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Abstract: Molecular genetics investigates the genetic makeup of
individuals at the DNA level. That includes the identification and mapping of
molecular genetic markers and genetic polymorphisms. Molecular genetic markers
(DNA markers) are one of the most powerful means for the genomic analysis and
allow the connection of hereditary traits with genomic variation. Molecular marker
technology has developed rapidly over the last decade and two shapes of specific
DNA based marker, Simple Sequence Repeats (SSRs), also known as
microsatellites, and Single Nucleotide Polymorphisms (SNPs) prevail applications
in modern genetic analysis.Genomic simple sequence repeats (SSRs,
microsatellites) have been used for a variety of purposes, including gene tagging,
physical mapping, genome mapping, estimation of genetic diversity, phylogenetic
and conservation genetic purposes in farm animal breeding. SSR analyses are
applied successfully in parentage verification and pedigree analysis, as disease
markers and to locate the mutation in genetic disorders in livestock animals. The
ultimate use of SSRs markers is for mapping quantitative trait loci (QTL), marker
assisted selection (MAS) in order to practice genomic selection and improve the
farm animal health. Developments in ‘omics’ technologies, such as genomic
selection, may help overcome several of the limitations of traditional breeding
programmes and will be especially beneficial in breeding for lowly heritable
disease traits that only manifest themselves following exposure to pathogens or
environmental stressors in adulthood. The current paper provides a brief overview
of the present – day application of microsatellites markers in animal breeding and
make significant contribution to the overall farm animal health and resistance to
disease.
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Introduction
Molecular Genetics deals with the genomic makeup of individuals at the
DNA level. It is the identification and mapping of genes, DNA markers and genetic
polymorphisms ( Teneva et al.,2005,2007,2009;Teneva, 2009) . This enables us to
use molecular genetics to identify the genes and other molecular markers that are
involved in variety of productive traits. On the base of the information of genomic
makeup it would be possible to select improved livestock. In case it is carefully
applied, the use of molecular information in selection programmes has the power to
increase productivity of farm animals, as well as to enhance environmental
adaptation and maintain genetic diversity.
Conventional animal`s breeding programmes depend on selection
programmes based on phenotypic selection ( Walsh, 2000, Teneva and Petrovic,
2010). This resulted in the selection of a number of economically important genetic
traits in cattle, sheep, pigs and poultry. In phenotypic selection traits are measured
directly and animals with superior performance are used as breeding stock where
the trait is limited, such as production, progeny test schemes have allowed the
genetic merit of the sex not displaying the trait to be estimated (Dekkers, 2004;
Naqvi, 2007). There are sundry stumpers related to the phenotypic selection:
►restriction of the genetic base of a population
► it could be carried out to traits that are facilely evaluated
► requiring high costs
► the difficulties in improving disease resistance in farm animals by
traditional phenotype selection.
For the traits that are displayed only in adults, which include most of the
production traits, it is necessary to raise a large number of individuals for which the
trait is recorded, so that a few can be chosen for breeding. In the case of progeny
testing for milk production, the costs are very high, as the test sires have to be
raised and then the daughters themselves raised and bred before the trait can be
measured and the elite sires selected (Naqvi, 2007).
Improved animal health is a major objective in current animal breeding
strategies, but is difficult to achieve by traditional breeding methods. Thus,
selection for genetic disease resistance provides a potential avenue for improving
the health status of farm animals, increasing productivity and reducing the need for
pharmaceutical intervention, in this way reducing costs and delaying the
appearance of resistant pathogens. The achievement of such improvement is one of
the most important applications of molecular genome research.

Molecular genetics and ssr markers...
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In 1940`s Irwin and co-workers used blood group antigens for parentage
verifications in the Holstein Friesian cattles (Hines, 1999). Later, in the 1950’s
Stormont (Hines, 1999) studied the blood groups in cattle and their applications in
the detection of incorrect parentage. Landsteiner in the early 1900’s on human
blood group variability and Erlich and Morgenroth and Todd and White on blood
groups in farm animals researched into immuno-genetics and genetic variability
among animals (Hines, 1999; Marle-Köster and Nel, 2003).
It is, however the development of molecular biology and especiallay DNA
based markers during the past three decades that created exciting new means for
studying livestock genetics and animal breeding. Selection according to genotype
has become an important tool in the breeding of farm animals. In very recent years
the molecular biological approach has also been revolutionized by the application
of new technologies (Hayes et al., 2009).

Molecular Marker Technologies
In this regard the use of molecular genetic technologies potentially offer a way
to select breeding animal at an early age and to select for a broad range of traits as
well as to enhance reliability in predicting the mature phenotype of the individual
(Weir et al., 2006; Naqvi, 2007; Toro at al., 2009; Hayes et al., 2009). The several
categories of potential gene - based implementations are in:
►Animal identification and traceability
► Molecular-genetic analysis of genetic diversity
► Reproductive improvement
►Transgenic livestock
►Gene based trait selection
►Animal health: diagnosis, protection and treatment
► Nutrition and metabolism
Molecular genetics allows to study the genetic make-up of individuals at the
DNA level. The use of molecular genetics in selection programmes is based on the
ability to determine the genotype of individuals for mutations or indirect markers
using DNA analysis. This information is then used to assess the genetic value of
the individual,which can be captured in a molecular score that can be used for
selection (Dekkers and Hospital, 2002).
After a lot of authors (Dekkers and Hospital, 2002; Womack, 2005; Naqvi,
2007) the main reasons why molecular genetic information can result in greater
genetic gain than phenotypic information are:
¾ Assuming no genotyping errors, molecular genetic information is not
affected by environmental effects and, therefore, has heritability
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¾ Molecular genetic information can be available at an early age, even at
the embryo stage, thereby allowing early selection and reduction of
generation intervals
¾ Molecular genetic information can be obtained on all selection candidates,
which is especially beneficial for sex-limited traits, traits that are
expensive or difficult to record, or carcass traits (traits that require
slaughter)
Molecular genetic markers represent one of the most powerful tools for the
analysis of genomes and enable the association of heritable traits with underlying
genomic variation. Molecular marker technology has developed rapidly over the
last decade and two forms of sequence based marker, Simple Sequence Repeats
(SSRs), also known as microsatellites, and Single Nucleotide Polymorphisms
(SNPs) now predominate applications in modern genetic analysis.

Simple Sequence Repeats (SSRs) markers
SSRs also known as microsatellites are short sequence elements that are
arranged in a simple internal repeat structure (Awadalla and Ritland, 1997; Moxon
and Wills, 1999; Duran et al., 2009). These are very powerful genetic markers, due
to their genetic codominance, abundance, dispersal throughout the genome, multiallelic variation, high reproducibility and high level of polymorphism, could
characterize and discriminate all genotypes (Tautz, 1989; Schlotterer and Tautz,
1992; Li et al., 2002).
SSRs provide a number of advantages over other molecular markers,
namely that multiple SSR alleles may be detected at a single locus using a simple
PCR based screen, very small quantities of DNA are required for screening, and
analysis is amenable to automated allele detection and sizing (Schlotterer, 2000)
Studies of the potential biological function and evolutionary relevance of
SSRs is leading to a greater understanding of genomes and genomics
(Subramanian et al., 2003). SSRs were primarilly considered to be evolutionally
neutral (Awadalla and Ritland, 1997). More recent data suggests that they probably
play an important role in genome evolution (Moxon and Wills, 1999) and provide
points of recombination.
They are assumed to be involved in gene expression, regulation and
function (Gupta et al., 1994; Kashi et al.,1997) and have been found to bind
nuclear proteins and function as transcriptional activating elements (Li et al.,
2002), scilicet they suggested to have a significant functional role.
SSR analyses are applied successfully in parentage verification and
pedigree analysis, as disease markers and to locate the mutation in genetic
disorders in livestock animals. The ultimate use of SSRs markers is for mapping
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quantitative trait loci (QTL) and in marker assisted selection (MAS) in order to
practice genomic selection.

Ssr Marker Applications In Animal Genetics And Breeding
The main properties of the SSRs markers - abundance, hypervariability and
Mendelian inheritance make them very informative markers in the genome analysis
and are used for various applications in many livestock species (Tautz, and Renz,
1984; Tóth et al., 2000; Beuzen et al., 2000; Binadel et al., 2001; Katti et al..2001;
Adamov et al., 2011) in individual identification, parentage and pedigree analysis,
genome mapping, population genetics, conservation and management of biological
resources.

Individual identification, parentage and pedigree analysis
Allozymes are not the best markers for estimation of hereditary
relationship because of their restricted ability for sampling the genome as a whole.
The most effective marker for this type of evaluation are microsatellites as they are
codominant and hypervariable (thus able to distinguish between closely related
individuals) (Chakraborty et al.,1988). In general, only 30-40 microsatellite loci
are needed to provide a satisfactory estimation of relationship (Blouin, 2003).
The PCR based microsatellite typing provide the powerful tool for the
identity and the paternity testing. Selected panel of microsatellite loci and the
multiplex PCR system form a highly discriminating powerful tool for parentage
testing (Peelman et al., 1998; Luikart et al., 1999).
The microsatellites have been successfully and extensively employed for
the parentage testing and individual identification for the breed allocation etc., in
various domestic animals –cattle, dogs, horses (Fredholm and Wintero, 1996;
Bowling et al., 1997; Guerand et al., 1997; Peelman et al., 1998; Alter et al., 2001;
Bjornstad and Roed, 2001; Adamov et al., 2011). Coppieters et al. (1993), based
on the observed allele frequencies in the studied pig populations, estimated the
exclusion probability for the quadruplex microsatellites to be 0.96. Kaul et al.
(2000) estimated the probability of identity of two random individuals from the two
different native Indian pig populations, based on 13 microsatellites, to be 3.51×1019.
In 2004 Gentilini and coworkers used a DNA fingerprint technique based
on microsatellites to solve a parentage testing in Boxer breed.
The concept of genetic relatedness and parentage is central to many
aspects. In agriculture, measurements made on related individuals can be used to
estimate the additive and dominance components of variance, which in turn are
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needed to predict the gain from breeding programmes for domesticated animal
species (Weir et al., 2006; Selkoe and Toonen, 2006).
The multiallele microsatellites are currently using as modern genetic
markers to assess the degree of relatedness between individuals or to address
suggested degrees of relatedness (Weir et al., 2006).

Population analyses/estimation of genetic diversity
The high degree of the polymorphism of SSR markers makes them the
markers of choice for such studies over the conventional markers like the
restriction fragment length polymorphism (RFLP), which generally have only two
alleles, and has a maximum theoretical heterozygosity of 50% (Botstein et al.,
1980, Teneva et al., 2005). The microsatellites give discriminating and
significantly concordant results as compared to RAPD (Zhanjiang, 2007).
Since the beginning of the 1990s, microsatellite molecular data have
become more suitable for the characterization of genetic diversity (Bowcock et al.,
1994; Laval et al., 2000; Groeneveld et al., 2010). Fredholm et al. (1993)
characterized 24 porcine (dA-dC)n-(dT-dG)n microsatellites for genotyping of the
four European pig breeds. The variation between the Chinese indigenous Meishan
and the Western breeds was also studied using the microsatellite markers (Paszek
et al., 1998b). Li et al. (2000b) reported variation among the seven local pig breeds
of China using the six microsatellite loci. Niu et al. (2001) analysed the 5 lines of
pig inbred lines with the 35 microsatellite loci. In order to clarify the genetic
relationships among the major pig breeds is necessary to use the common set of the
microsatellites for analysis of the genetic diversity.
To maintain the concordance of the results so that the data can be
compared at the international level, the Food and Agricultural Organisation (FAO)
has recommended the use of a species specific set of microsatellite markers for
molecular characterization in following farm animals – cattle, buffalo, sheep, goat,
horse, donkey, pig and chicken (FAO, 2011). These guidelines revise and build
upon the Secondary guidelines: measurement of domestic animal diversity
(MoDAD) published by FAO in 1993.
Genetic population studies using the microsatellites help in rating the
genetic variation within and between the breeds and to define a diversity measure
which will permit the ranking of the breeds for conservation purpose thus
providing the useful information concerning the relative contribution to the genetic
diversity (Laval et al., 2000, Martinez et al., 2000; Behl et al., 2002). This will
allow for the future management of the breeds to be based on the greater
knowledge of their genetic structure and the relationships between breeds for
conservation breeding purposes (Takezaki and Nei, 1996; Caballero and Toro,
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2002; Aberle and Distl, 2004; Kim et al., 2004; Taberlet, et al., 2008; Toro et al.,
2009).
Commonly, neutral molecular markers have some clear advantages when
used to estimate the genetic diversity of populations: they are relatively easy to
characterize, and they can provide unbiased estimates of random processes such as
genetic drift (Luikart et al,. 2003). Microsatellites are currently the most widely
used markers for inferring genetic diversity. One of the purposes of genetic
diversity studies is to manage, preserve and disseminate these to breeding
organizations and relevant government agencies (FAO, 2011). Many studies refer
microsatellites exploitation for genetic diversity evaluation and relationships
among cattle populations (MacHugh et al., 1997; Canon et al., 2001; Kim et al.,
2002; Maudet et al., 2002; Dorji et al., 2003; Jordana et al., 2003; Metta et al.,
2004; Mukesh et al., 2004; Pandey et al., 2006).
The genetic diversity of eleven pig breeds from six European countries
along with a small sample of wild pigs was evaluated by Laval et al. (2000) using
18 microsatellite markers. Significant breed differentiation (FST = 0.27) and
moderate diversity (He= 0.35 to 0.60) was observed amongst the eleven breeds
with the French Basque found to be the most genetically distinct. During the
PigBioDiv I project (Ollivier et al., 2005; Ollivier, 2009), 58 European populations
including 29 local breeds, 18 national varieties of international breeds, 21
commercial lines and the Chinese Meishan breed, used as an out-group were
genotyped for 50 microsatellite markers. Data from 11 breeds generated during the
PiGMap project (Laval et al., 2000) were also included in the analysis. These data
showed that the individual breed contributions to between breed diversity ranged
from 0.04% to 3.94% of the total European between breed-diversity, and that local
breeds accounted for 56% of the total, followed by commercial lines and
international breeds.
Kim and Choi (2002) used six microsatellite loci on 67 individuals to
characterize genetic variability and structure of Korean native black pigs. Thuy et
al. (2006) analysed five Vietnamese indigenous breeds and showed a higher degree
of polymorphism, allelic diversity, and heterozygosity than in the commercial pigs
of European origin.
The preliminary findings from the microsatellite data of the indigenous
pigs from Bhutan, Nepal, Sri Lanka, and Papua New Guinea, which have been
recently reported (Nidup et al.,2010a; Nidup et al., 2010b) suggest rich
biodiversity of indigenous pigs resource in South Asia and Papua New Guinea. All
these microsatellite studies indicate the existence of biodiversity, potential
conservation, and sustainable utilization of swine genetic resources, particularly the
indigenous breeds, in European and Asian countries.
Microsatellite markers for the gene mapping/ linkage analyses
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The excellent properties of the microsatellites makes them an effective tool
for linkage studies and gene mapping. There are several advantages in using of
microsatellites for the genome wide linkage search (Peelman et al., 1998, Teneva,
2009): their ubiquity in the genome, a small number of the families will be
sufficient to prove or disprove the linkage because of the highly polymorphism,
multiple microsatellites can be analysed simultaneously since several loci can be
amplified in the single PCR.
The genetic linkage analysis is based on the principle that if two genes on
the DNA segment are located close to each other on the same chromosome, they
are likely to be inherited together. The linkage between the two genetic loci is
established when they show significant co-segregation in the offspring (Duran et
al., 2009). The microsatellite markers scattered throughout the mammalian
genome, are probably best markers available for linkage studies. Linkage maps
solely or mostly built up by microsatellite markers have been reported for various
species of farm animals (Barendse et al., 1994; Ellegren et al., 1994; Archibald et
al., 1995; Kappes et al., 1997; Binadel et al., 2001; Ellegren, 2004; Takahashi et
al., 2005).
The linkage maps for the genomes of the pig and other domestic animals
are important as these genetic maps have made it possible to map the disease genes
and their potential ability to genetically dissect the phenotypic traits of the
agricultural or biological significance. Marklund et al. (1999) identified a linkage
group of three microsatellite loci, blood groups L, GBA and ATP1B1 on the pig
chromosome. Hasan and coworkers (1999) employed the 14 microsatellites to map
the L oxidase gene, which is a candidate for the vitamin C deficiency in to the
chromosome 14. A whole genome scan was conducted using 132 microsatellite
markers to identify the chromosomal regions that have an effect on the teat number
in the Chinese Meishan pigs and the five commercial Dutch pig lines (Hirooka et
al., 2001).
The microsatellite loci have been also used for detection and localisation of
the quantitative trait loci for the growth and fatness in the pigs (Marklund et al.,
1999; Binadel et al.,2001). The molecular genome scan analysis to identify the
chromosomal regions influencing the economic traits in the pigs using the
microsatellites have been reported for the teat number by Malek et al. (2001a,b).
The information may subsequently utilized for the breeding programmes in
domestic animals through marker assisted selection (MAS).
QTL mapping by the use of microsatellite markers
Over the last decade considerable effort has been put into the construction
of genetic and physical maps of the genomes of livestock species (Dekkers, 2004;
Willijams, 2005; Erhardt and Weimann, 2007, Teneva et al., 2007). In the first
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instance these maps were composed predominantly of anonymous, microsatellite
markers. The bovine genetic map now contains over 3,800 markers (Ihara et al.,
2004). These genetic maps have been used to select markers that are distributed
across whole genome. These markers are then used in QTL mapping studies to
track the inheritance of specific regions of chromosomes through generations of
families. Microsatellite markers are commonly used in these studies because they
usually have several alleles and hence the parental origin of a particular marker can
usually be determined to track the inheritance of specific regions of chromosomes
through generations of families (Dekkers, 2004; Duran et al., 2009).
Until recently, microsatellites were the markers used for mapping
quantitative trait loci for production and functional traits in farm animals
(Hiendleder et al., 2003; Kühn et al., 2003) and tightly linked markers are used for
marker assisted selection in practice. They are also the prerequisite for the
identification of positional and functional candidate genes responsible for
quantitative traits.
Genome scans for QTL are completed for all major livestock species (
http://www.animalgemome.org/QTLdb/; http://bovineqtl.tamu. edu/index.html).
When marker-QTL associations are identified, MAS can be applied in breeding
programmes with the aim of improving selection response (Meuwissen and
Goddard, 1996). In German Holstein cattle a whole genome scan was performed
and QTLs for functional traits (Kühn et al., 2003), body conformation and
behaviour were identified (Hiendleder et al., 2003).
Using an identical design Harder et al. (2006) detected QTL for lactation
persistency traits in cattle. On the basis of a QTL identified on BTA 18, it could be
shown using comparative mapping strategies, that it is possible to identify a
candidate gene. DGAT1, the gene encoding diacylglycerol O-acyltransferase, was
identified a candidate gene for milk production traits by Grisart et al. (2002) and
Winter et al. (2002). Since DGAT1 has main effects on the fat content of milk, the
analyses of promoter variants of the bovine aS1-casein (CSN1S1) gene lead to a
significant effect on the protein percentage in dairy cattle (Prinzenberg et al.,
2003). The effect of DGAT could be further differentiated by including CYP11B1
variants (Kaupe et al., 2007).

Marker assisted selection (MAS)
A major objective of quantitative trait loci (QTL) studies is to find
genes/markers that can be implemented in breeding programs via marker assisted
selection (MAS). There is a general agreement from theoretical and simulation
studies that application of MAS has the potential to increase the rate of genetic gain
especially if traditional selection is less effective (Khatkar et al., 2004)
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Since the 1970s, the discovery of technology that enables identification
and genotyping
of large numbers of genetic markers, and research that demonstrated how this
technology could be used to identify genomic regions that control variation in
quantitative traits and how the resulting QTL could be used to enhance selection,
have raised high expectations for the application of gene- (GAS) or marker-assisted
selection (MAS) in livestock. Yet, to date, the application of GAS or MAS in
livestock has been limited (Dekkers, 2004).
After Dekkers( 2004) the successful application of MAS in breeding
programmes requires advances in the following five areas:
• Gene mapping: identification and mapping of genes and genetic
polymorphisms.
• Marker genotyping: genotyping of large numbers of individuals for large
numbers of markers at a reasonable cost for both QTL detection and routine
application for MAS.
• QTL detection: detection and estimation of associations of identified
genes and genetic markers with economic traits.
• Genetic evaluation: integration of phenotypic and genotypic data in
statistical methods to estimate breeding values of individuals in a breeding
population.
• MAS: development of breeding strategies and programmes for the use of
molecular genetic information in selection and mating programmes.
Advances in MAS have been made in all farm animal species principally
on the base of microsatellite being the marker of choice for QTL searching and
gene mapping.
In dairy cattle, after the first work of Georges et al. (1995), many large
scale QTL detection experiments were designed to exploit the population structure
and the recording systems existing in large dairy breeds. Most of them used the socalled granddaughter design. A recent review (Khatkar et al, 2004) summarized the
results of more than 50 experiments and presented a meta-analysis.
To date, only few QTL have been fully characterized with a strong putative
or well-confirmed causal mutation: DGAT1 on chromosome 14, GHR on
chromosome 20, or SPP1 on chromosome 6 (Boichard et al., 2006) They all affect
milk production traits, whereas no QTL affecting functional traits such as fertility
or mastitis resistance has been characterized so far.
To the authors’ knowledge, MAS development still remains limited due to
some limiting factors including biological factors (reproductive capacity) and many
theoretical considerations related to the effectiveness of MAS (e.g. diverting
selection pressure from polygenes to a single marked gene), which are generally
applicable to MAS in livestock, its cost, its high organisational demand, to the
limited number of genes of importance fully characterised, and also to some lack of
confidence of users (Muir, 2003; Dekkers, 2004; Boichard et al., 2006).
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Microsatellites for identification and control of disease
disorders in livestock
In molecular genetics, there have been considerable advances in animal
breeding and genetics, relevant to animal disease control. These advances are of
considerable veterinary interest, showing that observed animal performance is the
outcome of the interaction between the animal’s genetic makeup and the specific
environment it was exposed to. Thus improved genetics has the potential to
complement current approaches to animal disease control. Improvement in animal
health through genetic selection is advantageous, because genetic gain is
cumulative and permanent, as the genes introduced into a population can persist for
many generations (Berry et al., 2011).
Microsatellite sequences are most commonly employed in determining
progress in identification and control of livestock disease disorders (Berry et al.,
2011).
Kriegesmann et al. (1997) mapped genes for genetic diseases such as
BLAD in cattle and developed a DNA test to identify the unfavourable allele. Fujii
et al. (1991) studied the gene variant in pigs responsible for the maligne
hyperthermia syndrome (MHS), which is closely related to meat quality. Both tests
are successfully implemented within breeding programmes in the breeds affected
and have reduced the frequency of the unfavorable allele.
Of great interest are the markers that are linked to disease resistance QTL,
like E.coliresistance in pigs (Meijerink et al., 2000), nematode resistance in sheep
(Coltman et al., 2001), trypanotolerance in cattle (Hanotte et al.,2003). Peelman
(1999) identified four microsatellites as the preliminary diagnostic tool to type pigs
for the K88 E. coli neonatal diarrhea resistance or sensitivity.
A lot of candidate microsatellite loci were selected as markers associated
with different livestock diseases: markers located in the ovine MHC (Crawford et
al., 1995), INRA111 and INRA131 for bovine mastitis (Schulman et al., 2004),
CP26 for tuberculosis (Acevedo-Whitehouse et al., 2005).
The presence and frequence of microsatellites instability (MSI) could be
used for detecting diseases or tumors (McNiel et al., 2007; Sotirakopoulos et al.,
2010; Zhou et al., 2012). Microsatellite mutations or microsatellite instability
(MSI) leads to DNA replication error (RER) phenotype. Microsatellite instability
(MSI), reflecting a cellular deficiency in DNA mismatch repair (MMR), is now
regarded as an important biomarker to predict the cellular genome mutation (Zhou
et al., 2012). If uncorrected, these errors are fixed after a next round of replication
as addition or deletion of one or more microsatellite sequences. This mutated
phenotype manifests as MSI, and appears to play an important role in
tumorogenesis and/or tumor progression. Marek’s disease provides excellent model
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for the study of herpes virus-induced tumors both in experimental and natural
conditions (Zhou et al., 2012).
Apart from a few candidate gene studies, most efforts to identify Marek `s
disease resistance genes have used genome-wide QTL scans with microsatellite
markers (Cheng et al., 2013). Two studies utilized ADO Llines 6 (MD resistant)
and 7 (MD susceptible). Vallejo et al. (1998) and Yonash et al. (1999) identified
14 QTLs (7 significant and 7 suggestive) where the QTLs explained up to75% of
the genetic variance. By measuring not only disease incidence but also diseaserelated traits, the QTLs could be grouped by trait type. Some QTLs were associated
almost exclusively with viremia levels and the remaining QTLs with disease,
survival, tumor incidence, nerve enlargement, and other disease-associated traits,
which suggests that disease resistance occurs at least at two levels: initial viral
replication and cellular transformation (Cheng et al., 2013).
Genetic resistance to footrot in sheep varies between populations and phenotypes.
The estimated heritability is between 0.10–0.20 (Smith et al., 2012), indicating the
potential capacity of microsatellite loci for effective selection for resistance.
Other agents causing unexplained types of scrapie or atypical scrapie first
reported in Norway in 1998 are now widespread (Benestad et al., 2003; Orge et al.,
2004; Moum et al., 2005). Recently, Lühken et al. (2007) have associated
microsatellites MCMA53 and MCMA16 on sheep chromosome 15 with
susceptibility to atypical scrapie. Other polymorphic microsatelittes also occur
within the ovine and bovine PRNP gene (Geldermann et al., 2003; Luhken et al.,
2007).
Candidate gene microsatellite variation in TCRG4 locus is associated with
parasitism in wild bighorn sheep (Luikart et al.,2008). Catalase gene - SHP4 is
associated with facial eczema disease resistance in sheep for ovine eczema (Phua
et al., 1999).
Davies et al. (2006) studied BL4 for IgA QTL parasitic infection in
Scottish blackface sheep. Two microsatellite markers (TGLA48 and BMC5221)
are in the linkage group as genes with the gene ontology (GO;
www.geneontology.org) code for defence response to Gram-negative bacterium
(Smith et al., 2012). Studies on QTL affecting parasite resistance in cattle have
been carried in USA (Gasbarre et al., 2002). For genetic analysis of the DNA
polymorphism more than 200 microsatellite markers were tested and found at
regular intervals (about 20 cM) across the entire genome. Preliminary results of
QTL analysis show that an expected heterozygosity index was 50%, and 45% for
polymorphism information content (PIC). These data suggest that parasiteresistance is related to acquired immunity, associated with the interferon gamma
gene (IFNG) gene. The gene was also found as QTL for resistance to
gastrointestinal nematodes in sheep.
In Germany the study on QTL for resistance to parasites was carried out on
the Rhönschaf sheep (Janssen et al., 2002). Statistical analysis showed significant
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association between parameters of resistance (faecal egg count) and the markers
OarCp73, DYMS1 and BM1815. The DYA gene (belonging to the class IIb
subregion of the major histocompatibility complex – MHC) closely linked to the
microsatellite DYMS1, is a possible candidate gene for resistance to Haemonchus
contortus in sheep.
Indigenous (unimproved) breeds of sheep seemed to be significantly
resistant or tolerant to parasites as compared with commercial (improved) breeds.
The widest polymorphism among the MHC genes is found in locus DRB1 which
encodes the beta chain of the DR protein molecule, located on the surface of
antigen-presenting cells. Charon et al. (2002) showed a significant association
between microsatellite polymorphism in DRB1 gene and the faecal nematode egg
count on primitive Heatherheaded sheep. A total of 23 alleles were identified
across the investigated gene fragment. Alleles 482 bp and 530 bp showed
significant association with resistance to gastrointestinal nematodes, while the 568
bp allele was found related to susceptibility to parasites.
Bovine Progressive Degenerative Myeloencephalopathy (Weaver
Syndrome) is a recessive neurological disease that has been observed in the Brown
Swiss cattle breed since the 1970’s in North America and Europe.
Weaver Syndrome was mapped to Bos taurus autosome (BTA) 4 by
Georges et al. (1993), and the microsatellite (MS) marker TGLA116 (58.21 Mbp)
was identified as a diagnostic marker due to its close linkage (estimated 3%
recombination rate) with the locus containing the Weaver allele. The authors have
identified a microsatellite locus (TGLA116) closely linked to the weaver gene
discovered in testing the hypotheses that the genetic disease in cattle - progressive
degenerative myeloencephalopathy (weaver disease) is associated with increased
milk production. TGLA116 and the weaver locus were assigned to bovine synteny
group 13. The authors posted that this microsatellite marker could be used to
identify weaver carriers, to select against this genetic defect, and to study the effect
of the chromosomal region on milk production in Brown Swiss and other breeds of
cattle.
The locus was later refined to a 10 Mbp window between markers BMS2646 and
MAF50 (46.31and 56.42 Mbp, respectively) (Denise and Medrano, 2005). Weaver
carrier animals were either identified from affected progeny or via a commercially
available genetic test based upon the haplotype of 6 MS markers: RM188, MAF50,
RM067, TGLA116, BM1224, and BM6458, within a 43.8 cM region (McClure et
al., 2013).

Conclusion
The development of molecular markers for genetic analysis has led to great
increase in our knowledge of livestock genetics and our understanding of the
structure and behaviour of animal genomes.
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In recent years, the demonstration of genetic polymorphism at the DNA
sequence level has provided a large number of marker techniques with variety of
applications. However, utilization of marker-based information for genetic
improvement depends on the choice of an appropriate marker system for a given
application.
Microsatellites have the highest heterozygosity among all marker types
because of their high number of alleles. For as much as most RFLP, RAPD, AFLP
and SNP markers are biallelic markers, they have a maximal heterozygosity value
of 0.5. Thus, microsatellites are most informative as genetic markers. This feature
makes microsatellites the unique marker system for identification of individuals
such as parentage analysis, as well as the choice of markers for many other types of
applications. The major application of microsatellite markers is for the construction
of genetic linkage and QTL maps.
Although the MAS development still remains limited due to some limiting
factors including biological factors (reproductive capacity) and many theoretical
considerations related to the effectiveness of MAS, the ultimate use of STR
markers is for mapping quantitative trait loci (QTL) and in marker assisted
selection (MAS) in order to practice genomic selection in nucleus breeding
programs. Developments in ‘omics’ technologies, such as genomic selection, may
help overcome several of the limitations of conventional breeding programmes and
will be especially beneficial in breeding for lowly heritable disease traits that only
manifest themselves following exposure to pathogens or environmental stressors in
adulthood.
Microsatellite sequences are most commonly employed in determining
progress in genetic resistance to livestock diseases and control of genetic disorders
in livestock animals. There continues to be very significant advances in efforts to
control disease, with the potential for significant improvements to both
performance and welfare. These advancements will included improved
understanding of disease pathophysiology and epidemiology for improved disease
control in farm animals.

Molekularna genetika i SSR markeri kao nova praksa u
genomskoj analizi farmskih životinja u reprodukciji i
kontroli bolesti
A.Teneva, K. Dimitrov, V. Caro Petrović, M.P.Petrović, I. Dimitrova ,
N.Tyufekchiev, N. Petrov
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Rezime
Molekularna genetika istražuje genetski sastav pojedinaca na nivou DNK.
To uključuje identifikaciju i mapiranje molekularnih genetskih markera i genetskih
polimorfizama. Molekularni genetski markeri (DNK markeri) su jedan od
najmoćnijih sredstava genomske analize i pružaju mogućnost povezivanja
naslednih osobina sa genomskim varijacijama. Tehnologija molekularnih markera
se brzo razvila u poslednjoj deceniji, a dva oblika markera na bazi DNK, Simple
Sequence Repeats (SSR), takođe poznati kao mikrosateliti, i polimorfizam
pojedinačnih nukleotida - Single Nucleotide Polymorphisms (SNP) preovlađuju u
primeni u modernoj genetskoj analizi.
Genomske sekvence - ponavljanja (Simple Sequence Repeats - SSR,
mikrosateliti) se koriste za razne svrhe, uključujući označavanje gena, fizičko
mapiranje, mapiranje genoma, procena genetičke raznovrsnosti, filogenetske i u
svrhu genetičke konzervacije u uzgoju farmskih životinja. SSR analiza se uspešno
primenjuju u verifikaciji roditeljstva, i analizi pedigrea, kao markeri bolesti i u
pronalaženju mutacije i genetskih poremećaja kod farmskih životinja. Krajnja
upotreba SSR markera je za mapiranje lokusa kvantitativnih osobina (QTL),
selekciji pomoću markera (MAS), kako bi se u praksi primenjivala genomska
selekciju i unapređenje zdravlja farmskih životinja. Razvoj u tehnologijama
"omics“', kao što je genomska selekcija, može pomoći u prevazilaženju nekoliko
ograničenja tradicionalnih odgajivačkih programa a posebno će biti korisna za
oplemenjivanje i odgoj na nižu naslednost naslednih osobina bolesti koje se
ispoljavaju tek nakon izloženosti patogenima ili ekološkim stresorima u odraslom
dobu. Ovaj rad daje kratak pregled današnje primene mikrosatelit markera u
stočarstvu i daje značajan doprinos ukupnom zdravlju životinja uzgajanih na farmi
i otpornosti na bolesti.
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Abstract: Objectives of the current study were to segregate single
nucleotide polymorphism of the ryanodine receptor gene (RyR1) gene as well as to
evaluate its effects on blood parameters and chemical composition traits of meat.
For these, 90-American Yorkshire (AY), 85-American Landrace (AL) and 162Australian unrelated commercial Yorkshire x Landrace (YL) pigs were genotyped
for the locus C1843T (Arg615Cys) corresponding to alleles “N” and “n”. In
relation to the RyR1 polymorphism, a frequency of 0.09 was observed for the “n”
allele in the YL breed but not in the AY and AL. Therefore, only the YL pigs were
phenotyped for physiochemical properties and chemical compositions of meat. A
significant association was found between genotypes and observed traits, assessed
by 1 WBC30, WBC100, PLT30, DML, CPL, and PL with genotype NN being higher
than Nn as well as by GLU60 and AshL (P<0.05) with NN being lower than Nn. The
allele “N” showed great potential in the genetic improvement for health and
metabolism in pigs.

1

Abbreviations
WBC30, 60 or 100: total number of white blood cells at 30, 60 or 100kg of live weight of pig
RBC30, 60 or 100: total number of red blood cells at 30, 60 or 100kg of live weight of pig
PLT30, 60 or 100: total number of platelets at 30, 60 or 100kg of live weight of pig
HCT30, 60 or 100: hematocrit percentage at 30, 60 or 100kg of live weight of pig
GLU60 or 100: glucose concentration at 60 or 100kg of live weight of pig
UR60 or 100: urea concentration at 60 or 100kg of live weight of pig
DML or H: percentage of dry matter in loin or ham
EEL or H: percentage of ether extract in loin or ham
CPL or H: percentage of crude protein in loin or ham
AshL or H: percentage of ash in loin or ham
CaL or H: percentage of calcium in loin or ham
PL or H: percentage of phosphorus in loin or ham
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Introduction
One of the major genes affecting meat quality traits, performance and other
economic traits in different populations of pig is the RyR1 sensitivity gene, also
known since 1991 as a mutated skeletal RYR1 (Fujii et al. 1991, Leach et al. 1996,
Larzul et al. 1997, Pommier et al. 1998, Miller et al. 2000, Hamilton et al. 2000).
The RyR1 gene related to porcine stress syndrome (PSS), which develops in
genetically predisposed individuals, upon exposure to halogenated anesthetics (Obi
et al. 2010). It resulted from a single nucleotide substitution in the RyR1 gene
(Fujii et al. 1991). Its sensitive allele “n” was determined to be implicit cause of
PSE (pale, soft, and exudative) leading to poor quality and low commercial value
of pork (Simpson et al. 1989, Sather et al. 1991a,b,c, Kallweit et al. 2007). RyR1
genotypes can be easily identified by many different methods (Fujii et al. 1991,
Dalens & Runavot 1993, Pommier et al. 1993, Thuy et al. 2005, Marini et al.
2012). Additionally, all three-stress syndromes PSS, PSE and MH (malignant
hyperthermia) are associated with similar physiological-biochemical and metabolic
changes, and all three forms produce PSE musculature (Mitchell & Heffron 1982,
Schaefer et al. 1990). Therefore, blood components genetically known lines of 8-9
week-old pigs NN and nn were tested. Significant differences in protein, RBC,
cortisol, creatinine, bilirubine, aminotransferase, actate dehydrogenase, creatine
phoshokinase levels among genotypes were demonstrated (Schaefer et al. 1990,
Popovski et al., 2012). It was implied that identification of stress-susceptible and
carrier pigs may be based on some properties of blood (Schaefer et al. 1990,
Popovski et al., 2012). In this study, PCR-RFLP/Hin6I was used to identify RyR1
genotypes at position 1843. Subsequently, blood indexes and chemical
compositions of meat were analyzed and compared between negative and positive
pigs.

