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Review paper

Abstract: Continuous genetic selection and improvement in nutrition have
led to a very fast growth rate in modern strains of broiler chickens. Metabolic
disorders such as ascits, sudden death syndrome and leg problems are related to a
rapid early growth rate in poultry, especially in broilers, and their incidence can be
decreased by slowing early growth. The use of management tools to reduce
metabolic disorders that rely primarily on decreasing feed consumption, The feed
restriction programs is on of the main techniques in growth curve manipulation for
increasing production efficiency in broiler chicken in alleviate the incidence of
some metabolic disorders and can be used to reduction the unfavorable effects of
fast growth rate in broiler chicken production industry, and could be profitable in
broiler chickens production efficiency. This article implicated on new findings in
about different feed restriction programs effects on these problems in broiler
chickens.

Key words: broiler chicken, feed restriction, metabolic disorders

I ntroduction

Metabolic disorders have been a fact of life in poultry productions farms
for at least the last few decades, exacerbated by the fast pace of improvements in
the genetic potential of poultry for growth and efficiency. The genetic potential for
growth and feed efficiency has been greatly improved in the last 50 years, during
the last 50 years, the amount of time required reaching market weight, and the
quantity of feed needed to produce a pound of meat, have been reduced by 50%
(Anthony, 1998). While concomitant significant improvements have been
accomplished in husbandry practices, disease prevention and nutrition, it has been
estimated that 90% of the phenotypic changes in poultry have come from genetic
progress (Havenstein et al., 1994).Unfortunately this growth rate is accompanied
by increased body fat deposition, high mortality and high incidence of metabolic
diseases and skeletal disorders (Zubair and Leeson, 1996). These situations more
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commonly observed in fast growing broilers that are ad libitum fed that led to
metabolic disorders in broiler chickens (Pasternak and Shalev, 1983; Nir et al.,
1996). This fact is of economical concern because high incidence mortality and be
come uneconomical product production efficiency. To saving of production cost
and reducing the unfavorable effect of fast growth rate, there is interest in
manipulate growth curve in broilers. Also about 60-70 % of the expenditures
involved in poultry production are feeding costs. As such, the most reasonable
phase in reducing the cost of broiler chicken production would be find possible
methods, which are cheap, adequate and readily available for feeding livestock.
One such method is restricting the amount of daily feed offer for sometime (Novele
et al., 2009). Thus feed restriction programs have been proposed to overcome these
problems.

Feed Restriction Definition

Feed restriction is method of feeding that is time, duration and amount of
feed were limited, has an impact on whether a bird is capable of achieving the same
body weight as unrestricted birds (Ballay et al., 1992; Yu and Robinson, 1992). In
general, feed restriction included of quantitative and qualitative restriction that is in
quantitative to limiting the amount of feed daily given to the animals whereas a
qualitative restriction is related to nutrient dilution in the diet.

Feed Restriction Methods

Quantitative and qualitative feed restriction are procedures that con be
applied to manipulate the feeding strategies of poultry in order to decrease growth,
and metabolic rate to some extent and so alleviate the incidence of some metabolic
disorders as well as improving feed conversion in broiler chickens. These methods
include: physical feed restriction, limiting the level of consumption of feed in time
(skip-a-day feeding) or reducing the time of illumination of feeding (Religious et
al., 2001), diet dilution, chemical methods of feed restriction and use of low
protein or low energy diets (Zubair and Lesson, 1996).

Physical feed restriction

This method is one of the common procedure was used in controlling feed
intake in poultry. Physical feed restriction supply a calculated amount of feed per
bird, which is often just enough to meet maintenance requirements (Plavnik and
Hurwitz, 1989). But practical application of physical feed restriction is not simple
due to the problems of regularly weighing birds, and calculating feed consumption
on a daily basis. Moreover, it is necessary to provide sufficient feeder space in
order to prevent competition among restricted birds and to prevent unequal growth
of birds within a flock. Also in this method should be attention to educate
consuming of micronutrient, coccideoastat and etc. Physical feed restriction
programs for broilers have been extensively studied (Sahrael and Mohammadi
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hadloo, 2012; Scheideler and Baughman, 1993). Severity of feed restriction, length
of restriction, and age at marketing are the main factors to take into account in a
feed restriction program for broilers. Quantitative feed restriction has been
observed to reduce mortality and culling (Fontana at al., 1992), improve feed
conversion ratio (Lee and Lesson, 2001) and allow a complete recovery of body
weight if the degree of restriction was not too severe and slaughter ages were
extended beyond 6 weeks (Deaton, 1995). Dozier et al. (2002), referred to feed
restriction programs of yielding inconsistent results in the literature and that
variation maybe partially attributed to differences in bird management, lighting,
strain and ventilation. Although the level of early feed restriction is an important
factor influencing the broiler chicken response, early feed restriction at 30% of ad
libitum intake was not able to influence broiler chicken performance at market age
of 49 days (Giachetto et al., 2003).

Skip-a-day feeding

Skip-a-day deprivation of feed is a technique for restricting early growth
and has not been extensively studied in broiler chickens (Dozier et al., 2002). But
these programs providing limited allotments are commonly used in broiler
breeder’s growth restriction. Removing feed for 8-24 hour periods during the
starter period reduces early rapid growth and meat yield in broiler chickens. Skip-
a-day feed removal has been reported in other studies to decrease early growth and
reduce the incident of ascites without affecting final body weight (Arce et al.,
1992; Ballay et al., 1992). Oyedgji and Atteh (2005) reported reduction in feed
intake after exposing the birds to fasting on every other day, also showed that skip-
a day feeding for 3 weeks starting at day-old would improve carcass quality and
reduce sudden death syndrome which is often associated with birds that are on ad
libitum feed intake.

Lighting programs

Birds are very sensitive to light. Light allows the birds to establish
rhythmcity and synchronize many essential functions, including body temperature
and various metabolic steps that facilitate feeding and digestion (Olanrenwaju et
al., 2006). Light intensity, color, and the photoperiodic regime can affect the
physical activity of broiler chickens (Lewis and Morris, 1998). In the common
production methods, broiler chickens are raising under 23 h light per day, because
it is thought that under this light regimen feed intake is greater and therefore
growth rate is suitable. Although lighting programs are not categorized in the
literature as a feed restriction method it has been applied. It is known that by
changing lighting periods by either reducing the hours of light or developing
intermittent schedules feed utilization is improved (Apeldoorn et al., 1999). The
incidence of leg abnormalities is also lowered by reducing the hours of light per
day (Classen and Riddell, 1989) as is mortality and specifically sudden death
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syndrome (Blair et al., 1993). The so called step-don and step-up lighting programs
(Classen and Riddell, 1989) have attained popularity because of reduced incidence
of leg abnormalities, sudden death syndrome and mortality while maintaining the
same market weight for age. Broilers under different reduced lighting programs
therefore, will reduce their feed intake, and so this program can be included within
the definition of feed restriction. However, broilers do learn to eat during darkness
when hours of lighting are low (Morris, 1986). Buyse et al. (1998), who showed
improved feed conversion and compensatory growth in male broiler chickens at 41
days with a light schedule from day 7 of 1L: 3D repeated six times daily. The use
of lighting programs has the advantage of reducing electricity costs, the incidence
of leg abnormalities and sudden death syndrome, and of improving feed efficiency
with no reduction of weight at market age.

Diet dilution

The most problems form of physical feed restriction is usually considered
to be maintenance allowance, described by Plavnik and Hurwitz (1989) at 1.5 kcal
ME/gBW®®"/d. But for very young birds, this means a very small quantity of feed
is distributed daily, and so this leads to the alternate concept of diet dilution.
Therefore many investigators have used diet dilution as an alternative method of
nutrient restriction because of the advantage of attaining a more consistent growth
pattern within a flock ( Sahraei and Shariatmadari, 2007). In this method diets are
mixed with non-digestible ingredients such as fiber, and so are of reduce nutrient
density. The use of diluted diets relies upon the fact that broiler chickens eat close
to their physical intake capacity (Newcombe and Summers, 1984). Jones and
Farrell (1992) used 50 to 65% diet dilution with rice hulls in order to retard early
growth. This technique appeared to be successful, and even though these birds ate
more feed, adjustment was insufficient to normalize nutrient intake, and so growth
rate was reduced. In many of these physical feed restriction or diet dilution studies,
there are reports of reduced body fat deposition, although this effect seems
variable. The most consistent feature of all these studies, regardless of method of
implementation, is improved feed efficiency. Griffiths et al. (1977) lowered the
energy of a broiler chicken diet to 2233 kcal ME/kg DM from 3087 kcal ME/kg
DM of feed by substituting ground yellow corn with oat meal as the main
ingredient. Chickens fed the low energy diet consumed significantly more feed
than those fed the high energy diet. When fed the low energy diet from 0 to 3
weeks of age, the chicks were not significantly different in body weight or in
abdominal fat pad development from the ad libitum birds at 4 weeks of age.
Sahrael and Shariatmadari(2007) was used of different levels of finisher diet
diluted with sand and wheat bran (wt:wt) (in levels 7, 14, 21 or 28%) of Arian
strain. showed that feed intake in different levels was more than control birds. But
live weight (at 45 ages), body weight gain only in 28% levels were less than
control birds.
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Use of low protein or low energy diets

For retardations of growth rate in broiler chickens can be used of diets with
low energy and protein concentrations. This method has an advantage in that it
does not need any additional labor of weighing the feed, and is accomplished by
lowering the level of either protein or energy. In normal conditions broilers are
given 22%, 20%, and 18% of crude protein in the starter, grower, and finisher
periods respectively, and 3200 kcal ME kg diet (NRC, 1994). When broilers are fed
with low nutrient dense diets they will increase their feed intake in an attempt to
maintain nutrient intake (Leeson and Summers, 1997). The study of Plavnik and
Hurwitz (1989) showed that broilers fed ad libitum with a 9.4% crude protein diet
from 8 to 14 days markedly reduced their feed intake and weight gain by about
57% and 41% respectively. This reduction in feed intake may have been due to of a
protein and amino acid deficiency, since other nutrients were at normal levels. But
Rosebrough and McMurtry (1993) showed the effect of 6 days of diet energy
restriction in broiler chickens, the restriction period was from 6 to 12 days and was
designed to only support the maintenance requirements for body weight. Body
weight at 54 days was achieved for birds given feed ad libitum from day 13 to 54,
and for those fed ad libitum from 21 days onward. Feed efficiency was not
significantly different between restricted and unrestricted birds. Leeson and
Summers (1997) utilized finisher diets varying in energy level from 2700 to 3300
kcal ME kg and showed no significant difference in body weight at 49 days. There
was increased feed intake by birds fed the lower energy level diets. Leeson et al.
(1996) reported that diluting commercial broiler chicken diets from 35 to 49 days
of age with oat hulls and sand, which led to the diets deficient in energy content,
caused a significant reduction in body weight at 42 days of age, although the
growth was compensated thereafter. Birds seemed to maintain energy intake,
therefore there was increased feed intake with energy deficient diet.

Feed textures

Feed forms such as pellet, crumble, mash and particle size also influences
broiler growth and development (Jones et al., 1995). Broilers fed crumble-pellet
diets show improved weight gain, feed intake, and feed conversion ratio compared
to birds fed mash (Calet, 1965). Also, the consumption of mash feed at different
phases of the broiler's growth may be employed as a method of limiting feed
intake. Birds offered mash spend more time consuming their feed compare to birds
fed pellets (Savory, 1996), and therefore, expend more energy in this process. Nir
et al. (1995) fed male and female broilers to 49 days with mash or crumble diets
during the starter and grower periods, and mash or pellets for the finisher period.
Males showed a significant increase in body weight and improved feed conversion
when fed pelleted compared to mash diets. On the other hand, the improvement in
performance was not evident for females, which showed no significant difference
either in body weight or feed conversion ratio at 49 days of age. Mortality was
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higher in birds fed pelleted diets. These results are in agreement with those of
Jones et al. (1995) and Hamilton and Proudfoot (1995) where an improved weight
gain and feed conversion at 6 weeks of age were obtained in birds fed pelleted
compared to mash diets. The improvement in broiler performance with pelleted
diets may be attributable to a greater digestibility of carbohydrates together with
increased daily nutrient intake(Hamilton and Proudfoot, 1995), Also because
chicks fed pelleted diets spend less time and energy feeding, they were less active
than mash-fed birds (Nir et al., 1994), and so spend less energy for maintenance.

