase in zinc content from 73.2 ±1.2 mg/
/kg in ch diet (control with 1% of cholesterol) to 
77.2 ±0.5 mg/kg in the diet with mussels from 
polluted site was found, but zinc content in all 
diet was within the normal limits reviewed by 
McDowell (1992) – 40 to 100 ppm. Zinc content 
in the diet supplemented with mussels from non-
polluted site (73.7 ±3.7 mg/kg) was similar to 
that found in ch diet. It can be concluded that 
cholesterol does not affect zinc bioaccumulation. 
However, prolonged consumption of mussels from 
contaminated sites may increase accumulation of 
zinc in the liver of rats.
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INTRODUCTION

The mussels are invertebrates of great 
importance for the economy and the en-
vironment. They have a high nutritional 
value (Leontowicz et al. 2008). The pop-
ularity, availability and consumption of 
seafood has increased (Gorinstein et al. 
2008). Several reports indicate that mus-
sels possess high level of proteins, vita-
mins, minerals, polyphenols and other 
antioxidants (Gorinstein et al. 2008, Le-
ontowicz et al. 2008, Namiesnik et al. 
2008). However, these marine organisms 
are filter feeders and may uptake from 
the water organic pollutants, heavy met-
als and accumulated them in the body 
(Potrykus et al. 2003, Spada et al. 2013). 
This physiological ability makes mussles 
– Mytilus galloprovincialis – biomarker 
of seawater pollution. Metal accumula-
tion and rate of metal uptake in Mytilus 
galloprovincialis has been presented in 
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many reports (Machado et al. 1999, Ada-
mi et al. 2002, Kanduc et al. 2011, Mar-
rone et al. 2011, Ergul and Aksan 2013, 
Spada et al. 2013). Some authors (Lopez 
et al. 2001, Mosquera et al. 2003) present 
genetic variability and differences in 
protein expression between intertidal 
and cultured Mytilus galloprovincialis. It 
has been shown that the habitat of mus-
sels may affect changes in heavy met-
als, antioxidant compounds, free radical 
scavengers in their tissues (Gorinstein et 
al. 2006, Leontowicz et al. 2008). It was 
decided to investigate the concentration 
of zinc in the diets with mussels from 
polluted and non-polluted areas and also 
evaluate the influence of these diets on 
zinc content in the liver of rats. Zinc is 
released to the environment from both 
natural and anthropogenic sources, how-
ever, releases from the second sources are 
greater. Severe zinc pollution tends to be 
confined to areas near emission sources, 
like ports, where zinc is deposited pri-
marily in sediments through adsorption 
and precipitation. Large intake of foods 
high in zinc content, such as oysters and 
mussels, may be unsafe and may lead to 
metal bioaccumulation. 

MATERIAL AND METHODS

Samples and sites of collection

Mussels were collected in two regions of 
Mokpo coast (Republic of Korea):

non-polluted area: out of the port, 
20 mi. North-Westfrom Mokpo bay;
polluted site: the Mokpo port, in the 
bay of Halla Ship large scale con-
struction company which belongs to 
Hyundai group) at sea depth of 3–4 m 
(Leontowicz et al. 2008).

–

–

The collected mussels from both sites 
length 4.37 ±0.5 cm and it was 75–85 % 
of the maximum size. This approach al-
lowed to assume that mussels were at the 
age of the similar metabolism (Gorinstein 
et al. 2006). Whole soft tissue (n = 30 of 
each population) were frozen and storage 
at –80°C. Then the samples were freeze 
dried in glass flasks on Finn-Aqua, Lyo-
vac GT-2 equipment for 36 h and trans-
ported to Department of Physiological 
Sciences (Warsaw, Poland), where were 
waiting for further analysis.

Rats, diets and management

The study was conducted in the Depart-
ment of Physiological Sciences, Faculty 
of Veterinary Medicine, Warsaw Univer-
sity of Life Sciences – SGGW and lasted 
30 days. The results of feed intake, body 
gains, plasma lipids and antioxidant ac-
tivity were published previously (Le-
ontowicz et al. 2008). The mean body 
weight of the male Wistar rats (n = 28) 
at the beginning of the experiment was 
111 ±3.0 g. The animals were randomly 
divided into 4 groups. The control (C) 
receiving basal diet (BD) (Leontowicz et 
al. 2011) only, and the diets of the other 
three groups were supplemented with 1% 
of cholesterol (ch). Two cholesterol di-
ets contained 5.6% of mussel dry matter 
from polluted (chMP) and non-polluted 
areas (chMNP). All rats were fed ad li-
bitum and had free access to water. The 
diets were offered once a day. Before the 
section the rats were not fed for 24 h. At 
the end of the experiment, the rats were 
anaesthetized using Narcotan® (Zen-
tiva) for inhalation, and from the liver 
of each experimental rats left lateral lobe 
were dissected. The Animal Care Com-
mittee of the Warsaw University of Life 
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Sciences – SGGW, Poland approved this 
study (No. 10/2007).

Zinc determination

Approximately 0.5 g of four diets: con-
trol (C), control with cholesterol (ch) and 
with lyophilised mussels from polluted 
(chMP) and non-polluted areas (chMNP) 
and 1.0 g of liver were mineralised in 
microwave oven (Milestone Ethos 900) 
with 5 ml 65% HNO3 (Merck 1.00441) 
and 1 ml 30% H2O2 (Merck 1.07298) 
and the content of zinc was determined 
using a flame atomic absorption spec-
trophotometer (Perkin-Elmer 1100B), at 
210 nm. The method provides a linear-
ity in the concentration range of 0–1 mg/l 
with a detection limit of 1 μg/l. The stand-
ards of 0.5 and 1.0 mg/l were prepared us-
ing 9953 Titrisol Zinc standard (Merck).

Statistical analysis

One-way ANOVA  analysis of variance 
(Duncan’s test) was performed using  Sta-
tistica 9 software. Differences were con-
sidered significant at P ≤ 0.05. Data are 
presented in figure as means ±standard 
deviation.

RESULTS AND DISCUSSION 

Zinc is capable to form complexes with a 
variety of organic and inorganic groups. 
The environmental parameters like 
temperature, salinity and turbidity may 
influence zinc bioaccumulation. Zinc 
bioconcentrates moderately in aquatic 
organisms. The crustaceans and mussels 
species accumulate more heavy metals 
and other chemical contaminations than 
fish living in open water (Namiesnik et 

al. 2008, Ergul and Aksan 2013). The 
reason for this may be less mobile life-
style and often limiting to the bottom of 
the sea. The biota contain relatively little 
zinc compared to the sediments.  In addi-
tion, the zinc content in sediment closely 
correlated with the depth, organic mat-
ter content, and clay content of the sedi-
ments. Mussels may reflect the environ-
mental problems that an ecosystem faces. 
Mytilus galloprovincialis are widely used 
as an indicator of water pollution in bio-
logical monitoring studies. In young and 
small-sized individuals trend to accumu-
late heavy metals is reduced. The con-
centration of toxic elements is connected 
to the dry mass of tissue and that is why 
the adult mussels are preferable. This al-
lows also the measurement of trace ele-
ments, even if their contents in environ-
ment are low (Ravera et al. 2003). In our 
experiment, mussels were characterised 
by a similar maximum length and size 
reached within each population. This ap-
proach makes that physiological differ-
ences between two populations would be 
less pronounced. 

M. galloprovincialis process large 
volume of the water they live in to ob-
tain food. At the same time they up-
take other substances like: polycyclic 
aromatic hydrocarbons, polychlorin-
ated biphenyls, organotins, heavy met-
als presented in contaminated waters 
(Namiesnik et al. 2008). This may lead 
to concentrate important ecosystem 
pollutants in the mussel tissues and be 
a potential risk to other organisms in the 
food chain. Gorinstein et al. (2006) have 
found that the amounts of zinc and cop-
per were significantly higher in the mus-
sel proteins from the polluted than from 
the non-polluted sites of the Bulgarian 
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Black Sea coast. It could be concluded 
that the high content of zinc in the water 
and good physical and chemical envi-
ronmental conditions for zinc accumu-
lation influence zinc bioaccumulation in 
marine organisms and may contribute to 
higher risk of exposure to it. The diets 
except the mussels collected from areas 
with different levels of contamination, 
included wheat starch, casein, soybean 
oil, vitamin and mineral mixtures (Leon-
towicz et al. 2011). The inclusion rate of 
mussels in the diet (chMP and chMNP) 
was 5.6% and no significant differences 
were noted in zinc content between all 
experimental diets. However, slight in-
crease in zinc content from 73.2 ±1.2 in 
ch diet to 77.2 ±0.5 mg/kg in the diet 
with mussels from polluted site (chMP) 
was found, but zinc content in all diet 
was within the normal limits reviewed 
by McDowell (1992) – 40 to 100 ppm. 
Zinc content in the diet supplemented 
with mussels from non-polluted site 
(73.7 ±3.7 mg/kg) was similar to that 
found in ch diet.