Materials and methods
The study was conducted at the Experimental Animal Unit of Can Tho
University (CTU farm). Pigs were given commercial feed of the GreenFeed Joint
Stock Company (Table 1).
Experimental animals consisted of 90-American Yorkshire (AY), 85American Landrace (AL) and 162-Australian unrelated commercial Yorkshire x
Landrace pigs (YL).
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Table 1. Nutrient value of the experiment feed
Composition
ME, kcal/kg
CP min, %
P min, %
EE min, %
Ca, %
NaCl, %
CF max, %
BMD max, mg/kg
Source: www.greenfeed.com.vn

Grower (30-60kg BW)
3,000
15
0,6
3
0.8-1.2
0.2-0.8
5.5
35

Finisher (60-100kg BW)
2,900
13
0.6
2
0.8-1.2
0.2-0.8
5.5
-

Blood were taken from jugular vein of YL pigs at three various time points
30, 60 and 100 kg of live weight and contained in a tube with either EDTA for
physical analysis (white blood cells, red blood cells, platelets, hematocrit) using the
Cell-DYN 1700 Hematology Analyzer (Abbott, USA) or Heparine for chemical
analysis (glucose and urea) using the TC-3300 (Teco Diagnostics, Anaheim,
California, USA). Then, blood samples were analyzed within 2 hours after taking.
Additionally, when pigs reached a live weight of about 100 kg, they were
slaughtered. Samples of longissimus dorsi muscle (loin) and ham were collected to
analyze their chemical compositions (dry matter, crude protein, ether extract, ash,
calcium, and phosphorus) according to protocols of the AOAC international
(1990).
Genomic DNA was extracted from tail samples. In order to discriminate
alleles “N” and “n” at locus C1843T (Arg615Cys), materials and procedures
including PCR-RFLP/Hin6I were used as described by Thuy et al. (2005).
A possible association of polymorphism with the observed traits was
statistically analyzed upon the model yij = μ + αi + εj (μ: overmean, α: effects of
genotypes and ε: standard error) using the Minitab 13 (GLM procedure, Tukey test,
confidence level 95% in pairwise comparisons).

Results and discussion
Genotype frequency
None of homozygous genotype nn was found in all populations. Animals
originating from America only had genotype NN. Segregating alleles “N” and “n”
was identified in YL pigs (Table 2). It was known that YL has been imported since
1900s, while AY and AL animals just entered the breeding system of the CTU
farm last year. This may be due to RyR1 removal from pigs in modern breeding
programs. Similarly, it was also found out very low frequencies of recessive allele
“n” in different populations. In Yorkshire and White Meaty pigs, genotype nn was
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absent. The frequencies were 0.09, 0.13 and 0.16 in Yorkshire, White Meaty and
Landrace, respectively (Omelka et al., 2006). However, the Nn genotype was not
detected in normal meat, but was detected at a rate of 9.3% in PSE meat in a
crossbreed population Duroc x (Yorkshire x Landrace). This could be due to the
low prevalence of mutation in reproductive pigs (Obi et al. 2010) because of the
absence of the mutation in Duroc boars (Kitsutaka et al., 2008).
Table 2. Contribution of genotypes and alleles in experimental populations
Breeds
AY
AL
YL

Genotypic frequency
NN
Nn
90 (1.0)
0 (0.00)
85 (1.0)
0 (0.00)
132 (0.81)
30 (0.19)

PCR Nn

Total
90
85
162

Allelic frequency
N
n
180 (1.00)
0 (0.00)
170 (1.00)
0 (0.00)
264 (0.91)
30 (0.09)

χ2
(HWE)
Fixed
Fixed
>0.05

NN NN NN
656bp
489bp

167bp
Figure 1: Patterns of polymorphism detected using
PCR-RFLP/Hin6I

Polymorphic association with blood parameters
In this study, an increase of the age was synonymous with (i) reduction of
WBC and PLT concentration and (ii) slight fluctuation of RBC and HCT. The
WBC30, RBC30 and PLT30 increased significantly from the negative pigs NN to the
positive pigs Nn (P<0.05), while HCT was in contrast. In addition, almost observed
physiochemical indexes of both genotypes closed together at 60 kg of live weight,
except GLU60 (P<0.05). Furthermore, when pigs reached a live weight of about 100
kg, the homozygotes were significantly different from the heterozygotes for
WBC100 and RBC100 (P<0.05). Generally, a significant difference for
physiochemical parameters was found between the positive and negative,
especially at two time points of 30 and 100 kg of live weight. Analyzing
biochemical components of blood in 8-9 week-old pig lines indicated that pigs with
homologous nn showed WBC (16.54±0.55 vs 18.32±0.61), HCT (41.27±0.55 vs
41.29±0.62) and glucose (4.70±0.13 vs 4.95±0.14) lower than ones with
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homologous NN. Significant effects for RBC (7.43±0.15 vs 8.01±0.13) and protein
(65.00±0.88 vs 68.78±0.79) were found between genotypes NN and nn (p<0.01)
but not significant for urea (5.12±0.22 vs 5.31±0.20) (Schaefer et al., 1990). Based
on obtained results, Schaefer et al. (1990) implied that identification of RyR1
genotypes might be established based on differences in the circulation levels of
metabolites.
Polymorphic association with chemical compositions of pork
Investigation has showed up some differences of chemical compositions of
pork. The biggest DM (24.98) was in meat of YL combination. Protein, fat and ash
contents were respectively 22.33, 1.50 and 1.15 in meat of YL (Jukna & Jukna,
2005). Authors also summarized that the different meat quality indexes varied
more inside the breeds than their differences among the breeds. In this study, most
of statistical differences between genotypes were found for chemical composition
traits of loin such as DML (25.17 vs 24.64), AshL(1.35 vs 1.50), CPL (21.22 vs
20.56), PL (0.19 vs 0.15) (P<0.05) in which homozygotes were better than
heterozgotes.
Protein is the worthiest in the nutrient contents of meat, whereas DM might
indirectly reflect to driploss level or the water holding capacity of pork (meat with
low DM will become much more water). Actually, if DM of Nn was lower than
that of NN, it was because meat of Nn pigs tended to be PSE (Table 3).
Table 3. Effect of genotypes on physiochemical properties of blood
NN
At 30 kg of live weight
WBC30, x109/l
24.00
RBC30, x109/l
5.89
PLT30, x1012/l
306.63
HCT30, %
0.39
At 60 kg of live weight
WBC60, x109/l
18.16
RBC60, x109/l
5.45
PLT60, x1012/l
206.82
HCT60, %
0.37
GLU60, mmol/L
4.32
UR60, mmol/L
5.73
At 100 kg of live weight
WBC100, x109/l
12.16
RBC100, x109/l
4.74
PLT100, x1012/l
213.93
HCT100, %
0.37
GLU100, mmol/L
4.39
UR100, mmol/L
5.98
WBC: white blood cells, RBC: red blood cells, PLT:
Urea

Nn

Avg SEM

P

20.07
4.74
210.00
0.41

1.05
0.19
17.63
0.01

0.014
0.000
0.000
0.088

16.38
4.01
193.33
0.38
4.92
6.02

0.67
0.64
7.80
0.01
0.10
0.24

0.083
0.133
0.252
0.433
0.000
0.431

8.80
0.93
0.018
6.33
0.25
0.000
247.17
11.80
0.063
0.39
0.01
0.415
4.62
0.09
0.092
5.95
0.39
0.962
platelets, HCT: hematocrit, GLU: glucose, UR:
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Moreover, no significant dominance was found for all of the chemical
components of ham although the negative seemed to be higher for costly contents
(DMH and CPH) than the positive (Table 3). It was also reported that the effect of
RyR1 genotypes resulted in (i) a significantly a greater proportion of protein (22.65
vs 22.31, respectively) (P< 0.01), (ii) a smaller proportion of fat (4.98 vs 5.85,
respectively) (p<0.01), and (iii) a smaller proportion of ash (1.10 vs 1.09,
respectively) (P< 0.01) in the loin muscle of Nn animals compared with that of NN
pigs (Pommier et al., 1998).
Fat also is one of the important chemical components to evaluate meat
quality because it contributes to flavor and tenderness of meat, especially during
grilling. However, in this study there was no significant difference between
genotypes for EE of both loin and ham. Some authors indicated that the RyR1
genotype did not cause any significant change in the fatty acid composition (C14:0;
C16:0; C16:1; C18:0; C18:1; C18:2; C18:3; C20:0; C20:1; C20:2 and C20:3) in
subcutaneous backfat and intramuscular fat of Musculus semimembranosus (Tor et
al., 2001). This was in strong agreement with report of García-Macíasa et al.
(1996) but not with one of Biedermann et al. (2000) because polyunsaturated fatty
acids increasing in Pietrain pigs with the allele “n”. The earlier reports also showed
that there was not any effect of the RyR1 genotype on meat colour traits and on
chemical composition (dry matter, organic matter, crude protein and intramuscular
fat (García-Macíasa et al., 1996; Leach et al., 1996). However, in the report of
Thaller et al. (2000), the authors demonstrated that pigs with genotype NN had
intramuscular fat value higher than ones with the other genotypes.
Table 4. Effect of genotypes on chemical compositions of meat
NN
Nn
Avg SEM
P
Longissimus dorsi
DML, %
25.17
24.64
0.17
0.036
AshL, %
1.35
1.50
0.04
0.012
CPL, %
21.22
20.56
0.15
0.004
CaL, %
0.23
0.27
0.01
0.078
PL, %
0.19
0.15
0.01
0.000
EEL, %
2.04
2.04
0.08
0.942
Ham
DMH, %
24.70
24.37
0.20
0.272
AshH, %
1.32
1.34
0.03
0.666
CPH, %
20.68
20.59
0.14
0.672
CaH, %
0.20
0.22
0.21
0.352
PH, %
0.19
0.17
0.01
0.062
EEH, %
1.94
1.89
0.14
0.798
DM: dry matter, CP: crude protein, Ca: calcium, P: phosphorus, EE: ether extract (fat)
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Conclusion
RyR1 genotypes partly affected the physiochemical parameters as well as
the chemical compositions of loin but not those of ham. This may be due to
differences in the structural characteristics of the two kinds of muscle fibres. The
study provides further information for RyR1 roles in controlling economic traits.
This is very meaningful for the programs of pig breeding because the use of genetic
markers associated with economic traits can lead to increased rates of genetic
response and bring more economic profit to pig production industry.
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Skeletni rijanodin receptora gen povezan sa hemijskim
sastavom mesa i fizičko hemijskim parametrima krvi
Đỗ Võ Anh Khoa, Huỳnh Thị Phương Loan

Rezime
Ciljevi ove studije bili su da se odvoji polimorfizma nukleotida rijanodin
receptor gena (RIR1) gena, kao i da se proceni njihov uticaj na parametara krvi i
osobine hemijskog sastava mesa. U tu svrhu, 90 grla američkog jorkšira (AY), 85
američkog landrasa (L) i 162 grla australijskog komercijalnog jorkšira x landras
(YL) su genotipizirane za lokus C1843T (Arg615Cis) odgovarajući alel "N" i "n" .
U odnosu na RyR1 polimorfizam, učestalost 0.09 je registrovana za "n" alel kod
YL rase, ali ne u AY i AL. Dakle, samo su svinje YL fenotipizirane za fizičkohemijske osobine i hemijski sastav mesa.Značajna povezanost je utvrđena između
genotipova i ispitivanih osobina, procenjena WBC30, WBC100, PLT30, DML, CPL, i
PL gde je genotipom NN bio viši od Nn, kao i preko GLU60 i AshL (p <0,05) sa NN
nižim nego što je Nn .Alel "N" pokazao veliki potencijal u genetskom unapređenjm
u pogledu zdravlja i metabolizma kod svinja.
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Abstract: Lameness in sheep, especially in semi-extensive breeding of
Dubska pramenka, which starts in the interdigital region, was the motive of our
morphological and histological research, in order to and in some way, bring the
structure of the interdigital sinus in correlation with the appearance of this
pathological state that causes extensive economical losses in the domestic sheep
breeding,. The anatomical location of the interdigital diverticulum, its histological
structure, which point to abundance of sebaceous glands around the hair follicles
surrounding the interdigital opening and interdigital glands in deeper layers, point
to the suggestion that their secretion increases due to poor hygienic keeping
conditions. Pathogens - anaerobic microorganisms, which are most commonly
causing the contagious lameness find the ideal conditions for their growth and
reproduction because the secretion of these glands is likely "to close" the only
"air" communication - interdigital opening.
Key words: morphology, histology, interdigital sinus, Dubska pramenka

Introduction
Lameness in ungulates, in sheep in particular, is high on the list in terms of
contemporary breeding, both in the sheep production and farming of dairy cows
and, in terms of frequency, it comes right after mastitis and sterility. Significant
economic losses reflected as high costs of treatment and therapy, loss of body
weight, and drop in dairy production contribute to the size of this problem.
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Contagious foot rot in small ruminants, sheep and goats, appears as a part
of a so-called contagious foot rot caused by mixed infection with anaerobic
bacteria such as Fusobacterium nechrophorum, Dichelobacter nososus, Spirocheta
penortha. All this is due to keeping the sheep in poor zoo hygienic conditions,
irregular corrections of hooves and neglectedness of the flock in general. Due to
specific anatomic and histological structure, sinus cutaneus interdigitalis is a place
that most frequently, due to poor hygienic conditions and mechanical injuries,
becomes an ideal place for development of inflammation processes, especially in
spring and autumn, when the level of humidity in the air is extremely high.
Contagious foot rot in sheep is rare during the dry period, i.e. during summer, and
in our areas, it most often affects the front extremities. Histological assay of the
interdigital sinus of the front and rear extremities of Dubska pramenka aims to
determine the micro-structural matter, trying to bring the problem closer to easier
prevention and therapy.

Materials and Methods
Samples for histological assay were taken from 60 distal parts, the front
and rear extremities of the sheep Dubska pramenka - male, aged six (6) months to
three (3) years. After the preparation of the interdigital sinus of the sheep, it was
stored (the front and rear extremities) in plastic bottles containing 10% formalin,
until the moment of moulding in the paraffin blocks. The complete procedure of
processing the interdigital sinus, from the fixation to paraffin moulding, was
performed using rotational tissue processor - MICROTOM model STP-120.
Following the moulding, the material was incised using digital microtome, LEICA
RM 125, several serial 0.5 -1.5 micrometer incisions. The incisions were placed on
a glass surface, stained with haematoxylin eosin, covered with glass cover and
glued with Canada balsam. Histological inspection of the preparations was
performed using light microscope under magnification of 100 and 200 times, while
some structures were observed under magnification of 400 times.

Results and Discussion
The hoofs are skin derivatives with a structure that is modified in relation
to the skin covering the rest of the body. Accessory, (additional) toes have short
chronic capsules that resemble those on the main toes, and they have a weak
corium.
The interdigital skin sinus of the sheep is present in the interdigital space
and it represents a tube-like invagitation of the skin, which opens on the front part
of the interdigital rupture. Morphological assay determined that, given the shape,
the sinus may be differentiated as three parts: fundus, corpus and collum.
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Fundus is the most proximal and the "blind" part of the sinus, located within distal
endings of the first phalange. It builds into a distally and palmary directed corpus,
i.e. plantary, creating a sharp bend in the half of the second phalange, then it
narrows and goes into collum. The collum is proximally directed and it ends
dorsally in a 1.5 to 1.8 mm opening above the start of interdigital rupture. The
opening is about 2 cm wide. Macroscopically, the sinus is closed from all sides,
and the opening, which is relatively large in diameter, represents the only
communication with the environment and the only possible "entrance" for
pathogen microorganisms, especially during autumn, when the concentration of
humidity in air and air temperatures are high, which is favourable for thier
reproduction. The sinuses on the front extremities are somewhat longer and wider
in comparison with the rear ones.
Microscopic structure of the interdigital sinus of Dubska pramenka
provided the insight into the general micro-structural matter and allowed for
gaining an easier understanding of pathogenesis of the contagious lameness in
sheep.
By inspecting the histological preparation of the interdigital diverticulum
of the sheep using light microscope, under small magnification, we actually get
what at first sight is a typical preparation of the skin (Image 1). Hence, epidermis,
dermis are present, however, by looking more closely, we see that the surface
contains a thick network of connective tissue, which, in some way, is a type of a
capsule - capsule fibrosis. Hair follicles and hairs around which one can observe m.
arrector pili are clearly seen in dermis, while, the present sebaceous glands, lightly
coloured, are in the form of bubbly conglomerate masses.
The sebaceous glands are well developed and clearly shown, quite large,
especially around the external opening of the interdigital sinus, in fact, around hair
follicles that are more numerous around the mentioned opening (Image 4 and 5).
Directly in the vicinity of the sebaceous glands, there are muscle fibres. Between
muscle fibres there are also connective tissue fibres. In individual hair follicles, we
noticed keratin cells and even some circular keratin fibres (Image 2).
Next to the sebaceous glands, on the border between subcutis and dermis, there are
interdigital glands, which, in thier appearance, point to the apocrine type of
secretion, around which we noticed connective tissue and muscle fibres. They are
found in smaller accumulations and in the form of ring formations - acini with
visible lumen, and, in thier appearance, they remind of sweat glands that are
present on the skin of other domestic animals. The draining ducts of these acini are
not observed. The glands are built like glomerate, with clearly observable lowprismatic cells and large round nuclei leaning on the basal membrane (Image 3).
We did not notice secretion in the interior of these gland formations, or secretory
drops. Histological assay determined that the interdigital glands are on the border
between subcutis and dermis, in deeper layers of sinus interdigitalis, i.e. in its
extended part. Also, on the histological preparations, in the assayed part of the
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interdigital sinus, there are clearly observable intersections of blood vessels,
capillary, and somewhat thinner muscle fibres around the glands.
Considering that the samples came from the front and rear extremities of
the sheep, we did not observe any significant histological discrepancies in the
matter, as it is the case with macroscopic matter.

Image 1. Histological view of interdigital sinus of the sheep with clearly observable hair follicles
and sebaceous glands, haematoxylin eosin (oc.10x, ob. 25x)

Image 2. Hair follicle with fibres and keratin cells, haematoxylin eosin (ob.10x, ob.40x)
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Image 3. the glands of the interdigital sinus of the sheep, haematoxylin eosin ( oc.10x, ob.25x)

Image 4. Sebaceous glands around the external opening of the interdigital diverticulum,
haematoxylin eosin, (oc.10x, ob.40x)
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Image 5. Histological view of the external opening of interdigital diverticulum of the sheep, with
many hair follicles and sebaceous glands, haematoxylin eosin (oc.10x, ob. 25x)

It is generally known in the world that different types of ungulates were put
in economical exploitation in a wider sense of the word. Lameness - contagious
foot rot as a dysfunctional use of the extremities appears in all kinds of animals, but
in terms of the domestic animals from the group of ungulates in the countries with
developed or less developed economies, in intensive and nomadic cattle breeding,
we particularly refer to the sheep, goats and cows. Interdigital skin sinus (Sinus
cutaneus interdigitalis) in sheep is present in the interdigital space (Koch T. et al.,
1993). Interdigital sacks in the sheep are shaped like a pipe that starts with a 2-4
mm wide opening and continues with a 18-20 mm long and 3-4 mm wide tube,
which then creates a crescent-like bend and expands into a blind sack, 8- 10 mm
wide and 15 mm long ( Nickel et al., 1973). Our assays showed that the skin of
the sack is rather thin, light coloured and surrounded with fine, non-pigmented
light hairs, which corresponds to the findings of other authors (Ellenberger W., et
al. 1943., Janicki et al., 2003). The assays showed that the sinus cavity is filled
with fatty, thick, colourless secretion, odourless, and the complete insight showed
that the larger amounts of secretion are found in sinuses of the front extremities,
and that these findings correspond to those of other authors ( Kadir Aslan et al.,
2010). Our histological assays determined more specific structure of interdigital
sinus, and special attention was given to the findings of a larger number of well
developed sebaceous glands in the direct vicinity of hair follicles and around the
external opening of the interdigital sack, both on the front and rear extremities.
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Ultra-structural assay, scanning with electronic microscopy ( Karahan S. et
al., 2007., Abbasi M. et al., 2009) defined the specific matter of the interdigital
sack, which is made of a base, a body and a neck, with plenty glandular formations,
which, due to thier appearance, pointed to the glands of the apocrine type of
secretion. The interior of these glandular formations is filled with secretory
vesicles. Light-microscopic assays of interdigital sacks points to a clearly visible
external opening that communicates with its environment and it has typical
histological characteristics of the skin, because there is a multilayered, laminated,
hardened epithelium, with noticeable hair and hair follicles surrounded with the
prominent sebaceous glands, which is correspondent to the findings of other
authors ( Nickel R. et al., 1981., Atoji Y. et al., 1995). The interdigital glands are
seen on sections of subcutis into dermis, hence in the deeper layers of interdigital
sinus, whose cross sections provide ring-like appearance, appearance of acini
surrounded with prismatic cells of large ball-like nuclei (Wood WF, 2003., Eurell
JA et al., 2006), which corresponds with our assays.

Conclusions
Morphohistological assay of interdigital sinus of Dubska pramenka
determined the following:
-

Interdigital sinuses of the front extremities of Dubska pramenka are
somewhat longer than those of the rear extremities, and they begin with a
small opening that communicates with external environment

-

Histological assays shows that around the external opening, which is 2 cm
wide in diameter, there is skin with all of the building elements, and that
there are well developed sebaceous glands around hair follicles

-

In deeper layers, we noticed well developed glomerate-shaped interdigital
glands, which, with thier structure, remind of sweat glands

Morfohistološke karakteristike interdigitalnog divertikula
(sinus cutaneus interdigitalis) dubske pramenke
R. Avdić, A.Katica, N. Mlaćo, A. Softić, F. Tandir, B. Čengić, P. Bejdić, V.
Ćutahija, N. Hadžiomerović

Rezime
Zarazna šepavost ovaca, pogotovo u poluekstenzivnom uzgoju dubske
pramenke, a čiji je početak u interdigitalnoj regiji, bio je povod naših morfoloških
i histoloških istraživanja, kako bi na neki način doveli u korelaciju građu
interdigitalnog sinusa sa nastankom ovog patološkog stanja, koje u domaćoj
ovčarskoj proizvodnji izaziva velike ekonomske gubitke. Sam anatomski smeštaj
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interdigitalnog divertikula, histološka građa,koja ukazuje na obilje lojnih žlezda
oko dlačnih folikula oko interdigitalnog otvora, te interdigitalnih žlezda u dubljim
slojevima, ukazuju na sumnju da usled nehigijenskih uslova držanja, njihova
sekrecija se povećava. Potogeni - anaerobni mikroorganizmi, koji su najčešći
uzročnici zarazne šepavosti tu pronalaze idealne uslove za svoj rast i
razmnožavanje, jer sekret ovih žlezda verovatno „zatvori“ jedinu „zračnu“
komunikaciju – interdigitalni otvor.

References
ABBASI M., GHARZI A., MOHAMMADZADEH, KARIMI H. (2009):
Morphology and Histology of Interdigital Gland in an Iranian Ntive Breed of
Sheep, Journal of Animal and Veterinary Advances, Volume 8, Issue:6, 1157-1161
ATOJI Y., YAMAMOTO Y., SUZUKI Y.(1995): Morphology of the interdigital
glands of a Formosan serow. J. Vet Med Sci, 57, 963-964
ELLENBERGER W., BAUM H.(1943): Handbuch der Vergleichenden Anatomie
der Haustiere.18 auflege, Verlag von Julius Springer, 517-530, Berlin
EURELL JA, FRAPPIER BL., DELLMANN HD. (2006): Textbook of Veterinary
Histology, Sixth ed., Blackwell Publishing Ltd, Ames, Iowa, USA
JANICKI Z., HRASTE A., SLAVICA A., KONJEVIĆ D., MARINOVSTUBIČANIN Z. (2003): Morphohistological characteristics of interdigital gland
roebuck (capreolus capreolus L) Vet. Arhiv 73, 27-37
KADIR A., IBRAHIM K., MÜMTAZ N., SEVIÇ A. (2010): Morphologic
Features of the Interdigital Sinus of the Tuj Sheep, Kafkas Univ. Vet. Fak. Derg.
16 (4):623-626
KARAHAN S., YULDIZ D., BOALT (2007): Scanning electron microscopic
features of the bovine interdigital sinus. Acta Veterinaria Hungarica. Vol. 55,
Number 4/December, Academia Kiado
KOCH T., BERGER R. (1993): Lehrbuch der Veteriär-Anatomie, Band III,
5.Auflage, Gustav Fisher Verlage Jena, Stuttgart
NICKEL R., SCHUMMER A., SEIFERLE E. (1973):The Viscera of Domestic
Animals, Verlage Paul Parey, Berlin-Hamburg:291-302
NICKEL R., SCHUMMER A., SEIFERLE E. (1981): The Anatomy of the
Domestic Animals, Vol. 3: The circulatory system, the skin, and the cutaneous
organs of domestic mammals.pp.441-557. Verlag Paul Parey, Berlin
WOOD WF (2003): Volatile components in metatarsal glands of sika deer. J Chem
Ecol, 29,2729-2733
Received 28 June 2013; accepted for publication 30 July 2013

Biotechnology in Animal Husbandry 29 (3), p 449-456 , 2013
Publisher: Institute for Animal Husbandry, Belgrade-Zemun

LAPAROSCOPIC INSEMINATION
REPUBLIC OF SERBIA

ISSN 1450-9156
UDC 636.082'32
DOI: 10.2298/BAH1303449M

OF

SHEEP

IN

A.Milovanović 1, N. Maksimović 2, T. Barna 1, M. Lazarević 3, N. Delić2
1

Scientific Veterinary Institute ”Novi Sad”, Rumenački put 20, 21000 Novi Sad, Republic of Serbia
Institute for Animal Husbandry, Autoput 16, P. Box 23, 11080 Belgrade-Zemun, Republic of Serbia
3
Faculty of Veterinary Medicine, Bulevar oslobođenja 18, 11000 Belgrade, Republic of Serbia
Corresponding author: aca@niv.ns.ac.rs
Original scientific paper
2

Abstract: This paper describes a procedure of laparoscopic insemination
(LAI) performed in 42 Ile de France ewes with deep-frozen rams’ semen. Frozen
semen doses was imported from France, originating from two rams (A and B), and
used intermittently in three LAI cycles on different females. The ewes were
examined ultrasonographically for pregnancy, two months following insemination
and data of lambing were recorded at the end. Total achieved lambing rate was
61.90% (26/42) and total number of lambs was 49 (prolificacy 1.88; 1.16 lambs per
sheep included in LAI protocol). Three labs from 2 ewes were stillborn and one
dyed at 10th day after lambing. Lambing rates for rams A and B were 53.85%
(14/26) and 75.00% (12/16), respectively. Introduction of laparoscopic
insemination of sheep with imported deep-frozen semen of top quality rams,
gaining technical experience and achieving conception rate over 65% could make
this technique acceptable in improving genetic potential of top quality sheep flocks.
Key words: frozen-thawed semen, laparoscopic insemination, sheep

Introduction
Although artificial insemination (AI) of sheep has been used for several
decades, this technique is not as widespread in ovine as it is in other domestic
species. Artificial insemination of sheep has been considered impractical for a long
time, because of the difficulties in detecting estrus, control of sexual cycle and
difficulties in semen freezing. Even if some of these problems are solved, the
success of insemination (especially with frozen semen) still remains low because
deposition of semen through the cervical opening in sheep is technically very
difficult. Unlike tо cervix anatomy in cows and goats, cervix in sheep is a firm
barrier to the passage of instruments for transcervical intrauterine insemination not
only because of the physical size and the narrow diameter of the cervical channel
(1–3 mm, even in estrus), but also because of its highly complex fibrous structures,
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with 3 to 7 cervical folds (Halbert et al., 1990) and downed uterine mouth (beak
like entrance of portio vaginalis uteri) that often closes cervical orifice.
In 1982 Australian researchers Killeen and Caffery introduced procedure of
sheep insemination by laparoscope, which brought a revolution in this field (Evans
and Maxwell, 1987; Gourley and Riese, 1990). Laparoscopy through the abdominal
wall, with minimal incision, allowed artificial insemination and embryo transfer
(ET) directly into uterus of ewes. However, for this procedure, expensive
equipment and well-trained team are required. Fertility results among practitioners
are still inconsistent because many factors contribute to success of any AI program.
In this sense, Anel et al. (2005) analysed 44 488 inseminations in the Churra breed
(Spanish milk breed), showing a great difference between vaginal–cervical
inseminations (refrigerated sperm) and laparoscopic inseminations (thawed sperm)
with regard to fertility, as well between farms, years, seasons, age of ewes,
lambing-AI interval, ram and technician. Generally, conception rate for LAI was
44.9% and for vaginal insemination 31.6% (P < 0.001).
Anyway, laparoscopic artificial insemination (LAI) is now being used in the
sheep industry around the world as a standard method to extend the use of superior
rams. It offers the farmer opportunity to maximize reproductive potential of sheep.
The primary economic benefit to the sheep producer is rapid infusion of valuable
genetic traits into the flock (Luther, 2008). Semen trading between countries is
only possible with frozen semen and thus using LAI is of paramount importance.
Also, AI is the first choise for disease controll. Moving rams between farms is
prohibited in many regions in Norwey in order to control the emergence of scrapie
and maedi visna, resulting in increasing interest among farmers for AI activities
(Paulenz et al., 2007). Seroprevalence of maedi visna in north Serbia was 21%,
with variations between regions from 14 – 30% (Savić et al., 2012). Results of the
analysis of 116 pedigreed rams in Vojvodina revealed that the current approach to
the selection of licensed rams is absolutely no guarantee of reliable fertility or
acceptable health status of elite rams (Milovanovic et al., 2011). Spreading of
artificial insemination would, in this sense, facilitate the selection service activities
and could provide an opportunity for farmers to obtain high quality and health
tested breeding rams.
This article is one of the first describing LAI technique performed in the
Republic of Serbia.

Materials and Methods
Forty-two sheep of Ile de France breed were inseminated on three occasions,
(20 sheep on May 2012, 5 on June 2012 and 17 on February 2013), at a private
sheep farm. Age of sheep ranged from 2 to 8 years. The average weight of sheep
was 50 kg (45-65), with a lower body condition score (BCS=2.5; 2,0-4,0)
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according to Thompson and Meyer (1994), (BCS scale from 1 - 5, where 1 =
emaciated, 5 = obese condition). In all sheep in the group, at least three months
have elapsed since the last lambing. Estrus was synchronized with vaginal
progesterone sponges (Chronogest, Intervet-The Netherlands). After 15 days,
sponges were removed and sheep were injected i/m with 500 IU of PMS
(Folligon®, Intervet-The Netherlands). The sheep were deprived of food for 24
hours and water for 12 hours before insemination. Insemination was performed 54
- 58 h after the sponge removal, regardless to the estrus signs. Semen of two elite
Ile de France rams (A and B), from the French sheep center, were shipped in the
tank of liquid nitrogen. Semen was diluted in milk extender and packed in the
classic 0.25 ml mini straws and its quality was not analyzed further. Semen was
thawed in automatic semen water bath (Cytoproduct Inc., WI, USA) at 35° C for 12 minutes. Twenty six ewes were inseminated with semen from the ram A and
sixteen ewes were inseminated with semen from the ram B.

Laparoscopic insemination
Ewes were fixed in laparoscopic cradle (IMV, L'Aigle, France) in the dorsal
position immediately before insemination. After shearing of the wool on the
abdominal wall in front of the udder, skin was sprayed with solution of povidone
iodine (Hemofarm Vrsac) and subcutaneous injection of 2 ml of procaine
(lidocaine-chloride 1%, Galenika) was applied on the left and right side, 10 cm
cranially from the udder and 2 cm lateral to the midline. Incision (1 cm in length)
was performed at the site of application of the local anesthetic with a disposable
scalpel no. 11 (Romed, The Netherlands). Sheep were raised and inclined at an
angle of 40° with hydraulic system of laparoscopic cradle, facing down the head. In
this way, internal organs were shifted cranially due to the effects of gravity,
decreasing the pressure on the caudal region. This position allows the visualization
of the uterine horns. Right side of abdominal wall is then pierced with 7 mm trocar
with cannula, directed caudally. The air was inflated using the pump with air filter
and laparoscope with a source of cold light (Storz, Germany) was introduced into
peritoneal cavity. The 5 mm trocar with cannula was introduced through the
abdominal wall in the same way on the left side, at the site of the second incision.
After removing the trocar, specially equipped insemination gun for laparoscopic
insemination (IMV, L'Aigle, France) was positioned through the opening of the
cannula. Laparoscopic insemination gun consists of loaded semen doses in a plastic
sleeve with a fine needle at the top (aspic-a rigid plastic sleeve 25 cm long with a
diameter of 3 mm, with a tapered end with a needle of 0.7 mm external diameter).
Semen with aspic is set in a steel tray (transkap) with a special plunger of semen to
allow the controlled extrusion of desired amount of semen from straw.
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After visualization of uterine horns by laparoscope and positioning pistol in
the upper third of the horn, the tip of the needle was released from the transkap and
decisive thrust to pass into the lumen of the uterus was made. Puncture was
performed at 3-5 cm from the tip of the uterine horn. Half semen dose was ejected
into the lumen of the left, and half the dose into the lumen of the right uterine horn.
After surgery the wounds on the skin were sprayed with solution of povidone
iodine (Hemofarm Vrsac) and left to heal per secundam. Instruments were
immersed in container with solution of povidone iodine between two
inseminations.
Slow visualization of uterine horns, barriers of fat and omentum between the
uterus and laparoscopic lens or inseminating gun significantly slowed down
insemination procedure. This was corrected by increasing inclination of
laparoscopic cradle compared to originally-fabricated level (IMV laparoscopic
cradle, France). Preparation of LAI gun (firm positioning of straws in the aspic and
then aspic into the transkap) is very important to prevent extrusion of straws from
the LAI gun (instead of semen only). Acquiring skills of the operator and aiding
crew, the whole process from animal preparation to the insemination lasted 5 to 8
minutes. The act of insemination (starting from skin incision to the removal of LAI
instruments) lasted from 1 to 3 minutes.
In the next 40 days after insemination a ration with moderate supply of
concentrate was provided, keeping attention not to disturb animals by unnecessary
procedures, rough handling or chasing. Access to the water and hay was ad
libidum. The sheep were separated from the rams for a period of 14 days, in order
to avoid the possibility of mating with rams on the farm in a cycle that was planned
for LAI.
Ewes were scanned for pregnancy by ultrasound (WED 3000, Welld, China)
with linear transducer, frequency of 5 MHz, 60 days after insemination. The
diagnosis of pregnancy was based on the visualization of fetal structures and
placentomas.