Chemical Methods

The other method that has been used to reduce feed intake in broilers is the
use of chemicals or pharmacological agents. It has an advantage of equally
distributing the feed among flock and so decreasing the variations in growth than
can take place with physical feed restriction. Restriction of feed intake of broiler
chickens by chemical methods was suggested by Fancher and Jensen (1988). Also
Pinchasov and Jensen (1989) used 1.5 or 3% glycolic acid as an anorectic agent
from 7 to 14 days in order to suppress the feed intake of chicks. Feed intake was
severely reduced, resulting in 22% and 50% weight reduction with 1.5% or 3.0%
glycolic acid inclusion respectively. Oyawoye and Krueger (1990) showed that 400
and 300 mg of phenylpropanolamine hydrochloride or monensin sodium per kg of
diet, respectively, significantly decreased body weight of the broiler chickens at 4
weeks of age. Savory et al.(1974) used of 50g/kg of calcium propionate as an
appetite suppressor and showed that weight gains of chemically restricted birds
were close to those obtaining under a recommended program of quantitative feed
restriction for female broiler breeders between 2 to 6 weeks of age.

Effect of feed restriction on metabolic disorders

Metabolic disorders may be classed as illness associated with a failure in
one of the body hormone or enzyme systems, storage disease related to lack of
metabolism of secretary products because of the lack of production of a specific
enzyme, or the failure or reduced activity of some metabolic function, in poultry it
is usual to include under the heading of ‘metabolic disorders’ those conditions
associated with increased metabolism, rapid growth rate or high egg production
that result in the failure of a body system because of the increased work-load on
that organ or system(Julian, 2005), Early fast growth in modern broilers is
associated with increased stress on the birds and can result in metabolic and
skeletal disorders that lead to economic losses due to reduced animal performance,
high mortality rates and carcass condemnation at slaughter houses (Cuddington,
2004). The benefits of early feed restriction are the monetary savings obtained by
improved feed conversion, reduced sudden death syndrome (Bhatt and Banday,
2000), reduced death losses, ascites (Arce et al., 1992) and reduced skeletal disease
(Robinson et al., 1992).
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Ascites

Ascites is not a disease; it is a sign or lesion that may result from one or
more of four physiological changes that cause an increased production or decreased
removal of peritoneal lymph. Ascites may be associated with obstruction of lymph
drainage as occurs in peritoneal carcinosis secondary to carcinoma of the oviduct;
ascites may result from decreased plasma oncotic pressure, as occurs in anaemia or
hypoproteinaemia. Ascites or edema may result from fluid leakage secondary to
increased vascular permeability following oxidative or chemical damage but by far
the most frequent cause of ascites in birds is increased portal pressure, secondary to
right ventricular failure (RVF) or liver damage(Julian, 1993). The growth rate or
body weight gain in broilers has been shown to positively correlate with incidence
of ascites. Broilers genetically selected for fast muscle growth seem more
susceptible to ascites compared with slow-growing strains. Manipulation of the
early growth cycle of broilers, with a subsequent compensatory gain, seems a
practical and viable method to minimize losses caused by ascites. In this context,
various feed restriction programs have been tested. Acar et al.(1995) studied the
effect of early age feed restriction on the subsequent growth and the incidence of
ascites in broilers. A feed restriction regimen was used from either 4-11 (feed
restriction) or 7-14 (feed restriction) days of age, consisting of limiting daily intake
of the birds to 75% of the ME required for normal growth. It was concluded that
although ascites mortality could be significantly reduced in early feed-restricted
birds, there was a decrease in body weight and breast meat yield in restricted vs.
full-fed birds Increases in the incidence of ascites in broiler chickens coincide with
continuing genetic and nutritional improvements in enhanced feed efficiency and
rate of growth. Ascites is a condition in which the body cavity accumulates serous
fluid, leading to carcass condemnation or death. It is a consequence of
cardiopulmonary insufficiency in rapidly growing broiler chickens (Julian et al.,
2000; Buyse et al., 1998). Changes in feeding and lighting regimens can cause
growth restriction (Baghbanzadeh and Decuypere, 2008). The hypoxemia related
to a high metabolic rate in broilers can be partially prevented by limiting the intake
energy via feed restriction (Balog, 2003).

Sudden death syndrome (SDS)

Sudden death syndrome (SDS) is the name given to death in healthy, fast-
growing, commercial meat type broilers that die suddenly. It has been recognized
as a specific condition since the 1950s when broiler chickens began to be grown
commercially in large numbers. SDS occurs in all countries where broilers are
grown rapidly under intensive conditions, young, healthy, fast-growing boiler
chickens die suddenly while standing, walking, sparring or feeding; they die with a
short terminal wing-beating convulsion and frequently are found on their back
(Julian, 1996). The important disorders that in feed restriction researches had been
interested, is SDS, this problems is own of the costly factors in broiler chickens
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production industry. This syndrome mostly is taking placed in heavier birds in the
flock. Sudden death syndrome (SDS) has been recognized for over 30 years, and is
also referred to as acute death syndrome or “flip-overs”. It is most common in
males when their growth rate is maximized. Mortality may start as early as 3 to 4
days, but most often peaks at around 3to 4 weeks of age, with affected birds being
found dead on their back. Mortality may be found at 1.5 to 2.0% in mixed-sex
flocks and as high as 4% in male flocks only (George, 2007). Poultry nutritionist
suggested that the high growth rate in modern broiler chicks is the main reason for
these problems. In the experiments of Bowes et al.(1998) by feed restriction about
25 % of ad libitum feed intake showed that SDS occurrence in feed restriction
groups 0 % and in ad libitum feed intake groups 3.33 %. But in some experiments
no significant difference were observed between control and feed restriction groups
(Deaton, 1995; Scheideler and Baughman, 1993). The reduction in body weight for
the high-density group was attributed to an increase in metabolic stress, because
there was an increase in mortality (SDS and ascites) in broilers fed the high-density
ration in contrast to those fed the low-density ration (Scott, 2002). Lowering energy
intake by changing feed texture or density (mash), or management methods such as
feed restriction or long dark periods (Classen and Riddell, 1989) will reduce
mortality from SDS.

Leg problems

Failure of change of the proliferating avascular, prehypertrophying, growth
plate cartilage to hypertrophying cartilage to allow it to be replaced by bone at the
lower edge of the growth plate results in an abnormal mass of cartilage under the
growth plate. This lesion is called dyschondroplasia (Farquharson and Jefferies,
2000). In growing birds of meat-type strains, which have been selected over the
past 50 years for fast growth, the most common skeletal defects occur in leg bones
and joints. It has been generally assumed that rapid weight gain has been a major
cause of TD (Tibial dyschondroplasia). Despite evidence that there is no genetic
correlation between TD and body weight (Kuhlers and McDaniel, 1996),
nutritional evidence suggests that dietary regimens that depress growth rate
decrease the incidence of TD (Lilburn et al.1989). The retardation in growth rate
can be achieved by either gqualitative or quantitative food restriction (Edwards and
Sorensen,1987).Robinson et al.(1992)demonstrated that severe feed restriction in
the second week of growth significantly reduced the incidence of skeletal disease
in broiler chickens. These researchers reported that in three separate experiments,
the incidence of skeletal disease was three-fold higher in full-fed birds compared to
birds that were feed restricted. A reduction in the incidence of leg disorders and
sudden death syndrome was also observed in broiler chickens exposed to
intermittent light or a step-up lighting regimen (Wilson et al., 1984, Ononiwu et al.,
1979). One strategy to reduce leg weakness includes manipulating the rate of
growth. Altering dietary energy and protein levels, implementing early feed
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restriction, and offering various feed forms have all been strategies previously used
to manipulate the growth rate in broilers (Lilburn et al. 1989). The use of low-
density rations has been shown to significantly reduce the early growth rate of
broiler chickens; however, regulating broiler lighting programs is also a
management factor that can be manipulated to lessen the occurrence of skeletal
abnormalities, by increasing exposure to darkness, the growth rate of broiler
chickens can be reduced (Edwards, 2000). In conjunction with this reduced rate of
growth, a corresponding decrease in the incidence of leg abnormalities and
metabolic disorders has been reported (Wilson et al., 1984; Lilburn et al. 1989).

Conclusion

In general, the potential of feed restriction programs as a management’s
tool, related to decreasing the incidence of metabolic disease, carcass fat
deposition, reduce maintenance requirements and improvement of feed efficiency
in broiler chickens production. Also can be lead to economical saving in cost of
feeding in broiler chicken production, thus may be usefulness for commercial
broiler chicks production farms.

Efekti restriktivne ishrane na metaboli¢ke poremecaje kod
brojlera

M. Sahraei

Rezime

Kontinuirana genetska selekcija i poboljSanje ishrane doveli su do veoma
brze stope rasta u savremenim hibridima brojlera. Metabolic¢ki poremecaji, kao Sto
su sindrom iznenadne smrti i problemi nogu se odnose na brzi pocetni porast
Zivine, posebno brojlera, a njihova pojava moZe biti smanjena usporavanjem ranog
porasta.Upotreba metoda za smanjenje metabolickih poremecaja se oslanja pre
svega na smanjenje potrodnje hrane. Restriktivni program ishrane je jedan od
glavnih tehnika u manipulaciji krive rasta za povecanje efikasnosti proizvodnje
brojlerskih pili¢a i ublazavanju pojave nekih metabolic¢kih poremecaja i moze da se
koristi do smanjenja nepovoljnih efekata izazvanih brzom stopom porasta u
brojlerskoj proizvodnji, odnosno Zivinarskoj industriji, i moZe biti profitabilan u
povecanju efikasnosti brojlerske proizvodnje. Ovaj rad ukazuje na nova saznanja u
vezi sa uticajem razlicitih restriktivnih programa ishrane na ove probleme kod
brojlera.
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Abstract: Genetic parameters of milk, fat, and protein yields were estimated
in the first lactation of Holstein dairy cattle. The records were collected during the
period 2006 to 2011 and analyzed fitting the random regression model. The data
included 41178, 25397 and 18716 test-day records of milk, fat and protein yields,
respectively that produced by 4746, 3437 and 2525 cows respectively. Fixed
effects in model included herd-year-month of test day and age-season of calving.
The fixed and random regressions were modeled with normalized Legendre
polynomials and (co)variance components were estimated by Bayesian method and
Gibbs sampling was used to obtain posterior distributions. Estimates of heritability
for milk, fat and protein yields ranged from 0.18 to 0.26; 0.06 to 0.11 and 0.09 to
0.22, respectively. Heritabilities for 305-d milk, fat and protein yields were 0.36,
0.23 and 0.29, respectively. For milk and protein yields, heritabilities were lower at
the early of lactation due to the trends of lower additive genetic variance, higher
permanent environmental variance. Genetic correlations for milk, fat and protein
yields ranged from 0.14 to 1.00; 0.39 to 1.00 and 0.27 to 1.00, respectively. Ranges
of estimated breeding values for 305-d yield of milk, fat and protein yields were
from -1194.48 to 1412.44; -210.57 to 271.22 and -194.08 to 203.25, respectively.
According to the results of this study, random regression model seems to be a
flexible and reliable procedure for the genetic evaluation of milk production traits
and it can be useful in the breeding programs for Iranian dairy cattle.

Key words: Bayesian method, genetic correlation, heritability, test day
record
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Introduction

The topic of genetic evaluation of dairy cattle using random regression
model (RRM) has been investigated by several researches, and some countries
have already implemented routine genetic evaluation of large commercial dairy
populations using a RRM. Random regression model were introduced by
Henderson (1982). Schaeffer and Dekkers (1994) suggested their use in dairy cattle
breeding for the analysis of test day production records. There are several
advantages of using RRM compared with 305-d of lactation. The 305-d yields are
predicted from few observations may give rise to bias (Jakobsen et al., 2002).
Furthermore, short lactations on culled cows or records in progress must be
extended, which also may lead to bias. In a RRM, extension procedures are not
needed, and temporal environmental effects of individual test days can be taken
into account (Ptak and Schaeffer, 1993; VanRaden, 1997). Areas of dairy cattle
breeding that have already utilized RRM include milk production, persistency,
body weight, fertility, disease, feed intake.

In milk production traits, the RRM analysis provides many solutions for
each animal, and from these solutions, estimated breeding value (EBV) of each
animal can be calculated for each part of lactation. Variance and covariance
components for the RRM were estimated by Jamrozik and Schaeffer (1997) from a
data file of records for 6516 Canadian Holstein cows and 50,412 test-days (TD). A
total of 45 parameters were estimated for a single-trait RRM for milk, fat, and
protein yields during first lactation. In recent years, there has been increased
emphasis on estimating genetic parameters of milk production traits using RRM
that have been reported for several cow populations by fitting various functions to
model (Jakobsen et al., 2002; Hammami et al., 2008; Bohlouli et al., 2013).
Nevertheless, national genetic evaluation for production traits is carried out using
305 days records by Animal Breeding Center of Iran.