Most of in vivo studies dedicated to 
mussels concern their effects on body 
weight gains of animals fed diets sup-
plemented with different species of mus-
sels and in different forms – raw, dry, as 
mixed commercial feed (Mao et al. 1999, 
Jönsson and Holm 2011, Anagnostidis et 
al. 2013). These authors concluded that 
mussels are a good source of protein and 
various biologically active substances. 
The results showed by Mao et al. (1999) 
indicate that selenium in mussel extract 
could be better absorbed in the rats and 
effectively promote their growth. Jöns-
son and Holm (2011) conducted in pre-
liminary study on 12 hens, which were 
fed diets with 15% addition of normal or 

15% addition of toxic mussels, that mus-
sel meal could be a novel protein source 
for laying hens and toxic mussels at de-
termined level may be included in the 
feed without negative effects on health 
and egg production.

Conducted research was designed to 
answer if supplementation with mussels 
from polluted and non-polluted areas in-
fluences liver zinc content in rats loaded 
with cholesterol. Several reports noted 
that mussels can be used as nutritional 
supplement in diet for animals like hens, 
fish and could improve feed and protein 
efficiency of commercial feeds (Anag-
nostidis et al. 2013). However, studies 
on the toxicity of mussels from con-
taminated sites on the accumulation of 
heavy metals in the body of animals that 
consume them are not so numerous. The 
content of zinc in most mammalian tis-
sues ranged from 10 to 100 μg/g fresh 
weight which equals 30–250 μg/g dry 
weight (McDowell 1992). As shown at 
Figure 1, zinc content in the rat livers 
ranged from 41.2 ±3.6 in ch group to 
47.5 ±6.2 mg/kg fresh weight in chMP 
group; was within the normal limits. It 
can be concluded that cholesterol does 
not affect zinc accumulation. The zinc 
content in the liver of rats receiving diet 
with mussels from polluted waters in-
crease significantly (P ≤ 0.05) in related 
to other three groups, although there 
was no difference (P > 0.05) in feed 
intake between animal groups (Leonto-
wicz et al. 2008) and zinc content in the 
experimental diets also did not differ 
(P > 0.05).

This small increase in the content of 
zinc in the diet with mussels from pollut-
ed waters could affect its accumulation 
in the liver of rats. Animals had received 
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this diet for 30 days and it could be the 
cause of increase liver zinc content. An-
other cause could be diet components 
and/or heavy metals from contaminated 
waters, which could influence the ab-
sorption of zinc and its bioavailability. 
Bat et al. (2012) concluded that the high 
copper and zinc content in mussels re-
duces the absorption of toxic metals 
such as cadmium and lead. However, 
it should be noted, that zinc and copper 
in excessive amounts are also harmful. 
On the other hand supplementation of 
diets, containing cholesterol, with mus-
sels from both contaminated and non-
-contaminated areas may improve ani-
mal protein metabolism and positively 
affect plasma lipid profile and plasma 
antioxidant activity (Gorinstein et al. 
2008, Leontowicz et al. 2008).  

CONCLUSIONS

Prolonged consumption of mussels from 
contaminated sites may increase accu-
mulation of zinc in the liver of rats.
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a–b – columns marked with different letter differ at P ≤ 0.05; values are means ±SD (n = 6); C – control group; ch 
– control with 1% of cholesterol; chMP – group with 5.6% of mussels from polluted site and cholesterol; chMNP 
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FIGURE 1. Zn content in the liver (fresh weight) of rats fed diets with mussels from polluted and non-
-polluted areas and with cholesterol

REFERENCES

ADAMI G., BARBIERI P., FABIANI M., 
PISELLI S., PREDONZANI S., REISEN-
HOFER E., 2002: Levels of cadmium and 
zinc in hepatopancreas of reared Mytilus 
galloprovincialis from the Gulf of Trieste 
(Italy). Chemosphere 48: 671–677.

ANAGNOSTIDIS A., MICHAILIDOU M., 
VATSON I.N., TSOPELAKOS A., MIL-
IOU H., ANGELIDIS P., 2013: Use of 
frozen mussel (Mytilus galloprovincialis) 
and mussel meal in the diet of sea bass 
(Dicentrarchus labrax Linnaeus, 1758) 
and sea bream (Sparus aurata Linnaeus, 
1758) fingerlings – a preliminary study. 
Aquacult. Res. 1: 5.

BAT L., USTUN F., BAKI O., 2012: Trace el-
ement concentration in the Mediterranean 
mussels Mytilus galloprovincialis caught 
from Sinop Coast of the Black Sea, Tur-
key. Open Mar. Biol. J. 6: 1–5.

ERGUL H.A., AKSAN S., 2013: Evalua-
tion of non-essential element and micro-
nutrient concentrations in seafood from 
the Marmara and Black Seas. J. Black 
Sea/Mediterranean Environment. 19, 3: 
312–330. 

GORINSTEIN S., LEONTOWICZ M., 
LEONTOWICZ H., NAMIESNIK J., 



132     I. Jesion et al.

JASTRZEBSKI Z., DRZEWIECKI J., 
PARK Y.-S, HAM K.-S., HEO B.-G., 
TRAKHTENBERG S., 2008: Influence 
of mussels (Mytilus galloprovincialis) 
from polluted and non-polluted areas on 
some atherosclerosis indices in rats fed 
cholesterol. Food Chem. 111: 381–386.

GORINSTEIN S., MONCHEVA S., TOLE-
DO F., ARANCIBIA-AVILA P., TRA-
KHTENBERG S., GORINSTEIN A., 
GOSHEV I., NAMIESNIK J., 2006: Re-
lationship between seawater pollution and 
qualitative changes in the extracted pro-
teins from mussels Mytilus galloprovin-
cialis. Sci. Total Environ. 364: 251–259. 

JÖNSSON L., HOLM L., 2011: Effects of 
toxic and non-toxic blue mussel meal on 
health and product quality of laying hens. J. 
Anim. Physiol. Anim. Nutr. 94: 405–412.

KANDUC T., MEDAKOVIĆ D., HAMER 
B., 2011: Mytilus galloprovincialis as a 
bioindicator of environmental conditions: 
the case of the eastern coast of the Adriatic 
Sea. Isot. Environ. Healt. S. 47: 42–61.

LEONTOWICZ H., LEONTOWICZ M., 
JESION I., BIELECKI W., POOVERO-
DOM S., VEARASILP S., GONZALEZ-
-AGUILAR G., ROBLES-SANCHEZ M., 
TRAKHTENBERG S., GORINSTEIN 
S., 2011: Positive effects of durian fruit at 
different stages of ripening on the hearts 
and livers of rats fed diets high in choles-
terol. Eur. J. Integr. Med. 3: 169–181.

LEONTOWICZ H., LEONTOWICZ M., NA-
MIESNIK J., DRZEWIECKI J., PARK 
Y.-S., ZACHWIEJA Z., ZAGRODZKI P., 
GORINSTEIN A., TRAKHTENBERG 
S., GORINSTEIN S., 2008: Nutritional 
properties of mussels Mytilus gallopro-
vincialis. Eur. Food Res. Technol. 227: 
1251–1258.

LOPEZ J.L., MOSQUERA E., FUENTES 
J., MARINA A., VAZQUEZ J., ALVA-
REZ G., 2001: Two-dimesional gel elec-
trophoresis of Mytilus galloprovincialis: 
differences in protein expression between 
intertidal and cultured mussels. Mar. Ecol. 
Prog. Ser. 224: 149–156.

McDOWELL L.R., 1992: Minerals in animal 
and human nutrition. Academic Press, 
San Diego.

MACHADO L., BEBIANNO M., BOSKI 
T., MOURA D., 1999: Trace metals on 
the Algarve coast, II: Bioaccumulation in 
mussels Mytilus galloprovincialis. Biol. 
Inst. Esp. Oceanogr. 15,1–4: 465–471.

MAO W.-J., LI Y., LI B.-F., LIU Y.-H., 1999: 
Study on biological activity of elenium-
-enriched mussel extract. Chin. J. Ocean-
ol. Limnol. 15, 4: 1–4.

MARRONE R., CAROSIELLI L., CHIARA-
VALLE A., MIEDICO O., VOLLANO 
L., DELLAROTONDA M., 2011: Trace 
elements and radionuclides in Mytilus 
galloprovincialis from Campania region 
(Italy). Ital. J. Food Saf. 1,1: 233–236.