Results and Discussion
Total pregnancy rate in three cycles of insemination was 61.90% (26/42).
Twenty six inseminated sheep gave birth to 49 lambs (10 singletons, 9 twins and 7
triplets), with 3 stillborns from two ewes and one mortality at 10th day after
lambing (4/49, 8.17% total lambs lost). Number of lambs per ewes lambed was
1.88 lambs (49/26), and 1.16 lambs per all sheep included in LAI protocol (49/42).
Lambing results corresponded to scanning records regarding pregnancy status of
the sheep.
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Conception rate of the ram A (first used in the insemination on twenty six
ewes) was 53.85% (14 out of 26 inseminated sheep), while the ram B scored
75.00% (12 of 16 inseminated sheep).
Table 1. LAI results (lambing and prolificacy per ewes and conception rates per rams)

No of ewes
insaminated
42

Ram A
Ram B
total

Lambing and fecundity
No of
No of
No of
No of
lambs/ewes
ewes
lambs
lambs/ewes
lambed
lambed
born
inseminated
(prolificacy)
26
49
1.88
1.16
Conception per rams
No of ewes
No of ewes pregnant
inseminated
26
14
16
12
42
26

mortality No/(*%)
3 (6,12%)
Conception rate %
53.85
75.00
61.90

The literature states that the conception after laparoscopic insemination with
frozen semen ranged from 43.9% (Kusick et al.1999), 48% (Windsor et al., 1994)
to 72% (Hill et al., 1998). Trained teams can expect success from 60% - 75%
(Cheminau et al., 1991; Evans and Maxwell, 1987). Pregnancy rates can varie with
type of progestagen implant and dosage of PMSG. The pregnancy rate obtained
with Medroxy-progesterone acetate (MAP) sponges, was significantly (P < 0.01)
lower than with Fluorogestone acetate. A PMSG dose of 200 IU resulted in
significantly (P < 0.05) lower pregnancy rates compared with 250 IU, 300 IU and ≥
375 IU (Hill et al., 1998).
LAI efficiency with frozen semen in sheep can be improved by ram
introduction in proestrus. There was a a marked rise in LH concentration in ewes 2
h after exposing to rams. Pregnancy rate was 73.3% after ram induced ovulation
compared to 53.3% of control group.
Large study in Spain on 26 817 milking sheep inseminated by LAI with
thawed semen referred pregnancy rate of 44.89% and only 31.25% on 17 631
inseminations by cervical technique with chilled semen (Anel et al., 2005).
Generally, the cervical insemination of sheep with frozen semen is not
considered practical because the fertility ranges from 25-45% (Evans and Maxwell,
1987). The exception is Norway's method, where success of 57-69% has been
achieved with frozen semen, after vaginal or cervical semen deposition (Paulenz et
al., 2004; Paulenz et al., 2007). In this case, the insemination was carried out only
after the detection of natural estrus by teaser rams.
First LAI results with frozen-thawed semen in our trial promising and
encourage us to give priority to LAI procedures in sheep breeding.
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Lower fertility of 58.85% obtained in our study after the use of ram A semen
could be addressed to the lack of team experience at the beginning of LAI (LAI
was performed for the first time), or, possibly, lower untested semen fertility.
Sheep should be prepared better by the farmers, and the selection of animals
should be adequate. Sheep with body condition below 3.0 should not undergo the
LAI procedure if expected conception rates are over 70%.

Conclusion
The introduction of laparoscopic insemination of sheep, import of deep-frozen
semen of the top quality rams with good conception rate can make this technique
acceptable to improve genetic potential of high-quality sheep. This technique is the
"front door" for introducing top rams from any part of the world, and modern
producers should have opportunity for far more rapid genetic progress in a short
period of time. The method itself is minimally invasive.
An import of frozen semen is significantly easier than the import of live
animals, the cost of purchase and transportation are lower, as well as the risk of
transmission of infectious diseases. The semen from rams is always of proven
health and breeding quality.

Laparoskopsko osemenjavanje ovaca u republici Srbiji
A. Milovanović, N. Maksimović, T. Barna, M. Lazarević, N. Delić

Rezime
U radu je opisan postupak laparoskopskog osemenjavanja (LAO) primenjen
kod 42 ovce rase Ile de France duboko zamrznutim semenom. Tokom tri ciklusa
osemenjavanja naizmenično je korišćeno seme dva ovna (A i B), uvezeno iz
Francuske. Nakon dva meseca od osemenjavanja ovce su pregledane na sjagnjenost
ultrasonografskom metodom i analizirani su podaci o jagnjenju. Ostvarena je
koncepcija od 61,90% (26/42) i dobijeno je ukupno 49 jaganjaca (indeks jagnjena
1,88 po ojagnjenoj ovci, odnosno, 1,16 jagnjeta po ovci uključenoj u protokol
LAO). Tri jagnjeta od dve ovce bila su mrtvorođena i jedno jagnje je uginulo 10.
dana nakon jagnjenja.
Sjagnjenost od semena ovna A iznosila je 58,85% (14/26) a od ovna B
75,00% (12/16).
Uvođenje laparoskopskog osemenjavanja ovaca, uvoz duboko-zamrznutog
semena vrhunskih ovnova, sticanje iskustva i ostvarenje koncepcije od preko 65%
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može ovu tehniku učiniti prihvatljivom u popravljanju genetskog potencijala
kvalitetnih stada ovaca.
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Abstract: Measuring beahaviour has already been a debated issue. The
aim of this paper is to compare direct observations and observations by videotapes
in three different Italian chicken breeds (Valdarnese Bianca, Bionda Piemontese,
Robusta Maculata), in order to provide indications about the most suitable method
in behavioural studies. The three breeds were reared in an experimental poultry
house (10 birds=m2, standard intensive broiler production density). Fifty
birds/breeds (sex ratio 1:1) were housed in litter floor pens and fed the same diet
(ME 11.8MJ=Kg, CP 18%). The comparison between direct and indirect
observation showed significant differences for almost each behavioural category.
Activity and resting behaviour were generally well visible in both types of
observations while feeding and mainly interaction were better identified with the
direct observation.
Key words: chicken behaviour, direct and indirect observations, Italian
chicken breeds

Introduction
According to The State of the World’s Animal Genetic Resources for
Food and Agriculture, 20% of documented livestock breeds are at risk of
extinction: 1500 of the 7600 breeds around the globe may be lost forever in the
near future. Many indigenous breeds, some of which are threatened with
extinction, have characteristics such as resilience to climatic stress and resistance
to diseases and parasites, which make them well adapted to local conditions, and
of great potential importance to the future livestock production (FAO, 2013).
From these considerations it is necessary to preserve and encourage the use of
indigenous breeds in rural and organic farms.
Valdarnese Bianca, Bionda Piemontese, Robusta Maculata are typical
examples of Italian chicken breeds. Valdarnese Bianca can be considered the only

S. Lolli et al.

458

traditional Italian meat-type chicken breed, originates from the valleys between
Florence and Arezzo in Tuscany, central Italy (Marelli et al., 2006). The average
weight is 2.9–3.3 kg for cocks, 2.0–2.5 kg for hens. Hens lay an average of 135
eggs per year.
The Bionda Piemontese is a traditional dual-purpose breed of chicken
originating by the Piemonte region in north western Italy, from which it takes its
name. The average weight is 2.5-2.8 kg for cocks, 2-2.3 kg for hens. Hens lay 180–
200 eggs per year.
The Robusta Maculata was created between 1959 and 1965 at the Stazione
Sperimentale di Pollicoltura, an experimental chicken breeding centre, of Rovigo,
in the Veneto Region. Robusta Maculata is a dual-purpose breed. Hens lay 140–
160 eggs per year. In meat production, birds reach a weight of 1.9–2.0 kg in four
months, and are usually slaughtered at 18 weeks.
The use of behavioural indicators has major advantages in animal welfare
studies. Not only it is non-invasive, but it is also often non-intrusive (does not
disturb the animal). Behaviour is also the result of all of the animal’s own
decision-making processes - "the final common path" as Sherrington (1906)
called it. It is also "the expression of the emotions" (Darwin 1872) - the
ultimate phenotype (Dawkins, 2004).
The choice of the tool used to record behavioural observations is very
important and depends to sampling rules and data validity (Altmann, 1974).
Observations may be direct or indirect. In the first case, the observer is in the field
with animals. Several studies indicate that the presence of humans can affect their
behaviour, during direct observations (Götmark and Ahlund,1984; Davis and
Balfour, 1992). This problem may be overcome with indirect observations by using
video recording systems. The major advantage of video recordings is the
possibility of observing animals without the presence of humans (Martin and
Bateson, 1993). Another advantage of video recordings is to provide a high degree
of reproducibility when measuring observations, unlike real-time data collection,
the video recordings can be reviewed several times; by using a time-lapse video
recorder, it is even possible to record several days on one tape (Gavinelli et al.,
1994; Tosi et al., 2006).
The aim of this paper is to define some behavioural characteristics of three
Italian chicken breeds and to compare direct and indirect observations in order to
provide indications about the most suitable method in behavioural studies.
Moreover this study aims to identify which behaviours were visible in each
behavioural category and what behaviours were better evaluated with direct and
indirect observations.

Materials and Methods
Animals and husbandry. Three traditional Italian chicken breeds (10
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birds=m2) were compared: Valdarnese Bianca (VB), Bionda Piemontese (BP) and
Robusta Maculata (RM). Table 1 shows breeds characteristics and performance
(Marelli et al., 2010).
One day old chicks (mixed sex) have been grouped by breed in three pens.
The birds of the three breeds were reared in standard condition at the same density
(10 birds/m2) in the same facility to avoid environmental effects on recorded
behavioural data. The pens dimensions were 3m (length) x 2m (width) x 3m
(height), located in the experimental facility of the faculty of Veterinary Medicine
of Milan.
The pen floor was covered with wood shaving litter (10 cm deep) and
every pen was equipped with one infra-red brooder. According to standard chick
raising procedure the temperature was of 30°C at day one then reaching the rearing
temperature of 21°C (after a decreasing of 2.5°C per week). Every pen was
supplied with one feeding-tray and two drinking bells. The water and a standard
broiler chicken pelleted diet were available ad libitum. The photoperiod was of
23:1 during the first week, then the light was only the natural one.
Table 1. Breeds characteristics and performance.

Breed name
Feather colour

Bionda Piemontese

Mean weight at slaughter
(both sexes; 80 d/age)
Growth rate

Weight Rooster/Hen
Slaughter age

Egg:
Shell color
Average weight
N eggs/year
Age at first egg

1186 g
slow

2.5–2.8/2.0–2.3 Kg
70 days

pinkish
55–60 g

buff
Valdarnese Bianca

180–200 eggs/year
1182 g
Slow

3.1–.5/2.5–3.0 Kg
≥120 days

1336 g

4.0–4.5/2.8–3.3 Kg

average/slow

126 days

white
Robusta maculata

black and white mottled

6–7 months
white
51.54 g
130 eggs/year
7 months
pinkish-medium
brown
55–60 g
140–160 eggs/year
5–6 months
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Behavioural observations. During preliminary observation the pricipal
behaviours of the poultry ethogram were chosen and divided into five behavioural
categories: feeding, activity, interaction, resting and comfort.
Indirect Observations (IO). Each pen was video recorded at 39 and 79
days of age for 24 hours continuously using a digital video recorder. The video
tapes were analysed by scan sampling technique (Martin and Bateson, 1993). The
number of birds performing these behaviours was counted at 10-min intervals.
Direct Observations (DO). The previous behavioural categories were direct
observed by a person located near the pen. The behaviours of each group of birds
were recorded using scan sampling (Altmann, 1974; Martin and Bateson, 1993).
Each pen was scanned at 5-min intervals for a period of 1 h, thus giving 12
records, and the number of birds performing each behaviour was registered.
Observations were repeated two times daily (08.30 AM and 02.30 PM) at the age
of 38 and 78 days. Before starting, the observer waited five minutes to allow the
animals to get used to human presence.
Statistical analysis. The data collected are showed as means±SEM of
frequencies spent performing each behaviour.
DO and IO behavioural categories were analysed by means of one-way
ANOVA (SPSS vers.19) both for breeds and behavioural observations methods. To
perform the analysis the data were grouped in six daily period (DP).

Results
After a preliminary observation a list of 14 states of each behavioural
categories in DO was defined: feeding (eating, drinking), activity (scratching,
running/walking), interaction (pica, fighting, running away), resting (standing,
sitting/laying) and comfort (preening, stretching, wing flapping, swelling, dust
bathing). Only six states in the IO: feeding (eating, drinking), activity (walking,
standing), interaction (fight) and rest (sitting/laying).
Starting from the definitions of the each behaviour belonging to the main
behavioural categories it was possible to define what behaviours are clearly visible
through the used recording method (DO and/or IO).
Eating and drinking were defined respectively as pecking of food and
swallowing and dipping the beak in the water and raising the beak thereafter (Lolli
et al., 2010); these movements, that are categorised as feeding behaviour, were
visible both in DO and IO.
Vice versa it was quite impossible to recognize animals performing
comfort activity through IO.
The comparison between direct and observation through video recorder,
showed significant differences for some behavioural categories (figure 1). Activity
and rest behaviour didn't shown any differences between direct and indirect
observations. Vice versa feed and interaction behaviours showed significant
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differences between the two observation methods. The average number of animals
direct observed in feeding behaviour were significant higher than the number
registered with indirect observations (7,82 vs 6,5; P<0,0001). Interaction showed a
high significant differences between observation methods (3,24 vs 1,19, direct vs
indirect respectively; P<0,0001).
In figure 2 the different behaviours showed daily rhythms typical of the
specie-specific ethogram.
Overwhelmingly, the greatest part of a poultry’s day (63,5%) was spent
resting. Birds spent more or less the same percentage of time in feed and active
behaviours (16,3% and 17,2%), while the percentage of daily interaction were only
3%. Birds spent more time in rest behaviour in the first, fifth and sixth daily period
(DP) while on the contrary, they showed less active behaviours. Instead activity,
feeding and interactions decreased in these DP, while increased in the late
afternoon and in the early morning like the natural one (figure 2).

Figure 1. Direct vs Indirect observations (Mean freq±SEM)
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Figure 2. Ethogram and daily rhythm

The direct observations showed some significant differences between
sessions (38 and 78 days of age). Feeding and explorative behaviour were higher in
younger while comfort and interaction behaviour showed an increase in the second
observational session (figure 3). Rest and activity didn’t shown differences
between sessions.

Figure 3. Effect of age on direct behavioural observations (Mean freq±SEM)

Breeds. After a general discussion about results, it necessary to analyse
individual breeds. From a behavioural point of view, they showed different levels
of the conservation of ancestral characteristics due to the different genetic selection
(table 2).
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Table 2. Number of birds of each breeds exhibiting a specific behavioural categories under the
two methods of observations (mean +/- SEM)
Valdarnese Bianca

Bianca Piemontese

Robusta Maculata

Behaviour
Categories

indirect

direct

P value

indirect

direct

P value

indirect

direct

P value

Feeding

6,59±0,24

7,65±0,81

0,119

5,18±0,18

7,29±0,5

<0,0001

7,7±0,24

8,52±0,45

0,18

Activity

6,98±0,23

4,48±0,373 <0,0001

7,08±0,37

7,31±0,6

0,80

6,46±0,23

6,79±0,48

0,58

Interaction

1,31±0,11

1,71±0,273

0,18

1,29±0,11

4,77±0,56 <0,0001

0,97±0,09

3,23±0,53

<0,0001

Resting

22,43±0,54

27,54±1,6

0,001

26,16±0,46 19,38±1,4 <0,0001 27,38±0,47 25,98±1,12

0,26

Valdarnese Bianca: analysis of the data in VB did not shown any statistical
differences between the direct and indirect observations on feeding and interaction
behaviour while highly significant differences in the activity and resting behaviour
emerged.
Bionda Piemontese: all behaviours observed showed statistical differences
between the two methods, except activity that had the same mean frequency in
direct and indirect observations.
Robusta Maculata: there were not any statistical differences in feeding,
activity and resting behaviour between methods, while the interactions showed a
highly significant differences.
Indirect observations showed some differences among three breeds. Both mean
frequency of feeding and resting behaviour were higher in RM than VB and BP.
This breed spent more time in feeding and resting behaviour than in active and
interaction behaviour.
Vice versa Bionda Piemontese and Valdarnese Bianca spent less time in
resting and in feeding but registered high interaction and activity. VB showed less
time spending resting (60,13%) than RM and BP (64,4% and 65,9%). VB showed
+3% of activity and + 1,3% of interaction compared to RM.

Discussion
These breeds seemed to maintain a natural rhythm in feeding behaviour
similar to their ancestors, in which food searching is usually concentrated at dawn
and in the late afternoon. On the contrary, when birds were reared in intensive
conditions with artificial lighting program, seems to loose specific rhythm (Lolli et
al., 2010).
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Results on the comparison between direct and indirect observations
showed some interesting differences between behavioural patterns observed. These
results are probably due to the fact that many behavioural patterns were not clearly
visible on the screen due to the video resolution. Birds are small and move
extremely rapidity, and for that reason it could be more difficult to see by video
exactly what they are doing. Some behavioural categories, like feeding and
interaction are better observed directly than indirectly. Observer can see if the
animals really eat or drink investigating the position of the beck (up or down or
inside drinkers/feeders), very difficult and not so clearly visible on the screen due
probably to the little dimensions of birds. Interactions are not clear visible by video
too. In this case, pica, fighting, running away and others agonistic behaviour, could
be confused with activity behaviour due to their rapidity. Feeding and mainly
interactions, are better distinguishable viewing details which may have been lost
during video recording also due to the time-lapse fragmentation.
Under a behavioural point of view, the considered typical Italian breeds
showed daily activity rhythms more similar to the natural one, according to others
authors (Bessei, 2006).
Video recording used as an alternative to direct observations seems to be
useful and practical. The low level of disturbance for observed animals, and a
continuous record of behaviours are the main advantages of this tool. Indirect
observations can be successfully adopted for studying less detailed behaviours,
such as a period of activity and rest, and more generic behavioural categories, as
shown by different studies (McFarlane et al., 1988; Gottardo et al., 1997, Tosi et
al., 2006). In fact, our results showed difficulty in analysing some behavioural
categories such as interaction and feeding behaviour, using videotapes. Direct
observations seems to be the only way to exactly quantify the behavioural
interactions between birds as already reported by several authors (Wagner 2004;
Hazelton and Grossman 2009a,b; Almeida and Grossman, 2012).

Conclusion
The results of the present study seem to confirm that if the aim of
behavioural observations is to investigate only the rhythms of activity and resting,
indirect observations seem to be the best solution. First of all because animals are
not disturbed by observers and not change their “normal” daily rhythm;
additionally it possible to carry out longer uninterrupted observation periods in
different environmental situations, like change in photoperiod or diet. The direct
observation are almost mandatory in behavioural studies that aim to evaluate some
behaviour more in detail.
In conclusion, the choice of the observation method is to be done according
to the real aim of the research that the researcher want to perform.
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Direktna i indirektna zapažanja ponašanja tri italijanske
rase živine
S. Lolli, L. Ferrari, S. Marelli, M. Bosi Garitta2, V. Ferrante

Rezime
Ocena ponašanja je već diskutovano pitanje. Cilj ovog rada je da se
uporede direktna zapažanja, opservacije ponašanja i opservacije pomoću video
kaseta kod tri različite italijanske rase (Valdarnese Bjanka, Bionda Piemontese
Robusta, Maculata), kako bi se obezbedila indikacija o najpogodnijoj metodi.
Tri rase su gajene u eksperimentalnim objektima za živinu (10 grla/m2,
standardna gustina naseljenosti u intenzivnoj proizvodnji brojlera). Pedeset grla po
rasi (odnos polova 1:1) je smešteno u podne bokseve i hranjeno istim obrokom
(ME 11.8MJ = Kg, CP 18%). Poređenje između direktnog i indirektnog
posmatranja pokazalo je značajne razlike za skoro svaku kategoriju ponašanja.
Aktivnost i odmor kao oblici ponašanja su generalno dobro vidljivi kod
oba tipa posmatranja dok se hranjenje i interakcija uglavnom bolje identifikuju u
direktnom posmatranju.
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Abstract: Chicken meat from intensive broiler production have different
quality compared with meat from native chicken breeds and chicken from a free
range production system. The aim of the present study was to evaluate differences
in fatty acids content of meat of Naked Neck chickens rared in free range system
and two commercial broiler breeds (Cobb 308 and Hybro G+) reared in
conventional production system. The trial involved 100 chickens per group.
Fattening period lasted 42 days for convencional system and 84 days for free range
system. Breast meat of Naked Neck chicken had statisticaly more 16:0 content
compared with Cobb 308 (p≤0.05), where in thigh meat the highest content of 16:0
was determined in Hybro G+ breed. Differences for fatty acids composition of
breast meat between breeds were also established for 14:0, 17:0, 18:0, 16:1, 18:1,
18:2, 20:2, 22:1 and 22:5 fatty acid. The Naked Neck group showed the highest
(p≤0.05) percentage of SFA and the Cobb 308 showed the lowest in breast meat.
Thigh SFA were also significantly different (p≤0.05) between breeds, where Naked
Neck chickens had the lowest and Hybro G+ the highest values. Breast MUFA
were higher in Hybro G+ than in Naked Neck or Cobb 308 chickens, and thigh
MUFA content had opposite trend and it was the lowest in Hybro G+ chicken. In
conclusion, free ranged Naked Neck chickens have been shown to have significant
different fatty acid composition compared with broiler chikens reared in
conventional system.
Key words: Naked Neck, broiler chicken, free range, fatty acid, meat

Introduction
Intensive broiler production, as an integral part of industrial poultry
production, began its development in the United States after World War II and in
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Serbia in around 1960s and it allowed the quantitative satisfaction markets with
relatively cheap chicken meat throughout the year. The relatively poor quality of
chicken meat from intensive broiler production (watery meat, insufficiently taste
and aroma, a large percentage of fat under skin and in the abdominal cavity, weak
and brittle bones, etc..) and development of consumer awareness about animal
welfare and food safety, have led to the emergence of the perception that broilers
meat is not healthy and natural (Škrbić et al., 2010).
Concequently, the number of the native chickens has been increasing for
the past 20 years to satisfy the customer demands for more intense flavor and
firmness of their meat. Today, a greater proportion of consumers in Europe and the
United States are interested in broiler specialty products derived from free-range
production systems (Ponte et al., 2008).
In our country, only few authors has investigated rering of native chickens
and meat quality in free range system (Bogosavljević-Boškovićet al., 2003;
Milošević et al.,2003; Milošević et al., 2005; Pavlovski et al.,2009a; Pavlovski et
al.,2009b;).
Although numerous studies on breeding selection, methods of raising,
dietary and growth performance and body composition of different chicken breeds
have been widely conducted, little is know about fatty acids composition of native
chicken breeds (for example Naked Neck breed). Regarding this, the aim of the
present work was to evaluate differences in fatty acids content of meat of Naked
Neck chickens rared in free range system compared with two commercial broiler
breeds (Cobb 308 and Hybro G+) reared in conventional system.

Materials and methods
Naked Neck and commercial hens were reared in the Experimental Centre
of the Institute for animal husbandry (Belgrade, Serbia) in two systems:
conventional (Cobb 500 and Hybro G+) and free range (Nacked Neck). The trial
involved 100 chickens per group. Fattening period lasted 42 days for convencional
system and 84 for free range system. The free range system applied the technology
of production of chicken meat that was developed in the Institute for animal
husbandry (Škrbić et al., 2010). Composition of animal food used for fattening is
presented in Tables 1 and 2.

Differences in fatty acid composition of..

469

Table 1. Composition of feed used in convencional system
%
Corn
Wheat meal
Soybean meal
Sunflower meal
Yeast
Fishmeal
Alfalfa (dehydrated)
Soybean oil
Dicalcium phosphate
Chalk
Salt
Lysine
Methionine
Premix
CHEMICAL COMPOSITION:
Moisture
Ash
Protein
Fat
Crude fiber
Ca
P
ME, MJ/kg
Lysine
Methionine + cystine
Tryptophan

Prestarter
1-7 day
54.45
2.00
25.00
5.00
3.00
5.00
3.00
1.00
0.20
0.10
0.25
1.00

Starter
7-14 day
50.79
2.50
25.00
5.00
3.00
4.00
2.00
5.00
1.20
0.20
0.06
0.25
1.00

Grower
14-35 day
53.84
1.00
23.50
6.00
3.00
3.00
2.00
4.50
1.30
0.20
0.30
0.11
0.25
1.00

Finisher
35-42 day
54.20
4.00
23.00
5.00
3.00
2.00
5.50
1.10
0.40
0.30
0.25
0.25
1.00

11.03
5.61
22.73
5.93
3.94
0.95
0.86
12.92
1.36
0.97
0.31

10.72
5.79
22.23
7.76
4.37
0.97
0.85
13.23
1.30
0.95
0.31

10.79
5.96
21.34
7.28
4.51
0.99
0.85
13.12
1.26
0.92
0.29

20.85
5.44
19.48
8.16
4.37
0.81
0.71
13.43
1.20
0.84
0.27

Table 2. Composition of feed used in free range system
%
Corn
Soybean meal
Vegetable oil
Chalk
Dicalcium phosphate
Salt
Premix
CHEMICAL COMPOSITION:
Energy (kcal)
Crude protein
Ca
P

Starter
1-14 day
54.7
37.0
4.0
1.6
1.3
0.4
1.0

Grower 1
14-28 day
64.0
29.0
3.0
1.4
1.3
0.3
1.0

Grower 2
28-42 day
71.0
23.4
2.0
1.2
1.1
0.3
1.0

Finisher
42-84 day
77.0
18.5
1.0
1.2
1.1
0.2
1.0

3000
21.0
1.00
0.70

3050
18.2
0.93
0.65

3080
16.5
0.83
0.60

3100
15.0
0.80
0.55
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At the end of trial all chickens were transferred to slaughterhouse and
slaughter using standard techniques. Six hours before slaughtering animals were
without feeding. After killing, the carcasses were cooled in ice cold water and then
hung in a chilling chamber at 40C for 24h after chilling, from each carcass the
breast and thigh were sampled for fatty acid analysis. Chemical analyses of meat
samples (three repeats) were done at the Institute of hygiene and meat technology
(Belgrade, Serbia).
Total lipids for fatty acids determination were extracted from meat by
accelerated solvent extraction (ASE 200, Dionex, Sunnyvale, CA). Homogenate of
sample mixed with diatomaceous earth, was extracted with a mixture of n-hexane
and iso-propanol (60:40 v/v) in 33 ml extraction cell at 100°C and nitrogen
pressure of 10.3 MPa (Spirić et al., 2009). The extracts were collected and the
solvent was removed under stream of nitrogen in Dionex Solvent Evaporator 500,
at 50°C until dryness. Fat extract was further used for fatty acids and cholesterol
determination meat. Fatty acid methyl esters (FAMEs) were prepared by
transesterification by using trimethylsulfonium hydroxide, according to SRPS EN
ISO 5509:2007 procedure. The GC instrument Shimadzu 2010 (Kyoto, Japan),
used for FAMEs determination, was equipped with a split/splitless injector, fused
silica cianopropyl HP-88 column (length 100 m, i.d. 0.25 mm, film thickness 0.20
µm) and flame ionization detector (FID). The column temperature was
programmed. Injector temperature was 2500C and detector temperature was 2800C.
The carrier gas was nitrogen at a flow rate of 1.33 ml/min and injector split ratio of
1:50.
The total proportion of saturated fatty acids (SFA) was the sum of the
weight percentages of: myristic (14:0), pentadecanoic (15:0), palmitic (16:0),
margaric (17:0) and stearic (18:0) acids. The total proportion of monounsaturated
fatty acids (MUFA) was calculated by summing the weight percentages of:
palmitoleic (16:1), oleic (18:1cis-9) and gadoleic (20:1). Additionally, the total
percentage of polyunsaturated fatty acids (PUFA) included: linoleic (18:2 n-6), γlinolenic (18:3 n-6), α-linolenic (18:3 n-3), eicosadienoic (20:2), dihomo-γlinolenic (20:3 n-6), docosapentaenoic (22:5 n-3) and docosahexaenoic (22:6 n-3)
acid. The sum of all n-6 fatty acids were calculated as sum of 18:2 n-6, 18:3 n-6
and 20:3 n-6 and the sum of all n-3 fatty acids as sum of 18:3 n-3, 22:5 n-3, and
22:6 n-3.
In order to determine the effect of breed on fatty acids composition, a
single-factor analysis of variance was performed using Statistica 7 software
(StatSoft, USA). T-test was performed for treatments comparison when differences
were significant (p≤0.05).
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Results and discussion
The averages of fatty acids profiles of the breasts and thighs of investigated
chicken breeds are presented in Tables 2 and 3, where various fatty acids were
different in proportion among genotypes, but not all differences were similar in
both muscles. Palmitic acid (16:0) was the major saturated fatty acid, fallowed by
stearic acid (18:0), in both breast and thigh meat. However, breast meat of Naked
Neck chicken had statisticaly more 16:0 content compared with Cobb 308
(p≤0.05), where in thigh meat the highest content of 16:0 was determined in Hybro
G+ breed. Differences for fatty acids composition of breast meat between breeds
were also established for 14:0, 17:0, 18:0, 16:1, 18:1, 18:2, 20:2, 22:1 and 22:5
(Table 3).
Table 3. Fatty acid composition of breast meat of three chicken genotype
Fatty acid (%)

Naked Neck
b

Cobb 308

Hybro G+

14:00

0.60 ± 0.05

0.30 ± 0.07

0.87c ± 0.12

15:00

0.08 ± 0.01

0.07 ± 0.01

0.07 ± 0.01

b

a

a

16:00

23.97 ± 1.33

20.65 ± 1.03

23.61b ± 0.93

16:01

1.76a ± 0.09

2.71b ± 0.22

6.05c ± 0.23

17:00

0.18b ± 0.01

0.11a ± 0.02

0.12a ± 0.02

18:00

7.62a ± 0.42

7.08ab ± 0.20

6.62b ± 0.31

18:1 c n-9

39.97b ± 1.35

34.49a ± 0.86

36.25ab ± 0.58

18:2 n-6

22.20a ± 0.59

28.42b ± 0.99

21.36a ± 0.87

18:3 n-3

1.27 ± 0.11

1.61 ± 0.18

0.98 ± 0.08

18:3 n-6

0.17 ± 0.02

0.19 ± 0.02

0.15 ± 0.02

20:00

0.07 ± 0.01

0.12 ± 0.02

0.10 ± 0.02

20:01

0.36 ± 0.06

0.45 ± 0.10

0.41 ± 0.09

20:02

0.14a ± 0.03

0.47b ± 0.08

0.42b ± 0.06

20:3 n-6

0.38 ± 0.06

0.40 ± 0.07

0.38 ± 0.05

22:1 + C20:4

0.90a ± 0.07

2.04b ± 0.06

2.01b ± 0.09

22:5 n-3

0.09a ± 0.01

0.27b ± 0.04

0.13a ± 0.02

22:6 n-3
0.22 ± 0.02
0.20 ± 0.02
0.24 ± 0.02
Results are expressed in mean ± standard deviation.
a,b,c – means within rows bearing different letters are significantly different at p≤0.05

Thighs meat of chickens, reared in free-range system, showed differences
in fatty acids composition between breeds (Table 4).

Z.Pavlovski et al.

472

Table 4. Fatty acid composition of thighs meat of three chicken genotype
Fatty acid (%)

Naked Neck

Cobb 308

Hybro G+

14:00

0.44a ± 0.08

0.38a ± 0.05

1.44b ± 0.05

15:00

0.06a ± 0.01

0.09b ± 0.01

0.10b ± 0.02

16:00

19.71a ± 1.28

22.27b ± 1.41

26.97c ± 1.31

16:01

2.44b ± 0.19

4.26c ± 0.12

1.80a ± 0.14

17:00

0.13 ± 0.02

0.13 ± 0.01

0.11 ± 0.01

a

18:00

6.50 ± 0.39

7.01 ± 0.13

7.62b ± 0.38

18:1 c n-9

41.24c ± 1.37

38.47b ± 1.92

29.41a ± 1.16

18:2 n-6

26.12b ± 0.87

23.74a ± 0.79

26.18b ± 1.01

18:3 n-3

1.34b ± 0.14

1.01a ± 0.20

3.96c ± 0.33

18:3 n-6

0.13 ± 0.02

0.11 ± 0.01

0.11 ± 0.02

20:00

0.08 ± 0.01

0.10 ± 0.01

0.11 ± 0.02

20:01

0.42 ± 0.04

0.51 ± 0.05

0.45 ± 0.05

20:02

0.15 ± 0.02

0.50 ± 0.06

0.48b ± 0.07

20:3 n-6

0.29a ± 0.04

0.49b ± 0.05

0.45b ± 0.04

22:1 + C20:4

0.50a ± 0.06

0.66b ± 0.10

0.60b ± 0.06

<0.01

<0.01

<0.01

22:5 n-3

a

ab

b

22:6 n-3
<0.01
<0.01
<0.01
Results are expressed in mean ± standard deviation.
a,b,c – means within rows bearing different letters are significantly different at p≤0.05.

Castellini et al. (2002) have found that the the breast and thigh muscles of
the organically reared animals had a higher fraction of saturated fatty acids (SFA)
and lower one of monounsaturated (MUFA) compared to the control group.
Authors also stated that this trend could be partly due to the different compositions
of the ingested foods, caused by grass intake. Wattanachant et al. (2004) observed
that although the chickens are fed with the same diet, there are some differences in
their meat fatty acid content. Authors report that these were probably due to
differences in feeding behaviour between breeds.
In this experiment, there were significantly differences between chicken
breeds in fatty acid composition of breast and thigh (Fig. 1). As far as breast
saturated fatty acids (SFA) are concerned (Fig. 1A), the Naked Neck group showed
the highest (p≤0.05) percentage and the Cobb 308 showed the lowest, which is
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consistent with results reported by Wattanachant et al. (2004) for Thai indigenous
breed. Thigh SFA (Fig. 1B) were also significantly different (p≤0.05) between
breeds, where Naked Neck chickens had the lowest and Hybro G+ the highest
values.
There were no differences in MUFA level between indigenous and broiler
breeds in experiment of Wattanachant et al. (2004). In this trial, total
monounsaturated fatty acids showed variations among genotypes (Fig. 1). Breast
MUFA (Fig. 1A), were higher in Hybro G+ than in Naked Neck or Cobb 308
chickens. Thigh MUFA content (Fig. 1B) had opposite trend and it was the lowest
in Hybro G+ chicken. The MUFA content of all chickens in this study were lower
than those reported by Castellini et al. (2002) for organically reared Ross male
chickens, 56 days old. This could be due to the differences of lipids in the diets of
the
%birds.

A

b

ab
a
b

ab

b

b

a
a

a

Total fatty acid

%

B

a

a
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b

b

c
a

b

a

b
ab a

a

b
a

Total fatty acid
Figure 1. Differences in total fatty acid composition in breast (A) and thigh (B) meat of three
chicken genotype
Each bar represents the mean ± standard deviation;
Means within bars bearing different letters (a,b,c) are significantly different at p≤0.05.

Pastures are a good source of n-3 fatty acids (Ponte et al., 2008) and
consumer interest in specialty poultry products derived from free-range production
systems is accompanied by a greater level of n-3 PUFA in this products. PUFA
consumption reduces the risk of cardio-vascular disease (Temple, 1996) and
inhibits the growth of mammary and prostate gland tumours (Pandalai et al.,
1996). Significant variations were observed for polyunsaturated fatty acids (PUFA)
in breast (Fig 1A), they were higher (p≤0.05) in Cobb 308 than in the other
groups. Thigh PUFA (Fig. 1B) also differed significantly among the groups: Hybro
G+ showed higher (p≤0.05) values than Naked Neck and Cobb 308. The PUFA
and total n-6 fatty acids had also opposite trends in breast and thigh of analysed
chicken breeds (Fig 1). Cobb 308 breed had significantly higher (p≤0.05) content
of PUFA and total n-6 in breast meat, while in thigh meat it had the lowest values
of PUFA and total n-3 fatty acids. Results of this experiment are inconsistent with
the statement of Jaturasitha et al. (2008) who found that the meat of the Thai
chickens (a native chicken breed) had higher proportions of n-3 fatty acids
compared with Bresse and Rhode Island Red breeds (a commercial broiler breeds).
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Conclusion
Free ranged Naked Neck chickens have been shown to have significant
different fatty acid composition compared with broiler chikens reared in
conventional system. Breast meat from Naked Neck chickens had more SFA and
less PUFA, but thigh meat had lower SFA and higher MUFA content compared
with meat from comercial broilers. Total n-6 fatty acids content was lower in breast
meat of Naked Neck chickens compared with Cobb 308 and total n-3 fatty acids
were lower in thigh meat of Naked Neck breed compared with thigh meat from
Hybro G+ chikens. The results indicate that the genotypes used showed different
abilities to incorporate fatty acids and a possible interaction between strain and
environment may exist on absorption and utilization of dietary components.
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Razlike u masno kiselinskom sastavu mesa između gološijana
i dva komercijalna hibrida pilića
Z. Pavlovski, Z. Škrbić, N. Stanišić, S. Lilić, B. Hengl, M. Lukić, V. Petričević
Cilj istraživanja je bio da se utvrdi razlika u masnokiselinskom sastavu
mesa gološijana gajenih u slobodnom sistemu i dva komercijalna brojlerska hibrida
(Cobb 308 i Hybro G+ gajenih u konvencionalnom proizvodnom sistemu. U ogledu
je bilo po 100 pilića po grupi. Tov u konvencionalnom sistemu je trajao 42 dana, a
u slobodnom sistemu 84 dana. Meso grudi gološijana sadržalo je statistički više
16:0 u odnosu na Cobb 308 (p≤0.05), dok je meso karabataka hibrida Hybro G+
imalo veći sadržaj 16:0 masnih kiselina. Sadržaj masnih kiselina u mesu grudi
između hibrida je bio različit za 14:0, 17:0, 18:0, 16:1, 18:1, 18:2, 20:2, 22:1 i 22:5
masne kiseline. Zaključno, može se reći da je u mesu gološijana gajenih u
slobodnom sistemu utvrđen statistički značajno različit sadržaj masnih kiselina u
poređenju sa brojlerima gajenih u konvencionalnom sistemu.
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Abstract: In this paper results of research of external quality traits of the
fertile eggs of Partridge Italian bread in semi extensive system are shown. Research
was conducted on sample of 64 eggs, divided in to two groups according to the
weight. First group was eggs weighing up to the 60 g (≤ 60 g) and second group
eggs weighing above 60 g (> 60 g). Aim of the research was to determine influence
of the weight of the eggs to the external quality traits of fertile eggs, such as
weight, length, width and shape index of the eggs in quoted breeding system.
Obtained result points to the fact that Partridge Italian in semi extensive system
achieves satisfying results in regard of the basic external characteristics of egg
quality. Results of the conducted research show that it is needed to give higher
attention to the quality of eggs used for planting, to the breeding direction,
improvement of the productive and reproductive traits, and therefore to
preservation of the genetic potential of different breeds and strains of chicken.
Key words: Partridge Italian hen, fertile eggs, external egg traits

Introduction
Lately egg quality, especially fertile egg quality of different breeds of
chicken and their mixes, compared to hybrids is becoming an object of research of
many authors in the world (Sabri et al., 1999; Farooq et al., 2001; Islam et al.,
2002; Monira et al., 2003; Anderson et al., 2004; Pohle and Cheng, 2009), and in
our country (Mitrović et al., 2011; Đermanović et al., 2012; Đermanović et al.,
2013). These researches are specially interesting because of growing organic
poultry production. Reason for that is because pure breeds are much better for
organic production than hybrids. Therefore Mitrović et al. (2005) and Đermanović
et al. (2012) cite that autochthonous breeds of animals are not given proper
attention compared to other breeds, especially commercial breeds and hybrids,
laying hen hybrids even though autochthonous breeds and strains are actual
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product of the environment and breeding conditions in specific area. Mitrović et al.
(2011) quotes that next to the breeding system in poultry organic production one of
the main points should be breed choice, or the strain choice which will be used for
egg and meat production. When starting and organizing the organic poultry
production one should give advantage to autochthonous breeds which are already
adapted to the local breeding conditions and are immune to area specific diseases.
Having in mind that in semi extensive and extensive system of breeding
next to the consumer eggs, fertile eggs are being produced special attention should
be given to quality assessment and above all to the external quality traits and their
incubational values. That is why aim of this research was examining of the external
quality traits (weight, length, width and shape index) of the fertile eggs that can be
used for reproduction produced in semi extensive system.