The main purpose of present study was to estimate the genetic parameters of
milk production traits of Holstein dairy cattle via RRM. This paper describes how
the RRM solutions can be utilized for selection.

Material and Methods

Data:

Data consisted of TD records milk, fat and protein yields of Holstein dairy
cows and were collected by Animal Breeding Center of Esfahan, Iran. Records of
the first lactation of cows calving between 2006 and 2011 were considered in the
analyses. Daily records for milk, fat, and protein yields were in the ranges 2.0 to 64
kg, 0.07 to 3.62 kg and 0.09 to 2.20 kg respectively. Cows were required to have a
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minimum of five TD records between 5 and 305 DIM with the first test day at 075
DIM. Herd-year of calving subclasses was required to have a minimum of 10 cows.
Finally, data set consisted of 41178, 25397 and 18716 records for milk, fat and
protein yields respectively that produced by 4746, 3437 and 2525 cows
respectively. Pedigree was traced as far back as possible. The data are summarized
in Table 1. Figure 1 shows trajectories of milk, fat, and protein yield by month of
lactation. Peaks of milk, fat and protein yields occurred on about third month of
lactation.

Table 1. Description of the database for each trait

Milk yield Fat yield Protein yield
Number of records 41178 25397 18716
Number of animals with record 4746 3437 2525
Number of sire 454 386 342
Total number of animals in pedigree 12650 10522 8688
Number of HTD 487 393 214
Number of dam 3485 2788 2090
Average daily yield (kg) 32.66 1.10 0.99
Mean age of cow at first calving 25.64 25.54 25.46
Average TD records per cow 8.91 7.68 7.67

3 1 1288
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Figure 1. Average milk yield (kg), fat yield (gr) and protein yield (gr) based on month of
lactation

Statistical model:

The choice of fixed effects to be considered was statistically significant with
GLM procedure of SAS (Statistical Analysis System, 2003). The following RRM
was used to estimate variance components for test-day milk production traits of
first lactation:
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where ¥;g:; was the Ith test-day record of the kth cow; HTLD; was a fixed effect of
the ith herd-year-month of test day; @z was the jth fixed regression coefficient

specific to the jth age-season class by DIM (j=24); ay, was the nth random
regression coefficient for the additive genetic effect of kth cow by DIM; ¥y, Was

the nth random regression coefficient for the permanent environmental effect of kth
cow by DIM; z,,(d) was a vector of covariates of size n describing the shape of the

lactation curve of fixed and random regressions evaluated at dth DIM; and &

was the random residual effect that residual variances were considered
homogeneous along the lactation. The (co)variance structure follows:

eE Al a ¢ -
Var [I“] = [ o @P 0
€ 0 o Rl

where G is covariance matrices of random regression coefficients of dimension
for direct genetic effects by DIM; A is the additive genetic relationship matrix; P,

is (co)variance matrix of random regression coefficients for permanent
environmental effects by DIM; and &7 is residual variance. G, and P were 5x5

(co)variance matrices; I is an identity matrix of size k x k for the permanent
environmental effect (k is the number of cows with records) and I; is an identity

matrix of size | x | for the residual (I is the number of test-day records). The fixed
and random regressions were modeled with normalized Legendre polynomials
(Kirkpatric et al., 1990). The first five polynomials were calculated by the
following formula:

&y = 0FOFLw? ;

@y = 1.224Fwl;

&y = (—07906w %)+ Z3F1Tw? ;

&y = (—2.8062w i)+ 4.6771w? and

&, = 0.7955w® — 7.9550w 2 + 9.2608w*

Where, wis a standardized unit of the DIM and ranged from -1 to +1 and is
derived as:
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W= 2&; _1:*,}.':]:[—:{{1::}”_ tmm}_ 1

Where, tmsm and ty,.. are equal to 5 and 305 DIM, respectively.

The additive genetic and permanent environmental (co)variances matrices as a
function of DIM were calculated as ¥Gd*' and €F® respectively; Where, @ is a
301x5 matrix of Legendre polynomial function of DIM; and diagonal of these

(co)variances matrices were additive genetic variances (a;) and permanent

environmental variances (cr;,f). Therefore, heritability for ith DIM {if,] was

calculated as:

GE_.:\.

-iT.";"r-. =

% G
Bt Mg T

where, a;_;; is additive genetic variances of ith DIM; @

;f".r.i' is permanent variances
of ith DIM; and f?; is residual variance. Vector of 305-d polynomials (ggpgs) Were
obtained by summing up the coefficients of Legendre polynomials from day 5 to
day 305 and the additive genetic variance and permanent environmental variance
of 305-d yield were calculated as gggza@qapss’ and gapssFagagss" respectively.

Then heritability for 305-d yield {h3,.4) Was calculated as:
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Solutions for the random regression coefficients for each animal can be used
to EBVs for any point in the lactation curve between 5 and 305 DIM. For example,
EBV for the animal | at 150 DIM will be:

EBWVi1s0 = Guse %
where a; represents solution for animal |, and g354 is the vector of coefficients of

the Legendre polynomial corresponding to 150 DIM and therefore EBV of 305 day
yield for the animal | (EEV, sq5-4) Was derived as follows via summation of the
EBV for each day in the period from 5 to 305 DIM:
EBVisos—e= T oeaBVie

Analyses were performed by using the GIBBS2F90 software (Misztal et al.,
2002), which is a Fortran 90 program using a Bayesian approach via the Gibbs
sampling algorithm. A single chain of 200,000 samples was run, with the first
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20,000 samples discarded as burn-in and posterior means and standard deviations
of parameters were calculated from every 100th sample of 180,000 samples.

Results and Discussion

Posterior means of additive genetic and permanent environment variances of
random regression coefficients estimated based on animal model for milk
production traits given in Table 2. The correlations between additive genetic
random regression coefficients of milk, fat and protein yields ranged from -0.57 to
0.74, -0.76 to 0.45 and -0.53 to 0.56, respectively; and for permanent environment
random regression coefficients ranged from -0.39 to 0.15, -0.72 to 0.52 and -0.80
to 0.27, respectively. Posterior standard deviations for additive genetic curve
parameters were in the range from 2.39 to 0.06, 0.004 to 0.002 and 0.002 to
0.00007 for milk, fat and protein yields, respectively and for permanent
environment curve parameters were in the range from 1.92 to 0.08, 0.003 to 0.0001
and 0.002 to 0.0001 for milk, fat and protein yields, respectively. Residual
variances were considered homogeneous over the lactation period and were equal
to 10.72, 0.04 and 0.01 for milk, fat and protein yields, respectively.

Table 2. Posterior means of additive genetic (G,) and permanent environment (P,) variances of
random regression coefficients estimated with forth-order of Legendre polynomials (n= 0 to 4)
for each trait. Genetic correlations between curve parameters are in bold. (Values for fat and

protein yields are multiplied by 10*%)
Trait Go Gl G2 G3 G4 Po P]_ P2 P3 P4
Gy | 18.20 | 1.91 - 0.61 - Py | 32.17 | 2.09 - 0.13 -
151 0.55 1.44 0.52
G,| 042 |115| - [043] - [P, | 015 | 580 - - 002
0.12 0.26 0.20 | 0.77
. . G, | -0.53 - 0.44 - 0.05 | P, | -0.18 - 2.02 - -
Milk yield 0.17 0.19 0.06 0.39 | 0.20
Gz | 0.26 | 0.74 - 0.30 - P; | 0.03 - - 0.89 -
0.53 0.04 0.34 | 0.29 0.28
G, | -0.31 - 0.17 - 018 | P, | -0.12 | 0.01 - - 0.61
0.57 0.17 0.18 | 0.39
Go | 1132 [ 153 | - - - [Py |3901 358 - |o021] -
0.17 | 0.02 | 0.16 1.47 1.69
G; | 037 | 148 - - 003 | P, | 025 | 541 - - 0.78
0.17 | 0.07 1.01 | 1.12
Fat yield G, | -0.07 - 0.53 - 0.09 | P, | -0.14 - 3.00 - -
0.19 0.22 0.25 1.31 | 0.08
Gz | -0.02 - - 0.16 - Ps; | 0.03 - - 1.11 -
0.15 | 0.76 0.08 0.46 | 0.72 0.14
G, | -0.18 | 0.09 | 0.45 - 0.07 | P, | -0.42 | 0.52 - - 0.42
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0.75 0.07 | 0.20
Gy | 864 | 1.99 - 0.14 - Py | 21.01 | 2.53 - 0.10 | 0.02
0.66 0.10 0.61
G, | 056 | 148 - - 0.08 | P, | 0.27 | 4.05 - - -
0.20 | 0.04 0.09 | 1.07 | 0.01
Protein G, | -0.42 - 0.28 - 0.04 | P, | -0.11 - 1.55 - 0.02
yield 0.31 0.08 0.04 0.44
Gz | 0.17 - - 0.08 | 0.00 | P; | 0.03 - - 0.44 -
0.13 | 0.53 0.80 | 0.53 0.05
G, | -0.16 | 0.35 | 042 | 0.00 | 0.04 | P, | 0.01 - 0.03 - 0.37
0.01 0.13

Additive genetic, permanent environment and residual variances by DIM for
milk, fat, and protein yields are shown in Figure 2. Generally, permanent
environment variances had more irregular trends over the lactation when compared
with genetic variances.

Milk yield
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Figure 2. Additive genetic (G), permanent environmental (PE) and residual (R)
variances of milk, fat and protein yields as a function of days in milk (DIM)

Heritabilities as a function of DIM, calculated from the (co)variance
estimates in animal models for milk, fat, and protein test-day yields are shown in
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Figure 3. Estimates of heritability for milk, fat and protein yields ranged from 0.18
to 0.26; 0.06 to 0.11 and 0.09 to 0.22, respectively; and heritabilities for 305-d
milk, fat and protein yields were 0.36, 0.23 and 0.29, respectively.
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Figure 3. Heritability for milk, fat and protein yields as a function of days in milk (DIM)

Genetic and permanent environmental correlations between test-day milk
yields, test-day fat yields, and test-day protein yields at different stages of lactation
are shown in Figure 4. Estimates of genetic correlation for milk, fat and protein
yields ranged from 0.14 to 1.00, 0.39 to 1.00 and 0.27 to 1.00, respectively. The
genetic correlations between DIM close together are close to unity, and the
correlations gradually decline as the distance between DIM increases and the low
genetic correlations observed between early period of lactation and other days.

Permanent environmental correlations were always positive and for milk, fat
and protein yields ranged from 0.33 to 1.00, 0.20 to 1.00 and 0.36 to 1.00,
respectively.
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Figure 4. Additive genetic (G) and permanent environmental (PE) correlations between test-day
milk yields, test-day fat yields, and test-day protein yields at different days in milks (DIM)

Ranges of EBV for 305-d yield of milk, fat and protein yields were from -
1194.48 to 1412.44, from -210.57 to 271.22 and from -194.08 to 203.25,
respectively; and standard deviations were 282.97, 148.23 and 136.64,
respectively. The random regression solutions and EBV for 305-d milk, fat and
protein yields of best bulls are given in Table 3.
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Table 3. Additive genetic random regression solutions (i@;) and estimated breeding values of
305-d yield (EBV3gsq) Of 5 best sires for each trait.

Trait Sire | No. of daughters | iy fiy s iz iy EBV3sq
1 29 6.11 | -0.14 | 0.44 0.64 0.29 1301.44
2 102 5.08 | -0.11 | -0.88 | 0.09 | -0.58 | 1079.21
Milk yield 3 68 480 | -0.58 | 0.38 | -0.51 | 0.55 1023.62
4 59 478 | 049 | -0.06 | -0.71 | -0.37 | 1016.64
5 151 472 | 0.88 1.22 0.06 0.58 1008.75
1 92 088 | 1.79 | -0.28 | 142 1.15 189.60
2 175 0.82 | -0.49 | -0.86 | -0.23 | 0.06 172.37
Fat yield 3 109 0.77 | 0.55 0.96 | -0.87 | 0.57 166.09
4 23 0.76 | -0.06 | 0.27 0.71 | -0.68 160.52
5 45 0.72 | -049 | -0.12 | -1.29 | -0.18 152.89
1 37 0.76 | -0.47 | -0.46 | 0.06 | -1.14 158.44
Protein 2 125 0.70 | -0.50 | -0.77 | 0.07 0.35 149.16
yield 3 103 0.65 | 0.20 147 | -1.14 | 0.83 143.35
4 81 0.65 | -0.02 | -0.69 | 0.38 | -0.47 135.91
5 70 0.60 | -0.81 | -0.45 | -0.34 | 0.35 127.99

Clearly the estimates of heritability were not constant throughout the
lactation. For all traits, permanent environment variances were higher at the
beginning of lactation. These trends shown that non-genetic factors tend to
influence the production traits in the beginning of lactation (Ludwick and Petersen,
1943); therefore, heritabilities are lower in the beginning of lactation (Figure 3).
These results are similar to those observed by Cobuci et al. (2011) and Bohlouli
and Alijani (2012). The ratio of residual variance to phenotypic variance of traits
might indicate that the model of analysis was more suitable for milk yield than for
fat and protein yields, which had higher proportion of residual variances. It could
be that there are other critical factors influencing fat and protein yields which the
model did not account for (Abdullahpour et al., 2013).