MOSQUERA E., LOPEZ J.L., ALVAREZ 
G., 2003: Genetic variability of the ma-
rine mussels Mytilus galloprovincialis as-
sessed using two-dimentional electropho-
resis. Heredity 90: 432–442.

NAMIESNIK J., MONCHEVA S., PARK S.-Y., 
HAM K.-S., HEO B.-G., TASHMA Z., 
KATRICH E., GORINSTEIN S., 2008: 
Concentration of bioactive compounds in 
mussels Mytilus galloprovincialis as an 
indicator of pollution. Chemosphere 73: 
938–944.

POTRYKUS J., ALBALAT A., PEMP-
KOWIAK J., PORTE C. 2003: Content 
and pattern of organic pollutants (PAHs, 
PCBs and DDT) in blue mussels (Mytilus 
trossulus) from the southern Baltic Sea. 
Oceanologia 45, 1, 337–355.

RAVERA O., CENCI R., BEONE G., DAN-
TAS M., LODIGIANI P., 2003: Trace el-
ement cencentrations in freshwater mus-
sels and macrophytes as related to those in 
their environment. J. Limnol. 62: 61–70.

SPADA L., ANNICCHIARICO C., CARDEL-
LICCHIO N., GIANDOMENCIO S., Di 
LEO A., 2013: Heavy metal monitoring 
in the mussels Mytilus galloprovincialis 
from the Apulian coast (Southern Italy). 
Medit. Mar. Sci. 14, 1: 99–108. 



Diets supplemented with Mytilus galloprovincialis from polluted and non-polluted waters...     133

Streszczenie: Diety z dodatkiem Mytilus gallo-
provincialis z wód niezanieczyszczonych i zanie-
czyszczonych oraz ich wpływ na zawartość cynku 
w wątrobie szczurów obciążonych cholesterolem. 
Małże mogą odzwierciedlać problemy środowi-
skowe, przed którymi stoi ekosystem. Mytilus 
galloprovincialis jest szeroko wykorzystywany 
w biomonitoringu. Małże te są fi ltratorami i mo-
gą kumulować w tkankach ważne zanieczysz-
czenia z ekosystemu, co z kolei może stanowić 
potencjalne zagrożenie dla innych organizmów 
w łańcuchu trofi cznym. Celem badania było 
określenie zawartości cynku w dietach z dodat-
kiem małży z obszarów niezanieczyszczonych 
i zanieczyszczonych oraz w wątrobach szczurów 
żywionych tymi dietami przez 30 dni. Zawartość 
cynku w dietach z małżami z zanieczyszczonych 
i niezanieczyszczonych wód i wątrobach szczu-
rów oznaczono metodą płomieniowej absorpcji 
atomowej (Perkin-Elmer 1100B). Wykazano 
nieznaczny wzrost  zawartości cynku w die-

cie z małżami z wód zanieczyszczonych (77,2 
±0,5 mg/kg) względem grupy ch – kontrola z 1% 
udziałem cholesterolu (73,2 ±1,2 mg/kg), ale za-
wartość cynku we wszystkich dietach mieściła się 
w granicach normy podanych przez McDowell 
(1992) – 40–100 ppm. Zawartość cynku w die-
cie z małżami z obszarów niezanieczyszczonych 
(73,7 ±3,7 mg/kg) była zbliżona do zawartości 
w diecie grupy ch. Podsumowując wyniki, można 
stwierdzić, że cholesterol nie wpływa na bioaku-
mulację cynku. Jednak, długotrwałe spożywanie 
małży z wód zanieczyszczonych może zwiększyć 
akumulację cynku w wątrobie szczurów.

MS. received November 2014

Authors’ address:
Iwona Jesion
Wydział Nauk o Zwierzętach SGGW
Katedra Biologii Środowiska Zwierząt
ul. Ciszewskiego 8, 02-786 Warszawa, Poland
e-mail: iwona_jesion@sggw.pl





Annals of Warsaw University of Life Sciences – SGGW
Animal Science No 53, 2014: 135–142
(Ann. Warsaw Univ. of Life Sci. – SGGW, Anim. Sci. 53, 2014)

Abstract: Effect of copper nanoparticles and 
copper sulfate administered in ovo on copper 
content in breast muscle, liver and spleen of broiler 
chickens. The initial experimental material included 
300 hatching eggs of Hubbard Flex chickens. 
The eggs were divided into three groups: control, 
NanoCu and CuSO4. Eggs from groups NanoCu 
and CuSO4 were subjected to in ovo injection to 
the air cell of egg. Experimental solutions were 
administered by in ovo injection using a sterile 
needle and a 0.3 mL syringe as follows: NanoCu 
– colloid of copper nanoparticles, concentration 
50 ppm; and CuSO4 – colloid of copper sulfate, 
concentration 50 ppm. The eggs were incubated 
under standard conditions. After hatching, 50 chicks 
were selected from each group for 42-day rearing. 
The birds were fed standard feed concentrates 
for broilers. In that last day of rearing (42 day), 
12 females and 12 males were selected from each 
group. The right part of their breast muscle, their 
liver and spleen were collected for copper content 
determinations. Results of this experiment confi rm 
previous scientifi c reports which demonstrate that 
the greatest accumulation of copper is observed in 
soft organs like liver or spleen.

Key words: nanoparticles, in ovo, copper, copper 
sulfate, egg

INTRODUCTION

Researches concerning content of miner-
al elements in tissues of farm animals are 
interesting both from the point of view of 
the good of animals and people’s health 
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as people use animal products. These re-
searches include not only exposition to 
heavy metals, such as cadmium and lead, 
but also concentration and transferring in 
the food chain of indispensable elements, 
such as zinc, copper and magnesium. 
Metals which are the components of ani-
mal tissues are consumed by people and 
therefore they directly affect the condi-
tion of public health (Nriagu et al. 2009).

Particular ability to accumulate some 
of the elements has animal liver which 
is commonly used in cooking. Liver is 
widely considered among numerous so-
cieties as the source of macro- and mi-
croelements and vitamins soluble in fats. 
Kunachowicz et al. (1998), report that 
the highest content of copper in chick-
en meat and edible products is in liver 
(0.3 mg/100 g). Due to this fact, liver is 
one of the best indicators showing de-
mand for particular elements in organ-
ism (Dorton et al. 2003). 

Although meat is a significant com-
ponent of human diet, it can also accu-
mulate heavy metals which in concen-
trations exceeding reference values may 
pose toxic risk. Level of trace elements 
in meat and in meat products depends 
on different factors, such as condition of 
environment, type of grazing land and 
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genetic features of organisms (Demirezen 
and Aksoy 2004). Rays et al. (1994) un-
derline that toxicity can be harmful even 
in small intensity upon long-term con-
sumption, owing to its capability to ac-
cumulate in human and animal bodies. 
Although copper has significant role in 
proper functioning of the organism, its 
high intake can cause health problems 
and lead to damage of liver and kidneys 
(Bendeddouche et al. 2014).

Currently, copper is added as cop-
per sulphate to pre-mixes of blends for 
broiler chicken due to its anti-bacterial 
properties and to promote the effect of 
growth (Pesti and Bakalii 1996). Ow-
ing to the fact that copper has anti-bac-
terial properties and it can become an 
alternative to antibiotics, growing inter-
est has been observed in this element 
used in production of poultry. Different 
sources and forms of copper have also 
diverse bio-availability and influence on 
animals. Du et al. (1996) claim that the 
most assimilable  copper is organic one 
and nanoparticles of copper. However, 
still the most widely used form of copper 
is copper sulphate due to its lower price 
and easy access.

The aim of this experiment was to de-
termine the effect of copper nanoparticles 
and copper sulfate administered in ovo on 
the content of copper in breast muscle, 
liver and spleen of broiler chickens. 

MATERIAL AND METHODS

In ovo injection and incubation 
of hatching eggs

300 hatching eggs of Hubbard Flex 
broiler chickens (average weight 62.25 
±2.2 g) were the experimental material 

in the first stage of the study. The eggs 
were stored for 4 days at a temperature 
of 12°C and humidity of 73%. The eggs 
were weighed and divided into three ex-
perimental groups: C, NanoCu, CuSO4, 
100 eggs each. 

Experimental solutions were adminis-
tered by in ovo injection to the air cell of 
egg using a 0.3-mL sterile syringe with 
a needle in the following doses for par-
ticular groups: NanoCu (colloid of cop-
per nanoparticles, concentration 50 ppm) 
and CuSO4 (copper sulfate colloid, con-
centration 50 ppm). Holes after injec-
tion were sterile-tightened and the eggs 
were placed in an incubator and hatched 
under standard conditions (temperature 
37.8°C, humidity 60%, eggs rotation per 
hour by 90° angle for 18 days). The eggs 
were hatched in an incubator by a Ger-
man company Heka equipped in tem-
perature, air humidity and egg rotation 
controlling module. During incubation, 
the eggs were two-fold light-exposed on 
6th and 18th day, and weighed in order to 
determine egg weight loss. On 19th day 
of incubation, the eggs were transferred 
to a hatching compartment with a tem-
perature of 37.0–37.5°C and relative hu-
midity of 75–80%. After hatching, one-
day chicks were evaluated and healthy 
chicks with healed navels were selected 
for further rearing experiment.