Material and Methods
In order to determine external quality of the Partridge Italian breed eggs
research was conducted on "Galijaš" farm. Main scope of work on that farm is
production of consuming and fertile eggs which were used as experimental
material. Experimental flock was kept within the economic yard where different
fruits were planted, and it was fed per will with appropriate concentrate mixtures,
next to widely available pasture corn grain was supplied along with grinded corn
and wheat.
In the experiment 64 fertile eggs were used, they were chosen by random
sample method. There were two groups of 32 eggs divided in to two categories
according to the weight, first group was eggs weighing up to the 60 g (≤ 60 g) and
second group eggs weighing above 60 g (> 60 g). During the production cycle
following parameters were determined: egg weight, length and width of the eggs,
based on which shape index was calculated [Shape index = (width/length) x 100].
Egg weight was determined by the scale with accuracy of ±1 g, while length and
width by special scale with accuracy of ±0.02 mm. Measuring of the parameters
was conducted on eggs kept between 3 and 5 days.
For all monitored parameters usual statistic methods (arithmetic mean,
arithmetic mean error, standard deviation and variation coefficient) were
calculated. Determined differences between monitored parameters were calculated
with T-test. Based on data obtained by calculating correlations, interconnection
between followed parameters was determined. Statistical data was calculated in
SAS/STAT (SAS Institute, 2000) program.
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Results and Discussion
Average values and variability as well as significance of the differences of
the monitored quality parameters for the experimental genotype of chicken bread in
semi extensive breeding system are shown in tables 1 and 2.
Table 1. Average values and variability of the examined parameters of eggs quality
Parameters
Eggs weight, g
Eggs length, mm
Eggs width, mm
Width length ratio, %

Eggs group

x

S

I
II
I
II
I
II
I
II

59.00
65.50
54.55
56.90
41.65
42.65
76.35
74.96

2.24
3.03
2.38
2.03
1.14
0.56
2.58
2.32

Sx
0.40
0.54
0.42
0.36
0.20
0.10
0.46
0.41

C.V.
3.80
4.63
4.36
3.57
2.74
1.31
3.38
3.09

Table 2. Significance of differences tested parameters of eggs quality
Parameters
Eggs weight, g
Eggs length, mm
Eggs width, mm
Width length ratio, %
***
P<0.001; *P<0.05.

xI

x II

d

Significance

59.00
54.55
41.65
76.35

65.50
56.90
42.65
74.96

6.50
2.35
1.00
1.39

9.758***
4.250***
4.454***
2.266*

From data shown in table 1 it is notable that average egg weight for first
group (≤ 60 g) was 59.00 g, and for second group 65.50 g. Compared to the egg
weight, length (54.55 mm – 56.90 mm) and width (41.65 mm – 42.65 mm) shown
much less differences but they were statistically very significant (P<0.001).
However, when it comes to shape index difference between monitored groups was
1.39% (76.35% - 74.96%) and it was statistically significant P<0.05 (table 2). Next
to the above stated, from data in the table 1, it is visible that eggs from first group
had higher variability (C.V) compared to the eggs originating from second group in
length, width and shape index, while second group had higher variability in egg
weight (4.63) compared to the eggs from first group (3.80).
Research results of the most of the authors were refereeing mainly to the
typical representative of light weight chicken, the Leghorn breed. Therefore
approximate values of researched parameters for leghorn breed bread in same
system was determined by Đermanović et al. (2013). Moreover, same results were
obtained by Islam et al. (2002) who also determined that average weight of fertile
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eggs for leghorn breed was 59.48 g, though Sabri et al. (1999) determined lower
average weight for leghorn fertile eggs (54.3 g). Anderson et al. (2004) determined
for leghorn breed that average weight and width were similar as for other authors,
while lengths were slightly different and shape index was slightly lower. More
detailed research was conducted by Monira et al. (2003), who determined that eggs
originating from leghorn breed in different periods of keeping (1, 7, 14 and 21 day)
averagely weighed 64.00 g, for 7 days old eggs 52.20 g. Same authors determined
slightly higher lengths for eggs kept one day (6.12 cm), while value of the same
parameter for 7 day old eggs was 5.56 cm. When it comes to width quoted authors
determined similar values (4.28 cm – 1. day; 4.10 cm – 7. day), while for the shape
index they determined much lower values (69.99% – 1. day; 73.80% - 7. day).
Pohle and Cheng (2009) researched influence of breeding system on physiological
characteristics of leghorn laying hens and concluded that average egg weight in
cage system was 54.27 g (30. weeks of age) and 60.24 g (60. weeks of age).
Next to determined absolute and relative variations for researched egg
quality traits for planting eggs of Partridge Italian breed, coefficients of phenotype
correlation were calculated between quoted parameters (table 3).
Table3. Phenotype correlation between examined parameters of eggs quality
Parameters

Eggs group
E.We.
I
1.000
E.We.
II
1.000
I
E.L.
II
I
E.Wi.
II
I
W.L.R.
II
***
P<0.001; **P<0.01; *P<0.05; nsP>0.05.

E.L.
0.871***
0.668***
1.000
1.000
-

E.Wi.
0.521**
0.797***
0.635***
0.401*
1.000
1.000
-

W.L.R.
-0.725***
-0.404*
-0.784***
-0.930***
-0.020ns
-0.037ns
1.000
1.000

Based on determined correlation coefficients between analyzed parameters
(table 3) it is visible that with increase of egg weight, for both researched groups,
the length of the egg is being statistically significantly (P<0.001) increased. Similar
to the egg length and other researched parameters statistically significant
correlation was determined, though on different levels for different parameter
(P<0.001; P<0.01; P<0.05), in dependence of the weight group of the eggs. It has,
also, been determined that with increase of the length the width of the egg is
increased which was statistically significant (P<0.001 – I group; P<0.05 – II
group), and correlation between quoted parameters was more expressed for the
eggs that belong to the first group. Moreover, data from table3 further shows that
between shape index and other researched parameters negative statistically
significant (P<0.001 – egg weight I group and length of the eggs for both groups;
P<0.05 – weight of the eggs II group) correlation coefficients exist, and that
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between width and shape index negative correlation coefficients, which weren’t
statistically significant (P>0.05), were determined.
Farooq et al. (2001) determined similar results for Rhode Island Red
breed, Đermanović et al. (2012) for New Hampshire and for autochthonous breed
Sombor Crested, and Đermanović et al. (2013) for Leghorn breed.

Conclusion
Based on obtained results it can be concluded that in semi extensive
breeding system Partridge Italian can be successfully bread, providing good fertile
and consumer eggs. The conclusion is backed up with research results, that,
average egg weight is between 59.00 g and 65.50 g, and shape index between
76.35% - 74.96%, all that is being confirmed by calculated phenotype correlation
coefficients between monitored parameters for both weight groups.
Partridge Italian has shown satisfying results in planting eggs production,
which points out that in semi extensive system next to the autochthonous breeds
other chicken breeds can be bread. Special attention should be given, above all, to
the increase of the quality of fertile eggs and to the further development of the
productive and reproductive traits of specific genotype.
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Fenotipska varijabilnost spoljašnjih osobina kvaliteta
priplodnih
jaja
jarebičaste
italijanke
gajene
u
poluekstenzivnom sistemu
V. Đermanović, S. Mitrović

Rezime
U radu su izloženi rezultati ispitivanja spoljašnjih osobina kvaliteta
priplodnih jaja jarebičaste italijanke gajene u poluekstenzivnom sistemu držanja.
Ispitivanja su izvršena na uzorku od 64 jajeta, podeljenih u dve težinske grupe i to:
I grupa - jaja težine do 60 g (≤ 60 g) i II grupa - jaja težine preko 60 g (> 60 g). Cilj
istraživanja je bio da se ispita uticaj težinske grupe jaja na spoljašnje osobine
kvaliteta priplodnih jaja, kao što su težina, dužina, širina i indeks oblika jaja u
navedenom sistemu držanja.
Dobijeni rezultati ukazuju na činjenicu da jarebičasta italijanka u
poluekstenzivnom sistemu gajenja ostvaruje zadovoljavajuće rezultate u pogledu
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osnovnih karakteristika spoljašnjeg kvaliteta jaja. Rezultati sprovedenih
istraživanja ukazuju na to da je potrebno posvetiti veću pažnju ispitivanju kvaliteta
jaja za nasad, pravcu odgajivanja, poboljšanju proizvodnih i reproduktivnih
sposobnosti, a samim tim i očuvanju genetskog potencijala različitih rasa i sojeva
kokoši.
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Abstract: The objective of this paper is to investigate the effect of multiphase feeding, i.e. the effect of different mash feeds with multi-phase protein
reduction, on growth, main carcass parts and nitrogen content in faeces of broiler
chickens. The experiment was conducted on 1216 chickens of Ross 308
provenience, separated by sex. The experiment lasted for 42 days and the standard
technology was used. The groups differed in a type of a mash (treatment) given in
the starter period, as follows: T1 (control group) was given a mash with 23% crude
proteins from day 1 to day 21; T2 – a mash with 23% proteins from day 1 to day 7,
followed by a mash with 21.5% proteins given from day 7 to day 21; T3 – a mash
with 23% proteins from day 1 to day 14, followed by a mash with 21.5% proteins
given from day 14 to day 21; T4 – mashes changed every three days, having 23%,
22.55%, 22.10%, 21.65% , 21.20%, 20.75% and 20.30% of crude proteins,
respectively. Slaughtering performance was investigated on a total of 64 broiler
chickens, with eight male and eight female chickens used separately for each of the
treatments. Nitrogen content in faeces was determined using the pooled sample of
faeces. The obtained results showed some differences in the average daily growth
of the male and female chickens when comparing the control (T1) and the
experimental groups. Those differences were not statistically significant. However,
when comparing the male-only groups, it was determined that the experimental
group T4 had statistically significantly higher growth than T2 and T3 group. The
effect of the multi-phase feeding programme on the breast, thigh and drumstick
share of both male and female broilers was not significant. The applied multi-phase
feeding programmes resulted in a reduction in the nitrogen content in the faeces.
Considering the obtained results, it can be concluded that the multi-phase feeding
programmes had no negative effect on the growth and slaughtering performances
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of broilers. This goes in favour of these programmes, since they can result in some
positive economic and environmental effects of production.
Key words: broiler, sex, multi-phase feeding, growth, main carcass parts,
nitrogen

Introduction
Some research has indicated that broiler requirements for proteins and
amino acids change over time, so a constant use of one diet for a long time would
result in a surplus or deficiency of nutrients in the most of the growth period. In
respect of this, Belyavin (1999) suggests that broilers during the period of growth
should be given more different diets, basing their diet on multi-phase feeding
programmes. These programmes are important in terms of diet optimization,
production efficiency and environmental control. Multi-phase feeding is based on
meeting nutrient requirements of broilers at specific points of their life cycle to
optimize diets, i.e. to “match” mash feed ingredients with nutrient requirements of
broilers in certain stages of growth. Pointing out the problem of accuracy when
defining those requirements, Ferket et al. (2002) state that feeding requirements are
like “moving targets”, having in mind considerable genetic variations in
characteristics of growth, especially when it comes to protein retention. According
to Eits (2004), proteins are important nutrients of broiler diets, because they affect
production performances, feed costs and nitrogen excretion. Proteins are most
important for poultry/broiler growth, feed conversion efficiency and the quality of
carcass (Saharei, 2013). Some research has indicated that mashes with reduced
protein content do not affect body weight, but do affect fattening efficiency
(Warren and Emmert, 2000; Saleh et al., 1996). Beside studying the effect that
broiler mashes with reduced protein content have on production performances, the
subject-matter of many authors has been the effect on slaughtering performances –
carcass yields (Smith et al., 1998; Saleh et al., 2004), and the yield and share of
individual carcass parts and abdominal fat (Acar et al., 1991;Nikolova and
Pavlovski, 2009). Kidd et al. (2004) conducted research on diet with different
protein levels given to broilers in the first week of age. It was determined male
chickens were more sensitive to reduced levels of amino acids in their diet. A high
nutritional value of the diet in the early period had a positive effect on increasing
breast meat share, while reduced nutrition value resulted in increased fat. Studying
the references on multi-phase feeding can show how complex this area is and
research often cover the environmental aspect as well (Bregendahl et al., 2002,
Gutierrez et al., 2008). Research imply that nitrogen excretion is directly related to
protein content in mashes and, according to Ferguson et al. (1998), manipulations
in broiler diets can reduce nitrogen content in manure, with the retaining of
acceptable production performances. The objective of this paper is to investigate
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the effect of multi-phase feeding, i.e. the effect of different mash feeds with multiphase protein reduction, on male and female broilers, the yield and share of the
most valuable carcass parts, and nitrogen content in faeces as well.

Materials and Methods
The experiment was conducted on an experimental farm of the Faculty of
Agriculture in Novi Sad, on 1216 chickens of Ross 308 provenience, i.e. 608
individually marked chickens of each sex. The chickens were put in 32 boxes (four
boxes per treatment). Each box contained 38 chickens. The standard feeding
technology was applied for 42 days. Ad libitum feeding was conducted, in four
treatments: T1 (control group) was given a mash with 23% crude proteins from day
1 to day 21; T2 – a mash with 23% proteins from day 1 to day 7, followed by a
mash with 21.5% proteins given from day 7 to day 21; T3 – a mash with 23%
proteins from day 1 to day 14, followed by a mash with 21.5% proteins given from
day 14 to day 21; T4 – a mash with 23% proteins on day 1, 2 and 3, a mash with
22.55% proteins on day 4, 5 and 6, a mash with 22.10% proteins on day 7, 8 and
9, a mash with 21.65% proteins on day 10, 11 and 12, a mash on 21.20% proteins
on day 13, 14 and 15, a mash with 20.75% proteins on day 16, 17 and 18, and a
mash with 20.30% proteins on day 19, 20 and 21.
The diets were based on maize-soybean, and the multi-phase mashes were made by
combining two base diets – a mash with 23% proteins and 13 MJ per kg metabolic
energy and a mash with 20% proteins and 13.3 MJ per kg metabolic energy. The
treatments differed in protein levels but also in other nutrients, depending on the
proportional share of these two diets, whose ratio changed according to the afore
mentioned feeding programme. After 21 days, all the chickens were fed in the
same way, from day 21 to 35 with the 20% protein mash, and from day 35 to 42
with the 18% protein mash.
In the experimental period, the body weight of the chickens was monitored
by individual measuring on day 1 and then on a weekly basis, from the first to the
sixth week of age. Based on differences in body weight, the data on average daily
growth were calculated on a level of the whole experiment.
To investigate slaughtering performances, eight 42-day old chickens were
taken from each group. The testing was conducted on 64 chickens – 32 chickens of
each sex. The chickens were processed in line with the Rulebook on Quality of
Poultry Meat (1981). The carcasses and individual carcass parts were measured
with a precision balance, ± 0.1g accuracy. When calculating the share of individual
carcass parts, they were compared to the pre-slaughter body weight.
Chemical analysis and determination of nitrogen content were conducted
on the polled sample of faeces, formed by collecting the excreted faeces from the
experimental boxes. The faeces were collected using a wooden box with wire
flooring and a plastic pad, where the chickens were held during the sampling. The
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nitrogen content in the faeces was analysed at the Laboratory for testing animal
feed quality within the Faculty of Agriculture in Novi Sad, and determined
according to the method no. 7 of the Rulebook on Sampling Methods and Methods
of Physical, Chemical and Microbiological Analyses of Animal Feeds (1987).
The data were processed using “STATISTIKA” computer programme,
ANOVA/MANOVA and LSD post-hoc test.

Results and Discussion
Considering the obtained results, it was concluded that the applied multiphase feeding programmes had no negative effect on the growth and slaughtering
performances of broilers, which goes in favour of their use, since these
programmes can result in positive economic and environmental effects of broiler
production.
Table 1 shows the significance of effects the main factors had on the
average daily growth of the male/female broiler chickens, for the whole
experiment. Feed and sex as variability factors did have a statistically significant
effect on the average daily growth, while a feed x sex interaction was not
determined.

T2
ab

T3
b

T4
b

T1

T2

T3

Factor
T4

SxF

T1

Average daily growth (g)
Female chickens

Feed

Male chickens

Sex

Measures of
variation

Period

Table 1. Daily growth (g)

a

x 47.98 47.24 47.12 48.84 45.77 45.14 44.98 45.74 ** ** NS
4.61
5.12
5.20
5.35
4.67
4.93
4.49
4.56
Sd
a-b
Values within a row without a common letter in their superscripts are statistically significantly
different (P <0.05)
** Statistically significant (P<0.01)
NS Not significant
1-42

For both male and female chickens, determined differences among the control (T1)
and the experimental groups were not significant. When comparing the
experimental groups of female chickens, however, it was determined that T4
achieved statistically significantly higher growth than T2 and T3 groups. This
result shows that in T4 treatment the production performances of broilers, i.e. the
average daily growth and body weight, manifested better results when proteins
were gradually reduced every three days, compared to the programmes in which
the reduction started after seven or 14 days. The obtained result is in line with the
basic concept of multi-phase feeding, according to which mashes should be
changed several times to achieve better compatibility with nutrient requirements of
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broilers and improve feed conversion efficiency (Pope et al, 2002). Unlike the
male groups, there were no statistically significant differences expressed in the
female groups.
The obtained results, according to which male chickens reacted differently
than female chickens, can relate to different nutrient requirements of broilers,
depending of sex. Different reactions of sexes to phase feeding programmes were
determined by Buteri et al. (2009). These authors studied the effects of different
multi-phase feeding programmes on male and female chickens of Ross 308
provenience, including programmes with three, five and 28 mashes. Moreover, a
research of Kidd et al. (2004) also shows sex-related differences in results of
investigated feeding programmes, in which high, medium and low content of
proteins/amino acids were combined to study their effect on production
performances. The male chickens showed higher sensitivity to reduction than the
female chickens, which enhances the importance of sex separation of chickens.
Table 2 shows the yield and share of the most valuable carcass parts of the
male and female chickens in different multi-phase feeding treatments.
The analysis of factors determined the effect of sex, yet it did not
determine the effect of feed. Sex, as a variability factor, had significant effect on
the yield of breast, thigh and drumsticks, and drumstick share as well. For the male
chickens, higher values of thigh share were determined in all four multi-phase
feeding programmes. The results are in line with a research of Bogosavljević –
Bošković et al. (2004), who identified the effect of sex on thigh share, and
determined significantly higher thigh share in male chickens.

Yield and share of main carcass parts
Female chickens
T4

x

534.67
67.23

538.83
20.00

512.83
38.77

518.67
37.54

464.83 461.00 457.33 451.67
31.20 44.32 37.07 38.66

x

24.31
2.05

24.16
1.27

23.39
1.75

23.57
1.29

24.36
1.74

x

205.00
16.82

214.50
8.87

212.83
12.56

205.17
13.53

166.83 163.83 176.50 166.23
9.66
11.11 19.39
6.12

x

9.36
0.77

9.61
0.44

9.70
0.44

9.32
0.19

x

254.67
12.80

252.17
12.38

247.17
20.91

260.50
21.66

206.83 211.33 214.67 211.17
12.54 19.33 19.17 18.96

x

11.63
0.85

11.30
0.53

11.26
0.75

11.81
1.05

10.85
0.80

Breast share
(%)

Sd
Sd

Thigh share
(%)

Sd

Drumstick
yield (g)

Sd

Drumstick
share (%)

Sd

* Statistically significant (P<0.05)
NS Not significant

8.74
0.40

T2

24.14
1.80

8.59
0.40

11.07
0.78

T3

23.80
1.29

9.19
0.86

11.17
0.72

T4

23.94
1.91

8.83
0.50

11.19
0.91

*

NS NS

SxF

T3

Feed

T2

Sd

T1

Factors

T1

Breast yield
(g)

Thigh yield (g)

Male chickens

Sex

Property

Measures of
variation

Table 2. Yield and share of breast, thighs and drumsticks

NS NS NS
*

NS NS

*

NS NS

*

NS NS

NS NS NS
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For both male and female chickens, when comparing the control T1 and
the experimental groups, and the experimental groups themselves, no statistically
significant differences were found in the yield and share of breast, thigh and
drumsticks, which implies that the multi-phase feeding programme had no effect.
The results are in line with a research of Rezaei and Hajati (2010) in terms of the
fact that reducing nutritional value of mashes in the starter period had no effect on
carcass content, and the share of breast and thighs.
Protein reductions in the mashes were not drastic, so they did not have a
significant effect on the yield and share of the main carcass parts; yet the chickens
of T1 group, both male and female, had the highest breast share. The result can
relate to the one of Watkins et al. (1993), according to which the largest breast
share was determined in a group fed with the starter mash for 21 days of the starter
period, while the smallest breast share was found in a group fed with the starter
mash for the first seven days only. Research of Kidd et al. (2004) also confirms
that larger reductions of proteins in diets have a negative effect on breast yield.
Dry matter content and nitrogen content in faeces of both male and female
chickens, in different treatments in the starter period (from the 1st to the 3rd week)
were shown in table 3.

Week

Table 3. Dry matter and nitrogen content in faeces

1
2
3

Chemical composition of faeces (%)

Dry matter

T1
16.96

Male chickens
T2
T3
16.71
19.65

T4
18.59

T1
19.73

Female chickens
T2
T3
20.42
19.54

T4
16.82

N in DM
Dry matter

5.01
17.46

4.82
18.31

4.87
18.03

4.65
14.67

5.64
16.82

5.37
18.56

5.57
16.70

4.61
17.00

N in DM
Dry matter

5.40
16.59

5.38
19.31

5.27
16.62

5.17
18.62

5.51
17.33

5.44
16.25

5.18
15.75

4.85
17.59

N in DM

5.32

5.30

5.29

4.19

5.48

4.87

4.94

5.08

Property

Recorded nitrogen values in the faeces are relatively similar, with a certain
tendency for decreasing of nitrogen content when reducing protein content in the
mashes. However, differences among the groups are not so pronounced to make
some of the programmes defined as optimal from the aspect of environmental
control. Phase feeding does not always result in reduction of nitrogen excretion, as
it was proved in a research of Gutierrez et al. (2008) who simultaneously studied
three programmes of continual multi-phase feeding of broilers in the starter period.
Nasril (2003) obtained similar results when studied the continual multiphase feeding of broilers in the starter period. According to Coufal (2005), nitrogen
emission in broiler production also varies, depending on a period, i.e. a season of
the year. The research implies a need for further studying of these feeding
programmes in terms of their effect on the environment.
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Conclusion
Multi-phase feeding comprised several broiler mashes used to adjust the
content of feeds to the requirements of broiler chickens, thus improving feed
conversion, increasing production efficiency and decreasing nitrogen excretion in
faeces. Considering the obtained data, it can be concluded that the feeding
programmes applied in the starter period on chickens of both sexes did not have a
statistically significant effect on the average daily growth and share of the most
valuable carcass parts (breast, thighs and drumsticks). This goes in favour of the
use of multi-phase feeding, one of objectives of which is the reduction of input
costs through reducing the protein content, without negative impact on
performances. At the same time, multi-phase reduction of protein content every
three days resulted in slightly lower values of nitrogen in faeces of both male and
female chickens, which can be important in terms of environmental control.
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Uticaj multifazne ishrane brojlera na prirast, osnovne delove
trupa i sadržaj azota u fecesu
N. Tolimir, L. Perić, N. Milošević, M. Đukić – Stojčić, V. Bogdanović, R. Jovanović

Rezime
Cilj rada je ispitivanje uticaja multifazne ishrane, odnosno različitih smeša
za ishranu brojlera u kojima je sadržaj proteina višefazno smanjen, na prirast,
osnovne delova trupa i sadržaj azota u fecesu.
Ispitivanje je izvedeno na 1216 pilića provenijence Ross 308, razdvojenih
po polu. U oglednom periodu od 42 dana primenjena je standardna tehnologija.
Razlika između grupa (tretmana) bila je u tipu smeša za ishranu u starter periodu, a
prema sledećem programu: T1 (kontrolna grupa) - ishrana smešom sa 23% sirovih
proteina u trajanju od 1. do 21. dana; T2 - ishrana od 1. do 7. dana smešom sa 23%
i od 7. do 21. dana sa 21,5% proteina; T3 - ishrana od 1. do14. dana smešom sa
23% sirovih proteina i od 14. do 21. dana sa 21,5% proteina; T4 - ishrana smešama
sa dinamikom promene na svaka 3. dana, odnosno sa 23% , 22,55% , 22,10%,
21,65% , 21,20%, 20,75% i 20,30% sirovih proteina. Ispitivanje klaničnih osobina,
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obavljeno je na ukupno 64 brojlera, odnosno na po 8 pilića oba pola, za svaki
tretman. Sadržaj azota u fecesu određen je na zbirnom uzorku fecesa.
Prema dobijenim rezultatima, kod pilića muškog i ženskog pola, utvrđene
razlike u prosečnom dnevnom prirastu, između kontrolne (T1) i oglednih grupa
nisu bile na nivou statističke značajnosti. Međutim, poređenjem oglednih grupa
međusobno, kod pilića muškog pola utvrđeno je da je ogledna T4 grupa ostvarila
statistički značajno veći prirast u poređenju sa T2 i T3 grupom. Uticaj programa
multifazne ishrane na prinos i udeo grudi, bataka i karabataka, kod pilića oba pola,
nije bio signifikantan. Primenjeni programi multifazne ishrane rezultirali su
izvesnim smanjenjem sadržaja azota u fecesu.
Na osnovu dobijenih rezultata može se zaključiti da programi multifazne
ishrana brojlera nisu imali negativan uticaj na prirast i klanične performanse, što
ide u prilog njene primene, s obzirom da se ovim programima mogu ostvariti
pozitivni ekonomski i ekološki efekti proizvodnje.
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Abstract: Body weight and six linear body measurements, body length
(BL), breast circumference (BCC), thigh length (TL), shank length (SL), total leg
length (TLL) and wing length were recorded on 150 male and female muscovy
ducklings and evaluated at 3, 5, 10, 15 and 20 weeks of age. Principal component
analysis was used to study the dependence structure among the body measurements
and to quantify sex differences in morphometric size and shape variations during
growth. The first principal components at each of the five ages in both sexes
accounted between 71.54 to 92.95% of the variation in the seven measurements
and provided a linear function of size with nearly equal emphasis on all traits. The
second principal components in all cases also accounted for between 6.7 to
16.17% of the variations in the dependence structure of the system in the variables
as shape, the coefficient for the PCS at various ages were sex dependent with males
showing higher variability because of spontaneous increase in size and shape than
females. Contribution of the general size factor to the total variance increase with
age in both male and female ducklings, while shape factor tend to be stable in
males and inconsistent in females.
Key words: body weight, linear measurements, muscovy duck, principal
component

Introduction
Because of the sexual dimorphism in Muscovy duck and its marked effect
on muscular and body growth, the assessment of changes in shape and size in
muscovy duck will be sex dependent (Leclerq, 1990; Baeza et al., 1999 and Ogah
et al., 2009 ). Growth is related to increase in cell number and volume. It is a
complex and highly dynamic physiological process that exists from conception
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until maturity (Yakubu and Salako, 2009). It involves an increase in body mass and
changes in shape (conformation) of the various components of the body (Shahin et
al., 2002). These dynamic processes of multidimensional growth are accompanied
by concomitant changes in the phenotypic variance and covariances and their
components (Atchney and Rutledge, 1980). The multivariate technique of principal
component have been used to combine weight and body measurements into
indexes for defining body size and shape. Brown et al. (1973) and Carpenter et al.
(1978) used principal component analysis to measure the tendency of bull to retain
the same shape throughout their pre yearling development (at 4, 8 and 12 months)
and found out that the correlation among principal component at different ages
imply that selection on a composite character such as weight or general size (first
principal component) at younger age may yield bulls which differ in shape at older
ages. Similarly, Shahin and Hassan (2002) used principal factor analysis to
examine changes in sources of variability in body size and shape in three breeds
of rabbits (at 6, 8, 10 and 12 weeks ) found out that there was an increase in the
amount of variation associated with shape characters and decreases in the amount
of variation associated with body size with advancing in age.
The concept of size and shape are fundamental to the analysis of variation
in living organisms. Parting biometrical variations into size and shape components
are often highly desirable, as the size of most organisms is more affected than
shape by fluctuation of the external environment (Jolicoeur and Mosimann, 1960).
An attempt has been made to evaluate size and shape in muscovy duck at
adult age Ogah et al. (2009), using principal component analysis. Since size and
shape changes with age, the need to assess these components during growth and
there implications to selection and improvement is required.
The objectives of this study were to investigate the potentials of principal
components as a means of identifying variation in body size and shape in
indigenous muscovy duck, and to also quantify differences between sexes in
morphometric size and shape variation during growth.

Materials and methods
Sources of data
One hundred and fifty muscovy ducklings hatched by 60 dams and 10 sires
under a mating ratio of 1:6 at the duck unit of the College of Agriculture, Teaching
and Research Farm, Lafia, Nasarawa State, Nigeria. The ducklings are made up of
63 males and 87 females. They were selected randomly at 3 weeks of age for
evaluation to 20 weeks.
Management of the birds
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The ducklings were sexed, wing band and reared separately in a deep litter
pens. They were fed on a grower marsh formulated at 20% CP and 2880kcal/.kg .
They were allowed access to green vegetation through a walk way attached to each
pen. Water was supplied ad libitum.
Traits measured
The body weight in grams and dimension in centimetres were recorded for
each ducklings at 3, 5, 10, 15, and 20 weeks of age. The linear body dimensions
considered were body length (BL), length between the base of the neck and that of
caudal end, Shank length (SL), distance from the shank joint to the extremity of the
digitus pedis, breast circumference (BCC), measured under the wing through the
anterior border of the breast bone crest and the central thoracic vertebrae, thigh
length (TL), from the end of the drumstick to the body flank, total leg length
(TLL), measured as the total length of the leg from the thigh to the extremity of the
digitus pedis , wing length (WL) taken from the shoulder joint to the extremity of
the terminal phalanx. To ensure accuracy each measurement was taken twice and
the mean was use in subsequent analysis. The same person took all measurements
and weighing throughout, thus eliminating errors due to person differences as
suggested by (Shahin and Hassan, 2000).
Statistical analysis
The data was subjected to analysis using the general linear model for the
effects of age and sex. The mean, standard errors and coefficient of variation for
the body weight and linear measurement at various ages were obtained. Coefficient
of correlation between body weight and linear traits in the birds at all ages were
estimated. Principal components (PCs) were obtained separately for each sex at
various ages (3, 5, 10, 15 and 20 weeks) body weight and linear measurements
were all considered, using SPSS (2004) statistical package.
The technique of principal component analysis involves making linear
combination of the available variables into factor or component. The procedure
reduces a correlation matrix into a set of orthogonal axes or components. Each
component explained a proportion of the variation in the correlation matrix and
each is independent of the other. The major component explains the largest amount
of variation in the variance and covariance structure and minimizes the residual
correlation among the variables. Each successive component will explain the
largest possible portion of the remaining variation while satisfying the requirement
that each component be independent of the other. When the number of components
equal the number of original variables 100% of the variation will be explained
(Morrison, 1967 and Gorsuch, 1974). Because the response variate were in
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different unit ie (g and cm) the correlation matrix and standardized variate were use
in place of the variance and covariance matrix and the actual body measured.
Kaiser-Meyer-Olkin measures of sampling adequacy and Bathlett's test of
sphericity were computed to test the validity of the factor analysis of each of the
data sets .
The first principal component can be expressed as follows
Yi=a11x1+q21x2+………..ap1xp
Or in matrix form
Y=ax
The a11 are scaled such that a1 a1 =1 , Y1, accounted for the maximum variability
of the P variables of any combination.
The variance of Y1=λ1
Next principal component Y2 is formed such that its variance λ2 is maximum
amount of the remaining variance and that it is orthogonal to the first principal
component. That is
a1 a2 =0
The weight used to create the principal component are the eigen vectors of the
characteristics equation
(R- λ1)a=0 where R is the correlation matrix. The λ are the eigen values.