Heritabilities for fat yield were lower than for milk and protein yields. This
is in accordance with other studies (Gengler et al., 1999; Jakobsen et al., 2002;
Bohlouli and Alijani, 2012). For milk and protein yields, heritabilities were lower
at the early of lactation due to the trends of lower additive genetic variance, higher
permanent environmental variance and similar residual variance in comparison
with other stages of lactation. For milk there was a tendency towards higher
heritability estimates in the middle of lactation, which is in accordance with many
other similar investigations (Jakobsen et al., 2002; Bohlouli et al., 2013). For
protein yield, daily heritabilities increased during the lactation. Daily heritabilities
for fat yield were decreasing from beginning of the lactation until around DIM 50
and then slowly increased afterward. Results reported by Biassus et al. (2011),
Hammami (2009) are similar to these estimations. Nevertheless, current study
found higher heritabilities for milk production records that collected from one
province. Heritabilities obtained from the data of one herd (Ahrabi et al., 2005) or
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providing a new source of information into the model of analysis such as
temperature-humidity index (Bohlouli et al., 2013) were significantly higher
compared to estimated heritabilities of great number of herds within several
provinces (Razmkabir et al., 2009). For this reason, in circumstances of high
diversity of climates, environmental changes, management and feeding systems
like Iran, about traits like milk yield, for which an animal is highly sensitive to
these factors, a test day model might result in much greater residual variance and
hence lower heritability (Abdullahpour et al., 2013).

The low genetic correlations that observed between early period of lactation
and other days means that the phenotypic expressions in the different DIM should
be considered as separate traits, determined by partly different sets of genes. The
figures of Genetic and permanent environmental correlations are typical of several
studies that modeled the lactation curve using random regression model (e.g.
Biassus et al., 2011; Bohlouli et al., 2013; Abdullahpour et al., 2013). Generally,
different heritability and genetic parameters among population are related to
variation in data structure, genetic potential of milk production traits, climate
changes, herd management, statistical models and estimation methods of
(co)variances.

RRM assumes heterogeneous additive genetic effects throughout the
lactation. Therefore, RRM allows for different between cows in the shape and level
of the distribution of the additive genetic effect throughout lactation. This is done
by regression of the additive genetic effect on individual DIM via a lactation curve
function. Thus, a 305 days estimate of a cow’s breeding value corresponds to the
area under lactation curve.

Conclusion

Currently, genetic evaluations for dairy cattle are performed in most
countries using TD models rather than traditional lactation models. Advantages of
the RRM are that the environmental effects peculiar to each TD can be analyzed,
the shape of the lactation curve is allowed to differ for each animal and the
solutions allow calculation of EBV for partial lactation yields. A disadvantage of
RRM is an increased computational requirement because more TD records need to
be processed compared with 305-d yields. Currently research should be focused on
defining the RRM to be implemented, investigating the environmental effects to be
included in the model and estimating the covariance structure among observations
and genetic parameters for traits to be included in the breeding programs for dairy
cattle in Iran.

According to the results of this study, random regression model seems to be
a flexible and reliable procedure for the genetic evaluation of milk production traits
of used data. Then, when computationally feasible, RRM is recommended for the
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routine genetic evaluation of national dairy cattle. In addition, current random
regression model assume homogeneous residual variance throughout lactation. In
the future, models may account for heterogeneous residual variance and this could
increase accuracy of genetic evaluation.
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Procena komponenti (ko) varijanse i priplodne vrednosti za
test-dan proizvodne osobine mleka holStajn muznih krava
koriséenjem bajesovski pristupa

R. Mosharraf, J. Shodja, M. Bohlouli, S Alijani, SA. Rafat

Rezime

Procenjivani su genetski parametri prinosa mleka, masti i proteina u prvoj
laktaciji holStajn muznih krava. Podaci su prikupljani u periodu od 2006 do 2011
godine i analizirani koriS¢enjem random regression model-a. Podaci ukljucuju
41.178, 25.397 i 18.716 test — dnevnih podataka o prinosu mleka, mle¢ne masti i
proteina, poreklom od 4.746, 3.437 i 2.525 krava. Kao fiksni efekti u modelu
ukljuceni su zapat, godina i mesec testiranja, starost i sezona teljenja. Fiksne i
slu¢ajne regresije su modelirane putem normalizovanih Legendre-ovih polinoma
dok su komponente kovarijanse utvrdene koris¢enjem Bayes-ove metode, a Gibbs-
ovo uzorkovanje je koris¢eno za dobijanje posteriornih distribucija. Procene
heritabiliteta za prinos mleka, masti i proteina kretale su se rasponu od 0,18 do
0,26; 0,06 do 0,11 i 0,09 do 0.22, respektivno. Heritabiliteti za prinos mleka u
laktaciji od 305 dana, prinos masti i proteina iznosili su 0,36, 0,23 i 0,29,
respektivno. Heritabiliteti za prinos mleka i proteina bili su niZi u ranoj laktaciji,
zbog trenda niZe aditivne geneticke varijanse odnosho permanentno vise varijanse
Zivotne sredine. Genetske korelacije za prinos mleka, masti i proteina kretale su se
od 0,14 do 1,00; 0,39 do 1,00 i 0,27 do 1,00, respektivno. Opsezi procenjene
priplodne vrednosti za prinos mleka, masti i proteina u laktaciji od 305 dana kretali
suse od-1194,48 do 1412,44; -210,57 do 271,22 i -194,08 do 203.25, respektivno.
Prema rezultatima ove studije, random regression model je fleksibilan i pouzdan
postupak za genetsko vrednovanje proizvodnih osobina mleka i kao takav moze
biti od koristi u programima oplemenjivanja iranskih mle¢nih goveda.
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Abstract: The effect of the intravenous injection of 100 mcg (2 ml)
gonadotropin-releasing hormone (Ovarelin, Ceva) from the 1% to the 20" day after
calving of beef cows was monitored in the article, in regard to the occurrence of the
first oestrus and the possibilities for its controlling. It was established that in the
first minutes of intravenous application of Ovarelin the concentration of luteinizing
hormone (LH) increased. By increasing the number of days increased the amount
of secreted LH. Maximum effect of the injection of 100 mcg GnRH occurred
between the 10" and 15" day. The physiological dose (100 mcg) GnRH injected
intravenously on the 1% day after birth of cows led to increased content of LH in
blood circulation.

Key words: puerperal period, beef cows, gonadotropin hormones

Introduction

It is known that the successful reproduction is a result of a number of
endocrine, paracrine, follicular and gametogenesis factors. The pattern of
folliculogenesis after birth is a series of physiological phenomena involving the
growth of germinal and somatic cells, creation, differentiation, atresia and
ovulation of the dominant follicle (Roche and Diskin, 1995).

Timely insemination of cows in the postpartum period shortens the period
between calvings and increases efficiency in their breeding. Pregnancy and the
duration of the service period are the components defining this. Recovery of
normal ovarian function after puerperium and getting each year one calf from a
cow is determined by a number of other factors. They are the following: the course
of the birthing process, nutrition, milk yield, sucking of the calf and the presence of
male animals (Kawashima et al., 2008).

It is found that after the calving the dominant follicle is temporarily
suppressed, which is normally obtained during part of the oestrous cycle and
during pregnancy but not all factors are completely known to us (Hirshfield, 1994).
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Therefore, knowledge of the hormonal dynamics in the puerperium is a
precondition for obtaining better results in cattle breeding. The process of maturing
of follicles and the first ovulation occurs within the first 45 days, but in the
majority of animals that is not accompanied by clinical expression of oestrus
(Sheldon, 2004). Adenohypophyseal hormones and the stimulating effect on them
of hypothalamic gonadotropin-releasing hormone (GnRH) have essential
importance for these processes. After synthesis of GnRH, it has found wide
application in practice. The effects of various pharmacological doses (over 100
mcg) have been studied comparatively well. But the gquestion of the influence of
smaller doses and their physiological performance has not been elucidated yet.

In this regard the main objective of performed experiment was to investigate the
possibility of shortening the postpartum period by the application of physiological
doses GnRH (100 mcg).

Material and Methods

The study was conducted in the Experimental base in the Institute of
Mountain stockbreeding and agriculture in Troyan, using 15 cows from Limousine
breed, (multiparous) divided into 5 groups. Calving seasons at spring. Each of the
groups was injected with 100 mcg GnRH (2 ml, Ovarelin — Ceva) intravenously,
on the 1%, 5™, 10", 15" and 20" day after calving respectively. Blood samples were
obtained by puncture of the opposite vena jugularis in the 1%, 5" 10", 15", 20™,
30™ and 120™ minutes after injection, respectively. It was taken 10 ml of blood in
pre-heparinized test tubes. Blood plasma was exuded after centrifugation at 3000
rpm, per 10 minutes.

The values of LH hormone were determined by radio-immunological
methods Beckman LS-800, by marking with 1'%,

Results and Discussion

The changes in the serum concentration of LH in cows treated with 100
mcg GnRH at different days after birth are shown in Figure 1.
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Figure 1. Concentration of LH (ng/ml) before and after i/v injection of 100 mcg GnRH
(Ovarelin) (Summarized values)

Chart of the average values of LH in the particular groups of animals
allows monitoring of the changes in the reactivity of the hypophysis during the first
20 days after calving birth. The measured amount of LH of the group treated with
100 mcg GnRH on the 1% day after calving was 1.20+0.35 ng/ml (Figure 2).
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Figure 2. Amount of LH (ng/ml) in blood plasma serum of beef cows, in the 1% day after
parturition birth

Already in the first minute after the intravenous injection of 2 ml Ovarelin
(100 mcg GnRH), the values of the hormone started to rise — 3.55+1.20 ng/ml,
nevertheless that the amounts in the individual animals varied greatly. Maximum
measured values of LH 4.20+0.45ng/ml were established in the 15™ minute. Then
its amount decreased and in the 120" minute was 3.30+0.87 ng/ml.

As a whole, the data showed that the response of hypophysis regarding the
guantitative secretion of LH was comparatively weak.

The LH level was 1.53+0.89 ng/ml in cows treated on the 5th day after
calving (Figure 3).
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Figure 3. Amount of LH (ng/ml) in blood plasma serum of beef cows, in the 5" day after
parturition birth

In comparison to the results obtained in cows treated on the 1% day after
calving, in this group in all animals was established increasing of values, 2.69+1.17
ng/ml in 1% minute, 4.21+1.09 ng/ml in 5™ minute, 8.14+0.80 ng/ml in 10™ minute,
6.09+0.74 ng/ml in 15" minute and 3.22+0.41 ng/ml in 20" minute. Monitoring the
values till the 120™ minute showed that the amount of LH decreased (3.55+1.15
ng/ml). Higher were the basal values in cows in the group treated on the 10" day
after calving (2.39+0.28 ng/ml). Maximum values of LH were measured in the 15"
minute after the injection (9.50+1.01 ng/ml). On the 15" day after the treatment, in
the basal values of 2.40+0.50 ng/ml, the total amount of LH was decreased —
average 6.70+0.56 ng/ml, as the highest value was in the 15™ minute 8.29+1.40
ng/ml (Figure 4).
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Figure 4. Amount of LH (ng/ml) in blood plasma serum of beef cows, in the 15™ day after
parturition birth

On the 20" day the amounts of LH were 3.30+0.32 ng/ml — basal and
5.01+0.33 ng/ml — average, respectively.
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It was found that in all cows involved in the experiment, at higher values of
LH before calving, were obtained higher values after treatment in different periods
of the puerperium.

The obtained results showed that the pituitary gland reacted with increasing
of LH production immediately after injection of GnRH, and the highest average
values were obtained on the 10" day (6.89+0.57 ng/ml).

Number of authors found that after calving there were formed ovarian
follicles which estrogen hormones had primary role in gonadotropin secretion
(Kaltenback et al., 1974; Kedler et al., 1977).