Rearing, housing conditions 
and feeding

Further stage of the study included 150 
Hubbard Flex broiler chickens (50 birds 
in each group), that were kept on litter un-
til 42 days of age under standard animal 
husbandry conditions, in a room without 
the access of daylight. One-day chicks 
after weighing and tagging with individ-
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ual tags were divided into three groups 
(C – control, NanoCu, CuSO4), in two rep-
lications, 25 birds each. Stock density in 
a poultry house was 11 birds per 1 m2. Im-
mediately after introduction to the poultry 
house, the chickens from all groups were 
vaccinated against Marek’s disease, infec-
tious bronchitis and coccidiosis. 

A three-stage feeding program was 
applied during rearing: starter (crumb), 
grower and finisher (granulate) – Table 1; 
the birds were fed ad libitum. Body 
weight of the birds (1st, 14th, 35th 
and 42th), mortality rate and feed intake 
were controlled throughout the rearing 
period. 

TABLE 1. Feed mixture composition and nutritional value according to producer’s 

Specification Starter 
(1–14 days)

Grower  
(15–35 days)

Finisher 
(36–42 days)

Diet component [%]
Corn 10.00 11.40 10.00
Wheat 53.00 55.00 60.80
Soybean meal 30.60 27.40 21.60
Feeding limestone 1.19 1.20 0.97
Sodium bicarbonate 0.20 0.14 0.16
NaCl 0.24 0.28 0.26
Stimulant 0.01 0.01 0.01
Dicalcium phosphate 1.18 0.78 0.64
Soybean oil 2.10 2.40 4.40
Methionine 84% calcium salt 0.48 0.42 0.28
Lysine 0.36 0.34 0.28
Threonine 0.14 0.13 0.10
Premix C196 PX05802 0.5% 0.50 0.50 0.50

Nutritional value
ME [kcal] 2 990.20 3 047.19 3 217.10
Fat [%] 3.67 4.00 5.92
Protein [%] 21.99 20.78 18.51
Fiber [%] 3.60 2.55 2.41
Ash [%] 5.83 5.35 4.67
Lysine [%] 1.38 1.28 0.97
Methionine + cystine [%] 1.08 1.01 0.76
Available phosphorus [%] 0.45 0.38 0.35

Provided per kilogram of diet: STARTER: vitamin A 11.00 K UL; organic phosphorus 0.59%; calcium 0.98%; pho-
sphorus available 0.45%; calcium chloride 0.24%; sodium 0.15%; chlorine 0.27%; potassium 0.90%; magnesium 
0.17%; manganese 142.32 mg; copper 31.59 mg; selenium 0.41 mg; iron 191.51 mg; sulfur 0.34%; zinc 116.80 
mg; lysine 1.36%; methionine 0.31%; GROWER: vitamin A 11.00 K UL; organic phosphorus 0.51%; calcium 
0.87%; phosphorus available 0.38%; calcium chloride 0.28%; sodium 0.15%; chlorine 0.29%; potassium 0.85%; 
magnesium 0.16%; manganese 141.84 mg; copper 30.82 mg; selenium 0.41 mg; iron 174.55 mg; sulfur 0.32%; zinc 
115.03 mg; lysine 1.26%; methionine 0.30%; FINISHER: vitamin A 11.00 K UL; vitamin D3 3.00 K UL; vitamin 
E; organic phosphorus 0.73%; calcium 0.35%; calcium chloride 0.26%; sodium 0.15%; chlorine 0.27%; potassium 
0.74%; magnesium 0.15%; manganese 140.80 mg; copper 29.92 mg; selenium 0.40 mg; iron 159.92 mg; sulfur 
0.28%; zinc 113.14 mg; lysine 1.06%; methionine 0.27%.
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Slaughter and collection of material 
for analyses

In the 6th week of rearing, 12 cocks 
and 12 hens, with body weights similar 
to the average body weight in a group, 
were selected from each group. After 
12-hour fasting, the chickens were trans-
ported to a poultry slaughter house. Af-
ter 24 h of air-chilling of the carcasses at 
4°C, slaughter traits were analyzed and 
contents of breast muscles, leg muscles, 
adipose fat and giblets in the carcass 
were calculated. For determinations of 
copper content, the right part of breast 
muscle, liver and spleen were collected 
from each bird. 

Determination of copper content 
in breast muscles, liver and spleen 

Samples to be analyzed were subjected 
to microwave mineralization in a Mile-
stone 1200 mineralizer equipped in high-
pressure mineralization vessels. The size 
of the weighed portion depended on the 
character of the samples and ranged 
from ca. 0.5 to 1.0 g. The samples were 
mineralized with 7 mL of concentrated 
(69%) nitric acid V of spectral purity and 
1.1 mL of concentrated (30%) hydrogen 
peroxide also of spectral purity. The op-
timized controlling programme of the 

mineralization process was presented in 
Table 2. 

The content of copper was deter-
mined with the method of atomic emis-
sion spectrometry with inductively-cou-
pled plasma (ICP-AES) using an iCAP 
6500 spectrometer by Thermo Scientific 
company. Optimized parameters of spec-
trometer work were presented in Table 3. 
The spectrometer was calibrated with 
multi-element standard solutions pre-
pared from an ICP Multi element stand-
ard solution IV CertiPUR by Merck com-
pany. A few analytical lines (presented in 
Table 3) were collected for copper deter-
minations. The final result of the analy-
sis represented the arithmetic mean of 
partial results obtained for selected ana-
lytical lines devoid of interference. The 
quality of study results was confirmed 
with the use of reference material, i.e. 
lyophilized chicken meat NCS ZC73016 
with a certified content of copper. 

TABLE 2. Optimized controlling programme of 
the mineralization process

Stage Time [min] Power [W]
1 1 250
2 1 0
3 5 250
4 5 400
5 5 650

TABLE 3. Optimized parameters of spectrometer 
work

Parameters
Conditions of iCAP 
6500 spectrometer 

work
Power generator [W] 1 150 
Atomizer type Meinhard
Mist chamber cyclone
Plasma gas [l/min] 12
Supporting gas [l/min] 0.5
Gas flow rate in atomizer 
[l/min] 0.5

Length of copper line [nm]

324.7
327.3
224.7
219.9
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Statistical analysis

The data obtained were analyzed statis-
tically using a multi-factor analysis of 
variance (least squares) using SPSS 21.0 
software (SPSS, Chicago, IL, USA). 
Only significant interactions between 
factors (P ≤ 0.01 or P ≤ 0.05) were con-
sidered in the study. The level of signifi-
cance was determined after performing 
preliminary statistical analyses

RESULTS AND DISCUSSION

Akan et al. (2010), who determined con-
centration of heavy metals (Cu, Zn, Co, 
Mn, Mg, Fe, Cr, Cd, As, Ni and Pb) in 
internal organs and meat of selected spe-
cies of farm animals, conclude that the 
highest concentration of these elements 
is in liver and kidneys, whereas the low-
est in meat. It also confirms (Tekin-Özan 
2008) that metals accumulate in the big-
gest amount in tissues and soft organs. 
Similar effect were confirmed in our 

research (Table 4) in which content of 
copper was the highest in liver and next 
in spleen, whereas the lowest in breast 
muscle. Niedziółka et al. (2007) in their 
researches aiming to determine the rate 
of selected elements in meat, liver of kid 
and ram fed full portions of blend with 
10% of linseed observed that liver was 
the organ of concentration of copper, zinc 
and manganese.  Although the amount of 
copper in muscular tissue of analysed 
animals was small, the authors concluded 
statistically vital differences (P < 0.01) 
(kid 0.08 mg/100 g; ram 0.07 mg/100 g).

The in ovo injection of copper col-
loids applied in the study caused a sig-
nificant (P < 0.05) decrease in copper 
content in breast muscles of the experi-
mental chickens only in male species 
NanoCu (0.31 mg/100 g) and CuSO4 
(0.30 mg/100 g) compared to control 
group (0.39 mg/100 g). The concentra-
tion of copper in muscular tissue in fe-
male species was on the same level and 
no significant differences were observed.