Results and Discussion
Table 1 presents means, standard errors and coefficient of variation for live
weight and body measurements at various ages (3, 5, 10, 15 and 20weeeks of age)
for male and female of the Nigerian indigenous ducklings. Sex differences were
significant for almost all traits in all the ages. For the male ducklings body weight
were 193.04±2.47g and 2691.60±30.70g at 3 and 20 weeks respectively, while
female recorded 154.60±6.50g and 1504±9.60g also at 3 and 20 weeks
respectively. The significant difference in weight and other body measurements
with the male having higher weight and larger body dimensions than female ducks
noticed in this study have been reported in previous studies (Baeza et al., 2001;
Teguia et al., 2008; Ogah et al., 2009 and Yakubu, 2009). The values obtained for
both sexes for body weight at 10 weeks were slightly lower than what Teguia et
al.( 2008) obtained from African Muscovy duck in Cameroon, the variations
might result from genetic composition and level of inbreeding in the population
under consideration.
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Table 1 . Mean±standard error and coefficient of variation for live body weight and
measurements in male and female muscovy duck at different ages
Male
mean±se
At week 3
Body weight (g)
193.04±2.47
Body length (cm)
13.90±0.41
Breast circumference(cm) 12.26±0.24
Thigh length (cm)
1.74±0.03
Shank length (cm)
2.83±0.06
Total length (cm)
6.77±0.02
Wing length(cm)
6.89±0.11
At week 5
Body weight (g)
470.99±3.33
Body length (cm)
17.88±0.12
Breast circumference(cm) 16.87±0.23
Thigh length (cm)
2.83±0.03
Shank length (cm)
4.29±0.08
Total length (cm)
9.84±0.03
Wing length(cm)
7.50±6.08
At week 10
Body weight (g)
1348.50±19.8
Body length (cm)
26.46±0.25
Breast circumference(cm) 26.85±0.36
Thigh length (cm)
5.61±0.01
Shank length (cm)
5.80±0.05
Total length (cm)
14.48±0.05
Wing length(cm0
20.56±0.10
At week 15
Body weight (g)
2399.20±24.10
Body length (cm)
36.68±0.15
Breast circumference(cm) 33.07±0.34
Thigh length (cm)
7.65±0.06
Shank length (cm)
6.53±0.06
Total length (cm)
18.71±0.19
Wing length(cm0
32.49±0.11
At week 20
Body weight (g)
2691.60±30.70
Body length (cm)
47.87±0.20
Breast circumference(cm) 39.33±0.12
Thigh length (cm)
8.88±0.03
Shank length (cm)
6.59±0.05
Total length (cm)
20.52±0.23
Wing length(cm)
36.99±0.16
***=P<0.001, **=P<0.01, *=P<0.05

CV

Female
mean±se

17.44
16.09
6.67
5.67
6.93
12.62
5.48

154.60±0.50
12.34±0.12
12.38±0.23
1.55±0.06
2.20±0.05
5.43±0.03
5.66±0.07

14.23
24.42
9.61
8.73
11.25
21.60
9.21

357.99±1.07
15.35 ±0.12
14.83±0.23
2.58±0.05
2.94±0.08
8.48±0.08
6.68±0.10

CV
26.41
14.17
10.33
14.75
8.83
2.67
5.57

sign. diff
**
*
ns
ns
*
**
*

18.12
19.41
16.18
20.41
16.18
4.21
7.13

***
**
**
*
**
*
*

14.41
19.23
8.92
7.43
7.88
16.34
7.77

1094.30±11.40
24.33±0.13
25.10±0.27
2.84±0.08
4.30±0.08
10.17±0.12
19.02±0.16

17.11
15.21
14.21
20.13
13.01
4.32
7.23

***
**
*
***
**
***
**

12.32
15.22
8.01
6.44
9.47
11.76
7.76

1290.90±8.70
30.61±0.16
27.83±0.23
4.63±0.11
6.18±0.08
14.45±0.12
29.17±0.23

16.21
13.71
10.51
12.11
11.01
3.12
4.21

***
**
**
***
ns
***
**

10.21
11.54
8.33
5.98
8.82
10.34
5.23

1504.40±9.60
37.71±0.87
31.89±0.28
6.84±0.12
6.59±0.12
16.86±0.33
32.95 ±0.23

8.40
7.32
9.41
8.53
6,71
2.97
2.21

***
***
***
***
ns
***
**

In both sexes the variation in weight and other body measurements
decreases with advancing in age, with variability higher in the body weight than
other body measurements. This similar trend was recorded by Shahin and Hassan
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(2002) on rabbit breeds. Between the sexes variation in both body measurements
and weight were higher in females than in males.
Bivariate correlation
Table 2 . Phenotypic correlation among body weight and linear type traits of the two sexes of
muscovy duck by age
Male
Female
BW BL BCC Tl Sl TLL WL
BW BL BCC TL SL TLL
Wl
At Week 3
BL
.92
.93
BCC
.96 .88
.86
.84
TL
.70 .72 .72
.73
.56 .62
SL
.45 .48 .45 .82
.75 .72 .56 .50
TLL
.45 .44 .54 .71 .81
.83 .70 .68 .93
.57
Wl
.65 .59 .62 .87 .59 .60
.77
.67 .52 .64 .70 .77
At Week 5
BL
.80
BCC
.76
TL
.93
SL
.78
TLL
.88
Wl
.95

.72
.72
.82
.71
.77

.76
.80
.76
.76

.81
.91
.98

.75
.84

.94

At week 10
BL
.56
BCC
.99 .54
TL
-.12 .06 -.13
SL
.94 .66 .94 -.41
TLL
.92 .62
.92 -.19 .86
Wl
.96 .49 .96 -.03 .85 .82
At week 15
BL
.96
BCC
.97 .90
TL
.50
.43 .55
SL
.89
.82 .87 .53
TLL
.94
.95
.85 .33 .87
Wl
.91
.98 .83 .32
.82 .95

.85
.92
.76
.77
.68
.94

.79
.69 .88
.56 .65
.59 .68
.83 .81

.48
.80
.94
.92
.55
.98

.53
.72
.68
.70
.58

.85
.92
.95
.78
.92
.85

.90
.83
.68
.76
.89

.82
.79
.59
.86

.57
.51 .62
.71 .84 .63

.96
.67
.96

.65
.96 .65

.96
.89 .89
.93 .96 .95
.87 .82 .71 . 80

At week 20
BL
.61
.40
BCC
.50 .72
.87 -.20
TL
.92
.68
.62
.90 -.10
.97
SL
.70
.61
.73
.75
.64
-.20 .78 .79
TLL
.90 .73
.56
.83
.69
.98
.10
.93 .92 .67
Wl
.76
.58
.68
.70
.95 .76
.87 .56
.84 .88 .69 .92
BW= body weight, BL= body length , BCC= breast circumference, TL= thigh length , TLL= total leg
length and WL= wing length
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Coefficient of correlation between body weight and body measurements
for the male and female at 3, 5, 10, 15 and 20 weeks of age are given in Table 2.
The magnitude of the correlations among variables was similar for male and female
at between 3 to 10 weeks except at 20 weeks of age . Highly significant (P<0.01)
correlation existed among the body weight and the linear body measurements of
the duck. Body weight was positively correlated with various body dimension at
weeks 3 for both sexes. In males, negative correlation between body weight and
thigh length was noticed at week 10, similarly, in female negative correlation
was noticed between body length and other linear traits at week 20. The estimate of
correlation in this study are comparable to those reported earlier by (Teguia et al.,
2008; Ngopongora et al., 2004 and Ogah et al., 2009 ). The high positive
correlation among traits suggest that they are under same gene action and can be
predicted from one another singly or in combination. Whereas, the varying
correlation between the phenotypic traits at adult stage between the male and
female duck was similar to what Yakubu (2009) reported and suggested sexual
differences in the genetic architecture of the birds.
Varimax rotated independent factors
Principal component at week 3 . The principal component obtained for
male and female muscovy duck at 3 weeks of age are presented in Table 3. The
first principal component from week 3 represented as (PC13) for the male and
female show nearly identical coefficient for each of the seven traits considered.
The two PCs obtained representing 87.71 and 85.53% of the variability of the
original variables leaving 12.29 % to 14.47% to the special factors, for male and
female respectively. The fact that all coefficient are positive indicates that animals
are being contrasted on a within measurement bases i.e. animal above average for
same measures and below for others will show positive or negative deviations
(Brown et al., 1973). They further added that the larger a PC (either negatively or
positively) they greater its value as a discriminatory measure. On this basis PC1
was interpreted as a measure of general size (Wright, 1933; Jolicoeur and
Mosimann ,1960; Carpenter et al., 1971). In this study PC13 (general size) is
characterized by high positive loading ( factor –variate correlation) on all traits
except for shank length and total leg length in male and thigh length in female
ducklings.
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Table 3: Explained variation associated with rotated factor analysis with communalities of
each variable by sex and age

Week 3.
BWT
BL
BCC
TL
SL
TLL
WL
% var
Week 5
BWT
BL
BCC
TL
SL
TLL
WL
% var.
Week 10
BWT
BL
BCC
TL
SL
TLL
WL
% var.
Week 15
BWT
BL
BCC
TL
SL
TLL
WL
% var.
Week 20
BWT
BL
BCC
TL
SL
TLL
WL
% var.

Male
Common factor
F1
F2
.949
,266
.909
.282
.917
.307
.552
.780
.191
.919
.217
.881
.516
.668
71.536
16.172

communality
.971
.906
.935
.913
.880
.823
.712

female
common factor
communality
F1
F2
.817
.541
.961
.893
.341
.913
.757
.412
.743
.272
.937
.951
.833
.233
.748
.436
.882
.968
.586
.599
.707
75.190
10.338

.808
.404
.472
.869
.482
.859
.858
84.336

.521
.832
.761
.458
.811
.431
.500
6.470

.924
.866
.802
.965
.890
.923
.986

.747
.792
.840
.892
.346
.302
.650
77.012

.980
.668
.974
-.043
.975
.947
.930
73.016

-.101
.230
-.122
.979
.035
-.158
-.028
14.982

.971
.526
.964
.964
.952
.921
.867

.959
.301
.819
.851
.855
.341
.928
79.265

.223
.888
.332
.492
.457
.839
.360
11.381

.931
.953
.853
.195
.834
.972
.967
82.202

.334
.226
.426
.970
.403
.132
.111
12.007

.978
.960
.911
.979
.858
.963
.947

.653
.383
.700
.776
.916
.864
.424
88.356

.701
.894
.693
.602
.344
.490
.858
6.752

.917
.946
.971
.964
.958
.987
.916

.481
.107
.849
.695
.815
.546
.881
92.952

.853
.939
.111
.615
.384
.731
.391
13.061

.959
.893
.734
.862
.862
.811
.929

.227
.993
-.020
-.054
-.150
.118
-.224
16.080

.948
.987
.932
.956
.672
.959
.909

.947
-.022
.965
.976
.806
.972
.925
74.810

.616
.415
.461
.248
.843
.805
.687
8.386

.938
.799
.918
.858
.813
.739
.895
.969
.879
.781
.966
.940
.820
.991
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The second principal component (PC2) accounted for additional 16.172%
and 10.338% of the total variation in male and female respectively. Magnitude of
the coefficient in the PC are non identical in both sexes, similarly, not all
measurements have same signs. The inequalities of the respective coefficient for
the two sexes will cause differences of an indeterminate magnitude in the
relationship of these PC values to the individual body measurements. Shank and
total leg length had the highest loading for the male while thigh length had the
highest loading for the female. In both cases representing “length” .This factor is
mutually orthogonal to the first, present pattern of variation in the different part of
the body (shape) independently of general body size ( Brown et al., 1973 ; Shahin
and Hassan, 2002).
Principal component at week 5. Principal components were obtain using
the body measurements at week 5 , the two PCs in both sexes accounted for
90.805% and 95.108% of the total variation in male and female respectively . The
PC15 (the general size component ) accounted for a larger portion of variation in
female than in male(85.393% and 84.331%).The respective coefficient were also
sex specific, an indication of sex effect in growth as earlier outline by ( Baeza et
al., 2001). The PC15 loaded high for most variable except body length, breast
circumference and shank length for the male, and shank length and total leg length
for the female. Dimensional relationship changes with age when compare the two
PCs at week 3 and week 5. Similar to what Brown et al. (1973) reported,
indicating the effect of age in shape and size in the bird.
Principal component at week 10. The first PC (general size) in male and
female accounted for 73.02% and 79.29% of the total variation respectively, is
characterized with positive high loading for all traits other than thigh length in
male and body length and total leg length in female. The second PC210 loaded
high for thigh length in male and body length and total leg length in female. There
were also changes in dimensionality in the variable coefficient result from changes
in age in both sexes.
Principal component at week 15. Variation occur also in the general size
factor –variate correlation in male and female (82.20% and 88.36%) . There was
similarity in factor loading in the PC1 and PC2 between week 10 and week 15 in
male with slight variation in the female, an indication of maturity and little
differentiation as the bird get older.
Principal component at week 20. The first PC 120 accounted for 92.95%
and 74.81% of the total variation in male and female representing the general size.
There was similarity in variable loading between male and female at this age , with
body length loading high in the second PC in both sex. The coefficient for PC1 for

502

D. M. Ogah et al.

the male were all positive and significant., while in female negative values were
obtained for body length , this could be sex dependent outlying the non
significance of body length in size description at this stage of development.

Conclusion
Separating biometrical variations into size and shape component is often
desirable as these components explain the genetic and environmental influence on
performance of animal which changes with age. Contributions of the general size
factor to the total variance increases with age while shape factor tend to be fairly
stable in male, in female similar pattern was noticed from week 3 to 15, while
shape factor have no specific pattern. This results explain that variations associated
with body size in muscovy duck increases with age.

Varijabilnost veličine i oblika mošusnih pataka sa godinama:
analiza glavnih komponenti
D. M. Ogah, M. Kabir

Rezime
Telesna masa i šest linearnih telesnih mera, dužina tela (BL), obim grudi
(PKB), dužina bataka (TL), dužina piska (SL), ukupna dužina nogu (TLL) i dužina
krila su evidentirani na 150 muških i ženskih mošusnih pataka i ocenjivani u
uzrastu od 3, 5, 10, 15 i 20 nedelja starosti. Analiza glavnih komponenata Principal component analysis je korišćena za proučavanje strukture zavisnosti
između telesnih mera i da se kvantifikuju razlike između polova u varijacijama
morfometrijskih veličina i oblika tokom rasta. Prva glavna komponenta u svakom
od pet ispitivanja kod oba pola iznosila je između 71,54 do 92,95%. Varijacija u
sedam mera je obezbedila linearnu funkciju veličine sa gotovo jednakim
naglaskom na sve osobine. Druga glavna komponenta u svim slučajevima takođe
čini između 6,70 do 16,17% varijacija u strukturi zavisnosti sistema u
promenljivim vrednostima kao što su oblik, koeficijent za PC u različitim
uzrastima bili su zavisni od pola, gde je za muška grla utvrđena veća varijabilnost
zbog spontanog povećanje u veličini i obliku od ženki. Doprinos faktora opšte
veličine na ukupno variranje se povećava sa uzrastom i kod muških i ženskih
pačića, dok oblik kao faktor ima tendenciju da bude stabilan kod muških, ali je
nedosledan kod ženskih pačića.

Variability in size and shape in muscovy..

503

References
ATCHLEY, W. R. AND RUTLEDGE, J. J. (1980): Genetic components of size
and shape. Dynamics of component of phenotypic variability and covariability
during ontogeny in laboratory rat. Evolution 34:1161-1173.
BAEZA, E., MARCHE, G. AND WACRENIER, N. (1999): Effect of sex on
muscular development of muscovy ducks. Reprod. Nutr. Dev. 39:675-682.
BAEZA, E., WILLIAMS, J., GUEMENE, D. AND DUCLOS, M. J.( 2001):
Sexual dimorphism of growth in Muscovy duck and changes in Insulin like growth
factor 1 (IGF-1)growth hormone (GH) 14 173-19
BROWN, J.E., BROWN, C.J. AND BUTTS, W. T. (1973): Evaluating relationship
among immature measures of size , shape and performance of beef bulls 1.
Principal component as measures of size and shape in young Hereford and Angus
bull. J.Anim. Sc. 36:1010-1020
CARPENTER, JR.J A., FITZHUGH, JR. H. A., CARTWRIGHT, T.C.,
MELTTON, A. A. AND THOMAS, R. C. (1978): Principal component for size
of Herford cows J. Anim.Sci.33:197.
GORSUCH, R. L. (1974): Factor analysis W B Saunders company, Philadelphia,
P A.
JEFFERY J. B. AND BERG, J. (1972): An evaluation of several measurements of
beef cow size as related to progeny performance. Can J. Anim. Sc. 52:23
LECLERCQ, B. (1990): Croissance et composition corporelle du canard de
Barbarie. In :Le Canard de Barbarie (Sauveur B. et de Carville H., Ed.). Institut
National de la Recherche Agronomique, Paris : 23–29
MORRISON, D. F. (1967): Multivariate statistical methods . McGraw-Hill Book
Co New York.
JOLICOEUR, P. AND MOSIMANN, J. E. (1960): Size and shape in the painted
turtle: A principal component analysis . Growth 24: 339
NGAPONGORA, J.M.N., MBAGA, S.H. AND. MUTAYOBA, S.K. (2004):
Study on the performance of growing native muscovy ducks under semi and fully
confined rearing systems. www.husdyr. kvi.dk&u=w.Retrieved on 4/8/2009
OGAH, D. M ,.ALAGA, A. A. AND MOMOH, O. M. (2009): Principal
component factor analysis of the morphostructural traits of muscovy duck. Inter. J.
Poult. Sc.8(11)1100-1103.
SALAKO, A. E. (2006): Principal component factor analysis of the
morphostructure of immature Uda sheep . Inter. J. Morph.24(4) 571-774.
SHAHIN, K. A. AND HASSAN N. S. (2002): Changes in sources of shared
variability of the body size and shape in Egyptian local and New Zealand White
breeds of rabbit during growth. Arch. Tierz. Dummerstorf 45(3)269-277.

504

D. M. Ogah et al.

SHAHIN, K. A. AND HASSAN, N. S. (2000): Sources of shared variability
among body shape characters at marketing age in New Zealand White and
Egyptian rabbit breeds. Ann .Zootec.49:435-445.
SPSS, (2004):Statistical Package for Social Sciences. SPSS Inc.,(14.0 )444
Michigan Avenue, Chicago, IL60611. 2004.
TEGUIA, A., NGONDJOU, H. M., DEFANG. H. AND TCHOUMBONE, J.
(2007): Studies of the live body weight and body characteristics of the African
Muscovy duck.
Trop. Animal Health and Prod. 40: 5-10.
WRIGHT, S. (1932): General group and special size factors. Genetics 17: 603.
YAKUBU, A. (2009): An Assessment of Sexual Dimorphism in African Muscovy
ducks (Cairina moshata) using Morphological Measurements and Discriminant
Analysis. In proc. of 4th World Water Fowl Conf. Thrissur India.
YAKUBU, A. AND SALAKO A. E.( 2009): Path coefficient analysis of body
weight and morphological traits of Nigerian indigenous chicken. Egypt.Poult.Sc.
29(111)837-850
Received 18 july 2013; accepted for publication 26 August 2013

Biotechnology in Animal Husbandry 29 (3), p 505-511 , 2013
Publisher: Institute for Animal Husbandry, Belgrade-Zemun

ISSN 1450-9156
UDC 637.05'62
DOI: 10.2298/BAH1303505K

THE IMPACT OF THE COMBINATION OF CITRATES
AND ACETATES ON THE SHELF-LIFE OF BEEF
PACKAGED IN A MODIFIED ATMOSPHERE
A. Kuzelov1, O. Kirovska Cigulevska2
1

Department for food technology and processing of animal products, Faculty of Agriculture „Goce
Delcev“ University Strit Goce Delcev No. 89 2000 Stip , Republic of Macedonia,
2
Centar for Public Health-Skopje, III Makedonska brigada, No 18, Skopje, Republic of Macedonia
Coresponding author : aco.kuzelov@ugd.edu.mk
Original scientific paper

Abstract: Fresh ground beef from the thigh area (Musculus
Semimembranosus) was treated with the Bombal Fresh additive (containing a
combination of citrates and acetates), with the ratio of 5g per 1kg of meat. After
being treated the meat was vacuumed in a modified atmosphere with a combination
of the О2 and СО2 gases with a ratio of 80:20% and was stored at a temperature of
+2°C and +6°C for 8 days. Samples were taken and analyzed on the 1st, 3rd and 7th
day. At the same time control tests were performed on fresh ground beef from the
thigh area (Musculus Semimembranosus) that hadn’t been treated with Bombal
Fresh. The results have demonstrated that the samples that were treated with
Bombal Fresh and stored at a temperature of +2°C had a lower bacterial count than
the samples stored at a temperature of +6°C and the control samples. The samples
treated with Bombal Fresh and stored at a temperature of +2°C received higher
organoleptic marks than the samples that were stored at +6°C and the control
samples. For all the different sensory properties that were tested (color,
discoloration and the intensity of foreign scents) the samples treated with Bombal
Fresh and stored at a temperature of +2°C received higher marks than the samples
that were stored at +6°C and the control samples.
Key words: citrate, acetate, modified atmosphere, thigh

Introduction
When producing meat products, meat producers and processors are faced
with the task of finding and introducing new technologies for the prevention of the
growth of microorganisms, for which key factors are surface contamination and
temperature variation or the inability of keeping the cold chain from the start to the
end of the handling process of meat and meat products. The challenge of the
maintaining of the safety and control of the product is correlated with the way it’s
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packaged, the packaging material, the conditions during producing, storing and
distribution, all with the purpose of optimization of the sensory properties and
microbiological parameters which are indicators of the safety level of the product
(Ercolini et.al., 2006; Paul et.al. 2007; Nuchas et.al., 2008). Fresh ground beef is a
product which spoils easily and is sensitive to external factors: temperature,
conditions and time of storing, surface contamination and the way it has been
packaged (Sperber 2010). The deeper layers of tissue in healthy animals are
generally sterile (Petaja-Kaminen and Puollane 2007; Petaja et.all 2010; Talon
et.al., 2004). When faced with unavoidable temperature variation during the
production of meat and meat products, additional steps are needed to insure that the
meat and meat products are safe for the consumers. All of these additional steps are
combined with meat curing or brining. In the last few years different combinations
of salts of organic acids (acetic, lactic, tartaric or citric) have been made that can be
applied to the meat during the curing of brining process, or directly (without curing
or brining). One such compound is the combination of acetate and citrate. Acetates
increase the acidity of the environment where they are applied and so obstruct the
growth of meat spoilage bacteria. Citrates penetrate the cells of microorganisms
and cause damage to the cell structure (Dragoev 2004). Afterwards the treated
meat is packaged under vacuum or in a modified atmosphere (MAP), which is used
as an effective way of prolonging the shelf-life and maintaining of the quality of
fresh and ground meat (Radetic et.al., 2007; Koustomanis et.al., 2008; Milijasević
et.al., 2008; Ozlemet.al., 2011). MAP is a type of packaging from which air is
completely removed and then the vacuum is filled with a gas or a mixture of gases.
The goal of this study is to examine the impact of the combination of citrates and
acetates on the shelf-life of beef packaged in a modified atmosphere.

Material and Method
As material we used fresh ground beef from the thigh area (Musculus
Semimembranosus). After the butchering and the primary processing, the meat was
left to cool for 24 hours at a temperature of +4°C, after which the thighs were
deboned and categorized. During the deboning process, the bones, tendons and
cartilage were removed from the thigh and the pieces of meat were shaped. The
beef categorized as class 1 was ground with a Wolf meat grinder with a 5mm hole
diameter strainer. Afterwards, the ground beef was portioned and placed into
vessels measuring 100mm:180mm:35mm (width: length: height) and vacuumed
with a machine that vacuums the meat in a modified atmosphere (MULTIVAC
R245), with a combination of inert gasses О2:CO2 (80:20). The portioned beef was
then separated into three groups. A mixture of citrates and acetates (trade name
Bombal Fresh, manufactured by Van Hees, Germany) with the ratio of 5g per 1kg
of meat was added to the first and second group. This additive contains E262sodium acetate, cooking salt, E331-sodium citrate and E351-silicon dioxide. The
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third group wasn’t treated with Bombal Fresh and it served as a control group. All
the ground beef samples were packaged in a modified atmosphere with a
combination of inert gasses О2:CO2 (80:20). Finally, they were separated, labeled
and stored for 8 days at a temperature of +2°C and +6°С. Microbiological tests on
the count of aerobic mesophilic bacteria as well as tests on the sensory properties
were conducted on the 1st, 3rd and 7th day. The microbiological tests followed the
ISO 4833:2008 method. The tests on the sensory properties were conducted
according to the numeric descriptive scale ( ISO 6658:2002) with grades from 1 to
5, shown on table 1.
Table 1. Quantitative descriptive scale for the grading of the tested sensory properties
Grade
5

Quality level
Too acceptable

4
3

Very acceptable
Acceptable

2
1

Borderline acceptable
Unacceptable

The following sensory properties were graded: color, discoloration and
intensity of foreign scents. The sensory properties of the samples were graded by a
panel of 7 experts. The gathered results were mathematically statistically processed
with the help of the Microsoft Excel 2003 and its standard add-in program Data
Analysis Tool Pak.

Results and discussion
The results of the microbiological tests are given in table 2.
Table 2. Total aerobic mesophilic bacteria count (log 10cfu/g) in the tested samples
Days
1st day
3rd day
7th day

Control samples
+2°C
4,88
4,52
4,58

+6°C
5,58
6,85
6,98

Treated samples
+2°C
4,85
4,22
4,41

+6 °C
4,95
4,55
4,98

We can see from the table that the untreated control samples stored at a
temperature of +2°C and +6°C had the highest bacterial count. As early as on the
third day of storage, the bacterial count in the untreated samples stored at a
temperature of +2°C was determined to be 4,52 log 10cfu/g. In the untreated
samples stored at a temperature of and +6°C it amounted to 6,85log 10cfu/g. Those
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samples aren’t fit for consumption. On the seventh day of storage, the treated
samples that were stored at a temperature of +2°C had a total bacterial count of
4,41 log 10cfu/g, and in the treated samples that were stored at a temperature of
+6°C it amounted to 4,98,.log10cfu/g. The bacterial count in the untreated samples
that were stored at a temperature of +6°C crossed the safe limit of 6,0-6,17 on the
3-rd and the seventh day of storage. The results of the sensory testing of the samples
are given in table 3 and table 4.
Table 3. Grading of the sensory properties of the tested samples stored at +2°C
Sensory properties
Surface color
Cross-section color
Discoloration
Intensity of foreign scents

Days
Control samples
1st day
3rd day
7th day
5,00
4,90
4,82
+/-0,0
+/-0,28
+/-0,38
5,00
4,90
4,88
+/-0,0
+/-0,30
+/-0,38
5,00
4,88
4,84
+/-0,0
+/-0,20
+/-0,25
5,00
4,28
3,23
+/-0,0
+/- 0,52
+/-0,52

Control samples
1st day
3rd day
7th day
5,00
5,0
4,92
+/-0,0
+/-0,0
+/-0,35
5,00
5,0
4,94
+/-0,0
+/-0,0
+/-0,28
5,00
4,98
4,94
+/-0,0
+/-0,28
+/-0,22
5,00
4,38
3,52
+/-0,0
+/-0,58
+/-0,72

Table 4. Grading of the sensory properties of the tested samples stored at +6°C
Days
Sensory properties

Control samples
1 day
3rd day
7th day

1 day

Treated samples
3rd day
7th day

5,00
+/-0,0
5,00
+/-0,0
5,00
+/-0,0
5,00
+/-0,0

5,00
+/-0,0
5,00
+/-0,0
5,00
+/-0,0
5,00
+/-0,0

5,0
+/-0,0
5,0
+/-0,0
4,98
+/-0,28
4,38
+/- 0,58

st

Surface color
Cross-section color
Discoloration
Foreign scent intensity

4,88
+/-0,38
4,90
+/-0,30
4,87
+/-0,28
4,20
+/- 0,58

4,80
+/-0,39
4,85
+/-0,38
4,82
+/-0,27
3,18
+/-0,50

st

4,90
+/-0,37
4,92
+/-0,39
4,90
+/-0,28
3,28
+/-0,75

From the tables we can see that the treated samples that were stored at a
temperature of +2°C and +6°C preserved their color the longest, both on the surface
and also in the inner layers. The series of untreated samples stored a temperature of
+2°C and +6°C performed slightly worse when compared to the treated samples
stored at the same temperatures. When the samples were tested for discoloration,
the highest marks were again received by the samples that were treated with
Bombal Fresh and stored at a temperature of +2°C and +6°C, with the untreated
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samples performing slightly worse. The samples treated with Bombal Fresh and
stored at a temperature of +2°C and +6°C received higher marks when tested for
the intensity of foreign scents when compared to the untreated samples stored at
the same temperatures. By the 7th day, there was a discharge of exudates and an
emergence of unacceptable scents in the samples that were stored at a temperature
of +6°C. The impact of the higher storing temperature was manifested at the 7th day
with the discharge of exudates and the emergence of unacceptable scents. The
lowest marks for the sensory properties were given to the untreated samples that
were stored at + 2°C and +6°C.The gathered results reflect those of the study by
Jayasingh et.al. (2002). The object of their study was ground veal packaged in a
modified atmosphere with a high oxygen level. They determined that the color and
the bacterial count was the same in the treated and the control samples (as is the
case with the samples stored at a temperature of +2°C).However, the thiobarbituric
acid value, which serves as an indicator of the oxidation level as well as the
sensory acceptability of meat when packaged in a high oxygen level atmosphere,
was much worse after the 6th and 10th day when compared to the control samples.
Ercolini et.al., (2006) determined that there was a slow growth of lactic acid
bacteria in the samples of fresh beef which has been packaged in a modified
atmosphere with a 60% О2 to 40% СО2 ratio. They came to the realization that
ground beef samples in retail can keep the acceptable color without the emergence
of undesirable scents for up to 5 days if they are stored at a temperature of +4°C. In
the samples that were stored at a temperature of +25°C undesirable changes and
microbial growth over the safe limits appeared after 12 hour storage. Ozlem et.al.,
(2011) concluded that packaging ground beef in a modified atmosphere with a
70%О2 to 30%СО2 ratio was conductive to the growth of the lactic acid bacteria.

Conclusion
With the addition of a combination of citrates and acetates, there was a
perceivable improvement of the microbiological environment and the organoleptic
grades of the treated samples when compared to the control samples. When looking
at the results of the microbiological tests, the treated samples stored at +2°C and
+6°C demonstrated a reduction in the quantity of microorganisms when compared
to the untreated samples stored at the same temperatures. The impact of higher
temperature at the 7th day of storing was manifested by the discharge of exudates
and the emergence of scents that are unacceptable for fresh meat. The gathered
results from the research demonstrate that there is a clear impact of the compound
composed of acetates and citrates accompanied by vacuuming with inert gasses on
the prolongation of the shelf-life of ground beef. Further research should focus on
determining on how citrates and acetates combine with other salts and the duration
of storing.
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Uticaj kombinacije citrata i acetata na odrzlivost govedjeg
mesa pakovanog u modifikovanoj atmosferi
A.Kuzelov, O. Kirovska Cigulevska

Rezime
Sveže govedje meso buta (Musculus Semimembranosus) tretirano je sa
preparatom Bombal fresch (koji sadrži kombinaciju citrata i acetata) u količini od
5gr. na kilogram mesa. Nakon tretiranja mleveno meso je vakumirano u
modifikovanoj atmosferi sa kombinacijom gasova O2 i CO2 80% : 20 % i čuvano
na temperaturama od 2 ºC i 6 ºC 8 dana. Uzorci su analizirani 1-og, 3-ćeg i 7 –og
dana. Uradjene su i kontrolne probe svežeg goveđeg mlevenog mesa od buta
(Musculus Semimembranosus) bez dodavanja bombal fresa.
Rezutati su pokazali da su uzorci tretirani sa bombal fres čuvani na
temperaturi od 2º C imali su manji ukupni broj bakterija u poređenu sa uzorcima
čuvanih na temperaturi od 6 ºC i od kontrolnih uzoraka. Uzorci tretirani sa bombal
fresom čuvani na temperaturi od 2 ºC imali su bolje senzorne ocene od uzoraka
čuvanih na temperaturi od 6 ºC.
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Abstract: This study aimed to direct detection of Mycobacterium avium
subsp. paratuberculosis (MAP) in milk by evaluating a multiplex real-time PCR
assay targeting IS900 and ISMAV2 sequences including the amplification of
PUC19-plasmid as internal control. The sensitivity of the assays was evaluated by
testing MAP isolates in broad linear range of DNA (50 ng – 5 fg/µl). For the
validation of the specificity, 6 MAP isolates and 22 isolates of genus
Mycobacteriacea were tested. Results revealed that reproducible detection limit for
real-time PCR targeting IS900 and ISMAV2 was 5 fg/µl and 50 fg/µl respectively.
By targeting ISMAV2 sequence, 100% specificity was detected. However, a cross
reaction with 5 ng/µl of genome of 3 M. avian subspecies avium strains was
detected by targeting IS900 and negative in lower genome quantity (5pg/µl). To
maximize the assay’s detection sensitivity, an efficient strategy for MAP-DNA
extraction from spiked milk was assessed. Targeting of IS900 was sensitive and
targeting ISMAV2 was very specific. Therefore, a multiplex real-time PCR assay
targeting IS900 and ISMAV2 in combination with two commercial DNA
extraction kits could be an ideal sensitive and specific protocol for routine large
scale analysis of milk samples and other clinical specimens from man and animals.
Key words: milk, paratuberculosis, multiplex real-time PCR, internal
control

Introduction
Paratuberculosis or Johne´s disease is a chronic and incurable
granulomatous enteric disease affecting cattle, sheep, goat and other ruminants
caused by Mycobacterium avium subsp. paratuberculosis (MAP). Aside great
individual variability of subclinical and clinical symptoms the infection is typically
characterized by a long incubation period followed by chronic progressive
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diarrhoea, decrease in milk production, oedema, anaemia, loss of weight leading to
cachexia and finally to death (Cocito et al., 1994; Harris and Barletta, 2001).
Diseases caused by MAP disease have become a worldwide problem.
Contaminated milk may be a source of exposure to the organism in human and
need to be further investigated. Therefore, the essential precondition for eradication
of paratuberculosis from herds is the identification and elimination of MAPshedders. Moreover, a rapid, cost effective, and automated diagnostic assays of this
pathogen is a high priority task not only for animal breeders but also for the food
production industry and for public health concern.
In control programs ELISAs are widely used screening assays for the
detection of antibodies against MAP in blood or milk because of their advantages
like easy performance, high capacity and low costs. Due to the late formation of
antibodies ELISAs are characterized by low sensitivity especially in animals
without or with moderate shedding of MAP in their faeces (Kohler et al., 2008;
Stabel, 1998). Moreover, the culture method for detection of MAP takes 8-16
weeks due to the slow growth of this organism. Although, molecular methods offer
the advantage of rapid turn around time for test results they suffer from low
sensitivity of detection (Giese and Ahrens, 2000). Therefore, a sensitive and
specific PCR assays detection of MAP in clinical samples including faeces should
be regularly developed and evaluated. In addition, diagnostic procedures for MAP
have to avoid co-isolation of inhibitors during DNA-preparation to prevent falsenegative results.
The insertion element IS900 is the mostly used target for identification and
also differentiation of MAP from other Mycobacteria. It is found in 15-20 copies in
the MAP genome (Khare et al., 2004). Some recent reports indicate that IS900-like
sequences can be found in M. avium subsp. avium and in some isolates found in the
M. intracellulare-complex, which may affect the specificity of PCR targeting
IS900 (Cousins et al., 1999). Therefore, alternative genetic elements, including
ISMAV2 sequence have been evaluated to improve the specificity and therefore
the reliability of MAP-detection by PCR. The MAP-specific insertion element
ISMAV2 found at least three copies in MAP-cells (Stratmann et al., 2006). Our
objective was comparison between three extraction methods for MAP-DNA from
bovine milk and followed by multiplex real-time PCR target IS900 and ISMAV2
sequences together with internal control (PUC19-plasmid).