These estrogens influencing on the hypophysis increased its reactive
sensitivity to exogenously applied GnRH. This gave grounds to suppose that after
hormone treatment we can achieve an early recovery of the function of the chain
hypophysis-ovary.

Lishman and Inskeep (1991) established that already in the first week after

birth may develop a dominant follicle, but it did not ovulate and the performance
did not manifest oestral clinical traits. Follicles most often were luteinized and after
short-term luteal phase began recovery of the normal ovarian and ovulatory
function.
It is proved that different agonists of GhRH gave good results for improvement of
sexual cyclic activity of cows after calving birth. The effect depended mainly on
the dose and the way of application (Kunchev et al., 2010). As the sensitivity of the
hypophysis to the performance of GnRH was recovered to the 10th day, then the
earliest use was pertinent in the period 10-15 days after calving birth. This
procedure led to acceleration of the involution of uterus, shortened the
independence period, fertilization with smaller number of insemination and
improvement of all reproductive indices in cows.

In her studies about postpartum period in dairy cows, Deyanova (1995)
established that the concentration of serum progesterone (Pg) and LH increased
progressively. Physiological doses of 5 mg GnRH injected in the 8" minute
increased the LH content to 4.46 + 0.59 ng/ml. With increasing the number of days
after birth the LH secretion was increased, and the highest values were on the 15"
day after calving.

Studies of Easter (1978) confirmed the conclusion that the response of the
pituitary gland to a large extent was dependent on the amount of steroid hormone
in blood. The changes in the sensitivity of the pituitary gland after birth were
determined by the activity of the hypothalamus According to Fernandes et al.,
(1978) this occurred between the 7" and the 10" day after birth. From the absence
of a clear reaction in some cows treated with GnRH it is supposed that it may be
necessary a longer period for negative effect. The correct answer is probably the
natural diversity in the physiology of the course of the follicular phase from the
sexual cycle of different animals.

Peters and Lamming (1993) conducted extensive studies on the puerperium
of beef cows. They found that the duration of the postpartum period for them was
57.3 days, which was highly influenced by the body weight at birth and by the
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season. Cows with better body weight showed oestrus earlier and the duration of
postpartum anoestrus in autumn was 35.9 days, and in winter — 60.8 days. The
same authors established that plasma concentration of LH from the 1% to 10" day
was very low. Probably the refracterness of adenohypophysis in this period was
due to the lack of stimulation of the hypothalamus because of reduced or absent
pulses in the release of GNRH. It was found that the gonadotropins were secreted in
two types — tonic and cyclic (Di Zerega and Hodgen, 1979). The cyclic one was
characterized by the release of larger amount of hormone, but in shorter intervals of
time. Probably this type of secretion was inhibited in the first days after birth.
Therefore, more complete determination of the role of hypothalamus in causing the
hypogonadotropism which was a main trait in the postpartum period (e.g.
hypergonadotropic hypogonadissm), contributed to a large extent to clarify the
reasons causing the puerperal anoestrus. After this period, the release of LH started
at pulsations (from 1 to 6 till 1 to 4 hours). The secretion of LH at frequency of less
than 0.2 pulses per hour was prerequisite for the first ovulation after calving. It was
found that the first increase in gonadotropin before ovulation was related to
increasing the concentration of progesterone. The reason for this is not known, but
it is supposed to be due to luteinization of some later follicle or early release of
PgF,a. from the uterus. It is also considered that increasing concentrations of
prolactin, leads to more prolonged inactivation of the sexual cycle, especially well
manifested in cows with sucking calves. A number of authors associated the
duration of the postpartum period with the providing the best possible nutrition of
newborn animals. But it is known that sucking is hormone-dependent process,
because of which non-endocrinological formulation of postpartum anoestrus is
difficult to be accepted. It is supposed that the mechanical irritations of teats and
the contact between cow and sucking calf caused release of prolactin and
oxyitocin, which suppressed the growth of follicles, ovulation and fertilization and
reduced the release of gonadotropins (Kunchev, 1988). Since such formulation
associated with sucking has profound biological meaning, it should not be
neglected. But the complexity of the subject is caused by the fact that in some
mammals the influence of sucking is determinative and until it is stopped, the
sexual cycle is not recovered. The same is in the pig insufficient! But the situation
is different in cows. Many of them are fertilized during lactation and sucking.
However, some authors (Edgerton, 1990; Hanzen, 1996) established that cows
feeding calves showed features of oestrus later in comparison with those that do
not feed. Now it is more brought into question the assumption that sucking in cows
influences on the lack of ovulation after calving birth. All this imposes the question
of postpartum anoestrus to be considered very carefully. For its clarification it is
necessary to take into account the role of oxytocin and glucocorticoids. Goodman
et al., (1989) found that by peptide neurophysin, oxytocin was transferred from
supraoptical and paraventricular nucleus of the hypothalamus, where it was
synthesized by the posterior pituitary. But it is not clear yet whether the hormone is
involved in causing anoestrus in different animal species!? We also know that the
amount of glucocorticoids in the peripheral blood circulation can change the
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gonadotropin secretion (Wagner and Li, 1982). Steroid synthesis of the adrenal
cortex was also activated during the process of milking and sucking. In this way
the increased concentration of the hormone in blood was preserved during the birth
process and also in the early days of postpartum period. What are the actuating
mechanisms for tonic inhibition of LH secretion have not been entirely clear yet.
Most probably this is due to the reduced sensitivity of the hypophysis to the
performance of GnRH, as Dobson et al., (1987) establish reduction of the cyclic
release of LH after injection of GnRH in cows with increased amount of
glucocorticoids in blood.

Conclusion

The physiological dose (100 mcg GnRH) injected intravenously on the 1°
day after birth of cows led to increased content of LH in blood circulation.

With increasing the number of days, the secretion of LH from hypophysis
was also increased.
The maximum effect occurred after treating with 100 mcg GnRH and it was
between the 10" and 15™ day after calving.

Ispitivanje dejstva gonadotropin-oslobadaju¢eg hormona
(GnRH) u puerperalnom periodu kod tovnih krava

Ts. Madlev, Ts. Hristova, S. Stoycheva

Rezime

U ovom istraZivanju pracen je efekat intravenske injekcije 100 mcg (2 ml)
gonadotropin-oslobadaju¢eg hormona (Ovarelin, Ceva) od 1. do 20. dana po
telenju krava tovnih rasa, u pogledu pojave prvog estrusa i moguénosti za njegovu
kontrolu. Utvrdeno je da je u prvim minutima intravenske primene Ovarelina
koncentracija luteinizirajuteg hormona (LH) bila povecana. Uporedo sa
povecanjem broja dana povecavala se i koli¢ina izlu¢enog LH. Maksimalan efekat
injekcije 100 mcg GnRH postignut je izmedu 10. i 15. dana. Fizioloska doza (100
mcg) GnRH ubrizgana intravenozno 1. dana po teljenja dovodi do povecane
koncentracije LH u krvotoku.
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Abstract: Methods for determining stress syndrome in beef cattle is of
great importance to identify the physiological state of young cattle before slaughter
in order for such animals to be properly treated and restored to a normal
physiological state. As a consequence of the state of stress prior to slaughter, meat
is obtained which is different from normal. These are non-typical post-mortem
changes in meat: "PSE" (pale, soft, exudative) and "DFD" (dark, firm, dry) meat,
"watery" meat, usually pork, and "dark™ mostly meat of young bulls. Tests were
performed on bulls originating from a farm located 50 km from the slaughterhouse
and another farm located 150 km from the slaughterhouse. Young bulls were kept
in a free system and loading and unloading was done on unloading ramps and
animals taken to the boxes using the lane corridor. Also, attention was paid to
avoid mixing with unfamiliar animals during transport. The study included 20
males. The same vehicle was used to transport cattle from the farm to the
slaughterhouse. The rectal temperature was taken from 20 young bulls, at the time
of loading of cattle into a vehicle during transport and immediately before
slaughter. The results of measurements of rectal temperature of investigated bulls
suggest that prolonging of transport increases the rectal temperature which can
serve as an indicator of stress syndrome in bulls. In addition to measuring of rectal
temperature as an indicator of bulls’ stress syndrome, other methods are still used,
such as the measurement of cortisol in saliva and blood, or the latest methods of
measuring cortisol in hair. This is the latest method of the 21% century, which can
even determine the time of occurrence of stress. This method is the future that will
determine whether the stress occured few days, weeks or even months ago.

Keywords: beef cattle, stress, transport, assessment methods, rectal
temperature, meat quality
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Introduction

The stressors may be physical, associated with excessive activity,
temperament, humidity, atmospheric pressure, the outside temperature, ionizing
radiation, electric shock, etc. Stress can be psychological, such as fear, excitement
and the most important social stress, such as stress of interference with unfamiliar
animals. The word "stress" is of Anglo-Saxon origin, and this term is understood as
the medical condition in which the body is under the influence of a stimulus. The
first research of stress and the stressors was initiated by Hans Saley (1936; 1953)
Viennese internist in human medicine. Studying stress in humans Hans Saley has
discovered one of the most important theories of modern medicine, which is the
theory of stress and overall the adaptation syndrome. Saley’s General Adaptation
Syndrome found the application in explanation of the stress syndrome in animals.
Today, there are standard procedures to prepare the animals for slaughter, their
preparation is related to the farm where the animals come from, to the transport, to
short or long stay in the slaughter depot premises, the method of stunning and
bleeding. Holding and tansport of animals just before slaughter are important
factors in beef cattle stress syndrome manifested as anxiety, fear, roaring,
aggression, etc. (Aleksi¢ et al., 1995; Aleksi¢ et al., 2006; Broom et al. 2002;
Knowles and Warriss, 2007).

As a consequence of the state of stress prior to slaughter, meat is obtained
which is different from normal. These are non-typical post-mortem changes in
meat: "PSE" (pale, soft, exudative) and "DFD" (dark, firm, dry) meat, "watery"
meat, usually pork, and "dark" mostly meat of young bulls. According to the
frequency occurrence of DFD - syndrome, young bulls are the most susceptible, in
relation to the other categories of cattle. Today, this problem is associated with a
number of factors such as breed, animal housing, food and especially the treatment
of animals before slaughter. The basis of this problem is the stress of young bulls,
especially their reactions to the new unfamiliar environment during transport and
stay in the depot sacrifices. Therefore, it is important to identify the state of stress
of young cattle before slaughter in order to adequately treat such animals in order
to bring them to a normal physiological state prior to slaughter. Stress is a term for
the physiological state of the organism under the influence of a stimulus or
psychological burden, therefore mechanism of action involves irritation and
reactions of the organism to a given stimulus.

Stimulus (stressor) acts on the body in two ways: specifically, fostering in
it a specific defensive reaction, for example, antigen-specific antibody response
and nonspecific stimulating defense reaction. This reaction is stereotypical,
defensive and adaptive mechanism by which the body tries to defend the stimulus,
regardless of its nature. Those stimuli (there are countless), which stimulate the
body to mostly nonspecific defense mechanism, are stressors which affect the
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process of postmortem muscle. Stressor, i.e. stimulus, perceived by the animals’
senses, is transmitted by neuro - hormonal paths and causes a general non-specific
reaction called Saley 's General Adaptation Syndrome. It is “general” because it is
the result of a general stress which affects the entire body, and it is called
“adaptation” because the the body tends to adapt to one or more stimuli, which act
on the organism, and “syndrome” because its individual responses are coordinated
and even dependent on each other. The General Adaptation Syndrome occurs in
three stages, namely: the alarm stage, the second stage - reparation, and third stage
- exhaustion, the collapse or shock. Although the mechanism of general adaptation
syndrome has not been fully tested, we can say that all animals receive through
certain senses stimuli that are transmitted through the nerve to the hypothalamus.
Processed information from the hypothalamus is transmited in the form of CRF,
secreted by the hypothalamus, to pituitary gland. Pituitary gland now has the task
to identify the severity and intensity of stressor and by secretion of ACTH
stimulate the adrenal glands to secrete adrenaline and corticosteroids. Adrenaline is
transmitted by humoral paths to all muscles, and affects the discharge of muscle
glycogen, and corticoids, primarily glucocorticoids, affect the enhanced synthesis
of glycogen, so as to return the spent glycogen to pre-stress level. Because of this,
the meat of stressed animals has less glycogen in muscles, and therefore less of
lactic acid after the post-mortem glycolysis.