TABLE 4. Content of copper in breast muscle, liver and spleen of broiler chickens (mg/100 g product)

Sex Group Breast muscle Liver Spleen

♂♂

C 0.39 ±0.04a 3.20 ±0.46Bb 0.65 ±0.07

NanoCu 0.31 ±0.03b 4.34 ±0.37A 0.75 ±0.08

CuSO4 0.30 ±0.03b 4.14 ±0.46a 0.68 ±0.07

♀♀

C 0.27 ±0.03 4.12 ±0.45 0.64 ±0.07

NanoCu 0.26 ±0.03 3.77 ±0.41 0.73 ±0.08

CuSO4 0.26 ±0.03 3.98 ±0.44 0.72 ±0.08

A,B Mean values within a sex group differ significantly at P < 0.01;
a,b mean values within a sex group differ significantly at P < 0.05.
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Didanto and Sarkar (1997) claim 
that absorbing of copper occurs mostly 
in stomach and small intestine of most 
of animal species. Thornburg (2000) in 
his research on dogs demonstrated that 
absorption of copper occured mostly in 
the upper part of the small intestine, and 
that liver was the main organ of copper 
capture. After absorption in intestine and 
penetration to blood serum, copper ions 
bind with albumins. Within 2 h, they 
are inbuilt to liver cells. Herein copper 
is either stored (in liver liposome) or is 
bound with apoceruloplasmin forming 
ceruloplasmin which then is secreted to 
blood plasma. Ceruloplasmin is the main 
factor of copper transport from liver to 
other tissues and acts as a donor of this 
metal in production of copper-dependant 
enzyme (Kochanowska et al. 2008).

Our research conducted on three types 
of tissues proves that liver has the big-
gest tendency to accumulate copper. The 
level of copper in birds liver in research 
conducted after the injection of col-
loids both with nanoparticles of copper 
and with copper sulphate had a signifi-
cant effect on increasing of this element 
content in both experimental groups of 
male species NanoCu (4.34 mg/100 g) 
and CuSO4 (4.14 mg/100 g) compared to 
control group (3.20 mg/100 g). Accumu-
lation of copper in liver of females has 
had a reverse tendency. In spite of lack 
of significant differences, liver of female 
group of experimented animals charac-
terizes itself by smaller content of copper 
compared to females in control group.

Doudi and Setorki (2014) took liver 
and lungs to histological observation aim-
ing to evaluate toxicity of nanoparticles of 
copper in vivo conditions. The histology 
of the hepatic tissues showed vasculature 

in central veins and portal triad vessels 
in all three treatment groups. Histology 
of lungs showed air sac wall thickening 
and increased fibrous tissue in all three 
groups with nano-copper. The results of 
research conducted by Chen et al. (2006) 
demonstrated that nanoparticles of cop-
per cause severe toxicological effects 
and serious damage of kidneys, liver and 
spleen in experimental group of mice.

Content of copper in spleen of birds 
in our research did not differ between 
the groups of two sexes of birds. Mar-
cinkowska and Dobicki (2014) con-
firmed higher capability to accumulate 
copper in liver and spleen than in go-
nads, gills, muscles and gastrointestinal 
track of perches from Barycz river, what 
is beneficial due to these fish use for 
consumption purposes. Nanoparticles of 
copper, as well as other nanoparticles of 
metals, get to the environment and hu-
man body in different ways, i.e. through 
sewerage or leak during transportation. 
However, research concerning activeness 
of nanoparticles of copper administrated 
subcutaneously showed that operating 
of nanoparticles in organisms depends 
mostly on applied dosage (Glushchenko 
et al. 1989). Lei et al. 2008 in histologi-
cal image of liver and kidneys of rats 
treated with nanoparticles of copper on 
different level (50, 100 and 200 mg/kg 
daily through 5 days) showed that the ef-
fects caused by nanoparticles of copper 
in dosage of 100 or 50 mg/kg daily were 
slighter than when bigger dosage was 
applied. Sizova et al. (2012) underline 
that nanoparticles of copper are located 
in organs and tissues of the whole organ-
ism causing particular structural chang-
es. According to the research, increase of 
nanoparticles of copper in organism up 
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to the verge of toxicity (maximum dos-
age tolerable by organism) will cause 
necrosis of tissues and dystrophy.

CONCLUSIONS

Results of this experiment confirm pre-
vious scientific reports which demon-
strate that the greatest accumulation of 
copper is observed in soft organs like 
liver or spleen. Moreover, the research 
conducted showed that male species ac-
cumulate copper in liver better. The dif-
ferences which appeared during research 
between groups show that different 
forms of copper have different bioavail-
ability, assimilability and ability to ac-
cumulate in organism. Simultaneously, it 
can be claimed that application of copper 
sulphate or nanoparticles of copper at the 
stage of developing chicken embryo do 
not pose threats of extensive accumulat-
ing of this element in organs and mus-
cles of birds in the age at slaughter. As 
a result, meat and internal organs do not 
pose a threat to consumers’ health.
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Streszczenie: Wpływ nanocząstek miedzi i siar-
czanu miedzi podawanych in ovo na zawartość 
miedzi w mięśniu piersiowym, wątrobie i śledzio-
nie kurcząt brojlerów. Materiał doświadczalny 
początkowo stanowiło 300 jaj wylęgowych kur-
cząt Hubbard Flex. Jaja podzielono na trzy grupy: 
kontrola, NanoCu i CuSO4, z czego jaja z grupy 
NanoCu i CuSO4 poddano zabiegowi iniekcji 
in ovo do komory powietrznej. Eksperymentalne 
roztwory podano poprzez wstrzyknięcie in ovo 
przy użyciu sterylnej igły i strzykawki 0,3 ml 
kolejno do grup: NanoCu (koloid nanocząstek 
miedzi, stężenie 50 ppm), CuSO4 (koloid siar-
czanu miedzi, stężenie 50 ppm). Jaja inkubowano 
w standardowych warunkach. Po wykluciu z każ-
dej grupy wybrano po 50 piskląt do odchowu 
trwającego 42 dni. Ptaki żywiono standardowymi 
mieszankami pełnoporcjowymi dla brojlerów. 
W ostatnim 42. dniu odchowu z każdej grupy wy-
brano po 12 samic i 12 samców, od których po-
brano prawą część mięśnia piersiowego, wątrobę 
i śledzionę celem określenia zawartości miedzi. 
Wyniki doświadczenia potwierdzają wcześniej-
sze doniesienia naukowe, że największą kumula-
cję miedzi obserwuje się w narządach miękkich, 
takich jak wątroba czy śledziona.
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Abstract: Study on the relation between an 
accipiter bird and man. The aim of this study 
was to learn relations between accipitrids and 
men working with them. The study consisted in 
observations of trained accipitrids – common 
buzzard Buteo buteo and Northern goshawk 
Accipiter gentili, during everyday trainings, with 
special attention devoted to the role of sight in 
their life. As a result of observations made in the 
study, it was concluded that the visual and audio 
signal as well as knowing each other and common 
trust were important factors during man’s work 
with a raptor. Common buzzard turned out to 
be a calmer bird, its responses were less rapid 
compared to Northern goshawk. This raptor did 
not pay attention to the presence of unfamiliar 
persons, but was vulnerable to objects emitting 
signals unfamiliar to it (buses or moving trolleys). 
None of the hunting birds allowed to be touched 
by an unfamiliar person, which is a natural 
behavior of raptors. Northern goshawk was 
responding signifi cantly faster to the sight of an 
approaching person and was fl aying away almost 
immediately. 

Key words: common buzzard Buteo buteo, 
Northern goshawk Accipiter gentili, man-bird 
relations

INTRODUCTION 

For ages, relations between man and 
animals have been accomplished on the 
plane of production and coexistence. 
Since ancient times, a man has been re-
maining in close relations with birds that 
apart from keeping company to man, 
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were also trained for work or for sports. 
A currently popular method of training 
is the so-called positive reinforcement 
which consists in the strengthening of 
positive behaviors by the use of, e.g. re-
wards and behavioral markers. Before 
such training, an appropriately strongly 
motivating reward is selected depending 
on species preferences.

Northern goshawk Accipiter gentili is 
a timid and secretive bird, difficult to ob-
serve (Pielowski 1996). It is a common, 
though not numerous, species of for-
est interior (Tomiałojć and Stawarczyk 
2003, Anderwald 2013). It is unsociable, 
impetuous, wild and very bold. It eagerly 
preys in the afforsted rural and field land-
scape. The spectrum of its preys is very 
wide because the trophic niches of male 
and female hardly coincide. The female 
is remarkably larger than the male and 
its prey may be that of the size of a hare, 
whereas male prey does not exceed the 
size of a pigeon. Recent goshawk ex-
pansion (Rutz et al. 2006b) has been at-
tributable to a continuous increase in the 
population number of pigeons as a result 
of transformations in agriculture (Rutz et 
al. 2006a). Goshawk is reluctant to car-
rion and has a strong hunting instinct, 
therefore it is not the ally to pigeon and 
poultry producers. Many goshawks end 
their lives in traps set nearby dovecotes 
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(Kruszewicz 2010). Perceived as a ver-
min, this raptor has been for ages exter-
minated also by hunters who were blam-
ing it for losses in populations of hares 
and game birds.