Materials and methods
Sampling. Milk sample was collected from cows tested negative for MAP
infection by culture. Milk samples were collected from aseptic teats and stored at 20°C.
Bacterial strains. For the determination of the sensitivity of the multiplex
real-time PCR protocols six MAP isolates and 22 non MAP-isolates representing 14
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further subspecies of Mycobacteria were included for evaluation of specificity
(Table 1).
Table 1: Mycobacteria and non-Mycobacteria strains analysed for the determination of the
specificity of real-time MAP-PCR
Species,
Subspecies
Designation

and

M. avium subsp. paratuberculosis
(02A0267)
(03A2388)
(06A0159/b)
(05A3268)
(06A01262/6)
(06A0987/f)
M. avium subspecies avium
(M128/2)
(01A1077/2)
(00A0720/2)
(03A0910/2)
(03A2530/1)
M. avium subspecies hominisuis
(00A0854)
(01A0554/1)
(01A1054/1)
(01A0255/1)
M. bovis (07A0151)
M. bovis BCG (99A1119/1)
M. dierhoferi (M132/1)
M. fortuitum (M134/1)
M. intracellulare (M136/1)
M. nonchromogenicum (M433/1)
M. abuense (03A0262/3)
M. palustre (04A0610/1)
M. phlei (M139/1)
M. scrofulaceum (M 140/3)
M. smegmatis (M141/1)
M. terrae (M142/B)
M. tuberculosis (05A3246)

Type

Host species /
Source

Target sequence
IS900
ISMAV2
Template concentration
5ng/µl
5pg/µl
5ng/µl
5pg/µl

TS
TS
FI-J
FI-J
FI-J
FI-J

Cattle
Cattle
Cattle
Cattle
Cattle
Sheep

17,9
21,4
17,1
18,1
23,8
26,9

31,1
31,1
28,5
26,2
33,9
36,9

21,8
20,9
19,9
18,1
21,0
31,0

31,6
30,6
29,1
31,5
31,0
38,5

TS
FI-J
FI-J
FI-J
FI-J

Cattle
Cattle
Pig
Poultry
Poultry

37,7
–
–
34,1
37,0

–
–
–
–
–

–
–
–
–
–

–
–
–
–
–

FI-J
FI-J
FI-J
FI-J
TS

Cattle
Pig
Human
Dog

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

TS
TS
TS
FI-J
TS
TS
TS
TS
TS
FI-J

a
Environment
Human
a
Environment
Human
Environment
Phage
Human
a
Cattle
a

TS = reference strains of species or subspecies, FI-J = field isolates from Germany cultivated in
FLI Jena, ATCC = designation of type strains by the American Type Culture Collection,
Rockville, USA, DSM = designation of type and reference strains of the German Collection of
Microorganisms and Cell Cultures, Braunschweig, Germany.
a)
host species unknown

The origin and detailed characterization of these Mycobacteria were
described earlier (Mobius et al., 2008). Genomic DNA
of
all
Mycobacterium strains was prepared from bacterial strains by the
Cetyl- trimethyl-ammonium-bromide (CTAB) method (Van Soolingen et
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al., 1991). The DNA of other non-Mycobacteria avium subsp.
paratuberculosis strains was extracted using the High Pure PCR Template
Preparation Kit (Roche Diagnostics, Mannheim, Germany) according to the
manufacturer’s instructions. DNA concentration was measured by
spectrophotometer (DU640 Photometer, Beckman Coulter GmbH, Krefeld,
Germany) at 260 and 280 nm. Several MAP field strains were isolated from
fecal samples on Herrlod’s egg yolk medium and isolates were further
identified using I900-PCR assay (Khare et al., 2004) and ISMAV2-PCR
(Selim, 2011). Then, MAP colonies were suspended in PBS forming stock
solution of MAP. The MAP-cell counts were calculated by measuring the
optical density at 550 nm as described by Hughes et al. (2001). An optical
density of 0.25 at 550 nm was equivalent to approximately 108 organisms/
ml.
Target sequences for MAP-detection using real-time PCR. For detection
of MAP real-time PCR targeting two different genomic regions were evaluated
(Table 2). The identification of the most frequently used IS900 was based on the
procedure of Khare et al. (2004). The detection of the ISMAV2 sequences was
described by Selim (2011).
Table.2: Primers and probes for MAP-detection and for internal amplification control (PUC19)

Application Target

IS900
real
PCR

time

internal
amplificati
on control

Primer

Sequence

K-F

5´- CGG GCG GCC AAT CTC-3´

K-R
KhareTaqMan
SM-F

ISMAV
SM-R
2
MonTaqMan
PUC18F
PUC18PUC19
R
PUC18TaqMan

Acc-No

5´- CCA GGG ACG TCG GGT
S74401
ATG-3`
FAM -TTC GGC CAT CCA ACA
CAG CAA CC - BHQ1
5´- GGC CTA AAA CAC AAC
CCA GA -3`
5´- GGT TGC TCG GTG ACA
AF286339
TTT CTA -3´
FAM- GTG TCA CCG ATC AAC
CGA C - BHQ1
5´- TGT CGT GCC AGC TGC
ATT A-3´
5´- GAG CGA GGA AGC GGA
L09137
AGA G-3´
HEX - AAT CGG CCA ACG CGC
GG - BHQ1

Position

Product
Referenc
Size
e
(bp)

1343-1357
1409-1392

66

Khare et
al. (2004)

60

Selim
2011

82

Mäde et
al. (2008)

1359-1381
2092-2111
2152-2132
2112-2130
620-638
702-684
642-658

Internal control for real-time PCR assay. For the monitoring of
amplification conditions and the detection of PCR-inhibitors especially in milk
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samples commercially available PUC19-plasmid DNA (BioRon, Ludwigshafen,
Germany) was used as non-competitive internal amplification control (IC).
Multiplex-PCR was performed for co-amplification of the MAP-targets and IC
using independent primer-probe-sets. In order to optimize of the IC-concentration
per reaction a serial dilution of PUC19-plasmid was prepared ranging from 100 to
1011 copies per ml. Based on primers and probe according to Mäde et al. (2008),
the concentration of PUC19 plasmid was finally adjusted to 100 copies per reaction
resulting in a Ct-value of about 35 when amplification of IC was combined with
MAP detection in a multiplex-PCR.
Protocols for multiplex-PCR (MAP with IC). Multiplex-PCR was carried
out in 25 µl reaction volume. PCR-mixtures contained 0.75 µl of both reverse and
forward MAP-primer of IS900 and ISMAV2 sequences, 0.375 µl MAP-probe,
0.625 µl of both reverse and forward IC-primer, 0.25 µl IC-probe, 100 copies of
PUC19-plasmid resolved in 1.0 µl 0.1xTE-buffer and 12.5 µl 2XQuantiTect
Multiplex NoRox MasterMix (Qiagen). Finally 5 µl template was added. All
primers were delivered by Biotez (Berlin, Germany) and probes by Eurogentec
(Belgium), respectively. They were added to the reaction mixtures in working
solutions of 10 pmol/µl. The PCR reaction was performed on Stratagene MX3005
with the following program: Initial denaturation and activation of Taq-polymerase
for 15 min at 95°C followed by 45 cycles of 1 min at 94°C and 1.5 min at 60°C.
Determination of analytical sensitivity by dilution of isolated MAP-DNA.
Sensitivity of multiplex real-time PCR was determined by serial dilution of
purified DNA from cultures of MAP- reference strain 03A3288 and field strains
05A3268, 06A0162 and 06A0159/b. DNA concentration of stock solutions was
measured by spectrophotometry at 260 and 280 nm. Afterwards serial dilutions
were freshly prepared from stock solutions with sterile water in broad range from
50 ng to 5 fg/µl. These serial dilutions were examined 3-fold for with following
calculation of mean values and standard deviation (SD).
Analytical specificity. For determination of the analytical specificity of
real-time PCR for IS900, ISMAV2 sequences 22 Mycobacteria were analyzed
separately at DNA concentration of 5 ng/µl and 5 pg/µl as shown in Table 1.
Preparation of MAP spiked raw milk samples. Ten-fold serial dilutions of
viable MAP cells were prepared from a stock suspension containing 108 per ml.
Dilutions containing 108 to 101 MAP cells per ml were prepared in PBS. An aliquot
from each dilution step was diluted 10 fold in raw milk to obtain spiked samples
containing from 108 to 101 MAP cells per ml of raw milk. As a negative control, a
non-spiked milk aliquot from the same batch was included in each MAP detection
run.
Evaluation of MAP-DNA isolation methods for MAP-spiked raw milk
samples. To maximize the sensitivity of detection of MAP in milk using real-time
PCR, we tested two commercial DNA template preparation protocols. Total
genomic DNA templates were prepared from triplicated samples of milk that had
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been spiked with ten-fold serial dilution from MAP-cells ranged between 108 to 10
per ml two commercial kits were evaluated.
High pure template preparation kit (Roche). One hundred microliters of
Triton X 100 (Calbioche, Germany) was added to 10 ml of spiked milk samples
and the mixtures were centrifuged for 30 min at 4.500 rpm to obtain pellets. Most
of each supernatant was discarded leaving about 0.5 ml. The pellets were
resuspended in the remaining supernatant and transferred to Eppendorf tubes. A
second centrifugation step was performed (10 min at 14.000 rpm), the supernatant
was discarding, Milk pellet suspended in 240 µl lysis buffer [20 mM Tris-HCl (PH
8.0), 400 mM NaCl, 0.6% sodium dodecyl sulfate, 2 mM EDTA] and 60 µl
proteinase K was added, then incubate at 65°C until milk pellets were dissolved.
Then 300µl binding buffer of high pure PCR template preparation kit was added.
The mixtures were transferred onto the ribolysing matrix in Ribolyser tubes, and
mechanical lysis step (6.5ms-1 for 45 sec) was performed using Ribolyser (Hybaid,
Ashford, United Kingdom). The samples incubate immediately at 70 °C for 10 min.
Then the mixtures were short centrifuge, add to the DNA binding columns, and
processed as described in the kit protocol. Finally, the DNA templates were eluted
in 100 µl of the elution buffer supplied in the kit and 5 µl aliquots were used as
template in PCR-protocol.
Adiapure® PARATB milk. DNA was extracted from 10 ml of spiked milk
following the manufacturer’s instructions.

Results and Discussion
Analytical sensitivity. Analytical sensitivity of real-time PCR based on
serial dilution of isolated MAP-DNA differed according to the target gene. The
detection limit of IS900 sequence was 5 fg, i.e. approximately one MAP-genome
per reaction as shown in Table 3. For ISMAV2 the detection limit based on
consistent positive results was 50 fg/µl due to one negative result in the 3-fold
assay at the 5 fg-level. The internal control has been positive in all assays at a level
of Ct 34-36. The results of amplification of MAP-DNA in three consecutive DNAconcentrations confirmed also precision of the assays. As tabulated in Table 3, the
slandered deviations (SD) of the threshold cycles (Ct) values ranged between 0.07
and 0.41 for IS900-PCR and 0.07 and 0.29 for ISMAV2-PCR. Decrease of the
amplification efficiency due to inadequate primer and probe design and nonoptimized PCR reagents can therefore be excluded.
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Table 3: Analytical sensitivity recorded by Ct values for serial MAP-dilution of quantified
MAP-DNA
MAP-DNA per PCR-reaction

IS900

ISMAV2

Mean

SD

Mean

SD

50 ng

16.6

0.35

17.9

0.07

5 ng

17.6

0.23

20.6

0.09

500 pg

20.8

0.18

24.1

0.09

50 pg

24.5

0.07

27.6

0.06

5 pg

28.0

0.18

31.3

0.07

500 fg

30.6

0.14

33.5

0.22

50 fg

33.8

0.33

36.4

0.18

5 fg

35.5

0.41

38.29*

0.29

* one run negative from the three fold

Analytical Specificity. All six MAP-strains analysed for the determination
of the analytical sensitivity could be correctly detected by multiplex-PCR-protocol
(Table 1). Examining Mycobacterium avium subsp. avium of bovine and avian
origin with IS900-PCR weak positive results were obtained for highly concentrated
DNA templates (5 ng/µl) isolated from 4 of 6 strains. For low concentrated DNA
of Mycobacterium avium subsp. avium (5 pg/µl) and also for the remaining
Mycobacteria and non-Mycobacteria species IS900-PCR showed the expected
negative results. For ISMAV2-PCR amplification could be observed neither with
Mycobacteria different from MAP nor with non-Mycobacteria revealing the
specificity of this sequence for MAP detection.
Optimization of extraction of MAP-DNA from milk samples. As
mentioned in Table 4, the most efficient DNA isolation protocols were determined
based on DNA template quality and detection sensitivity based on sample crossing
point means from multiplex real-time PCR targeting IS900 and ISMAV2
sequences analysis of spiked milk samples with the same MAP concentrations. The
best performance was obtained with the High Pure template preparation kit
(Roche) in combination with IS900, the detection limit was 100 MAP-cells per mil
milk with mean Ct of 38.9 (SD, 0.7). In another hand, the detection level of the
same kit but in combination with ISMAV2 sequence was 1000 MAP-cells/ml milk
with mean Ct of 38.6 (SD, 0.7).
The minimum detection level of Adiapure® PARATB milk kit in
combination with IS900 sequence was 100 MAP-cells/ml of milk with mean Ct of
39.16 (SD, 1) but has one negative result from three replicates. The detection level
of Adiapure® PARATB milk kit in combination with ISMAV2 sequence was 1000
MAP-cells/ml milk with mean Ct of 38.3 (SD, 1) as shown in details in table 4.
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The internal control showed positive Ct values between 32 and 36 in all MAP
concentration in case of High Pure template preparation kit (Roche) and
Adiapure® PARATB milk kit respectively.
Table 4: comparative evaluation of different template isolation methods for isolation of MAPDNA from spiked milk samples
Methods for isolation MAP-DNA from milk
MAPConc/ml

IS900
Roche Kit

ISMAV2
Adiapure Kit

Roche Kit

Adiapure Kit

Mean

SD

Mean

SD

Mean

SD

Mean

SD

10

8

18.6

1.5

17.4

0.4

21.2

0.9

19.4

0.7

107

22.0

1.1

20.0

0.5

25.0

1.1

21.6

1.6

6

25.5

1.1

23.3

1.0

27.8

1.4

24.9

1.6

10

5

28.8

1.1

27.8

0.6

30.8

1.2

29.2

1.9

104

31.7

0.9

32.5

0.1

33.2

1.8

32.9

1.7

10

3

34.0

0.8

34.1

0.7

36.2

1.4

36.8

0.8

102

37.0

1.0

35.9

0.9

38.6

0.7

38.3

1.0

1

38.9

0.7

39.2

1.0

No Ct

No Ct

No Ct

No Ct

10

10

For direct detection of MAP in several sample matrices former
conventional and nested PCR-protocols are increasingly replaced by real-time
PCR. The main advantages are simplified laboratory procedure due to elimination
of electrophoresis, avoidance risk of contaminations during nested PCR and the
shortening of analysis time. Several protocols for real-time PCR have been
described for detection of MAP genome until now (Cousins et al., 1999; Mobius et
al., 2008; Selim, 2011). Among these IS900 represents the most widely applied
target sequence. Alternative assays have been described for ISMAV2, the genetic
element F57 und locus 251. Analytical sensitivity of real-time MAP-PCR differs
according to both target sequence and sample matrix. In this study, results obtained
for serial dilutions of genomic MAP-DNA were correlated with the frequency of
the target sequence in MAP-cells. For IS900, the copy number varies between 1220 per cell (Kim et al., 2002), thereby facilitate high sensitivity of IS900-based
assays. ISMAV2 can only be found in three copies per MAP-cell resulting in a
lower sensitivity than IS900-PCR (Stratmann et al., 2006).
For comparison with further data for sensitivity of PCR the detection limit
based on DNA amount can be transformed into copy number. With respect to a
MAP-genome of 5,867,714 bp, each MAP cell theoretically contains
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approximately 6.8 fg of DNA. A slightly lower DNA content of 5.1 fg MAP-DNA
per MAP cell was calculated by Ravva et al. (2005). In a similar range RodriguezLazaro et al., (2005) reported 5.28 fg DNA per MAP-genome. Therefore 5 fg DNA
can be approximated to one MAP-genome or one cell equivalent.
The outcome of analytical sensitivity was highly influenced by the type of
the examined matrix. Results from this study showed a sensitivity of multiplex
real-time PCR ranged from 5 fg to 50 fg (i.e. 1-10 MAP-genome) for diluted MAPDNA for IS900 and ISMAV2 sequences respectively. In a similar scale Ravva et
al. (2005) found a detection limit of 0.07 cells in their direct cell assay using
SybrGreen-PCR targeting IS900. The detection limit of less than one MAP-cell
was explained by the dilution of complete growth medium containing intact and
broken cells as well. A considerable higher detection limit of 100 fg DNA was
reported by Schonenbrucher et al. (2008) for a triplex PCR method.
Real-time PCR is considered more sensitive than conventional single step
PCR for which detection limits were found to range between 1 pg and 100 fg
(Mobius et al. 2008; Englund et al. 2001). Reported detection limits for nested
PCR were 1,2 fg (Englund et al. 2001) and 1 CFU (5 fg) (Vansnick et al. 2004). By
direct comparison of several PCR-assays analyzing unique dilution series of MAPDNA, Möbius et al. (2008) found detection limits up to 1 fg for nested PCR.
Furthermore, real-time PCR has been proven to be superior to nested PCR by the
evidently reduced risk of contamination, the rapid and simple performance and
finally the opportunity to verify the absence of false-negative results due to PCRinhibitors.
In this study, the absence of positive PCR-results for different Mycobacteria
different from MAP and non-Mycobacteria bacteria confirmed the selective
specificity of the genomic element ISMAV2 only for MAP as described previously
(Stratmann et al., 2006; Stabel and Bannantine, 2005). For IS900-PCR we
observed false-positive amplification for Mycobacterium avium subsp. avium
analysing highly concentrated DNA (5 fg/µl) of one strain isolated from cattle and
two poultry strains. Similarly, Tasara et al. (2005) got also false-positive results of
nested IS900-PCR for M. chelonae, M. scofulaceum, M. terrae, M. xenopi and
Mycobacterium strain 2333. As far as we could examine the specificity of real-time
PCR targeting IS900, we did not observe cross reactions with other Mycobacteria.
Nevertheless, based on the above results, it was concluded that the combination of
ISMAV2 and IS900 sequences in one assay besides internal control is preferred for
higher sensitivity and specificity for detection of MAP.
Milk is considered to be a difficult specimen for the detection of organisms by
PCR, due to the presence of large amounts of fat and calcium ion (Lantz et al.,
1994). Apart from these considerations, the cell walls of Mycobacteria are highly
specialized with a wide diversity of lipids, which shield them from various stresses
and make them virtually impermeable to many chemicals. To address some of
these problems, we designed an approach to improve sensitivity by concentrating
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MAP from clinical usually means human medicine, veterinary would be more
appropriate for animal specimens. In a separate study by Odumeru et al. (2001), the
use of bead beating in combination with the use of lysis buffer, boiling, and
isopropanol precipitation was found to affecting the efficiency of detection of MAP
in milk by PCR to 10 to 102 CFU/ml; however, in the immunomagnetic bead
capture-PCR based-diagnostic test described here, 100% of culture-positive
samples were detected. The greater sensitivity of the detection was likely due to the
DNA preparation procedure and detection methods. Bead beating, in combination
with digestion and extraction steps, significantly enhanced the quality and quantity
of DNA yield. The lower detection limits of earlier studies were 103 or more MAP
organisms (Grant et al., 2000). In previous studies, DNA was prepared either by
heating the bead suspension at 100°C for 15 min (Grant et al., 2000) or by bead
beating only (Grant et al., 1998). Inhibition in the PCR product signal intensity on
agarose gel in studies by Grant et al. (2000) might have been caused by the
presence of various inhibitory substances that were not effectively removed by
IMS alone. The addition of digestion and extraction steps also improved the PCR
signal intensity when larger volumes of milk were spiked. In the present study, an
integrated procedure for isolation and lysis of MAP to maximize the yield of highquality DNA was developed. In contrast to previous studies, we demonstrated that
100 or fewer MAP organisms were consistently detected in milk samples by using
Adiapure and Roche kits in combination with multiplex real-time PCR beside
internal control. By quantification of the extracted DNA, even less than 5 fg of
DNA could be detected by assay developed in this study.

Conclusion
In summary, a multiplex real-time PCR assay targeting IS900 and
ISMAV2 in combination with two commercial DNA extraction kits could be an
ideal sensitive and specific protocol for routine large scale analysis of milk samples
and other clinical specimens from man and animals. Also, it overcoming the limits
of detection and significantly reducing the time and costs relative to those for
standard bacteriological culture.

Direktna
detekcija
Mycobacterium
avium
subsp.
paratuberculosis u goveđem mleku metodom Multipleks
Real-Time PCR
A. Selim, M. El-haig, E. S. Galila
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Rezime
Ovo istraživanje ima za cilj direktnu detekciju Micobacterium avium
subsp. paratuberculosis (MAP) u mleku ocenjivanjem multipleks real-time PCR
analize ciljanjem IS900 i ISMAV2 sekvence uključujući amplifikacije PUC19plazmida kao unutrašnje kontrole. Osetljivost testova je ocenjivana testiranjem
MAP izolata u širokom spektru linearnom DNK (50 ng – 5 fg/µl). Za validaciju
specifičnosti, 6 MAP izolata i 22 izolata roda Micobacteriacea su testirani.
Rezultati su otkrili da je izvodljiva granica za real-time PCR ciljanje IS900 i
ISMAV2 bila 5 fg/µl i 50 fg/µl. Ciljajući ISMAV2 sekvencu, 100% specifičnosti je
otkriveno. Međutim, unakrsna reakcija sa 5 ng/µl genoma od 3 M. avium podvrste
ptičjih sojeva je detektovana ciljanjem IS900 i negativno u donjem genomu u
količini (5pg/μl). Da biste povećali osetljivost detekcije, efikasna strategija za
MAP-DNK ekstrtakciju iz mleka sa povišenin nivoom je ocenjena. Ciljanje na
IS900 je bilo osetljivo i ciljanje ISMAV2 je veoma specifično. Dakle, multipleks
real-time PCR test analiza za ciljanje IS900 i ISMAV2 u kombinaciji sa dva
komercijalna kompleta za ekstrakciju DNK mogla bi da bude idealni protokol
osetljivosti i specifičnosti za rutinske analize velikih uzoraka mleka i drugih
kliničkih uzoraka ljudi i životinja.
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Abstract: In this study the presence of moulds and mycotoxins in samples
of stored maize grains in the period from October 2011 to September 2012 was
investigated. Mycological analyses of whole and broken grains showed the
presence of species from the genera Alternaria, Aspergillus, Fusarium,
Penicillium, Rhizopus and others. Among the Aspergillus and Fusarium genera as
potentially toxigenic fungi, Aspergillus flavus was identified with the highest
percentage on broken grains (20.38%) whereas F. verticilioides was the
predominant species in the whole maize grains (34.04%). In addition, it was
obtained that tested samples of stored maize grains were 100% positive with
aflatoxin B1 (AFB1), zearalenone (ZON), deoxynivalenol (DON) and fumonisin B1
(FB1) with an average concentration of 1.39 μg kg-1, 71.79 μg kg-1, 128.17 μg kg-1,
and 1610.83 μg kg-1, respectively. A significant positive correlation was found
between the moisture content and the presence of Fusarium spp. on the broken
grains (r = 0.44) and between the moisture content and the concentration of DON (r
= 0.61). However, a significant negative correlation was found between moisture
content and FB1 (r = -0.34), and between the concentration of ZON and DON
mycotoxins (r = -0.58).
Key words: moulds, mycotoxins, storage, maize grains

Introduction
Maize (Zea mays L.) is one of the most important sources of food for
human and animal nutrition and raw materials for industrial processing. In our
country, maize has been grown on about 1.2 million hectares with an average yield
of 5.4 t ha-1 and with a production of 6.5 million tons in 2011 (Statistical Yearbook
of Serbia, 2012).
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The nutritional value of stored maize grains could vary significantly due to
the interaction between the physical, chemical and biological factors. The
contamination of maize with fungi (moulds) and mycotoxins represents a major
problem for its use in human and animal nutrition. Infection of grains in the field
by fungi could resulted in the production of mycotoxins during cultivation,
harvesting, storage, transport and processing. The most important species of fungi
and mycotoxins that could contaminate maize grains are Aspergillus flavus and
aflatoxins, Fusarium verticillioides, F. proliferatum and fumonisins and F.
graminearum and trichothecenes and zearalenone (Chulze, 2010). Aflatoxin causes
serious problem in many foods, but it is most abundant in maize and maize
products, because maize could be infected even in the field under specific
environmental conditions. Contamination of maize depends on the co-existence of
susceptibility of hybrids and environmental conditions favourable for proliferation
of mycotoxigenic fungi (Blandino et al., 2009).
Unfortunately, there are no direct measures for prevention of infection of
maize grains with ear rot fungi. However, unfavourable conditions for the
development of fungi and toxinogenesis could be provided by implementation of
appropriate agricultural practices as preventive measures in the field. In addition,
early spring planting of maize that extends the vegetation season and selection of
hybrids with higher early vigor, tolerance to biotic and abiotic stresses could be
considered as an important measures for reduction of pathogenic and toxigenic
fungi, resulting in an increase of maize production (Lee et al., 2002; Blandino et
al., 2009).
The most common genera of fungi identified in stored maize grains are
Aspergillus, Penicillium and Fusarium. The proliferation of these fungi are
stimulated with higher grains moisture content, higher temperature during storage,
long storage period, intensive infection by fungi before storage and by higher
activity of insects and mites. Therefore, it is important to identify the species of
fungi in stored maize grains with special emphasis on mycotoxigenic species,
which pose a potential risk to human and animal health (Castellari et al., 2010).
Therefore, the aim of this study was to identify the most important species
of fungi with special focus on Aspergillus and Fusarium species as well as to
quantify the associated mycotoxins in stored maize grains, intended for feeding of
domestic animals (pigs, sheep and poultry).

Materials and Methods
For mycological and mycotoxicological analysis of maize grains in the
warehouse of the Institute for Animal Husbandry, Belgrade, samples were
randomly taken according to the Commission Regulation (EC) No 401/2006
(European Commission, 2006) on every month during 12 months, from October
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2011 to September 2012. Moisture content of maize grains was determined using a
moisture analyzer (OHAUS MB35, USA).
Twelve different samples of maize were tested by mycological methods,
where in each sample 200 whole and 200 broken grains were analyzed. The grains
were first rinsed by tap water, then disinfected in a 1% solution of sodium
hypochlorite (NaOCl) 3-5 minutes and distributed on the surface of water agar
(WA) in Petri dishes (5 grains per Petri dishes) and incubated in a thermostat for 57 days at 25 ºC. Identification of colonies of fungi that overgrowth the maize grains
was done by microscopic examination of mycelium and spores, according to
Burgess et al. (1994) and Watanabe (1994). The frequency of individual species
was calculated per sample according to the following equation: (Number of grains
in which the fungus was detected / Total number of grains) x 100.
Detection of aflatoxin B1 (AFB1), zearalenone (ZON), deoxynivalenol
(DON) and fumonisin B1 (FB1) in a total of 12 samples was performed according
to enzyme-linked immunosorbent assay (ELISA). Each sample was divided into
two sub-samples, one with whole, and the other with broken grains. Individual subsample was milled in an analytical mill (IKA A11, Germany) and stored in a
refrigerator at 4 ºC, prior to the analyses. Five grams of subsample was mixed with
1 g of NaCl and homogenized in 25 ml of 70% methanol in a 250 ml Erlenmeyer
flask on the orbital shaker (GFL 3015, Germany) for 30 minutes. Homogenate was
filtered through a Whatman filter paper 1. The filtrate was further analyzed
according to the manufacturer's instructions Celery techno ® ELISA kits.
Absorbance was measured at a wavelength of 450 nm on an ELISA reader
spectrophotometer (Biotek EL x 800TM, USA).
Statistical analyses. The correlation between the individual values
obtained for the moisture content, the frequency of moulds and mycotoxins
concentration was performed using Pearson's correlation coefficient.

Results
The moisture content of the samples of stored maize was in the range of
9.26 to 12.58% with an average moisture content of 11.02%.
In the stored maize grains it was identified several fungal genera, as
followed: Alternaria, Aspergillus, Fusarium, Penicillium, Rhizopus and others. By
observing the average presence of the isolated fungi in the both grains (whole and
broken) it was obtained that most of the genera were more frequent in the broken
compared to whole grains, except Fusarium, whose representatives were more
frequent in the whole grains (38.6%) compared to the broken grains (25.3%).
Toxigenic species of the genus Aspergillus were present at levels ranging from 0
(March, April, and June 2012) to 39% (August 2012) in the whole maize grains,
with an average frequency of 14.5% for all investigated months. These species
were present in the range from 0 (April 2012) to 68.5% (July 2012) in the broken
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maize grains with an average of 23.7% for all investigated months. Fusarium
species were present in the range from 3 (October 2011) to 97.5% (June 2012) in
the whole grains and 2.5 (January 2012) to 77% (June 2012) on a broken maize
grains (Table 1).
Weak positive correlation was found between moisture content and
frequency of Aspergillus spp. (r = 0.17) and Fusarium spp. (r = 0.18) in the whole
maize grains. Statistically significant correlations were found between the moisture
content and Fusarium spp. (r = 0.44) to a broken maize grains and statistically
insignificant negative correlation (r = -0.09) between the moisture content and
Aspergillus spp.
Table 1. Frequency of fungal genera in stored maize grain samples during investigated period
Fungal genera
Fusarium
Penicillium
Rhizopus
Other
Sample
W
B
W
B
W
B
W
B
Percentage of infected grains
1
2.5 15.5
4.5
12
3.0 36.5
4.5 35.0 47.5
31.5 14.0
0.0
2
0.0
1.5
8.0
19
12.0 22.5
0.0 18.0 83.0
73.0
0.0
0.0
3
4.5
0.0
11.0
18.5
52.5 45.0
2.5
9.5 22.0
55.0
4.0
0.0
4
0.0
7.5
23.0
50
36.5
2.5
1.5 24.5 37.5
63.0
1.5
1.0
5
14
2.5
14.0
20.5
20.5 27.5
14.0 48.5 45.5
29.5
1.0
0.0
6
32 43.0
0.0
20.5
45.5 14.0
0.0 21.5 22.5
37.5 13.5 10.5
7
0.0 23.5
0.0
0.0
35.0 17.0
39.5 46.0 11.0
18.5
1.0
0.0
8
0.0
0.0
5.5
3.5
46.0 11.5
34.5 67.5 23.0
47.0
0.0
0.0
9
0.0
0.0
0.0
5.5
97.5 77.0
3.0 20.0
3.5
20.0
0.0
5.5
10
2.5
0.5
37.0
68.5
9.5
4.0
13.5
5.0
2.0
27.0
0.5
0.0
11
0.0
5.0
39.0
25
37.0 29.0
1.5
6.0 30.0
5.5
0.5 12.5
12
0.5
0.0
32.0
41
40.5 16.5
1.5
2.0
3.5
44.5 21.5 16.0
Average
4.7
8.3
14.5
23.7
38.6 25.3
9.7 25.3 27.6
37.7
4.8
3.8
a
The dates when the samples were collected: 1 - October 2011; 2 – November 2011; 3 – December
2011; 4 – January 2012; 5 – February 2012; 6 – March 2012; 7 – April 2012; 8 – May 2012; 9 – June
2012; 10 – July 2012; 11 – August 2012; 12 – September 2012;
W – Whole maize grains; B – Broken maize grains
a

Alternaria
W
B

Aspergillus
W
B

Statistical high positive correlation was found between contamination of
whole and broken grains with Aspergillus spp. (r = 0.79), Penicillium spp. (r =
0.74) and Alternaria spp. (r = 0.72) whereas it was significant with Fusarium spp.
(r = 0.61) and Rhizopus spp. (r = 0.51). Interrelationship of identified species of
fungi in the whole and broken grains was generally negatively correlated, which
was not statistically significant, except in the case of Aspergillus spp. and
Fusarium spp. (r = -0.52) and Aspergillus spp. and Penicillium spp. (r = -0.59) on
the broken grains and Fusarium spp. and Rhizopus spp. on the whole grains (r = 0.52). The positive correlation that was not statistically significant, was found only
between Aspergillus spp. and Rhizopus spp. (r = 0.16), and Alternaria spp. and
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Penicillium spp. (r = 0.14) on a broken grains as well as between Rhizopus spp. and
Alternaria spp. (r = 0.02) on the whole grains.
From the tested grains, A. flavus, A. parasiticus and A. niger were isolated
as the main species of the genus Aspergillus, whereas F. gramineraum, F.
proliferatum, F. subglutinans and F. verticillioides were isolated as species of the
genus Fusarium. Generally, Aspergillus species were more presented on the broken
grains, compared with whole grains of the stored maize (Table 2). From the
Aspergillus species, A. flavus was the most presented on both the whole (12.3%),
and the broken grains (20.38%). Of all identified species, including Fusarium spp.,
the most common species was F. verticillioides, on the whole (34.4%) and broken
maize grains (23.9%).
Table 2. Frequency of Aspergillus spp. and Fusarium spp. in investigated stored maize grain samples

Percentage of infected grains
W
B
Aspergillus flavus
12.25
20.38
Aspergillus parasiticus
0.08
0.33
Aspergillus niger
2.17
2.96
Fusarium graminearum
0.17
0.33
Fusarium proliferatum
0.29
0.0
Fusarium subglutinans
4.13
1.0
Fusarium verticillioides
34.04
23.92
W – Whole maize grains; B – Broken maize grains
Fungal species

Concerning the presence of AFB1, ZON, DON and FB1, it was detected in
all tested samples with an average concentrations of 1.39 μg kg-1, (range 0.33 to
2.40 μg kg-1), 71.79 μg kg-1 (range 15.44-188.05 μg kg-1), 128.17 μg kg-1 (range 41226 μg kg-1) and 1610.83 μg kg-1 (range 880-2950 μg kg-1), respectively (Table 3).
A significant positive correlation has only been found between moisture
content and DON (r = 0.61), while for the other mycotoxins tested this correlation
was negative for AFB1 (r = -0.07), ZON (r = -0.25) and FB1 (r = -0.34). The
correlation between the concentrations of ZON and DON was significantly
negative (r = -0.58), and between AFB1 and FB1 was statistically insignificant
negative (r = -0.08).
Table 3. Concentration of aflatoxin B1 (AFB1), zearalenone (ZON), deoxynivalenol (DON) and
fumonisin B1 (FB1) in investigated stored maize grain samples
Item
AFB1
ZON
Sample sizea
12/12
12/12
Incidence (%)
100
100
Range (μg kg-1)
0.33-2.40
15.44-188.05
Meanb (μg kg-1)
1.39
71.79
a
Number of positive samples/Number of total samples
b
Mean concentration in positive samples

DON
12/12
100
41-226
128.17

FB1
12/12
100
880-2950
1610.83
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Discussion
In this study the presence of potentially toxigenic fungi of the genera
Aspergillus (A. flavus) and Fusarium (F. verticillioides) on the stored maize grains
was performed. The obtained results are in agreement with previous investigations
reported by Hell (2003), Krnjaja et al. (2007) and Amadi and Adeniyi (2009). By
mycological testing of 86 samples of stored maize, originating from different farms
in two locations in Kenya, it was found that the most frequently isolated species
were from the genera Aspergillus (35.8%), and Fusarium (15.5%), followed by
Penicillium (9.2%), Rhizopus (5.3 %) and others (34.4%) (Bii et al., 2012).
The co-occurrence of toxigenic fungi is not uncommon feature. During the
study period it was found the co-occurrence of identified genera Aspergillus,
Fusarium, Penicillium and Rhizopus, especially on broken maize grains. Also,
Remešova et al. (2007) isolated the same genera of fungi in healthy and damaged
maize, but with different frequency. In the study of Miller (1993) it was also found
frequent joint occurrence of A. flavus and F. verticillioides on maize. It has already
been reported that damage of maize germ has the greatest impact on the
proliferation of moulds (Tuite et al., 1985).
Although in the tested samples almost all fungi were identified, their ratio
was still generally negatively correlated, both in the whole, and the broken maize
grains. Contrary to wheat, where statistically highly significant negative correlation
between Fusarium spp. and Alternaria spp. was found (Lević et al., 2012) on maize
grains this negative correlation was not statistically significant.
Aflatoxins and fumonisins, synthesized mainly by A. flavus and F.
verticillioides, respectively, are among the most important mycotoxins that can
cause economic losses in maize production. In this research, the co-occurence of
aflatoxin B1 with fumonisin B1 (100%) was found, which is similar to the
observations of Kimanya et al. (2008), Sun et al. (2011) and Krnjaja et al. (2013).
All of the samples in this study were positive on the presence of Fusarium
toxins, fumonisin B1, deoxynivalenol and zearalenone which is in accordance with
the results of Lazzari (1994). Because there are favourable conditions for the
growth and development of these fungi and mycotoxin contamination of maize
grains, in Serbia it is of outmost importance to implement the preventive measures
to reduce the risk of these contaminants, especially in years when weather
conditions are suitable for their development. The weather conditions before and
during the maize harvest could affect the safety of grains during storage. In the
period of maize silking, high ambient temperature and high humidity could favour
infection of grains with Aspergillus species particularly by Aspergillus flavus and
mycotoxins. Fusarium ear rot of maize caused mostly by F. verticillioides and F.
proliferatum is also stimulated by warm weather, dry seasons and increased
damage of ear by insects (Miller, 1995). Drought, inadequate nutrition of plants,
other agents of plant diseases, insects, weeds and excessive plant populations can
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cause stress in plants and facilitate the infection of maize grains by toxigenic fungi.
Sowing the right (adapted) hybrids, optimum plant nutrition, irrigation and insect
control would certainly help to reduce mycotoxins contamination. Early harvesting
and artificial drying reduces the occurrence of mycotoxins contributed the
prevention of grain breakage and protect grain from insect pests (Bruns, 2003).
Good ventilation of warehouse has also been one of the most important preventive
measures for the reduction of mycotoxins production (Jakic-Dimic et al., 2011).
Contamination of maize by mycotoxins has been increasing worldwide, as
a result of climate change, growing of high-yielding hybrids susceptible to
infection with toxigenic fungi and accumulation of mycotoxins in crop products,
especially in wheat. Some mycotoxins could be synthesized in maize before
harvest but their concentration may increase after harvest during the storage period
and further in the food chain. Preventive measures, such as fast drying of maize for
the medium and long-term storage in hygiene maintained warehouses, without the
presence of insects and microorganisms, and proper regulation of grains moisture
content, could significantly reduce the mycotoxins contamination of maize grains.