Of all the hormones which are found in the blood stream, due to the stress,
cortisol is likely to act on the particularly strong and long-term response of the
organism; its activation of neo-glucogenesis and of pituitary gland, this hormone
contributes to the re-depositing of glycogen in muscles. Glycogenic effect of
glucocorticoids is exhibited by inhibiting the use of amino acids for synthesis of
proteins, which then serve for the production of carbon hydrates. Accordingly, the
occurrence of DFD meat, in which the muscle glycogen depot is empty, is caused
by the stress of such a nature and the intensity which induces strong secretion of
adrenaline necessary to exhaust the glycogen restoration hormones of the adrenal
cortex, which, in normal conditions, are able to maintain the required level of
glycogen in the muscles, but in the above mentioned stress conditions they are not
able to maintain the required glycogen level. Studies have shown that the
concentration of cortisol in the blood of stressed bulls is increased, whereby in case
of weaker stresses, first comes to a short-term initial decrease (Warriss et al.,
1984), while in case of high intensity of stress, content of blood cortisol rises faster
and lasts longer (Kallweit et al., 1981). Usually after the second day, the
concentration of cortisol begins to decline gradually, but reaches pre-stress level
only after seven days. In contrast to cortisol, which can be taken as an indicator of
long-term stress (Kallweit et al., 1981), aldosterone increases in the first few hours
of the beginning of stress, usually only during the transport of animals to slaughter
(and therefore can be considered as an indicator of short-term stress).
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Materials and Methods

Tests were performed on bulls that come from the farm, which is
located 50 km from slaughterhouse (farm A) and another farm, which is
located 150 km from slaughterhouse (farm B). Beef cattle was housed in the
free system and loading and unloading was carried out on unloading ramps
and animals taken to boxes using a lane corridor. Also, attention was paid to
avoid mixing with unfamiliar animals during transport. The study included
20 males. The same vehicle was used to transport cattle from the farm to the
slaughterhouse. Measurement of rectal temperature was carried out on 20
young bulls, at the time of loading of cattle into transportation vehicle,
during transport and immediately before slaughter. The same mercury
thermometer for large animals was always used. After each individual use,
the thermometer was properly washed and disinfected.

Results and Discussion

The results of measurements of rectal temperature, before transport, during
transport and at slaughter, of young bulls originating from farm A are shown in
Table 1. Based on the measurement results in Table 1 it can be seen that the bulls’
rectal temperature increased from the time of loading to the time of slaughter.
Normal range for the rectal temperature of cattle is from 36.7°C to 39.3°C
(Gregory and Grandin, 1998). The average rectal temperature of bulls tested
before transport was in the normal range - 37.7°C, while during transportation and
especially before slaughter it increased to 40.0°C.

Table 1. Rectal temperature (°C) of young bulls from farm A before and during transportation
and before slaughter

No. of bull Before During transport Pre-slaughter
transport
1 36,9 37,4 38,6
2 38,7 38,8 39,6
3 37,1 37,3 38,5
4 38,2 38,4 40,2
5 37,3 38,5 40,3
6 37,8 38,6 39,9
7 37,5 37,6 40,1
8 38,0 37,7 42,0
9 39,0 38,8 42,2
10 37,2 37,3 39,3
Average 37,77 38,04 40,07
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The results of measurements of rectal temperature, before transport, during
transport and at slaughter, of young bulls originating from farm B are shown in
Table 2. Based on the measurement results presented in Table 2 it can be seen that
the bulls’ rectal temperature increased from the time of loading to the time of
slaughter. The average rectal temperature of bulls tested before transport was in the
normal range - 38.1°C, while during transportation and especially before slaughter
it increased to 40.6°C.

Table 2. Rectal temperature (°C) of young bulls from farm B before and during transportation
and before slaughter

No. of bull Before During transport Pre-slaughter
transport
1 37,1 38,3 40,2
2 38,2 38,4 39,8
3 37,3 38,5 42,0
4 39,0 39,0 40,0
5 38,0 38,5 39,0
6 39,2 40,0 41,0
7 39,4 40,0 41,0
8 37,2 38,8 41,0
9 38,0 39,0 40,8
10 38,0 39,0 42,0
Average 38,1 38,95 40,68

The results of measurements of rectal temperature of investigated bulls
suggest that prolonging of transport increases rectal temperature which can serve as
an indicator of stress syndrome in bulls.

There are EU regulations regarding animal transport modes. According to
the regulations, the transport must not last longer than 8 h, or 14 h with the
condition to ensure the rest of animals of at least 1h (Tarrant and Grandin, 2000).
In times of stress, or one hour after mixing unfamiliar young bulls, heart rate and
rectal temperature are increased (Mc Veigh and Tarrant, 1981). If the bulls are
slaughtered at the time when the rectal temperature, and the temperature of the
entire body is increased, post mortem elevated temperature in the meat are
recorded (Augustini, 1981; Fischer, 1981).

In the literature, there are many attempts to solve the problem of stress
syndrome and resulting DFD - meat. To date there is no conclusive solution,
although many authors recommend measures to mitigate the intensity of the
frequency of occurrence. Thus (Warris et al. 1984) have reached the conclusion
that young bulls who have experienced the stress of mixing with unfamiliar bulls
need a rest in the depot at least 48 hours prior to slaughter.

In addition to measuring of rectal temperatures as indicators of stress
syndrome in bulls today other methods are used, such as:
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- Measurement using infrared tomography - temperature measurement using
infrared tomography

- Measurement of cortisol in saliva and blood - General adaption syndrome, i.e.
physiology of stress, indicates an increased concentration of cortisol during stress.
Nowadays, as a method for the determination of cortisol, saliva and blood are used.
- Measuring cortisol in hair - This is the latest method of the 21% century, which
can even determine the time of occurrence of stress . This method is the future that
will determine whether the stress was created a few days, weeks or even months
ago.

Conclusion

The results of measurements of rectal temperature before transport, during
transport and at slaughter of bulls originating from farm A and farm B indicated
that prolonging of transport increases rectal temperature which can serve as an
indicator of stress syndrome in bulls. In order to minimize the influence of
transport on bulls’ stress syndrome it is neccessary to enact specific legislation on
the conditions and method of transport. Examples include the EU regulations
regarding animal transport modes. According to the regulations the transport must
not last longer than 8 hours, or up to 14 hours provided that the rest for animals of
at least 1 hour is ensured.
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Metode utvrdjivanja stres sindrom junadi i njegov znacaj za
kvalitet mesa

N. Ddli¢, S Aleksi¢, M.M. Petrovi¢, V. Pantelié, D. Ostojié-Andrié, M. Petricevié,
D. Niksié

Rezime

Metode za utvrdjivanje stres sindoma junadi imaju veliki znacaj u
identifikaciji fizioloSkog stanja junadi pre klanja, kako bi se takva grla adekvatno
tretirala i povratila u normalno fiziolosko stanje. Kao posledica stresnog stanja pre
klanja dobija se meso koje se razlikuje od normalnog mesa. Ovo obuhvata
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netipi¢cne postmortalne promene mesa kao $to su “BMV” meso (bledo, mekano i
vodnjikavo meso) najceSce svinjsko i “TTS” (tamno, tvrdo i suvo meso), najéesce
junece meso. Ispitivanja su vrSena na junadima koja poti¢u sa farme udaljene 50
km od klanice i sa druge farme koja je udaljena 150 km od klanice. Junad su
drzana u slobodnom sistemu a utovar i istovar obavljani su na istovarnoj rampi pri
¢emu su Zivotinje koridorom odvodene u boksove Stala. Takodje se vodilo racuna
da ne dodje do meSanja nepoznatih Zivotinja u toku transporta. Ukupno je ispitano
20 muskih grla. Istim vozilom junad su transportovana od farme do klanice.
Rektalna temperature merena je kod 20 junadi, i to u momentu utovara u sto¢no
vozilo, za vreme transporta i neposredno pre klanja. Rezultati merenja rektalne
temperature ispitivane junadi ukazuju da prolongiranjem transporta raste i rektalna
temperatura 8to moZe posluZziti kao pokazatelj stres sindroma junadi. Pored merenja
rektalne temperature kao indikatora stres sindroma junadi danas se Kkoriste i druge
metode kao Sto su merenje kortizola u pljuvacki i krvi ili najnovija metoda merenje
kortizola iz dlake. Ovo je najnovija metoda 21. veka kojom se ¢ak moze odrediti
vreme nastanka stresa. Ova metoda predstavlja budu¢nost kojom ¢e se utvrditi da li
je stres nastao pre nekoliko dana, nedelja pa ¢ak i meseci.
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Original scientific paper

Abstract: The development of a reliable and rapid screening test for
detection of Mycobacterium bovis (M. bovis) helps in control of bovine
tuberculosis. The aim of this study was evaluate a sensitive and specific assay for
detecting M. bovis DNA in lymph nodes with lesions suggestive to tuberculosis
taken from slaughtered cattle. A duplex real-time PCR assay was developed for the
identification of M. bovis targeting insertion elements (IS) 1S1081 and 1S6110 in
one internally controlled reaction. M. bovis DNA extraction protocols from tissue
samples were evaluated. The specificity and sensitivity of the assay were evaluated
for detecting serial dilutions of reference Mycobacteria strains as well as from
spiked lymph node homogenate. Results revealed that microscopical examination
of 600 lymph nodes with tuberculous-like lesion for detection of Acid-fast bacilli
(AFB) showed a detection rate of 96.6%, compared to 98% M. bovis with duplex
real-time PCR. The reproducible detection limit of the 1S1081-PCR was 10 M.
bovis cells/ml and the 1S6110-PCR was 100 M. bovis cells/ml. Besides, both
primer set of PCR protocol could detect 20 M. bovis cells/ml in spiked lymph node
tissue. The assay was evaluated on 19 bacterial strains and was determined to be
100% specific for M. bovis. We suggest that the 1S1081-PCR is a good candidate
assay for routine screening of cattle lymph nodes and other tissue for M. bovis
infection.

Key words: M. bovis, 1S1081, 1S6110, Lymph nodes.
Introduction

Mycobacterium bovis (M. bovis) is the causative agent of bovine
tuberculosis (BTB) which affects cattle and a wide range of other mammals,
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including humans. (Dye et al., 1999). BTB is considered one of the most important
zoonotic diseases known to humans. WHO, in conjunction with FAO and OIE,
classified BTB as a neglected zoonotic disease (Michel et al., 2009). Infection of
human hosts with M. bovis can result from zoonotic exposure to TB infected
animals and/or consumption of unpasteurized dairy products and meat products
(Allix-Be'guec et al., 2010).

Tuberculosis in cattle and other domestic animals is above all caused by
two members of Mycobacterium tuberculosis complex (MTC): M. bovis and M.
caprae (Prodinger et al., 2005). However, occasional occurrence of tuberculosis
due to M. tuberculosis species with concurrent tuberculous lesions has been
reported in cattle (Popluhar et al., 1974; Pavlik et al., 2005), and other animals
(Pavlik, 2006; Popluhar et al., 1974). In addition, Mycobacteria other than M.
bovis are routinely isolated from tissues submitted for diagnostic culture (OIE
2001). Aerosol exposure to M. bovis is considered to be the most frequent route of
infection of cattle, but infection by ingestion of contaminated material also occurs.
After infection, nonvascular nodular granulomas known as tubercles may develop
(Cousin, 2001). Characteristic tuberculous lesions occur most frequently in the
lungs and the retropharyngeal, bronchial and mediastinal lymph nodes. Lesions can
also be found in the mesenteric lymph nodes, liver, spleen, and in other organs.
These lesions are visually detectable at slaughterhouses and should be followed by
confirmation and identification of mycobacterium agent by other techniques (OIE,
2001).

Detection of bovine tuberculosis in cattle and other susceptible animal
species is often made on history, clinical and necropsy findings, tuberculin skin
tests and abattoir meat inspections. Definitive diagnosis is made on culture with
morphological appearance and biochemical tests for differential identification of
members of genus Mycobacterium in most clinical laboratories (Kent and Kubica,
1985). However, these conventional methods are time consuming and are difficult
to assimilate into precise identification of closely related species and difficult to
identify species. Molecular genotypic assays using biological techniques like PCR
that use specific genetic elements have shown promise as alternative diagnostic
tools (Rodriguez et al., 1995).