The situation of common buzzard 
Buteo buteo is much more favorable. 
It is the most numerous accipiter bird 
of Poland and Europe (Tomiałojć and 
Stawarczyk 2003). A high population 
number, small habitat requirements and 
“open lifestyle” enable its easy observa-
tion outside cities (Pielowski 1996). It 
nests in forests and large tree complexes. 
As it feeds with rodents, the biotopes 
of this raptor include rural and field 
landscapes (Perrins 1998). Birds con-
stitute the second in line component of 
its diet, although some scientists claim 
that the share of birds in its prey may 
be significantly greater (Goszczyński 
and Piłatowski 1986, Jędrzejewska and 
Jędrzejewski 2001, Reif et al. 2001, 
Goszczyński et al. 2005, Skierczyński 
2006). As common buzzard feeds with 
field pests, a man has no reason for ex-
terminating this raptor. 

These birds are used in falconry to, 
e.g. hunt with a raptor for game (most 
frequently with goshawk). The widely 
understood falconry has been popular in 
many parts of the world inhabited by the 
birds of prey. It includes both hunting 
with raptors of the falcon family (Falco-
nidae) sui generis, but also hawking with 
various species of accipitrids belonging 
to the Accipitridae family including ea-
gles and their subfamily – sea eagles, 
e.g. white-tailed eagle Haliaëtus al-
bicilla or fish hawks Pandion haliaëtus 
– although they all belong to the order 
Falconiformes (all contemporary orni-
thological and hunting data come from: 

Korbel 1983, Dudziński 1988, Havet 
1994, Godlewski 1997, Elphick 2003, 
Hayman 2007, Nüsslein 2008).

Falconry involves not only preying, 
but also cooperation between a raptor 
and a man. Many falconers take care 
over their raptors for pure pleasure. In 
general, falconry involves taming (man-
nig) of a raptor and teaching it to fly to 
the falconer. After appropriate training, 
the birds equipped in claws and excellent 
senses are able to capture a prey. A fal-
coner takes a great pleasure in possess-
ing a “winged pet” and in the possibil-
ity of observing its flights, whereas the 
preying itself is a wonderful spectacle 
and, presumably, the most natural way 
of practicing hunting.

The aim of this study was to learn 
relations between accipitrids and men 
working with them. The study consisted 
in observations of trained accipitrids 
– common buzzard Buteo buteo and 
Northern goshawk Accipiter gentili, 
during everyday trainings, with special 
attention devoted to the role of sight in 
their life.

MATERIAL AND METHODS

Observations involved two species of 
accipitrids: the female common buzzard 
Buteo buteo aged 6 years and male North-
ern goshawk Accipiter gentili 1 year of 
age. Observations of bird trainings were 
recorded using a stationary digital cam-
era and a flying platform, in the form 
of short videos presenting behaviors of 
birds in different situations (Fig. 1): (1) 
calling the bird to a falconry glove with 
meat hidden inside; (2) calling the bird to 
a falconry glove without feed; (3) calling 
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the raptor to a falconer’s hand without 
a glove and meat; (4) calling the rap-
tor to a falconer’s hand without a glove, 
but with meat; and summoning the birds 
with the use of different types of obsta-
cles, situations non-specific to raptors’ 
environment and training spaces, includ-
ing the stress-inducing ones. Training of 
birds have made their owners. Training 
the birds took three hours a day through 
September, October and November. 
All observations were meticulously de-
scribed.

RESULTS AND DISCUSSION

Training of the birds of prey is aimed at 
improving their physical performance 
and at developing habits indispensable 
during cooperation of a falconer and 
his raptor. The basic training method in-
cludes the calling of a bird to a glove. Af-

1. 2.

3. 4.

FIGURE 1. Various scenorios of bird training

ter each flight, the bird is rewarded with 
a piece of meat. Depending on physical 
conditions, the bird performs from a few 
to several dozens of flights in a single 
training session. Hence, the stimulus 
the bird is responding to is the falconry 
glove. 

The first stage of the study included 
the identification of a stimulus which 
triggered the accipitrid’s response in the 
form of flight to the trainer. The experi-
ment was carried out in a few variants. 
The first consisted in calling the bird 
to a falconry glove with meat hidden 
inside. The response of the raptor was 
practically instantaneous. Another vari-
ant included calling the bird to a glove 
without feed. In this case, the response of 
the raptor was also appropriate. The third 
variant included an attempt of calling the 
raptor to a falconer’s hand without glove 
and meat. It resulted in the indifference 
as well as lack of response and interest 
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of the bird. The final variant included an 
attempt of calling the bird to a falconer’s 
hand with feed. Despite reward being 
noticeable to the raptor, this attempt also 
ended with bird’s indifference towards 
man. It may, therefore, be concluded 
that it was the sight of the glove (which 
is associated by the bird with reward 
from the beginning of the training) and 
not of meat that was the stimulus which 
determined raptor’s flight to the falcon-
er. With time and with growing trust in 
bird-owner relation, some modifications 
may be introduced into trainings. The 
falconer is able to teach the raptor flying 
through between legs of another person. 
The raptor is attempting to execute this 
unnatural to it command when it sees the 
appropriate signal given by the falconer, 
and its action is motivated by a double 
reward. The bird would not execute this 
task without being sure that it may trust 
its trainer. Another modification of the 
training is the thrust of a piece of meat 
into the air and its catch by the bird. See-
ing a characteristic pose assumed by the 
teainer, the raptor is preparing to catch 
the feed in the air.

Another stage of the study was aimed 
at confirming the thesis that the sight 
is the main sense organ of accipitrids 
in their everyday training. The first ex-
perimental variant consisted in observa-
tions of bird behavior during calling it to 
a glove when the owner (with a glove) 
was hidden behind an obstacle. The gos-
hawk’s owner was hiding behind a tree, 
which resulted in bird’s jumping from 
branch to branch to spot the falconer. 
Coming out of the owner from behind 
the tree and showing the glove with feed 
resulted in the immediate response and 
flight of the raptor. A similar situation 

was observed in the experiment with 
common buzzard. When the owner was 
calling the bird from behind a building, 
the raptor who could not see the glove 
was not responding to signals. When the 
falconer emerged from behind the build-
ing, the response was instantaneous (as 
in the case of goshawk) and the bird was 
flying to the trainer. The second variant 
of the experiment consisted in examining 
the function of sight of common buzzard 
in conditions unknown to the bird, i.e. 
stress-inducing conditions. Initially, the 
bird was left on the bus stop at a high-
traffic street. Seeing the approaching cars 
and buses, the raptor was showing stress 
responses, which included rapid move-
ments of head in various directions and 
attempts of escape. Once the hood was 
placed on bird’s head, despite sounds of 
buses and cars, it was no longer show-
ing any signs of anxiety. A similar ex-
periment was carried out when a trolley 
was moving in common buzzard’s envi-
ronment. It was causing anxiety of the 
bird which was attempting fly out of the 
glove. However, once the hood was put 
onto its head, the bird did not pay atten-
tion to even such characteristic sounds as 
those made by a moving trolley.

The next stage of the study was aimed 
at observing an important factor in the 
cooperation of bird and man – namely: 
trust. A few experiments were carried 
out that were based on checking raptor’s 
response to its owner and to unfamiliar 
persons. The first experiment consisted 
in calling goshawk by the falconer when 
unfamiliar persons were freely stroll-
ing in the field in different directions. 
The raptor could not decide to fly over 
the field, was intimidated and anxious 
with the presence of other people. Only 
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when the unfamiliar persons dispersed 
and made a gap, the bird could freely 
fly through, the raptor took the occasion 
immediately and returned to its owner. 
In turn, when the persons unfamiliar to 
the goshawk were coming together with 
the falconer (as persons known to the 
owner), the bird was flying to the glove 
without hesitation. With this behavior, 
the bird showed trust to the owner. In the 
case of common buzzard, the outcome of 
the experiment was slightly different. In 
the first and the second situation, the bird 
did not hesitate and was landing on the 
glove almost immediately. Without any 
greater reservations, the raptor was fly-
ing through between the persons and was 
calmly reaching its owner at the moment 
when the unfamiliar persons were freely 
strolling in various directions as well as 
when the unfamiliar persons were coming 
together with the falconer. Another ex-
periment consisted in bird’s flights from 
one glove to another, from the owner to 
the unfamiliar person and vice versa. In 
the case of goshawk, some complications 
occurred. The raptor did not want to fly 
to the unfamiliar person. But without any 
reservations, was returning to its owner. 
In contrast, common buzzard was flying 
to both its owner and to unfamiliar per-
sons. The last experiment investigating 
the bird-owner trust consisted in check-
ing raptor’s behavior that was sitting on 
the ground toward familiar and unfamil-
iar persons coming by. Seeing its owner, 
the goshawk was practically staying in 
place; it was not running away, showed 
no fear nor anxiety – just the opposite, the 
bird was shaking its feathers off, show-
ing rest and comfort. When the unfamil-
iar person was approaching, the bird was 
immediately frightened and flew away. 