Conclusion
Based on the obtained results it can be concluded that the potentially
toxigenic species of fungi from the genera Aspergillus and Fusarium were
significantly presented in the stored maize grains. During the storage period
(October 2011 - September 2012) Aspergillus spp. was the most frequently
presented in August (39%) on the whole grains and in July (68.5%) on the broken
grains, while Fusarium spp. was most presented in June on the both, whole
(97.5%) and broken maize grains (77%). F. verticillioides was the most common
species with an average frequency of 23.92% on broken and 34.04% on the whole
maize grains. In addition, A. flavus was generally less presented on the whole
(12.25%) than on the broken grains (20.38%).
Generally, it can be concluded that despite the significant presence of
toxigenic species on the maize grains, the concentration of mycotoxins AFB1,
ZON, DON and FB1 has not exceed the maximum allowed concentrations
prescribed by Regulation on the quality of animal feed (Article 99) (Official
Gazette of the Republic of Serbia, 2010). These results indicated that the stored
maize was suitable for feeding of farm animals (pigs, sheep and poultry).
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Plesni i mikotoksini u uskladištenom kukuruzu
V. Krnjaja, J. Lević, S. Stanković, T. Petrović, Z. Tomić, V. Mandić, Z. Bijelić

Rezime
U radu je ispitivano prisustvo plesni i mikotoksina u uzorcima zrna
uskladištenog kukuruza u periodu od oktobra 2011. do septembra 2012. godine.
Mikološkim analizama celog i slomljenog zrna kukuruza ustanovljeno je prisustvo
vrsta iz rodova Alternaria, Aspergillus, Fusarium, Penicillium, Rhizopus i drugih.
Od potencijalno toksigenih vrsta iz rodova Aspergillus i Fusarium, identifikovane
su u najvećem procentu A. flavus na slomljenom (20,38%) i F. verticillioides na
celom zrnu kukuruza (34,04%). Ispitivani uzorci uskladištenog kukuruza bili su
100% pozitivni sa aflatoksinom B1 (AFB1), zearalenonom (ZON),
deoksinivalenolom (DON) i fumonizinom B1 (FB1) sa prosečnim koncentracijama
1,39 μg kg-1, 71,79 μg kg-1, 128,17 μg kg-1 i 1610,83 μg kg-1, respektivno.
Statistički značajna pozitivna korelacija ustanovljena je između sadržaja
vlage i prisustva Fusarium spp. na slomljenom zrnu kukuruza (r = 0,44), kao i
između sadržaja vlage i koncentracije DON (r = 0,61). Statistički značajna
negativna korelacija ustanovljena je između sadržaja vlage i FB1 (r = –0,34), kao i
između koncentracija ZON i DON mikotoksina (r = –0,58).
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Abstract: Forgotten or neglected arable land plants, such as buckwheat,
are becoming increasingly important in crop production. Grain and one seed nuts
are in the usage for humans and domestic animals diet. On the fields of the Institute
of Field and Vegetable Crops, Backi Petrovac, researches were conducted in terms
of conventional (2010-2012) and organic cropping systems, 2012. Analysis of the
average yields showed that Novosadska buckwheat variety achieved a statistically
significantly higher yield in 2010th (2,996 kg ha-1) compared to the 2011th and
2012th (p <0.01). The year showed statistical significance based on the analysis of
variance. The average yields of Novosadska buckwheat variety, the variant with
foliar fertilization in the conventional cropping system, were significantly higher
compared with the control. The average yields amounted 1.395 kg ha-1 and were
higher by 214 kg ha-1, or 18.12% compared to the control. The average plants
height was 144 cm. 1000 grain weight was on the average of 23.72 g for the entire
experiment. Average yields in the organic cropping system were higher in variants
with foliar fertilization (1322 kg ha-1) by 7% compared to the control and plants
were higher by 7.28%. Plants were higher in the organic system of cultivation by
13 cm, or 9% compared with plants grown in conventional cropping system, while
the yields fell for 73 kg ha-1, respectively by 5.52%. Foliar fertilizers proved to be a
possible method for yield, 1000 grain weight and plant height increasing in
conventional and organic cropping systems.
Key words: Buckwheat, agro-ecological conditions, foliar fertilization,
conventional and organic cropping system, yield and yield components.
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Introduction
Buckwheat (Fagopyrum esculentum Moench) is a plant species from the
group of alternative cereals which originated from wide area of Central Asia
(south-western China, Nepal and India). Buckwheat areal of prevalence on the
northern and southern hemisphere coincides with the area of winter wheat
cultivation. Areas under buckwheat were doubled in the past decade from one
million up to two million hectares. Buckwheat is an annual monocarpic plant of the
Polygonaceae family, genus Fagopypum. Nowadays, it becomes a very important
food in the diet of humans, especially in countries where special emphasis is put on
the safe food, produced in organic production. Grain is in the usage for humans and
domestic animals nutrition (nut) and it is similar to the grain of bread wheat by
nutrient and nutritive value. Above-ground biomass can be used for domestic
animal feeding in fresh, as silage or dried (Glamoclija et al., 2011). Buckwheat
seed contains powdery endosperm (Nikolić et al., 2010). The most important
ingredients of plant are flavonoids (Arsic et al., 2008). The seed coat makes 2540% of the total weight (Jevdjovic et al., 2012). 1000 grain weight is 24-30 g
(Popović et al, 2013), and the density 50-70 g. Above-ground biomass can be used
for animal feed in fresh, ensiled or dried, and the highest quality is obtained by
cutting plants during the and of blooming period. The flowers are rich in nectar
and flowering lasts long. The buckwheat crop is also suitable pasture for the bees,
and the yield varies from 120-300 kg of honey per hectare. Buckwheat can be used
as siderat what increase the natural fertility of the soil. Lysimetrics research of
water consumption of siderate in field conditions. Best siderat for plowing will be
achieved after flowering because the biomass at this stage rapidly mineralized in
the soil and enriches it with important plant assimilates (Glamoclija et al., 2011).
Buckwheat is a plant with very modest needs for environmental conditions, can be
grown on poor soils, it is grateful as a preceding crop, and chemicals are rarely
used for its protection (Berenji, 2008). Therefore, it is suitable for organic
production. As response on the conventional production method which has a
number of negative consequences, a number of agro-ecological production systems
were developed, aimed to make sustainable agriculture and overall sustainable
development. Within these systems organic agriculture highlights and it represents
sustainable agriculture model in the EU. Multifunctional organic agriculture
contributes to the conservation of genetic resources and ecosystem diversity.
Production methods help reducing the losses caused by soil erosion from 20% to
40%. Organic products are safe because they are subjects of regular production
process control, certified production is transparent and traceable, and documents
and the logos are guarantee that food is organically produced (Lazić, 2008).
The aim of this study was to investigate the effect of agro-ecological
factors and foliar fertilization on buckwheat productivity in conventional and
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organic cropping systems, in particular agro-ecological conditions of Backi
Petrovac.

Materials and Methods
The experiment was conducted at the experimental field of Institute of
Field and Vegetable Crops in the locality Backi Petrovac during 2010th, 2011th and
2012th, on the calcareous chernozem soil type, subtype loess and loess-like
sediments, calcareous gleyed variety, in the conventional cropping system, 20102012, and in organic, certified, cropping system during the 2012th, according to the
modified block design system with three replications. The subject of the study was
Novosadska buckwheat variety. In the conventional growing system basic tillage
(deep tillage) and fertilization with mineral fertilizers NPK (15 x 15 x 15) in the
amount of 200 kg ha-1 was carried out at the optimum time. During the
investigation a standard production technology was applied. Plant density was 50 x
4 cm in row spacing of 50 cm, and a depth was 3 cm. Surfaces of basic plots
amounted 10 m2. Fertilizer urea was entered in the amount of 100 kg ha-1 on March
23 rd, 2012. Seedbed preparation has been done on March 24th, 2012 and April 30th,
2012 with micro-experiments planter in the recommended rate of 60 kg ha-1 Hand
harvesting was carried out at the stage of technological mature.
In the organic growing system basic tillage (deep tillage) was carried out
on November 11th, 2011. Manure was dismantled in the amount of 15 t ha-1 on
November 11th, 2011. Seedbed preparation has been done on March 24th, 2012 and
April 30th, 2012. Planting was done with plants assembly of 50 x 4 cm in row
spacing of 70 cm, on the depth of 3 cm by micro-experiments planter in the
recommended rate of 60 kg ha-1 on May 5th, 2012. Hand harvesting was carried out
at the stage of technological mature.
Soil of the experimental field was of weak alkaline reaction (pH in KCl
=7.48), plenty humified (2.42%), medium provided with nitrogen (0.184 %), highly
provided with available phosphorus (33.7 mg/100g of the soil) and well supplied
with potassium (20.5 mg/100g of the soil). The yield of buckwheat grains was
determined by measuring of each elementary plot and average value calculated on
13% of humidity was presented. Foliar fertilization was performed twice during the
growing season. Organic fertilizer Bioplant flora was applied in the amount of 60
ml / 10 liters of water per plot, in July, when the buckwheat plants were in the
flowering stage. The height of 10 plants from each parcel was measured and
average values were taken for the calculations. The analysis of the experimental
data was performed by descriptive and analytical statistics with usage of the
statistical package STATISTICA 10 for Windows. Significance of the difference
between the calculated mean values of the investigated factors (year) testing was
performed by usage of one-factorial model, and fertilization by usage of one-
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factorial model of variance analysis. All reviews of relevance were derived based
on the LSD-test for significance level of 5% and 1%. The most important
characteristics are presented in tables and graphs.
Agro-ecological conditions. For seed production it is necessary to monitor
the environmental conditions variations, especially because the fact that weather
conditions are changeable, unstable and unpredictable in a particular area, so we
could mitigate climate limiting factors by timely agricultural measures (Popović,
2010). Data for the analysis of the weather conditions were used from the Backi
Petrovac meteorological center.
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Figure 1. Average air temperature and precipitation, Bački Petrovac, 2010-2012

The most favorable year for buckwheat production was 2010th (T=18.76
ºC, precipitation 636 mm). 2011th was less favorable (T=18.76 ºC, precipitation
636 mm), while 2012th was the most unfavorable (T = 20.68 ºC, precipitation 221.5
mm). Recorded average air temperature in the 2012th amounted 20.68 ° C, and it
was higher by 2.1 ° C compared to 2010th, and 1.15 ° C compared to 2011th, while
precipitation of 414.6 mm was lower compared to 2010th. The main limiting factor
in 2011th and 2012th was the lack of water in the soil in most of the growing season
and high air temperatures, especially in June (23.4 °C), July (25.2 °C) and August
(24.5 °C), Figure 1.

Results and Discussion
Buckwheat grain yield in conventional cropping system. The yield is
the most important but also the most complex characteristics of each genotype
(Popović, 2010, Popović et al., 2011). The average yield of investigated buckwheat
variety had an average of 2,156 kg ha-1 during the 2010-2012 period. Yields ranged
from 1,215 (2012) up to 2,996 kg ha-1 (2010). Realized buckwheat yields in 2010th
were highly significantly higher than in 2011th and 2012th (p <0.01). The yields
recorded stability within a year while there were large variations among the years.
The largest yield stability was observed in 2012 (Cv = 5.05%) (Tab. 1, 2, Figure 2).
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Table 1. Buckwheat yield, Backi Petrovac, 2010-2012

Effect

Variety

Year, 2010
Year, 2011
Year, 2012
Indicator

Novosadska

Yield
kg ha-1

Change of
rate, Ch.R
%

CV
%

2.996

12.66

12.77

2.257
1.215

5.29
4.25

6.62
5.05

Average, %
Yield
kg ha-1

Ch.R

CV

2.156

-36.32

41.50

LSD test

0.05

0.01

Year

479

727

Weather conditions during the study period significantly affected the yield.
The most favorable year for the buckwheat production was 2010. That was
contributed with sufficient rainfall, its balanced distribution, favorable temperature
and properly applied agro-technical measures. The genetic potential of variety
came to the fore during that year.
Table 2. Descriptive statistics for Buckwheat yield, 2010- 2012
Effect

No

Yield Mean

Yield Std.
Dev.

Yield Std.
Error

Total

9

2.156

793,65

Year 2010

3

2.996

Year 2011

3
3

Year 2012

Yield
-95,00%

Yield
+95,00%

264,55

1552,39

2772,50

382,84

221,03

2044,98

3947,016

2.256

149,59

86,36

1885,06

2628,27

1.215

62,40

36,03

1079,64

1389,70

According to Nikolić et al. (2010) in good years the average yield of
Novosadska buckwheat variety ranged from 2,216 kg ha-1 up to 3,660 kg ha-1. In
the aforementioned environmental conditions following varieties distinguish:
Novosadska, Prekmurska, Czecka, Darya and Celebica.
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Figure 2. Buckwheat yield, Backi Petrovac, 2010-2012

Popović et al. (2013) reported that the Novosadska variety especially
excelled and achieved significantly higher yields compared to other examined
buckwheat varieties in that period.
Grain yield, 1000 grain weight, grain weight and buckwheat plant
height in conventional organic cropping system. The average yields of
buckwheat Novi Sad variety, in conventional production in 2012, in the version of
foliar fertilizing, were significantly higher compared to the control variant (p
<0.05). Achieved results of 1000 grain weight and plants height in the foliar
fertilizing variant were higher compared to the control variant, but the differences
were not statistically significant (p> 0.05). In the conventional growing system
plant height was 144 cm on average, and ranged from 142 cm (control) to 146 cm
(fertilization). 1000 grain weight was on average 23.72 g and grain weight per the
plant was 6.70 g. Buckwheat yields in the foliar variant had an average of 1395 kg
ha-1 and were higher by 214 kg ha-1, or 18.12% compared to the control variant
(Table 3).
Table 3. Buckwheat grain yield,1000 grain mass and plant height in CP, 2012
Variety

Variant

Yield
(kg ha-1)

1000 grain
mass (g)

Plant grain in mass
(g)

Plant height
(cm)

Novosads
ka

Control

1,181

23.47

6.74

142

Foliar nutrition
Average

1,395

23.96

6.65

146

1,288

23.72

6.70

144

LSD test
0.05

Yield in CP
164

1000 grain mass
2.35

Plant grain mass
2.89

Plant height
26.94

0.01

272

3.91

4.79

31.12
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Average yields for Novi Sad buckwheat variety in the organic cropping
system had an average of 1,278 kg ha-1 in the 2012th. Analysis of variance for
fertility indicators, 1000 grain weight, grain weight per plant and plant height in the
organic cropping system showed that there was no significant variation between
the versions of foliar fertilization and control variant, p> 0.05. The results show
that there were achieved 7% higher yields in organic cropping system in the variant
with foliar fertilization (1322 kg ha-1) compared to the control variant. Plants were
higher by 7.28%, while the 1000 grain weight was higher by 0.52%, Table 4.
Table 4. Buckwheat grain yield, 1000 grain mass and plant height in OP, 2012
Variant

Yield
(kg ha-1 )

1000 grain
mass (g)

Plant grain
weight (g)

Plant
height (cm)

Control

1,235

23.35

6.02

151

Foliar nutrition

1,322

23.47

5.97

162

1,278

23.41

6.00

157

Variety
Novosadska

Average
LSD test
0.05
0.01

Yield in OP
141
233

1000 grain mass
1.37
2.26

Plant grain mass
2.62
4.34

Plant height
26.94
44.67

Obtained results are in accordance with the results of Popović et al.
(2013b). Plant height in the organic cropping system was on average 157 cm, and
ranged from 151 cm (control) to 162 cm (fertilization). 1000 grain weight was on
average 23.41 g while the weight of grains per plant was 6.00 g, Table 4. Research
shows that foliar fertilization may be possible method for buckwheat grain yields
increasing per unit area as well as 1000 grain weight and plant height in organic
and conventional cropping systems, Table 3, 4, 5.
Table 5. Analysis of variance of the yield and morphological traits, between cropping system
1000 grain
mass
1.93

Plant grain
weight
2.10

201

3.20

3. 46

37.35

188
312

1.92
3.18

3.29
5.45

23.88
39.61

Indicator

LSD test

Yield

Control
OP-CP

0.05

121

0.01

Foliar Nutrition
OP-CP

0.05
0.01

Plant height
22.52

Analysis of variance on yielding indicators showed that there was no
significant variability for investigated buckwheat traits in organic and conventional
cropping systems, Table 6. The average buckwheat yields, 1000 grain weight, grain
weight and plant height, produced in the organic cropping system were relatively
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balanced with yields obtained by conventional production. Differences of
significance from the point of buckwheat production technology were not
statistically significant (p> 0.05), Table 6.
Table 6. Descriptive statistics for tested parameter in OP and CP
Variable

Descriptive Statistics
No
Mean
Std.Dev.

Yield CP
Yield OP

6
6

Mass 1000 grain, CP
Mass 1000 grain, OP

6
6

Mass grain in plant, CP
Mass grain in plant, OP

6
6

Plant height, CP
Plant height, OP

6
6

Std.Err.

Yield, kg ha-1
1288
81.539
37,371
1278
73.372
29,954
Mass 1000 grain, g
23.71
0.666
0.272
23.41
0.967
0.394
Mass grain in plant, g
6.69
1.062
0.433
5.99
1.139
0.465
Plant height, cm
143.98
7.769
3.171
156.48
12.279
5.013

Confidence
-95,00%

Confidence
+95,00%

1146
1201

1338
1355

22.696
22.638

24.726
24.038

4.877
5.497

7.106
7.889

135.83
143.39

152.136
169.330

In the organic cropping system plants were higher by 13 cm or 9.0%
compared with plants grown in conventional cropping system, while the yields
were lower by 10 kg ha-1 or 0.8%, grain weight 0.7 g and 1000 grain weight for 0.3
g respectively 1.28%.
Arid 2012th has not been favorable for buckwheat production, and the
reasons are extremely low precipitation and high temperatures in June, July and
August. Differences between buckwheat yields in organic and conventional
production were not significant, because the soil where the organic production
trials carried out had a high content of nutrients. In such years irrigation is
recommendation, and that is the measure which can mitigate limiting production
factors.
Based n these results, it was determined that application of foliar fertilizers
is reasonable for buckwheat crops, whether in conventional or organic production.

Conclusion
Based on the results obtained in this study regard conventional and organic
cropping system, it can be concluded:
Based on the analysis of variance the year was statistically significant.
Analysis of the average buckwheat yields, 2010-2012, showed that the Novi Sad
variety realized a significantly higher yield in 2010th compared to 2011th and
2012th.
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Foliar fertilization is a good method to increase buckwheat grain yield,
plant height and grain weight in conventional and organic cropping systems.
The average yield of buckwheat variety Novi Sad in the conventional
cropping system, the variant with foliar fertilization, amounted 1,395 kg ha-1 and
were higher by 214 kg ha-1, or 18.12% compared to the control. Plant height was
144 cm on average, and ranged from 142 cm (control) to 146 cm (fertilization).
1000 grain weight was on average of 23.72 g.
In the organic cropping system average yields were higher in variants with
foliar fertilization (1,322 kg ha-1) for 7% compared to the control variant, the plants
were higher by 7.28%.
Obtained differences of significance, from the point of production systems
influence on the average traits values were not statistically significant.
In the organic cropping system plants were higher for 9% compared with
plants grown in conventional cropping system, while the yields were lower by
0.8% and 1000 grain weight by 1.28%.
Obtained results have great importance because they showed that
buckwheat is suitable for growing in organic cropping system.

Uticaj agroekoloških uslova i folijarne prihrane na prinos i
komponente prinosa heljde u konvencionalnom i organskom
sistemu gajenja
V. Popović, V. Sikora, Đ. Glamočlija, J. Ikanović, V. Filipović, M.Tabakovic, D.
Simić

Rezime
Zaboravljene ili zapostavljene njivske biljke, kao što je heljda, postaju sve
značajnije u biljnoj proizvodnji. U ishrani ljudi i domaćih životinja koristi se zrno,
odnosno jednosemeni plod orašica. Na parcelama Instituta za ratarstvo i
povrtarstvo, u Bačkom Petrovcu, sprovedena su istraživanjа u uslovima
konvencionalnog (2010-2012) i organskog sistema gajenja, 2012. Analiza
prosečnih prinosa pokazala je da je sorta heljde Novosadska ostvarila visoko
statistički značajno veći prinos u 2010 (2.996 kg ha-1) u odnosu na 2011 i 2012.
godinu (p <0,01). Na osnovu analize varijanse godina je pokazala statističku
značajnost.
Prosečni prinosi zrna heljde sorte Novosadska u konvencionalnom sistemu
gajenja, u varijanti sa folijarnom prihranom bili su statistički značajno veći u
odnosu na kontrolu. Prosečni prinosi su iznosili 1.395 kg ha-1 u i bili su veći za 214
kg ha-1, odnosno za 18,12 % u odnosu na kontrolu. Prosečna visina biljka iznosila
je 144 cm. Masa 1000 zrna iznosila je u proseku za ceo ogled 23,72 g.
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U organskom sistemu gajenja prosečni prinosi bili su veći u varijanti sa
folijarnom prihranom (1.322 kg ha-1) za 7 % u odnosu na kontrolu i biljke su bile
više za 7,28 %. Ustanovljene razlike značajnosti sa stanovišta uticaja sistema
proizvodnje na prosečne vrednosti ispitivanih osobina statistički nisu bile
signifikantne (p >0,05). U organskom sistemu gajenja biljke su bile više za 13 cm,
odnosno za 9 % u odnosu na biljke gajene u konvencionalon sistemu gajenja, dok
su prinosi bili manji za 73 kg ha-1 odnosno za 5,52 %.
Folijarna prihrana pokazala se kao moguć metod za povećavanje prinosa,
mase 1000 zrna i visine biljaka u konvencionalnom i u organskom sistemu gajenja.
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Abstract: Experiments were conducted during 2011-2012, at three
localities in Serbia (Valjevo, Nova Varoš and Nova Pazova). The seed of spelt
wheat cultivar Nirvana was used, having been selected at the Institute of Field and
Vegetable Crops in Novi Sad. The objective of the research was to assess the effect
of agro-ecological conditions on morphological and productive properties of spelt
wheat grown on different types of soils. The effect of the locality was significantly
expressed in all tested morphological properties of spelt wheat (plant height,
number of spikelets, number of grains per spikelet), while meteorological
conditions (year) affected spike length and grain mass per spike significantly. The
average grain yield from all three localities was 3.20 t ha-1. A considerably higher
yield was achieved on chernozem, locality Nova Pazova (3.89 t ha-1). The
comparison of the grain yields from Valjevo (eutric cambisol) and Nova Varoš
(grey forest soil) did not show any significant differences.
Key words: spelt wheat, agro-ecological conditions, morphological
properties, yield

Introduction
The majority of the world wheat production comprises Triticum aestivum
and durum (T. durum) cultivars. Nowadays, there is a growing interest in some old
wheat species. These species are now rather limitedly used in human diet, unlike in
animal diet where they are used as alternatives to oats and barley. Spelt wheat
(Triticum aestivum ssp. spelta L.) is the oldest known wheat species came as a
result of spontaneous crossings of wild grasses. At the end of the twentieth century,
after studying the nutritional characteristics of spelt wheat grains (Abdel-Aal et al.,
1995), this species had a significant role in field crop production. Reviving of spelt
wheat production has started in the hilly and mountainous regions of Central
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Europe and North America. This tendency can be related to the development of
ecological agriculture and a high nutritional value of this cereal. Moreover, there is
evidence of its positive effect on human health (Campbell 1997; Majewska et al.,
2007; Sulewska et al., 2008).
Serbia has considerable agricultural resources that are a basis for possible
improving plant production for about 50%, which is very important not only for
meeting domestic demand but also for improving the export of agricultural
products (Filipović, 2005). The realisation of organic production comprises various
production programs with different forms of supply, complying with the program
on »environmental quality of foods«. That is in function of a tendency for food
safety, which gives an advantage to Serbian supply on agricultural products
(Popović et al., 2013). To support these tendencies, there are some studies on the
quality and status of oat and wheat seeds selected in Serbia, with distinctive
production properties of satisfying quality (Janković et al., 2012; Rakić et al.,
2012a,b). The nutritional value of spelt wheat grains shows it can be used in
production of quality and healthy food (Dražić et al., 2010). Spelt is a wheat
species that has not been grown in Serbia for long time. Since there is a growing
demand for flour of this cereal (Zielinski et al., 2008), the objective of this research
was to assess the effect of agro-ecological conditions on the morphological
properties and yield of spelt wheat.

Materials and Methods
In two-year research (2011-2012) Nirvana spelt wheat seed was used. The
experiments were conducted at three localities: in Valjevo (western Serbia); Nova
Varoš (south-western Serbia) and Nova Pazova (Srem) and on different types of
soils – on eutric cambisol in Valjevo, grey forest soil in Nova Varoš, and
chernozem in Nova Pazova. Based on agrochemical soil analysis, it was
established that the most fertile soil was on the location of Nova Pazova, while on
the other two locations, the contents of the main nutrients (N, P, K) were
significantly lower (Table 1).
Table 1. Agrochemical properties of soil*
pH
Soil
Chernozem
Grey forest soil
Eutric cambisol

CaCO3,

Humus,

Azot,

nKCl

H2O

%

%

%

8,4
5.6
6.0

7,2
4.5
5.3

8.9
1.7
1.3

4,3
2.1
2.6

0,26
0.10
0.10

Easy available forms
P2O5
K2O
mg/100g
mg/100g
13.20
24,20
1.12
6.68
1.16
9.94

* Agrochemical analyses of soil samples from the experimental fields were performed in the laboratory of PSS
Tamiš in Pančevo, in year 2012.
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Potatoes are used as a pre-crop at all three localities. Sowing was done
manually in late October. During the vegetation period, crop tending and crop
protection measures were not applied. Prior to early June harvest, sampling was
conducted in order to determine the following morphological properties: stem
height, spike length, number of spikelets, number of grains per spike, and grain
mass. After the harvest, the morphological properties were analysed, and grain
yields per unit area were calculated based on the grain mass of the spike samples.
At each locality, a sample was based on 200 randomly selected plants. In order to
assess the significance of environmental conditions (locality and year) for the
morphological properties and grain yield of spelt wheat, the analysis of variance
for two-factorial experiments was used (ANOVA MANOVA, Stat 5).
Meteorological conditions. Data on monthly precipitation and air
temperatures in 2011/12 were retrieved from the Republic Hydro-meteorological
Service of Serbia. The annual heat distribution varied with the localities, months
and years. In 2011, the average temperatures recorded on all three localities were
lower than the ones recorded in 2012 (Figure 1a).

a

b

Figure 1a, b. Precipitation, mm (a-left) and temperature, °C (b-right), Serbia (2011-2012)

As for the monthly distribution of precipitation, it varied with all localities,
with pronounced maximum of 115 mm in June. In 2011, the total annual amounts
of precipitation recorded at all three localities were smaller than the ones recorded
in 2012 (Figure 1b).

Results and Discussion
Based on the obtained results and the assessment of significance, it was
determined that the agro-ecological conditions significantly affected the
morphological and productive properties of the spelt wheat grain. The effect of the

S. Janković et al.

550

locality was significantly expressed in all the properties of spelt wheat, and
meteorological conditions (year) significantly affected only spike length and grain
mass per spike (Table 2).
The average values for plant height, number of spikelets, grains per spike
and average yields did not differ, except for spike length and grain mass per spike.
In 2012, spike length and grain mass were considerably higher at all the localities.
A considerable higher yield was obtained in Nova Pazova, on chernozem (3.89 t
ha-1). Comparing the grain yields from Valjevo (eutric cambisol) and Nova Varoš
(grey forest soil) no differences in yields were determined (Table 3). The results
achieved on naturally less fertile soils of the hilly and mountainous regions of
Serbia shows alternative cereals can also be grown in less favourable conditions for
field crops farming (Glamočlija et. al., 2010).
Table 2. Analysis of variance for morphological and productive properties
Properties of spelt
wheat

Plant heigh

Spike length

Number of spikelets
per spike

Number of grains per
spike

Grain mass per spike

Yield
NS

Source of
variation
Locality, A
Year, B
Interaction,
AB
Error
Locality, A
Year, B
Interaction,
AB
Error
Locality, A
Year, B
Interaction,
AB
Error
Locality, A
Year, B
Interaction,
AB
Error
Locality, A
Year, B
Interaction,
AB
Error
Locality, A
Year, B
Interaction,
AB
Error

not significant, * 5% level, ** 1% level

Test LSD

df

MS

F

0.05

0.01

2
1
2

393.502
17.025
2.366

69.943 **
3.026 NS
0.421 NS

2.21
1.81
3.13

3.02
2.46
4.27

20
2
1
2

5.626
6.401
2.133
0.17

17.194 **
5.73 *
0.530 NS

0.57
0.46
0.80

0.78
0.63
1.10

20
2
1
2

0.372
9.733
0.300
0.000

7.565 **
0.233 NS
0.000 NS

1.06
0.86
1.50

1.44
1.18
2.04

20
2
1
2

1.287
13.300
1.633
2.033

14.353 **
1.763 NS
2.194 NS

0.90
0.73
1.27

1.22
1.00
1.73

20
2
1
2

0.927
1.087
0.022
0.000

263.569 **
5.434 *
0.049 NS

0.06
0.05
0.08

0.08
0.07
0.12

20
2
1
2

0.004
3.633
0.010
0.007

362.799 **
0.971 NS
0.678 NS

0.09
0.08
0.13

0.13
0.10
0.18

20

0.010
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When it comes to the localities, the highest values of the investigated
morphological properties were obtained on the chernozem-type soil (Nova
Pazova); slightly lower values were obtained on eutric cambisol (Valjevo), and the
lowest on grey forest soil (Nova Varoš). This indicates that a soil type has a big
influence on these properties. It is important to point out these properties did not
show significant differences between grey forest soil and eutric cambisol.
Compared to the data from a previous study (Andruszczak et. al., 2011), the results
obtained on less fertile soils are also satisfactory and since spelt wheat is tolerant to
adverse agro-ecological conditions and pathogens and it does not need intensive
cropping practices used for other wheat species.
Table 3. Effect of agro-ecological conditions on the investigated morphological properties and
yield of spelt wheat
Parameter

Locality, A
Nova
Nova
Valjevo
Varoš Pazova

LSDA

0.05

0.01

Year, B
2011

2012

0.05

LSDB

0.01

Plant height,
cm

95.17b

89.95c

102.44a

2.21

3.02

95.10

96.61

1.81

2.46

Spike length,
cm

10.62b

9.84c

11.44a

0.57

0.78

10.37b

10.90a

0.46

0.63

18.90a

17.30b

19.10a

1.06

1.44

18.53

18.33

0.86

1.18

24.50a

22.80b

25.00a

0.90

1.22

24.33

23.87

0.73

1.00

Grain mass
per spike, g

1.44b

1.07c

1.73a

0.06

0.08

1.38b

1.44a

0.05

0.07

Yield, t ha-1

2.87b

2.83b

3.89a

0.09

0.13

3.18

3.22

0.08

0.10

Number of
spikelets
per spike
Number of
grains per
spike

a,b,c values within the “locality” column, and a-b within the “year” column not followed by the same superscript
letter are significantly different (P<0.05)

Conclusion
The effect the agro-ecological conditions had on spelt wheat was
significant. The effect of the localities was expressed in all morphological
properties of spelt wheat (plant height, number of spikelets, number of grains per
spikelet), while the meteorological conditions (year) significantly affected spike
length and grain mass per spike. The crops grown on chernozem therefore had
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higher values of the investigated properties, compared to the ones grown on eutric
cambisol and grey forest soil. The grain yields obtained in the two-year research
and compared to the ones in the best agricultural regions in Serbia show that hilly
and mountainous regions have favourable agro-ecological conditions for spelt
wheat.
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Agroekološki uslovi i morfološko-produktivna svojstva
krupnika
S. Janković, J. Ikanović, V. Popović, S. Rakić, J. Kuzevski

Rezime
Ispitivanja su sprovedena tokom 2011-2012 godine, na tri lokaliteta u
Srbiji (Valjevo, Nova Varoš i Nova Pazova). Korišćeno je seme krupnika sorte
Nirvana, selekcionisana u Institutu za ratarstvo i povrtarstvo, Novi Sad. Cilj
istraživanja je bio da se oceni uticaj agroekoloških uslova na morfološke i
produktivne osobine pod različitim tipovima plodnosti zemljišta. Uticaj lokaliteta
značajno se ispoljio kod svih ispitivanih morfoloških osobina krupnika (visina
biljke, broj klasića, broj zrna u klasiću), a meteorološki uslovi (godina) su značajno
uticali na dužinu klasa i masu zrna u klasu. Prosečan prinos zrna krupnika na sva tri
lokaliteta iznosio je 3,20 t ha-1. Značajno veći prinos ostvaren je na černozemu,
lokalitet Nova Pazova (3,89 t ha-1). Poređenjem prinosa zrna na lokalitetima
Valjevo (gajnjača) i Nova Varoš (sivo šumsko zemljište) nisu utvrđene značajne
razlike.
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Abstract: The effect of different agro-ecological conditions on morphoproductive properties of buckwheat cultivar Novosadska was investigated during
2011-2012 at three different localities. The types of soil on which the experiments
were conducted were as follows: the eutric cambisol - in Valjevo, the chernozem in Nova Pazova and the grey forest soil in Nova Varoš. Agro-ecological conditions
affected the growth and productivity of the buckwheat crops at all three localities.
The highest yields per unit area were obtained on the chernozem-type soil (1.65 t
ha-1), while the average yields on the less fertile soils in the hilly and mountainous
regions of Serbia were 1.31 t ha-1 on the grey forest soil and 0.80 t ha-1 on the eutric
cambisol. The results showed that buckwheat can be successfully grown on
different soil types, since the experiments on all locations were carried out without
fertilization, i.e. using the natural fertility of the soil.
Key words: buckwheat, agro-ecological conditions, productive properties

Introduction
Buckwheat (Fagopyrum esculentum Moench.) is an annual plant in the
family Polygonaceae, the genus Fagopyrum, which belongs to alternative cereals
for its method of cultivation and use. Buckwheat is used in human and animal
nutrition, as well as in pharmaceutical and other industries (Rakić et al., 2005). It is
very popular in developed countries, where the importance is given to healthy,
organically produced food (Popović et al., 2013). Its morphological properties,
primarily height and stem branching, depend to certain extent on a method of
cultivation and weather/soil conditions, since buckwheat is characterized by
constant growth during the vegetation period. Its main product – seed – is similar
to a grain of bread cereals for its nutritive value. The seed contains about 70% of
carbohydrates, 10% total proteins, 3.7% cellulose, 1.73% oil, 1.72% mineral salts
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(K, Ca, P, Fe, and Mg) and vitamins B and E, yet it does not contain gluten and it is
suitable for people allergic to this protein. The hard pericarp should be removed
from the seed prior to use (Glamočlija et al., 2011). Buckwheat is also a honey
plant that has a long and redundant bloom (Zečević, 2008). Since buckwheat byproducts are smaller seeds, not suitable for dehulling, they are therefore used for
animal feed because of high protein content. Post-harvest residues have high
protein content, but less digestible carbohydrates than straw from small grains.
Residues from dehulling buckwheat fruits can also be used for medium quality
animal feed, suitable for poultry (Glamočlija et al., 2011). In some parts of a
buckwheat plant there are compounds identified as having positive effects on
human health (Lačnjevac et al., 2012). Ground biomass can be used fresh, silage or
dried as feed for domestic animals (Glamočlija et al., 2011). The rise in living
standards and fabrication improvement have enabled small grains and millets to
dominate, decreasing the interest in buckwheat and thus minimizing its production.
An increase in the quantity of produced buckwheat was recorded in the last decade,
mainly due to an increase in demand for buckwheat seed products (Zečević, 2008;
Sedej, 2011). This species is not given attention it deserves for its adaptability and
processing possibilities (Abdel-Aal et al., 1995; Dražić et al., 2010). Glamočlija et
al. (2011) point out that buckwheat can be planted in hilly areas as a post-crop after
harvesting winter forages. Thus can be used for bee foraging, and, if buckwheat
seeds do not reach their full maturity by early autumn frosts, buckwheat can be
used for silage.

The goal of this research was to investigate possibilities of growing
buckwheat in different conditions and on different types of soil.