Genotyping of M. bovis probably lacks sufficiently informative methods.
1IS6110 restriction fragment length polymorphism (RFLP) typing has been
considered a gold standard method for differentiation of M. tuberculosis strains for
a long time; this has provided only limited discrimination among M. bovis
populations where the majority of the isolates harbor only one or few IS copies
(Haddad et al., 2004). PCR-based spoligotyping (Kamerbeek et al., 1997) has been
widely used to genotype M. bovis isolates (Haddad et al., 2004); it is highly
reproducible and rapid and represents the first universally recognized typing
system for M. bovis populations. However, studies performed on M. bovis isolates
showed a limited discrimination power of this method (Haddad et al., 2001).
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Rapid identification of isolates to the level of M. tuberculosis complex and specific
identification of M. bovis can be made by Gen Probe TB complex DNA probe or
polymerase chain reaction (PCR) targeting 16S-23S rRNA; the insertion sequences
(1S) 156110 and 151081 and genes coding for M. tuberculosis-complex-specific
proteins and targeting a mutation at specific nucleotides in oxyR gene, pncA gene,
gyrB gene and presence/absence of Regions of Difference (RDs) (Niemann et al.,
2000; Huard et al., 2006; Shitaye et al., 2006; Taylor et al., 2007; Reddington et
al., 2011).

The development of a reliable and rapid screening test would be of great
help in the control of the disease and in specific situation such as faster
confirmation of bovine TB infection in slaughterhouse cases. Therefore, this study
aimed evaluated real-time PCR protocols based on two targets 1S1081 and 1S6110
as a sensitive screening method and specific confirmatory test for bovine TB.

Material and methods

Animals and postmortem examination:

A total of 600 lymph nodes with visible suspected tuberculous lesions were
collected from 300 carcasses of slaughtered cattle from different abattoir in Egypt
at the period from February 2008 to January 2010. The prescapular, axillary, supra
mammary, prefemoral, suprarenal, mesenteric, ileocaecal, popliteal,
retropharyngeal, hepatic and pulmonary lymph nodes were inspected and incised in
situ. Caseated, suppurative and granulomatous lymph nodes were considered
suggestive for tuberculosis. Samples were collected aseptically in polyethylene
bags and quickly delivered to the laboratory in ice for further investigation.
Microscopic detection of acid fast bacilli by Zeihl-Neelsen stain.

Collected specimens from each macroscopic tuberculous-like lesion were
examined for the presence of Acid-Fast Bacilli (AFB) in direct smear films that
were prepared from tissue exudate using Ziehl-Neelsen staining according to
Wentworth (1987).

DNA extraction from Lymph nodes:

a) Cetyl-trimethyl-ammonium-bromide (CTAB) Extraction:

Tissue specimens from suspected lymph nodes were homogenized in a tissue-
grinding mortar_with 10 ml of sterile saline for isolation of M. bovis. Genomic
DNA of Mycobacteria was extracted by from tissue homogenate by acetyl-
trimethyl-ammonium-bromide (CTAB) method described by Van Soolingen €t al.,
(1991), which included a combination of chloroform/isoamylalcohol and
isopropanol for extraction and precipitation of the DNA. After extraction, nucleic
acid concentrations were measured by spectrophotometer (Du640 Photometer,
Beckman Coulter GmbH, Krefeld, Germany) at 260 and 280 nm. According to
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calculation of Rawa and Stanker (2005), they calculate 5.1 fg of Mycobacterium
DNA equal genome copy of one cell.

a) DNA extraction from lymph node samples:

400 pl of lysis buffer was added to 1gm lymph node sample in disruption tube
containing beads, followed by adding 80 ul protinase k, followed by mechanical
mixing in ribolyser at 6.5 ms™ for 4x45 sec (Hybaid, Ashford, United Kingdom).
The samples were incubated immediately at 56°C overnight, incubated at 95 'C for
15 min to kill Mycobacterium and centrifuged at 5000 xg for 5 min. 200 pl of
supernatant were mixed with 5 pl lysozyme solution, and the sample was incubated
in thermomixer (Eppendorf) at 37 °C and 550 rpm for 15 min. Then 300l binding
buffer was added. The samples were incubated immediately at 70 'C for 10 min,
spined and the spined solution was added to the DNA binding columns provided by
High Pure PCR Template Preparation Kits (Roche) and processed as described by
the kit manufacturer’s procedure. Finally, the DNA template was eluted in 100 pul
of the elution buffer and 5 pl aliquots were used as template in PCR-protocol.

Development of real-time PCR protocol to detect M. bovis:

The detection of Mycobacterium DNA by real-time PCR was performed based on
two primer set. The first one based on 1S1081 which presents multiple copies (6
copies) in Mycobacterium gene. The primer designed as MTC 1S1081 F (FAM-5"-
CTC TCG ACG TTCA TCG CCG-3") and MTC IS1081 R (5°- TGG CGG TAG
CCG TTG CGC-3") while the probe is FAM-ATT GGA CCG CTC ATC GCT
GCG TTC-BHQL1 according to Gerstmair (2011)and another primer set designed
according to (Cleary et al., 2003) based on 1S6110 gene sequence as 1S6 forward
primer (5-GGC TGT GGG TAG CAG ACC-3%), IS7 reverse primer (5-CGG
GTC CAG ATG GCT TGC-3) and probe (FAM-5-TGT CGA CCT GGG CAG
GGT TCG-3)).

PCR reactions to detect mammalian B-actin were performed parallel with each
sample. The primers ACT-F 5-AGC GCA AGT ACT CCG TGT G-3', ACT-R 5°-
CGG ACT CAT CGT ACT CCT GCT T-3" and yakima yellow labeled probe
ACT-5-TCG CTG TCC ACC TTC CAG CAG ATG T-BHQ1 were designed
according to Wernik et al., (2011). B-actin was included as a positive control for the
PCR reaction and to evaluate successful DNA extraction from tissue homogenate.
Lack of amplification was assumed to indicate that the PCR reaction was inhibited.
Primers were synthesized by BioTez-Berlin-Buch GmbH, Berlin, Germany. The
probes were synthesized by Eurogentec S.A., Seraing, Belgium.

Protocol of duplex real-time PCR:

Duplex real-time The PCR mixtures were prepared from QuantiTect Multiplex
Norox MasterMix (Qiagen, Germany), forward and reverse primers (0.5 mM final
conc.), (FAM, yakima yellow labelled probes) (0.2 mM final conc.), template DNA
and adjusted to a final volume of 25ml with the addition of nuclease free dH,0.
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The PCR reaction was performed in Stratagene thermocycler with the following
program: Initial denaturation and activation of Tag-polymerase for 15 min at 95°C
followed by 45 cycles of 1 min at 94°C, 1 min at 60°C then cooling for 30 sec at
40°C.

Analytical sensitivity of duplex real-time PCR:

The analytical sensitivity of real-time PCR was determined of purified DNA from
cultures of M. bovis BCG strain (bacillus Calmette-Gue'rin strain). The serial
dilution of M. bovis BCG strain was prepared in sterile distilled water in broad
range of DNA dilutions equivalent to 10° to 10" M. bovis cells/ml. These serial
dilutions of DNA were 3-fold examined with 1S1081 and 1S6110 real-time PCR in
internally controlled reaction with B-actin followed by calculation of mean Ct-
values and standard deviations (SD).

Analytical specificity of real-time PCR protocol:

The real-time PCR protocols targeting 151081 and 1S6110 were evaluated for
specificity to 19 Mycobacterium species reference isolates. DNA extracted from
each isolate was diluted to two dilutions, 5 ng/pl and 5 pg/ul as listed in table 1.
All mycobacterium reference strains were isolated and identified by Friedrich-
Loffler Institute (FLI), Jena, Germany.

Preparation of spiked lymph node tissue homogenate samples:

Ten-fold serial dilutions of M. bovis BCG ranged from 2x10" to 2x10’ cells/ml were
prepared. Afterward, 1ml from each dilution was added and mixed to 1gm of
lymph node homogenate samples which previously confirmed negative to
mycobacterium with cultural and molecular techniques. Positive and negative
controls were included.

Results and discussion

Sensitivity of duplex Real-time-PCR compared microscopic detection of M.
bovis:

Results revealed that out of 600 lymph node sample with lesions suggestive to
tuberculosis 580 (96.6%) was positive for AFB detected by microscopic
examination of ZN stained smears. However, by duplex real-time PCR 588 (98%)
was confirmed to M. bovis infection.

Analytical specificity:

The specificity of real-time PCR targeting 151081 and 1S6110 was evaluated to 19
strains of different Mycobacterial species. The real-time PCR targeting both
1IS1081 and 1S6110 sequences showed negative result with all Mycobacterial
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species in two concentrations of DNA from each strain, 5ng/ul and 5pg/pl; while
strong positive result with M. bovis BCG was detected. Furthermore, p-actin
internal control showed positive Ct-values with all Mycobacterial species including
M. bovis BCG (table 1).

Table 1. Mycobacteria and non-mycobacteria analyzed for the determination of the specificity
of real-time MAP-PCR

Target sequence
Species, Sub-species Type HosStOslf)reCceies / |S1801 I 8_6110
Template concentration
5ng/pl | 5pg/ul | 5ng/ul | Spg/ul
M. avium subspecies avium
(M128/2) TS Cattle - - - -
(01A1077/2) Fl-J Cattle — — — —
(00A0720/2) Fl-J Pig — — — —
(03A0910/2) Fl-J Poultry — — — —
(03A2530/1) Fl-J Poultry — — — —
M. avium subspecies hominisuis

(01A0554/1) Fl-J Pig — - — -
(01A1054/1) Fl-J Human — - — -
(01A0255/1) Fl-J Dog — - — -

M. bovis BCG (99A1119/1) a 17.03 26.69 | 18.66 | 28.33
M. dierhoferi (M132/1) TS Environment — — — —
M. fortuitum (M134/1) TS Human — — — -
M. intracellulare (M136/1) TS a — — — —
M. nonchromogenicum (M433/1) Fl-J Environment — - — —
M. abuense (03A0262/3) TS Human — — — —
M. phlei (M139/1) TS Phage — - — —
M. scrofulaceum (M 140/3) TS Human — — — —
M. smegmatis (M141/1) TS a — - — -
M. terrae (M142/B) Cattle — — — —
M. tuberculosis (05A3246) Fl-J 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.

% host species unknown




Duplex real-time pcr assay targeting ... 51

Analytical sensitivity:

The analytical sensitivity of real-time PCR based on 1S1081 and 1S6110 gene
sequences in combination with B-actin showed a nearly similar reproducible
detection level that was 10 M. bovis cells/ml for 1S1081,While; the reproducible
detection limit of SI16110-PCR was 100 M. bovis cells/ml (table 2).

Table 2. Ct-values and standard deviation of real-time PCR based on 1S1081 and 1S6110 gene
sequences with serial dilution of M. bovis cells

M.bovis 1S1081 156110

cells/ml Mean Ct SD Mean Ct SD
1.00+08 17.4 0.2 174 0.8
1.00+07 20.8 0.2 215 0.8
1.00+06 24 0.1 24.6 0.6
1.00+05 27.2 0.4 27.9 0.8
1.00+04 30.2 0.3 30.9 0.8
1.00+03 335 0.1 341 0.6
1.00+02 37.1 0.5 374 0.8
1.00+01 39.2 0.3 - '

The calculation of amplification efficiency of 1S6110 and 1S1081-PCR
showed strong linear relationship between Ct-values and the corresponding
concentration of M. bovis cells in PCR. The regression coefficient was (R?=0.9985)
while the regression coefficient in case of 1S6110-PCR was (R?*=0.9971), (figure
1).
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Figure 1. Semilogartihmic relationship between Ct-value and log concentration of M. bovis in
spiked lymph node
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The accuracy of the assay for detection of M. Bovis in spiked LN tissue
samples
After DNA extraction from spiked lymph nodes samples were processed using
High Pure PCR Template Preparation Kit. By real-time PCR targeting 1S1081 and
1S6110 in combination B-actin internal. Up to 20 cells/1 gm Lnn could be detected
(table 3).

Table 3. Results of direct detection of M. bovisin spiked lymph node using real time PCR based
on 1S1081 and 1S6110

Conc. of M. bovis cells in 1gm Ct-values

of spiked Lnn tissue 1S1081-PCR 1S6110-PCR
2x107 21.35 22.7
2x10° 24.1 26.03
2x10° 27.9 28.78
2x10* 31.21 31.65
2x10° 33.9 34.1
2x10° 36.8 37.2
2x10? 39.4 39.7

This study included detection of M. bovis in lymph nodes with visible
lesions suggestive to tuberculosis in cattle slaughtered in a slaughterhouse. This
constitutes a tentative diagnosis for bovine tuberculosis that is routinely performed
during the meat inspection in slaughterhouses. However, the presence of caseous
and/or calcified lesions and even lesions resembling tuberculous lesions may not
always found to be of mycobacterial origin. Lesions can be caused by any other
intracellular organisms or parasites that could mislead a veterinarian to consider the
non tuberculous cattle as being tuberculous. Therefore, postmortem examination
followed by bacteriological examination of suspected lesions in cattle is important
tools to confirm BTB infection (Corner, 1994). Accurate molecular detection
enables to make definitive diagnosis of M. bovis (Haddad et al., 2004). It has been
reported that PCR is 28 times more sensitive in the diagnosis of M. tuberculosis
complex than traditional culture and direct microscopy (Romero et al., 1999).
Molecular technique has the advantage of being fast. In addition, it is simple to
implement and easy to adapt to any laboratory since it does not require
sophisticated equipment or expensive reagents.