In the case of the common buzzard, the 
response to the owner was the same – the 
bird was calmly sitting in once place and 
showed no fear. Once the unfamiliar per-
son was approaching, the bird showed no 
response and was staying in place, while 
too close contact with the strange person 
resulted in the raptor’s escape.

In his book, Mieczysław Mazaraki 
(1977) describes old methods of falcons 
training for hunting, applied when the 
concept of “positive reinforcement” had 
not been introduced into training meth-
ods. However, even then falconers were 
using the system of rewards as well as 
simple commands and signals to develop 
a desired behavior in a bird. The training 
of falcons included four basic stages. It 
started from the so-called manning, i.e. 
taming of the bird; elimination of its wild-
ness and strive for freedom. The bird was 
not allowed to fall asleep for 3–4 days. 
Afterwards, it was numb and much calm-
er, and this enabled starting the second 
stage of the training when the bird was 
accustomed to the touch of the falconer, 
to wearing a hood and to peaceful sitting 
on the glove. The falcon had to earn every 
piece of meat it had been given for the ap-
propriate behavior. In turn, the bird was 
not given the feed to atone disobedience. 
“Methods currently used by falconers are 
not that drastic. Just the opposite, they are 
humanitarian and show full understand-
ing to the responses of the trained bird, 
and most of all show the knowledge of the 
theory of conditioned reflexes, which au-
tomatically eliminates cruelty and exces-
sive violence from training” (Mazaraki 
1977). Next, there came the time for the 
principal stage of learning, i.e. for beyond 
manning. The bird had to learn to fly to 
the falconer at a given signal, which could 
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include e.g. name of the bird or sound 
of a whistle. Afterwards, the bird had to 
land on the glove and eat a piece of meat 
prepared for it. It was important to teach 
the falcon to restrain from the attempt 
of escaping with the feed. At this stage 
of training, the bird should be calm and 
tamed with horses, dogs, tools used for 
hunting like, e.g. nets, but most of all it 
shall not be afraid of the game it would be 
pointing in the future. The fourth stage of 
the training, i.e. setting, was began when 
the falconer was sure that the bird might 
be left free, and that the bird would not 
escape. Initially, the falcon’s “prey” in-
cluded dummy or carrion. With time, the 
raptor was attacking weak animals, to beat 
them easily and to gain confidence. Cour-
age and experience gained in exercises 
of this type made that during hunting the 
falcon could prey animals significantly 
greater than it would normally attack in 
natural conditions. An important element 
of the training was to teach the bird to 
give away its prey. Instead, it was given 
a reward, e.g. a sparrow or a bovine liver. 
Although the training itself was somehow 
cruel, at least at the first stages of bird 
taming, the best results were achieved by 
falconers who were gentle to their raptors. 
A key to success was intermittent spend-
ing time together with the falcon during 
training, feeding the falcon from hand, 
patience and delicacy as well as caring for 
its health (Mazaraki 1977).

SUMMARY

As a result of observations made in the 
study, it was concluded that the visual 
and audio signal as well as knowing each 
other and common trust were important 

factors during man’s work with a rap-
tor. Common buzzard turned out to be 
a calmer bird, its responses were less 
rapid compared to Northern goshawk. 
This raptor did not pay attention to the 
presence of unfamiliar persons, but was 
vulnerable to objects emitting signals 
unfamiliar to it (buses or moving trol-
leys). It results from the biology of this 
bird and its prey preferences, as well as 
from direct causes that include the nerv-
ous system and the hormonal system that 
control animals behaviors. These systems 
receive information from the outside en-
vironment through sense organs. Usual-
ly, the nervous system mediates in more 
detailed and instantaneous responses, 
whereas the hormonal system monitors 
the slower and more general responses. 

None of the hunting birds allowed 
to be touched by an unfamiliar person, 
which is a natural behavior of raptors. 
Northern goshawk was responding sig-
nificantly faster to the sight of an ap-
proaching person and was flaying away 
almost immediately. 

Training a raptor is not easy and re-
quires devoting a significant amount of 
time as well as possessing sound knowl-
edge and competencies. Even under 
man’s care, this bird remains wild and 
free, and each mistake made by man may 
cause that it will chose life in the natural 
environment. 
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Streszczenie: Badanie relacji ptaka szponiastego 
z człowiekiem. Celem przeprowadzonych badań 
było poznanie relacji między ptakami szponiasty-
mi i ludźmi, którzy z nimi pracują. Prowadzono 
obserwacje ułożonych ptaków drapieżnych – my-
szołowa zwyczajnego Buteo buteo oraz jastrzębia 
gołębiarza Accipiter gentili, podczas codziennych 
treningów ze szczególnym uwzględnieniem roli, 
jaką w życiu tych ptaków pełni ich wzrok. W wy-
niku obserwacji stwierdzono, że podczas pracy 
człowieka z ptakiem łowczym ważne są sygnały 
wizualny i słuchowy oraz wzajemne poznanie 
i zaufanie. Myszołów zwyczajny jest ptakiem 
spokojniejszym, jego reakcje są mniej gwałtowne 
w porównaniu do jastrzębia gołębiarza. Drapież-
nik ten nie zwraca uwagi na obecność obcych lu-
dzi, natomiast jest wrażliwy na obiekty emitujące 
nienaturalny dla niego dźwięk (autobusów czy 
poruszających się wózki). Żaden z ptaków łow-
czych nie pozwolił się dotknąć obcej osobie, co 
jest zachowaniem naturalnym dla drapieżników. 
Jastrząb gołębiarz reagował znacznie wcześniej 
na widok zbliżającego się do niego człowieka 
i odlatywał niemal natychmiastowo. 
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Abstract: Characteristics of muscle fi bers of 
breast and leg muscles of grey partridges Perdix 
perdix. The experimental material included 
grey partridges Perdix perdix L. planned for re-
introduction into the natural habitat, reared at the 
Game Breeding Center on the area of Mazovia 
Province. 10 females and 10 males  were selected 
for slaughter. The birds were slaughtered in poultry 
abattoir and specimens of their pectoral superfi cial 
muscle (pectoralis superfi cialis) and biceps 
femoris muscle (biceps femoris) were sampled. 
A greater diameter of fi bers was determined for 
breast muscles. The study did not show any effect 
of sex on muscle fi ber diameter of breast and leg 
muscles of grey partridges Perdix perdix. 

Key words: grey partridge, muscle fiber, game

INTRODUCTION

Muscle fibers are the main components 
of skeletal muscle tissue. According to 
Damez and Clerjon (2008), the number, 
size and type of muscle fibers as well 
as their biochemical, physiological and 
histological characteristics may lead to 
changes in muscle quality. Many authors 
emphasize that the histological structure 
is reflected in the sensory assessment 
of meat products made by consumers 
(Ozawa et al. 2000, Nam et al. 2009, 
Lee et al. 2012). In turn, Sajdakowska et 
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al. (2011) emphasize that the quality of 
food is not an easy notion to define and 
depends, to a large extent, on its subjec-
tive evaluation. In addition, food quality 
means meeting expectations of consum-
ers, bearing in mind that contemporarily 
consumers are increasingly demanding. 
Their growing requirements regarding 
food refer not only to its nutritional and 
health-promoting value, but also its sen-
sory traits, which extorts the improve-
ment of food products quality (Krupiński 
et al. 2011). Increasingly often, the anx-
ious consumers not only express their 
interest in foods produced under the 
extensive conditions (Połtowicz et al. 
2003, Tuyttens et al. 2005, Hughner et 
al. 2007, Pouta et al. 2010, Napolitano et 
al. 2013), but also search for alternative 
species of meat (Nuernberg 2011). Meat 
of the game have for ages played the 
most important role among meat cours-
es. According to Hoffman and Wiklund 
(2006), consumers are aware that game 
meat is healthy and characterized by low 
fat content. In some countries, courses 
prepared from wild fowl are a local deli-
cacy, are perceived as a luxury course 
often claimed a tourist attraction. They 
are, at the same time, a valuable dietary 
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complement and dietetic variety (Wójcik 
et al. 2010). Undoubtedly, game meat 
of grey partridge is highly appreciated 
by consumers as the most delicate and 
the most tasty meat of all game birds 
(Łebkowska and Łebkowski 1995). Ac-
cording to Choi and Kim (2009), a high 
number of fibers with small and medium 
diameters affects meat quality improve-
ment. 