Materials and Methods
During the two-year research (2011-2012) on effects of agro-ecological
conditions on plant height and yield, seeds of buckwheat cultivar Novosadska
(selected at the Institute of Field and Vegetable Crops from Novi Sad) were used.
The experiments for this research were set up at three localities in Serbia: Valjevo
(western Serbia); Nova Varoš (south-western Serbia) and Nova Pazova (Srem).
The experiments were set up on different soil types - on the eutric cambisol in
Valjevo, the grey forest soil in Nova Varoš and the chernozem in Nova Pazova.
Wheat was used as a pre-crop at all localities. Planting was done manually. At all
localities, when determining the planting date, the optimal conditions for
germination, sprouting, and further growth of buckwheat were estimated. In
Valjevo and Nova Pazova, planting was done at the end of the first decade of April,
and in Nova Varoš in mid-May. Stem height was measured at the time of full
bloom. Harvest was done manually. Yield was calculated after harvesting fruits in
the stage of wax maturity from the middle of a stem. Seeds were collected from the
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fruits and dried down to moisture content of 10%. Based on the dried seed mass,
yield per hectare was calculated. The sample for measuring plant height and
calculating yield comprised ten plants from twelve randomly chosen checkpoints
from each locality (a total of 120 plants per locality). For assessing the significance
of the effect of agro-ecological conditions (locality and year) on the plant height
and yield of buckwheat, the analysis of variance for two-factorial experiments was
used (ANOVA). Experimental data were analysed using the statistics software
package STATISTICA 10 for Windows. All evaluations of significance were made
on the basis of the LSD test at 0.05% and 0.01% significance levels.
Meteorological conditions. During the research, the following meteorological
conditions were monitored and analysed – temperatures and amounts and
distribution of precipitation in buckwheat vegetation period. Data on monthly
precipitation and air temperatures in 2011/2012 were retrieved from the Republic
Hydrometerological Service of Serbia. The annual heat distribution varied with the
localities, months and years. In 2011, the average air temperatures recorded at all
three localities were lower than in 2012 (Figure 1). As for the monthly distribution
of precipitation, it varied with all localities, with pronounced maximum
temperature recorded in June. In 2011, the total annual amounts of precipitation
recorded at all three localities were smaller than in 2012 (Figure 2).
Soils. The experiments were conducted on three soil types that differed
significantly in regard to their chemical properties (Table 1). The chernozem soil
was moderately alkaline, (pH in KCl = 8.2), low humus, 2.8%, well supplied with
nitrogen, 0.23%, medium available phosphorus (12.3 mg 100 g-1 soil) and well
supplied with potassium (23.88 mg 100 g-1 soil).
Table 1 Agrochemiocal properties of soil
Soil values

pH
nKCl H2O

Chernozem
Grey forest soil
Eutric cambisol

8.20
5.20
6.20

7.30
4.70
5.60

CaCO3
%

Humus
%

Nitrogen
%

P2O5
mg 100 g-1

K2O
mg 100 g-1

8.60
1.80
1.60

2.80
2.10
2.40

0.23
0.10
0.10

12.30
1.15
1.18

23.20
6.88
8.94

Grey forest soil was of moderately acidic reaction (pH in KCl = 5.2), low
in humus, 2.10%, of medium nitrogen content, 0.10%, with a very low content of
available phosphorus (1.15 mg 100 g-1 soil ) and low potassium (6.88 mg 100 g-1
soil). Land of brown forest soil (eutric cambisol) was of slightly acid reaction (pH
in KCl = 6.2), low in humus, 2.40%, of medium nitrogen content, 0.1%, with very
low levels of available phosphorus (1.18 mg 100 g-1 soil ) and low potassium level
(8.94 mg 100 g-1 soil). The most fertile soil was chernozem, while the grey forest
soil type and brown forest soil (eutric cambisol) had poor content of P and K.
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Figure 1. Temperature, °C, in Valjevo, Nova Varos, Nova Pazova, Serbia (2011-2012)

Figure 2. Precipitation, mm, in Valjevo, Nova Varos, Nova Pazova, Serbia (2011-2012)

Results and Discussion
Based on the results of the research, it was determined that the plant height
and yield were considerably affected by the agro-ecological conditions (Table 2). It
was also assessed that the localities considerably affected the plant height, while it
was the interaction between the agro-ecological conditions (interaction
locality/year, AB; Table 3) that affected the yield.
The average plant height in full bloom was considerably affected by the
weather conditions and the localities. In full bloom, in the first year of the research,
the plant height at all localities was considerably lower, due to smaller amount of
precipitation and its adverse distribution in 2011. Considerably higher average
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height had the plants cultivated on the chernozem (Nova Pazova; 116.20 cm).
Comparing plant height of the plants cultivated at the other localities, there was a
significant difference determined. The lowest average height had the plants
cultivated on the grey forest soil (NovaVaroš; 91.30 cm).
Table 2. The effect of agro-ecological conditions on buckwheat height (cm) and yield (t ha-1)
Parameter

Locality, A
Valjevo
Nova Varoš

Plant height,
cm

Nova Pazova
Average, B

Year, B

Results

2011
2012
2011
2012
2011
2012
2011
2012

103.60b
101.80b
90.40c
92.20c
114.40a
118.00a
102.80
104.00
3.77
5.14
0.89d
0.71e
1.31c
1.30c
1.57b
1.73a
1.26
1.25
0.05
0.07

LSD AB 0.05
LSD AB 0.01
Valjevo
Nova Varoš
Yield, t ha-1

Nova Pazova
Average, B

LSD AB 0.05
LSD AB 0.01
a,b,c – significant at p<0.01

2011
2012
2011
2012
2011
2012
2011
2012

Average, A

0.05

LSDAB
0.01

2.66

3.63

2.17

2.97

0.04

0.05

0.03

0.04

102.70b
91.30c
116.20a
103.4

0.80c
1.31b
1.65a
1.25

The average yield in Nova Pazova on the chernozem (1.65 t ha-1) was
considerably higher than the yields at the other localities. The lowest average yield
(0.80 t ha-1) was obtained on the eutric cambisol in Valjevo. Similar results had
Glamočlija et al. (2011), who pointed out that all abrupt changes in agro-ecological
conditions can have adverse effect on buckwheat. However, buckwheat can recover
well after the period of adverse weather conditions. With better weather conditions,
buckwheat can bloom again and form new fruits, but it can also elongate the period
of vegetation, with pronounced successive maturity. The results obtained on the
less fertile soils in the hilly and mountainous regions of Serbia and in changed
agro-ecological conditions show these plants can be also successfully cultivated in
less favourable conditions for field crops production (Popović et al., 2013). The
evidence of a big effect that soil fertility has on buckwheat yield was given with
the results of the effect of side-dressing, given by Filipović et al. (2005), while
Choi et al. (1990) point out a significant effect of the applied production
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technology (time and method of planting). A growing demand for buckwheat that
the food and pharmaceutical industry have shown that buckwheat production
should be organized on bigger areas, mainly for meeting one’s own needs, but also
for export (Dražić et al, 2010; Sedej, 2011).
Table 3. Analysis of variance for morphological and productive properties of buckwheat
Test
Parameter

Source of variation

df

MS

LSD

F

Locality, A
2 1553.700
190.638
Plant
Year, B
1
10.800
1.325
height
AB interaction
2
18.900
2.319
Error
20
8.150
Locality, A
2
1.822 1108.961
Year, B
1
0.002
0.982
Yield
AB interaction
2
0.071
43.471
Error
20
0.002
NS
not significant; * significant at p<0.05; **significant at p< 0.01

**
ns
ns

0.05
2.66
2.17
3.77

0.01
3.63
2.97
5.14

**
ns
**

0.04
0.03
0.05

0.05
0.04
0.07

Buckwheat nowadays tends to get new economic importance, and a new
agro-technological and agro-commercial value (Glamočlija et al., 2010). Not
taking into account the value of buckwheat by-products, honey and positive impact
this plant has on overall conditions of soil, with the average yield of 1.200 kg ha-1
one can achieve a positive financial result. The same author points out that, if
buckwheat is used for bee foraging and green biomass, it can be planted
approximately five times in succession to elongate the period of its use as long as
possible.
There was no difference in the average yields in the related period.
Analysing the yields from the different localities, the interaction between the
localities and the year of the experiment was determined.

Conclusion
The agro-ecological conditions at all three localities affected the growth
and productivity of buckwheat. The plants cultivated on the chernozem had higher
values of the investigated properties than the ones cultivated on the eutric cambisol
and the grey forest soil. The highest yields per unit area were obtained on the
chernozem-type soil (1.65 t ha-1), while the average yield on the less fertile soils in
the hilly and mountainous region of Serbia was 1.31 t ha-1 on the grey forest soil
and 0.80 t ha-1 on the eutric cambisol. The obtained results showed buckwheat had
great cropping potential, since the experiments were conducted on the soil fund of
natural fertility at all localities, so that buckwheat can be also grown successfully in
changed agro-ecological and soil conditions.
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AGROEKOLOŠKI USLOVI GAJENJA I MORFOLOŠKOPRODUKTIVNA SVOJSTVA HELJDE
J. Ikanović, S. Rakić, V. Popović, S. Janković, Đ. Glamočlija, J. Kuzevski
Ispitivan je uticaj različitih agroekoloških uslova na morfološkoproduktivne osobine heljde sorte Novosadska u periodu od 2011-2012. na tri
različita lokaliteta. Tipovi zemljišta na kome su postavljeni ogledi su: gajnjača lokalitet Valjevo, černozem - lokalitet Nova Pazova i sivo šumsko zemljište na
lokalitetu u Novoj Varoši. Agroekološki uslovi na sva tri posmatrana lokaliteta
uticali su na rast i produktivnost heljde. Najveći prinosi zrna heljde po jedinici
površine dobijeni su na zemljištu tipa černozem (1,65 t ha-1), dok na zemljištima
manje prirodne plodnosti brdsko-planinskog područja Srbije, prosečan prinos bio je
1,31 t ha-1 na sivom šumskom zemljištu, a na gajnjači 0,80 t ha-1. Dobijeni rezultati
su pokazali da se heljda može uspešno gajiti na našim zemljištima, budući da su
ogledi na svim ispitivanim lokalitetima izvedeni bez prihrane tj. na prirodnoj
plodnosti zemljišta.
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Abstract: During the 2010-2012 period in RIMSA, Troyan (Bulgaria) the
comparative testing of two drought tolerant perennial grasses (switchgrass,
indiangrass) with traditional grasses (orchard grass, smooth bromegrass, perennial
ryegrass, tall fescue) was performed. It was found that the best adaptability had the
switchgrass. In the double regime of harvesting it was obtained 1.96 t ha-1 green
mass and 0.70 t ha-1 dry matter, which exceeded the standard (orchard grass) by
28.95% and 52.17%, respectively. All tested perennial grasses predominated over
the weed plants and weed infestation increased from I to II haymaking.
Key words: perennial grasses, drought tolerance, forage productivity,
botanical composition, Central Balkan Mountains.

Introduction
In the last 10-20 years has increasingly seen the adverse effects of global
warming on plant species. This suggests the timely establishment of herbage fodder
species suitable for growing under dry conditions (Wilkins and Vidrich, 2000).
The testing of different meadow species (grasses and legumes) is very
important for the animal feeding in the dry summer period of the year – from June
to August (Walton, 1983; Frame, 1986; Posler et al., 1993; Lodge, 1994; Gordon
and Newmann, 1997; Frame et al., 1998; Paul et al., 2002).
In a changing of climate some researchers focus to examination of
perennial grasses such as ensuring the receipt of sustainable and environmentallyfriendly forage production. Switchgrass (Panicum virgatum L.) is a native
perennial warm season grass spread to all of the United States except California
and the Pacific Northwest. The species is widespread also in Canada and Mexico.
Switchgrass has great growth adaptability. It can grow in different weather
conditions and soil types. Switchgrass has different application – as livestock
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forage (for pasture and hay production), for erosion control and as biofuel source.
That perennial grass has also an ornamental importance (USDA NRCS, 1991; Vogel
et al., 2002; Barnes et al., 2003; USDA NRCS, 2007; USDA NRCS, 2009).
Indiangrass (Sorghastrum nutans L. Nash) is a native, warm-season grass
of good value as a livestock forage grass. Production runs high when managed in a
pure stand. Indiangrass may form patches of sod and occur in bunches; it endures a
wide range of weather extremes and is easily established from seed. Suited to all
soil types except those saturated for an extended period, Indiangrass is considered
to be an excellent native grass in the USA for most purposes. In the United States
the indiangrass cultivates singly, or in mixtures with other perennial grasses,
provide livestock forage on rangeland, pastureland, and hayland. Its forage quality
is high when green and fair when matures (USDA NRCS, 1991; Barnes et al.,
2003; Owsley, 2011).
The object of this study was to compare the forage production of two
introduced drought tolerant grasses (switchgrass and indiangrass from the USA)
with native traditional perennial grasses (orchard grass, smooth bromegrass,
perennial ryegrass, and tall fescue) by soil-climatic conditions of Troyan foothill
region (Central Balkan Mountains).

Materials and Methods
The experiment was carried out on an area situated at 385 m above sea
level in the experimental field of RIMSA, Troyan (Central Northern Bulgaria)
during the 2010-2012 period. The soil-type of trial area was light-gray forest
(pseudopodzolic).
The soil-cultivating process included the following: ploughing (in autumn
of 2009), disk harrowing and cutting (in spring of 2010). The trial area was pressed
by roll pressors once after the sowing (at the end of April).
The experiment was accomplished in four repetition. The different
perennial grasses were sowed broadcast by hand. All tested grasses had 5 m2
harvested plot. The following perennial grasses as variants were investigated: 1.
Orchard grass (Standard), 2. Smooth bromegrass, 3. Tall fescue, 4. Perennial
ryegrass, 5. Switchgrass, 6. Indiangrass.
The sowing rates of different grass species were as follows: orchard grass
cv. Dabrava – 22 kg ha-1, smooth bromegrass cv. Nika – 35 kg ha-1, tall fescue cv.
Albena – 8 kg ha-1, perennial ryegrass cv. Sredets – 25 kg ha-1, switchgrass cv.
Shawnee – 10 kg ha-1 and indiangrass cv. Oto – 13 kg ha-1. Due to unsuitable soilclimatic conditions of the region the sowing rates were increased with 15%.
During two years of investigation plots were cut in phase of beginning of
flowering in the first cut. The next regrowth (II cut) in 2011 was harvested when
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the grasses reached a height of 20-25 cm. Due to adverse weather conditions in
2012 only one cutting was conducted.
The characteristics of green mass productivity and dry matter production (t
ha-1) and weed infestation of the grass stand (%) were recorded annually. The dry
matter was obtained with subsequent drying of average samples of green mass at
1050С to constant weight and on the basis of % dry matter in them it was
recalculated per 1 ha. The weed infestation of the grass stands were determined by
weight from average fresh samples for each replication and variant, recording
separately the % participation of the sown perennial grasses and the weeds (as a
total).
The herbage yield data of green and dry mass productivity was performed
using analysis of variance. It were used LSD0.05 (least significant differences at
P<0.05), LSD0.01 (least significant differences at P<0.01) and LSD0.001 (least
significant differences at P<0.001) regard to green mass and dry matter yields
average for the 2011-2012 period.

Results and Discussion
In the year of sowing (2010) it was found significant weed infestation of
the experimental area with annual (bristle-grass) and perennial weed species
(mostly horse mint). Therefore there have been two cuts (on July 9 and September
5) without determination of green and dry mass yields.
During the 2011 were accomplished two cuttings of all tested grasses (at
June 9 and the July 28). The data in the Table 1 shows that in I cut in 2011 a
maximum green mass (1.77 t ha-1) was obtained from switchgrass and it exceeded
the standard (orchard grass) with 21.23%, while the other tested grasses were a less
productive and exceeded it from 1.37% (smooth bromegrass) to 10.96% (tall
fescue). In the II cut switchgrass achieved highest yields of green mass (0.66 t ha-1)
which exceeded other tested grasses from 19.14% (switchgrass) to 74.46%
(perennial ryegrass), and the standard grass species (orchard grass) with 40.42%.
However, total for the year a maximum yield was obtained again by switchgrass,
which exceeded the standard grass with 25.91%, while the other tested grasses
were more low-productive.
With regard to the obtained dry mass (Table 2) in I and the II cut the
highest yields were reported in switchgrass – 0.54 and the 0.24 t ha-1, which were
more than the orchard grass (standard) with 28.57 and 50.00%, respectively. In I
cut the other studied grasses were also more high-productive than the standard from 11.90% for tall fescue and indiangrass to 26.19% for smooth bromegrass.
In the II cut with the exception of perennial ryegrass (25.00% less) the
other grasses were more productive than the standard species. The highest annual
yield of dry matter was reported by switchgrass - 0.78 t ha-1, which over-yielded of
standard with 34.48%.
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Table 1. Green mass yields (in t ha-1 and in %) of perennial grasses by years and average for the
2011-2012 period
IInd cut
Ist cut
%
t ha-1
%
t ha-1
2011
1. Orchard grass (Standard)
1.46 100.00 0.47 100.00
2. Smooth bromegrass
1.48 101.37 0.51 108.51
3. Tall fescue
1.62 110.96 0.52 110.64
4. English ryegrass
1.52 104.11 0.31
65.96
5. Switchgrass
1.77 121.23 0.66 140.42
6. Indiangrass
1.46 100.00 0.57 121.28
2012
1. Orchard grass (Standard)
1.12 100.00
2. Smooth bromegrass
1.13 100.89
3. Tall fescue
1.47 131.25
4. English ryegrass
1.11
99.11
5. Switchgrass
1.50 133.93
6. Indiangrass
1.38 123.21
Average for the 2011-2012 period
1. Orchard grass (Standard)
1.29 100.00 0.47 100.00
2. Smooth bromegrass
1.30 100.77 0.51 108.51
3. Tall fescue
1.54 119.38 0.52 110.64
4. English ryegrass
1.31 101.55 0.31
65.96
5. Switchgrass
1.63 126.36 0.66 140.42
6. Indiangrass
1.42 110.08 0.57 121.28
LSD0.05 (34.75%); LSD0.01 (48.13%); LSD0.001 (66.40%)
Variant
(Perennial grass)

Total
t ha-1
%
1.93
1.99
2.14
1.83
2.43
2.03

100.00
103.11
110.88
94.82
125.91
105.18

1.12
1.12
1.47
1.11
1.50
1.38

100.00
100.89
131.25
99.11
133.93
123.21

1.52
1.55
1.80
1.47
1.96
1.70

100.00
101.97
118.42
96.71
128.95
111.84

In 2012 were carried out only one cut of all tested grasses - at June 6 (of
var. 1, 2, 3 and 4) and at August 1 (of var. 5 and 6). In this year highest green mass
yield was obtained for switchgrass (1.50 t ha-1), which exceeded the standard by
33.93%, followed by tall fescue - over of 31.25%. Indian grass and smooth
bromegrass had more yields with 23.21% and 0.89%, respectively. Only the
perennial ryegrass had lower yield than the standard species – with 0.89%.
In accordance with the obtained fresh mass the highest dry matter yield by
regrowths (Table 2) was obtained in switchgrass. Thus, in the only cut it amounted
to 0.62 t ha-1 (in 77.14% mote than orchard grass). The other tested grasses
exceeded the standard from 14.28% (perennial ryegrass) to 62.86% (indiangrass).
Maximum average two-years (2011-2012) plant production in double regime of
cutting was obtained for switchgrass. Thus, the obtained green mass per year
reached 1.96 t ha-1 and dry matter 0.70 t ha-1, which exceeds the standard (orchard
grass) by 28.95% and 52.17%, respectively. The other tested grasses occupied an
intermediate position regard to this indicator. The productivity of grasses decreased
from I to II cut.
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Table 2. Dry matter yields (in t ha-1 and in %) of perennial grasses by years and average for the
2011-2012 period
Variant
IInd cut
Total
Ist cut
(Perennial grass)
t ha-1
%
t ha-1
2011
1. Orchard grass (Standard)
0.42
100.00
0.16
2. Smooth bromegrass
0.53
126.19
0.18
3. Tall fescue
0.47
111.90
0.19
4. English ryegrass
0.52
123.81
0.12
5. Switchgrass
0.54
128.57
0.24
6. Indiangrass
0.47
111.90
0.21
2012
1. Orchard grass (Standard)
0.35
100.00
2. Smooth bromegrass
0.44
125.71
3. Tall fescue
0.48
137.14
4. English ryegrass
0.40
114.28
5. Switchgrass
0.62
177.14
6. Indiangrass
0.57
162.86
Average for the 2011-2012 period
1. Orchard grass (Standard)
0.38
100.00
0.16
2. Smooth bromegrass
0.48
126.31
0.18
3. Tall fescue
0.47
123.68
0.19
4. English ryegrass
0.46
121.05
0.12
5. Switchgrass
0.58
152.63
0.24
6. Indiangrass
0.52
136.84
0.21
LSD0.05 (41.40%); LSD0.01 (57.33%); LSD0.001 (79.10%)

%-1

t ha-1

%

100.00
112.50
118.75
75.00
150.00
131.25

0.58
0.71
0.66
0.64
0.78
0.68

100.00
122.41
113.79
110.34
134.48
117.24

-

0.35
0.44
0.48
0.40
0.62
0.57

100.00
125.71
137.14
114.28
177.14
162.86

100.00
112.50
118.75
75.00
150.00
131.25

0.46
0.57
0.57
0.52
0.70
0.62

100.00
123.91
123.91
113.04
152.17
134.78

In a double harvesting of two introduced drought tolerant warm season
grasses (switchgrass and indiangrass) the distribution of obtained green mass by
cuts was as follows: 83.16% and 83.53% for the I cut and respectively 16.84% and
16.47% for the II regrowth. The distribution of dry matter by different cuts (I and
II) was 82.86% (for switchgrass), 83.87% (for indiangrass) and 17.14%, 16.13% of
the annual production, respectively.
The weed infestation of grass stands of the studied perennial grasses by
cuttings and by years is shown in Figure 1 and Figure 2. It is seen that in all double
cuttings in 2011 (Figure 1) the sown grasses predominated over the weed plants.
Thus, in I cut presence of grass plants varied from 72.22% (indiangrass) to 86.27%
(perennial ryegrass) and in II cut – from 51.43% (smooth bromegrass) to 78.00%
(tall fescue).
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Figure 1. Weed infestation (in %) of perennial grasses by cuttings in 2011

And in 2012 (Figure 2), the all tested grasses prevailed again over the weeds,
reaching 90.90, 84.60 and 73.87%. In both years and in the same grasses the weed
infestation increased from I to II cut.
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Figure 2. Weed infestation (in %) of perennial grasses in 2012
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Conclusion
In the foothill conditions of Central Northern Bulgaria (region of Troyan)
best bio-productive and botanical parameters shows the switchgrass. In the double
cut regime it was received 1.96 t ha-1 of green mass and 0.70 t ha-1 of dry matter,
which exceeded the standard (orchard grass) by 28.95% and 52.17%, respectively.
All tested perennial grasses predominated over weeds but weed infestation
increased from I to II cut.

Ispitivanje prinosa krme i botaničkih promena nekih
višegodišnjih trava tolerantnih na sušu u regionu podnožja
Centralnih Balkanskih planina
V. Lingorski

Rezime
U periodu 2010-2012, u institutu RIMSA u Trojanu (Bugarska), uporedno
su ispitivane dve višegodišnje trave (divlji sirak, indijanska trava) tolerantne na
sušu sa tradicionalnim travama (ježevica, bezosni vlasen, engleski ljulj, visoki
vijuk).
Utvrđeno je da je najbolju prilagodljivost imao divlji sirak. U dvostrukom
režimu žetve dobijeno je 1,96 t ha-1 zelene mase i 0,70 t ha-1 suve materije, koji je
premašio standard (ježevica) od 28,95% i 52,17%.
Sve testirane višegodišnje trave dominiraju nad korovskim biljkama, a
pojava korova povećana je od I do II košenja.
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Abstract: Problem statement: Only limited information exists on
nutrients in salmonoids meat in Bulgaria, which may to be different and vary to a
greater extent than the nutrient composition of other fish items. The present paper
is aimed to determine the proximate composition, macro and trace elements of
Atlantic salmon`s meat. These data could be helpful in judging the value of nutrient
composition data as a base for dietary recommendations.
Organisms: 12 species of Atlantic salmon (Salmo salar).
Approach: The aim of this study was to determine the proximate composition and
levels of iron, potassium, sodium, calcium, phosphorus, magnesium, copper,
selenium and zinc in Atlantic salmon cultivated for the first time in Bulgaria. The
content of protein, fat and ash and concentrations of iron, potassium, sodium,
calcium, phosphorus, magnesium, copper, selenium and zinc were determined by
automatic systems and electro thermal atomic absorption spectrometry (ETAAS)
after microwave digestion. Mean values and their respective coefficients of
variation were calculated from the measured concentrations.
Conclusion: In order to provide an accurate overview and to be able to calculate
reliable dietary intakes, it is important to know the fish composition data.
Key words: Atlantic salmon, Proximate composition, Macro elements,
Trace elements

Introduction
The first evidence connecting humans to salmon was found in southwestern
France and northern Spain in caves that were occupied during the Upper Paleolithic
period. Salmon fish traps from around 6000 B.C. have been found in Sweden and
salmon fish nets from around 6250 B.C. have been found in Danish bogs. Atlantic
salmon, once abundant throughout the North Atlantic, were prized food by Gauls,
Romans, and Native Americans alike (Clay, 2004).
Today more than 50 % of the global salmon supply was farmed (Johnson,
2001). According to the United Nations Food and Agriculture Organization (2005),
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salmon is farmed in 24 countries, as the major producers of salmon are Norway
and Chile (Bostick et al., 2005).
Among seafood species consumed in the world, salmon is an important
contributor of many nutrients. She is preferred fish species for consumption
because of its rapid growth and rich and diverse composition of the meat (Exler,
2007). In other side fish tissue is an excellent source of macro and essential trace
elements such as iron (Fe), zinc (Zn) and selenium (Se) (Briggs and Schweigert,
1990). The accurate determination of these elements is therefore important in
nutrition studies, particularly because meat, as a biological material, exhibits
natural variations in the amounts of nutrients contained (Greenfield and Southgate,
2003). Therefore, it is essential that nutrient data, including trace element contents,
are regularly updated to reflect the current data situation and to monitor possible
changes (Gerber et al., 2008). These data could be helpful in judging the value of
nutrient composition data as a base for dietary recommendations (Leonhardt and
Wenk, 1997).
Overall, the most widely used trace elements determination techniques in
salmon are Uv-Vis spectrophotometry (Bland et al., 1999), ETAAS (Angelova et
al.,2006; Gosslim et al., 2007; Dospatliev et al., 2008), X-ray fluorescence, ICPOES (Farias et al., 2002; Dospatliev et al., 2010; Dospatliev et al., 2011) and ICPMS (Forrer et al., 2001; Matsuura et al., 2001).
The aim of this study was to examine the proximate composition and the
concentration of essential elements like Fe, K, Na, Ca, P and selenium (Se),
magnesium (Mg), copper (Cu), and zinc (Zn).

Materials and Methods
Fish

The farmed Atlantic salmon (Salmo salar L.) were grown in aquaculture
base of Eurocorrect Ltd., Vacha Dam Lake, Bulgaria comprising duplicate
8m×8m×6m net cages. The fish were fed a commercial ration of the Soprofish®
series (Subotica Ltd., Subotica, Serbia). The diets consisted of 13/45 (fat/protein
levels) for the 3 mm, pellet sizes.
Sample Preparation
Immediately after catching, they were anaesthetized (el stunning) and stored
on ice in an insulated box and transported to the Central laboratory of Trakia
University on the next day. The mean weight and length of the salmon were
89.32±1.42 g and 15±0.85cm. There fish was beheaded. Spinal meat samples (35
grams) without skin from all fish specimens were taken and examined. They were
prepared for the experiment in standard ways dried at 105o C in a fan oven and
stored in dark plastic bottles.
Reagents
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Reagents were qualified as pure (Merck® and Fluka®). The standard
solutions for ETAAS determination of K, Na, Ca, Fe, Mg, Zn and Cu with
concentration of 1000 mg l-1 were supplied by Merck (Darmstadt, Germany).
Double-distilled water was used for all the procedures. The samples were analyzed
with Perkin-Elmer AAnalyst 800 atomic absorption spectrometer (Norwalk, CT).
Mineralization of samples
We weighed 3.0 g of air-dried salmon to the nearest 0.01 g in a roundbottomed 100 ml flask and added 22.5 ml of HCI and 7.5 ml of HNO3 acid. We
connected the flask to a reflux condenser and let it stand for no less than 16 hours
at room temperature, then heated gently to boiling for 2 hours. After cooling and
flushing the condenser with 25 ml of 12.5% nitric acid the sample was filtered and
100 ml of 12.5% nitric acid was added to the part of it in liquid phase.
Proximate Analysis
The samples were prepared AOAC (2006; method 983.18) and subjected to
moisture analyses using air drying AOAC (1997; method 950.46). Crude protein
content was calculated by converting the nitrogen content, determined by
Kjeldahl’s method using an automatic Kjeldahl system (Kjeltec 8400, FOSS,
Sweden). Lipid content was determined by the method of the Soxhlet using an
automatic system (Soxtec 2050, FOSS, Sweden). Crude ash was determined by
incineration in a muffle furnace (MLW, Germany) at 550o C for 8 h. Crucibles
were brought about the room temperature and weighted.
Statistical analysis
Statistical analyses were performed using STATISTICA 6. The accuracy of
the measurements was assessed by standard deviation (SD) and relative standard
deviation (RSD) for n = 12.

Results and Discussion
Table 1. Proximate composition of the muscle of Atlantic salmon (Salmo salar)

Element
Moisture
Crude protein
Crude fat
Crude ash

Proximate composition
Technique
AOAC
950.46
AOAC
988.05
AOAC
960.39
AOAC
942.05

n

Mean

SD

12

73. 65

0.076

12

18.81

0.056

12

4.46

0.158

12

0.96

0.013
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The results of proximate analysis in the flesh of salmons are shown in Table
1. Moisture, protein and lipid and ash contents of the salmon meat averaged 73.65,
18.81, 4.46 and 0.96%, respectively. However, the present values are favorably
comparable with the published reports in different salmon species (USDA 2005;
Exler, 2007).
The concentration ranges and averages of macro elements in the salmon
fishes analyzed are summarized Table 2.
Table 2. Mineral contents of Atlantic salmon (Salmo salar)

Element
Ca
P
Na
K
Mg

Macro elements (mg 100g-1)
Technique
n
Mean
ETAAS
12
5.45
ETAAS
12
118.20
ETAAS
12
195.05
ETAAS
12
244.7
ETAAS
12
32.69

SD
0.11
7.02
6.29
5.6
0.70

RSD
0.86
2.04
2.18
1.18
1.53

Calcium is an essential macro element and it is present in the structure of
bone. Calcium is present in a healthy human body at about 2% of body weight
(Öksüz, 2012). The daily requirement of calcium of human, salmon can be seen as
a poor source of calcium because raw tissue contained between 3.5 and 8.7 mg
100g-1.
Phosphorus is structural component of hard tissues such as bone and scales,
as well as a constituent of various coenzymes, phospholipids and nucleic acids.
Fish can obtain a substantial number of required minerals directly from their
rearing water, but phosphorus is one essential mineral that must be supplied by the
diet (Lall, 2002). Fish meat is a rich source of phosphorus and can be on the order
of 140-200 mg per 100 g of product. This element occurs in almost all species of
fish (Stanek and Janicki, 2011). In our study was determined 118.20 ± 7.02 per 100
g.
Sodium is a natural ingredient in raw animal products. Sodium content in
fish varies a great deal, depending on the species and variety. Especially, Atlantic
salmon contain fewer than 60 mg of sodium per 100 gr. In our study was
determined 195.05 ± 6.29 per 100 g at the result significantly different from what
was expected.
Potassium is macro mineral, which is important for building muscle,
metabolizing protein and carbohydrate, balances water and acid in the blood and
body tissues. Salmonoids have the highest amounts of potassium, ranging between
375 to 628 mg. In farmed Atlantic salmon have only 384 mg, while wild Atlantic
salmon have 628 mg, Sockeye has 375 mg, Chinook has 505 mg, farmed Coho has
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460 mg, wild Coho has 434 mg and Pink salmon has 414 mg per 100 g. In this
case, again observed numbers were so different from the expected (244.7 mg).
Magnesium is an essential element for organisms for oxididative
phosphorylation and activates many enzymes (Öksüz, 2012). He is widely
distributed among the foods, and it ranges from 25 to 76 mg in each raw edible 100
g of salmonoids (Silva and Chamul, 2000). Magnesium content of farmer salmon
was determined as 32.6 mg 100g-1.
Table 3. Trace elements of Atlantic salmon (Salmo salar).

Element
Fe
Zn
Cu
Se

Trace elements (mg 100g-1)
Technique
n
Mean
ETAAS
12
2.6
ETAAS
12
1.96
ETAAS
12
0.98
ETAAS
12
0.34

SD
0.21
0.04
0.02
0.01

RSD
4.32
0.97
0.67
0.26

The trace element contents of the salmon are given in Table 3. They were
determined in the raw muscle. A lot of metals are necessary in low concentration
for human, because they are essential elements, such as Fe, Cu and Zn.
The iron content of fish is very low compared to that of mammals
(Watanabe et al., 1997). But according to the U.S. National Library of Medicine
and the National Institutes of Health, salmon is a good source of iron, along with
tuna for adults and children. The iron concentrations (mg 100g-1 wet weight) in the
samples analyzed ranged from 1.9 to 3.4 mg 100g-1 with a mean of 2.6 ± 0.21.
Zinc is another important essential element and it is present active sites of
many enzymes. It is also a natural component of many sea foods (Ikem and
Egeibor, 2005). The zinc content of farmed salmon was about 1.96 mg 100g-1,
similar to cultured and wild coho salmon reported by Felton et al. (1994).
Copper and selenium are essential trace elements for fish metabolism and
important micronutrients in the human diet (Ames, 1998). Copper is a cofactor in a
wide range of enzymes including cytochrome oxidase, superoxide dismutase and
lysyl oxidase (Watanabe et al., 1997). Copper is essential for good health but very
high intake can cause adverse health problems such as liver and kidney damage
(Ikem and Egeibor, 2005). Muscle copper concentrations in salmon were below the
MAFF guideline value of 3.0 mg 100g-1 (MAFF, 1995).
Selenium is important for a strong immune system and helps regulate the
thyroid hormones. He is an integral component of glutathione peroxidase which
protects cells from oxidative damage (Watanabe et al., 1997) and is an important
nutrient for Atlantic salmon (Johnston et al., 2006). Most seafood is rich in the
trace minerals selenium, and salmon is no exception, providing nearly 40
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micrograms. Muscle selenium levels in the salmon were 0.34 within the range
reported for healthy farmed salmon (Johnston et al., 2006).

Conclusion
The investigation focused on chemical composition of Salmon fish and
provided in particular information on the both macro elements and trace elements
in meat. Most of elements (Mg, Na, Fe and Cu) in the Bulgarian diet are derived
from plant foods. From the other side, the macro elements Ca and P, and the trace
elements Zn and Se, were derived mainly from meat and meat products. This well
known fish meat is a very good source of minerals like phosphorus, potassium,
sodium, magnesium, zinc and iron with the exception of calcium. Sodium was the
highest in all macro elements, followed by P, K and Ca. The variation recorded in
the concentration of minerals in salmon meat from another investigations and
results, could have been be influenced by a number of factors such as seasonal and
biological differences (size, age and sexual maturity), food source and environment
(water chemistry, salinity, temperature and contaminants). However, we conclude
that salmon cultivate from the Vacha Dam Lake is recommended for human
consumption as a good source of macro elements and trace elements.
This investigation provides practical and useful information on the chemical
composition of salmon, which is the first time cultivated in Bulgaria. It can be
concluded that this study contributes to a description of the chemical and proximate
composition of salmon meat which could be use to extend existing information.
Furthermore, the mineral composition of salmon meat are presented, some of
elements for the first time, in order to establish a database on the nutrient
composition on salmon meat for further use in research on human consumption of
this relative unknown type of meat in Bulgaria. These results will be important for
the nutritionists and researchers for improving processing. It is also helpful for
similar academic studies and to prepare tables of compositions of food.

Kvantitativna i mineralna analiza atlantskog lososa (Salmo
Salar) koji se uzgaja u Bugarskoj
A. Atanasoff, G. Nikolov, Y. Staykov, G. Zhelyazkov, I. Sirakov

Rezime
Opis problema: postoje samo ograničene informacije o hranljivim
materijama u mesu lososa u Bugarskoj, koji može da bude različit i varira u većoj
meri nego hranljivi sastav drugih vrsta ribe. Ovaj rad ima za cilj da utvrdi
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neposredni sastav, makro i mikroelemente mesa atlantskog lososa. Ovi podaci
mogu biti od pomoći u ocenjivanju vrednosti hranljivog sastava kao osnova za
preporuke u ishrani.
Organizmi: 12 vrsta atlantskog lososa (Salmo Salar).
Pristup: Cilj ovog istraživanja bio je da se utvrdi približni sastav i nivo
gvožđa, kalijuma, natrijuma, kalcijuma, fosfora, magnezijuma, bakra, selena i
cinka u mesu atlantskog lososa koji se gaji po prvi put u Bugarskoj. Sadržaj
proteina, masti i pepela i koncentracija gvožđa, kalijuma, natrijuma, kalcijuma,
fosfora, magnezijuma, bakra, selena i cinka utvrđene su automatskim sistemima i
elektro toplotnom atomskom apsorpcionom spektrometrijom (ETAAS) nakon
mikrotalasne digestije. Srednje vrednosti i njihovi koeficijenti varijacije su
izračunati na osnovu izmerenih koncentracija.
Zaključak: Da bi se obezbedio tačan uvid i da bi mogao da se izračuna
pouzdan unos hranom, važno je da znati podatke o sastavu ribe.
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