The aim of study was to characterize 
muscle fibers of breast and leg muscles 
of grey partridge Perdix perdix.

MATERIAL AND METHODS

The experimental material included grey 
partridges Perdix perdix L. planned for 
re-introduction into natural habits, reared 
at the Game Breeding Centre on the area 
of Mazovia Province. 

Complete the feed mixtures were ap-
plied in the rearing period. In the first 
4 weeks of birds life, the mixtures con-
tained: 29% of total protein, 11.5 MJ of 
metabolizable energy and 3.6% of crude 
fiber, whereas since the 6th till the 10th 
week of birds life the mixtures contained 
23% of total protein, 11.5 MJ of metabo-
lizable energy and 4% of crude fiber. 
From the 10th week of birds life till the 
end of rearing, the birds were fed diets, 
with a daily feed ration including up to 
50 g of wheat and maize grain and ad 
libitum grass which included a mixture 
of maize, sunflower, alfalfa, grasses and 
marrows stem kale. 

For the first 4 weeks, 3500 partridges 
were kept indoors. Since the 4th week of 
age, they had free access to rearing avi-
aries that were partly roofed, with the 
roof covered with an electric cord to pro-

tect against predators. The aviaries with 
gravel-sand bottom were planted with 
vegetation and possessed natural hide-
aways in the form of rootstocks and large 
stones. 

10 females and 10 males with body 
weight about average in 14-weeks old 
were selected for slaughter. The birds 
were slaughtered in poultry abattoir and 
the specimens of their pectoral super-
ficial muscle (pectoralis superficialis) 
and biceps femoris muscle (biceps fem-
oris) were sampled. Samples in size of 
0.5 × 0.5 × 1 cm were collected within 
15 min since slaughter after appropriate 
exsanguination of the birds and subse-
quently subjected to 24-hour fixation (in 
a Bouin solution). The samples were then 
washed in ethanol to remove the fixing 
agent and dehydrated by a series of in-
creasing ethyl alcohol concentrations. 
Dehydrated samples were saturated with 
paraffin. Paraffin saturation was carried 
out in the incubator at the melting point of 
paraffin. Saturation duration was adapted 
to muscle samples collected and amount-
ed to a few hours. Paraffin blocks were 
formed after completion of the saturation 
process. Microtome Leica RM 2265 (Lei-
ca Microsystems, Nussloch, Germany) 
was used to cut paraffin sections. Muscle 
cross sections had the thickness of 5 μm. 
Standard H&E staining was performed. 
The diameter and area of 200 muscle 
fibers was measured in each slide using 
a Nikon Ellipse E200 light microscope 
equipped with a Nikon DS-Fi2 camera 
and COOL view 2.7 software.

Results achieved were elaborated sta-
tistically with the use of Student’s t-test 
in SPSS 19.0 PL software IBM Corp. 
Released (2010). Differences were found 
significant at p ≤ 0.05 and p < 0.01.
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RESULTS AND DISCUSSION

As reported by Tumova and Teimouri 
(2009) and by Lefaucheur (2010), the di-
ameter of muscle fibers may range from 
10 to 100 μm. According to Papinaho et 

al. (1996) and Geyikoglu et al. (2005), 
in the case of chickens, the mean thick-
ness of muscle fibers depends on the 
type of muscle and reaches 60.0 μm for 
m. pectoralis major, 51.6 μm for m. bi-
ceps femoris, 59.8 μm for m. extensor 

Breast muscle / 10 µm 

Male  Female  

  

Leg muscle / 10 µm 

Male  Female 

  

FIGURE 1. Cross-section of breast and leg muscles of grey partridges 
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hallucis longus and 60.45 μm for m. gas-
trocnemius. In the case of grey partridge, 
the diameter of muscle fibers ranges 
from 25.7 to 97.95μm (58.53 on aver-
age) for pectoral muscles as well as from 
19.33 to 68.18μm (42.93μm on average) 
for leg muscles (Wnuk et al., 2013b). 
Similarly small diameters of breast mus-
cle fibers accounting for 37.86–39.11μm 
and these of leg muscle fibers account-
ing for 63.55–66.54 μm were reported 
for Białe Kołudzkie geese (Biesiada-
-Drzazga et al. 2006) as well as for Silkie 
hens, i.e. 32.23 and 28.73 μm, respec-
tively (Łukasiewicz et al. 2013). Along 
with the selection of livestock for a high 
growth rate, problems emerge with their 
muscle fibers which result in hyperplasia 
and the appearance of the so-called giant 
fibers, the diameter of which is usually 
threefold greater than that of normal fib-
ers (Dransfield and Sosnicki 1999). 

No giant fibers were observed in the 
analyzed muscles of grey partridges, that 
were characterized by a high contribu-
tion of fibers with small and medium 
diameters (Fig. 1). In addition, greater 
diameters of fibers of breast muscles 
(60.71 μm) and leg muscles (45.69 μm) 
were determined in the case of roosters 
compared to hens (Table 1). In the group 
of males, diameters of breast muscle fib-
ers were relatively equal, 70–90% of the 
fibers in particular bundles had diameters 

in the range of 50–60 μm, and 10–30% 
of the fibers had diameters in the range 
of 25–40 μm. In the group of females, 
diameters of breast muscle fibers were 
more equalized and reached 55–60 μm 
in ca. 80–90% of the fibers and less than 
25 μm in 10–15% of the fibers.

The same tendency was observed in 
case of leg muscles – larger diameters 
were demonstrated in males. Diameters 
of leg muscle fibers in the group of 
males were relatively equalized, i.e. 80–
–90% of fibers in particular bundles had 
diameters of 45 μm, and 10–30% of fibers 
had diameters in the range of 25–40 μm. 
In the group of females, the diameters of 
leg muscle fibers, likewise these of breast 
muscles, were more equalized compared 
to the males because 80–90% of fibers in 
particular bundles had diameters in the 
range of 35–40 μm, and in 10% of the 
fibers diameters were lesser than 20 μm.

Similar tendencies were observed 
for Hubbard JA 957 and Ayam Cemani 
chickens and their hybrids (Łukasiewicz 
et al. 2014), as well as for Cobb × Zk 
hybrids (Wnuk et al. 2013a), which si-
multaneously indicated the effect of sex 
on muscle fiber diameter and thereby 
confirmed results of earlier study by 
Khoshoii et al. (2013). According to 
Candek-Potokar et al. (1998), sex is one 
of the factors which affect the histologi-
cal structure of muscles. A completely 
different opinion was expressed by Mo-
bini et al. (2013) who did not demon-
strate any effect of sex on muscle fiber 
diameter. It does not change the fact, 
however, that the presence of a high 
number of fibers with a small diameter 
may be indicative of meat tenderness. 
Fanatico et al. (2007) found that the 
selection for fast growth and high yield 

TABLE 1. Fiber diameter of breast and leg 
muscles of grey partridges 

Group

Muscles
breast leg

x SE x SE

♂♂ 60.71 14.54 45.69 10.67

♀♀ 56.22 12.35 40.16 5.00
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have negatively impacted the sensory 
and functional qualities of the meat, 
pushing muscle fibers to their maxi-
mum functional size constraints. 

CONCLUSIONS

The study showed no effect of sex on the 
diameter of muscle fibers of breast and 
leg muscles of grey partridge Perdix per-
dix. Generally, greater fiber diameters 
were determined in breast muscles. Wor-
thy of notice is a small diameter of the 
fibers of the analyzed muscles, which is 
indicative of a delicate structure of grey 
partridge meat. 
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Streszczenie: Charakterystyka włókien mięśnio-
wych mięśni piersiowych i nóg kuropatwy pol-
nej Perdix perdix. Materiał badawczy stanowiły 
kuropatwy polne Perdix perdix L. przeznaczone 
do wsiedlenia do środowiska naturalnego, od-
chowywane w Ośrodku Hodowli Zwierzyny na 
terenie województwa mazowieckiego. Do ubo-
ju wybrano po 10 kur i 10 kogutów. Ptaki ubito, 
a następnie pobrano próbki mięśni piersiowych 
(pectoralis superfi cialis) oraz mięśni nóg (biceps 
femoris). Większą średnicą włókien charakteryzo-
wały się mięśnie piersiowe. Nie wykazano wpły-
wu płci na średnicę włókien mięśni piersiowych 
i mięśni nóg kuropatwy polnej Perdix perdix. 
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