In our study, a high detection rate of AFB by microscopical examination of
lymph nodes with tuberculous-like lesions was recorded. Although it is considered
a tentative diagnosis and lacking of confirmation of BTB and its differentiation
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from other related mycobacteriosis, it is the most rapid and cost-effective screening
method. Our results were in consistent with Asil et al., (2012) who sustained
microscopy as a useful and accessible technique for detecting AFB. In contrary,
M. bovis are often low in bovine specimens and they can be visualized by ZN only
if a sufficient quantity (at least 5 x 10" mycobacteria/ml) of materials is present
(Quinn et al., 1994). Result of ZN staining may also be affected by the sample
taking technique during smear preparation as mycobacteria are not be evenly
distributed in the tissue sample (Shitaye et al., 2006).

Tuberculosis in cattle and other domestic animals is above all caused by
two members of Mycobacterium tuberculosis complex (MTC): M. bovis and M.
caprae (Prodinger et al., 2005). However, M. bovis is the most prominent member
of MTC associated with BTB infections. Results of this study revealed that 98%
were confirmed to M. bovis by real-time PCR, indicating that M. bovis was the
most predominated cause of BTB with high zoonotic potential. The negative results
of 2% could be related to other type of mycobacteria or non-tuberculosis causes of
detectable tuberculosis-like lesions.

IS1081-PCR result showed higher sensitivity than 1S6110-PCR. In similar
scale, our result showed high sensitivity than that reported by Thacker et al.,
(2011), the limit of detection of 1S6110-PCR was 100 fg of M. bovis DNA (equal
20 M. bovis cells). The 1S6110 PCR has been reported to detect M. bovis in PCR
reaction (Shitaye et al., 2006). Reddington et al., (2011) developed a multiplex
real-time PCR assay using novel molecular targets to identify and differentiate
between the phylogenetically closely related M. bovis BCG and M. caprae.

However, the result of 1IS1081-PCR showed bit lower sensitivity than other
detection limit one copy M. bovis reported by Taylor et al., (2007). The 1S1081
PCR is a realistic screening method for rapid identification of positive cases but the
sensitivity of single copy methods; this is almost certainly due to the multi-copy
nature of the target (Taylor et al., 2007).

Assay developed in the present study could detect up to 20 M. bovis
cells/ml in spiked lymph nodes. Numerous works have evaluated the use of PCR as
a tool for diagnosing mycobacterial infection in various clinical samples. Some
have detected M. bovis in milk samples (Antognoli et al., 2001), whereas others
have detected M. bovis directly in bovine tissue (Roring et al., 2000; Taylor et al.,
2007). Furthermore, Zanini et al., (2001) described a more effective use of this
diagnostic tool applying the system in tissue samples with presence of gross lesions
compatible with tuberculosis. Miller et al., (1997) demonstrated that PCR is a
reliable technique for the identification of M. bovis in tissues embedded in paraffin
in which M. bovis could not be cultured.

Efficient DNA extraction is crucial to the success rate of PCRs applied to
such tissues. The extraction procedure should deliver effective lysis of
Mycobacteria, good recovery of the DNA from a complex mixture of tissue debris
and lastly, removal of PCR inhibitors. It was reported that the discrepancy between
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sensitivity of detection found with purified mycobacterial DNA and direct testing
of field samples was due to limited mycobacterial DNA recovery from tissue
homogenates rather than PCR inhibition (Taylor et al., 2007). This may be a cause
of concern; they are irrelevant if primers and probes with sufficient specificity are
not available. In the present study, efficient DNA extraction from lymph nodes was
applied to overcome the PCR inhibitors by combination of commercial DNA
extraction Kits with bead beating technique and optimal lysis buffer. The use of
commercial kits with lysis reagents was reported (Aldous et al., 2005). Silica based
methods of DNA extraction have been widely evaluated and found to be one of the
most efficient with columns generally more efficient than slurries (Bouwman and
Brown, 2002). Combination of these various DNA extraction approaches were also
evaluated (Heginbotham et al., 2003). A number of studies have addressed the
problem of initial processing of mycobacterial samples and a number of procedures
as described (Afghani and Sutman, 1996; Heginbotham et al., 2003; Tell et al.,
2003; Mangiapan et al., 1996; Roring et al., 2000; Boom et al., 1990). Several of
these studies have compared procedures, often with differing conclusions. The use
of internal control in a real-time PCR reaction enables evaluation of DNA
extraction and purification procedures and prevents misdiagnosis of M. bovis in
clinical specimens.

Conclusion

The duplex real-time PCR assay described in this study is a diagnostic
assay for the identification of M. bovis, which are obtained two diagnostic targets
in one internally controlled reaction. The assay was evaluated with 19 bacterial
strains and was determined to be 100% specific for the members of the M. bovis
targeted. We suggest that the 1S1081-PCR is a good candidate assay for routine
screening of cattle lymph nodes and other tissue for M. bovis infection. Efficient
DNA extraction is crucial to the success rate of PCRs applied to such tissues.

Duplex real-time pcr analiza usmerenih elemenata insercije
1IS1081 i is6110 za detekciju micobacterium bovis u limfnim
¢vorovima goveda

A. Sdlim, M. El-haig, W. Gaede
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Rezime

Razvoj pouzdanog i brzog skrining testa za detekciju Micobacterium bovis
(M. bovis) pomaZze u kontroli tuberkuloze goveda. Cilj ovog rada bio je da se oceni
osetljiv i specifi¢an test za detekciju DNA M. bovis u limfnim ¢vorovima sa
lezijama suspektnim na tuberkulozu, uzetim od zaklanih goveda. Dvostruki PCR
test u realnom vremenu (real-time PCR) razvijen je za identifikaciju M. bovis sa
pretragom umetnutih elemenata (1S) 1S1081 i 1S6110 u jednoj interno kontrolisanoj
reakciji. Ocenjivani su protokoli ekstrakcije DNA M. bovis iz uzoraka tkiva.
Specifi¢nost i osetljivost testa procenjivani su za detekciju serijskih razblaZzenja
referentnih sojeva mikobakterija kao i homogenata limfnih ¢vorova. Rezultati su
pokazali da je mikroskopsko ispitivanje 600 limfnih ¢vorova sa lezijama slicnim
tuberkulozi - za utvrdivanje Acid-fast bacilli (AFB) pokazalo stopu detekcije od
96,6 %, u poredenju sa 98 % za M. bovis sa real-time PCR-om. Limit izvodljivosti
detekcije 1S1081 — PCR je bio 10 M. bovis ¢elija/ml dok je za 156110 - PCR bio
100 M. bovis c¢elija/ml. Pored toga, oba prajmer set PCR protokola mogu
detektovati 20 M. bovis celija/ml u tkivu limfnih ¢vorova. Test je ocenjen na 19
bakterijskih sojeva i utvrdeno je da je 100% specifican za M. bovis. Moze se
zakljugiti da je 1S1081 - PCR odgovarajuc¢i kandidat za rutinski skrining test
limfnih ¢vorova i drugih tkiva goveda na M. bovis infekcije.
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Abstract: Now, image processing is a better technique than the
subjectively assessments for linear scoring of morphologic traits, especially in fat-
tailed ewe’s. The objective of this study was to assess this application in animal
characterization on a case study in order to comparing of, udder morphological
characteristics in two Iranian crossbred sheep populations including Ghezel-
Arkhamerino (GH-MR; 25 ewes), Moghani-Arkharmerino (MG-MR; 25 ewes) and
a pure one that was Ghezel ewes (20 ewes). Ten udder factors and five milk traits
were measured on seventy ewes during three stages of lactation. Digital pictures
were analyzed by Digimizer 3.6 software. Statistical analysis of udder liner scores
was performed by using the MIXED procedure of SAS 9.1 software. Results
showed that long udders were more frequent in the Ghezel ewes than in crossbred’s
ewes. Least variation was observed for teat placement score in Ghezel purebred
ewes. The means of udder depth in the Ghezel ewes were larger than in the
crossbreds (P<0.01). A positive correlation between left and right teat length scores
were found in the all genetic groups (r,=0.47-0.65). Milking rate (r,= 0.81) and
milking time (r,= 0.37) showed significant correlations with milk yield (P <0.001).
The most useful udder scores for predicting daily milk yield appears to be the left
teat length, teat placement and attachment width in Ghezel ewes. Phenotypic
correlations variations within linear scores and their relationships with daily milk
showed the potential of improvement of these traits in breeding programs of dairy
sheep.

Keywords: crossbreeding, milk yield, sheep, udder conformation traits

I ntroduction

Milking traits (Sanna et al., 2001; Dzdic et al., 2004; Casu et al., 2010) and
udder morphology traits (Rovai et al., 1999; Marie-Etancelin et al., 2003; Casu et
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al., 2010) are factors determining milking ability in dairy ewes. The transformation
from hand to machine milking requires that the relationships among morphological
udder characteristics and milk production be investigated (Mavrogenis et al.,
1988). A better understanding of morphological variations and milking traits would
allow identifying those traits which are most suitable for a synchronous selection
program (Dzdic et al., 2004). Previously, breeding selection criteria were focused
on production traits, which may have negatively affected the mammary
morphology traits by increasing udder depth and reducing teat verticality. Thus,
there is a need to introduce improve udder traits in sheep breeding schemes.
Additionally, improved adaptation of udder morphology to machine milking may
positively affect udder health (Gutiérrez-Gil et al., 2008). In dairy sheep, the most
important functional traits are those related to udder morphology, because they
determine the machine milking efficiency of the animal and have a substantial
effect on its functional lifetime (Gutiérrez -Gil et al., 2008). The evaluation of
udder morphology traits during lactation might be useful auxiliary traits for the
genetic improvement of milking ability due to close genetic correlations (Rovai et
al., 1999).

Knowledge of milk yield, milking time and udder conformation is
necessary for optimal adaptation of the milking environment to the needs of the
animal (Dzdic et al., 2004). In the last decades machine milking has been
introduced more widely into dairy sheep husbandry. This evokes attention of
breeders and scientists for morphological and functional characteristics of udder
traits in order to enable an easy and uniform milking routine (Milerski et al., 2006).
It is important to investigate which traits show the closest relationships to machine
milking ability, such as: udder and teat measurements, milking time, milk flow rate
and their relationship to milk yield (Peris et al., 1999). It is necessary to identify
traits that are simple to measure and correlated with milk yield to select ewes for
dairying from existing populations of sheep in Australia (Morrissey et al., 2007).
Several authors investigated the relationship between morphological udder traits
and milkability or milk performance. Deep and well-attached udders are strongly
correlated with high production (Legarra and Ugarte, 2005). According to
|zadifard and Zamiri (1997), correlations between udder’s measurements and milk
yield can be useful in preparation of cross breeding programmes. Cistern size and
udder morphology traits are correlated with milk secretion rate and milk emission
kinetics during machine milking in dairy sheep (Ayadi et al., 2011). Phenotypic
and genetic correlations indicate that selection for milk yield will produce worse
udder morphology in dairy breeds, mainly in udder height and teat placement,
giving as a result baggy udders which are inadequate for machine milking (Caja et
al., 2000). The purposes of the present study were to determine effective factors on
linear udder score and evaluate their phenotypic relationships with milk traits in the
Ghezelx  Arkhamerino (GH-MR) and MoghanixArkharmerino (MG-MR)
crossbreds and the Ghezel purebred ewes.



Effect of crossbreeding ... 63

Materials and M ethods

This study was carried out at the animal research station, College of
Agriculture in University of Tabriz. Seventy ewes were available in the
experiment, out of them 20 Ghezel purebred ewes, 25 Ghezel x Arkharmerino and
25 Moghani x Arkharmerino crossbreds. All ewes were machine milked once a day
during lactation. Animals were recorded repeatedly during their first and second
lactations in three lactation stages, including early (week 2), middle (week 11) and
end of lactation (week 23). Measured traits were linear udder traits, milking rate
and time, milk composition and daily milk yield. Linear udder scores were derived
from digital photos of each ewe directly taken before the machine milking. The
linear assessment scheme contained ten characteristics of udder and teats including:
udder depth (1-low, 9-high; UD), left and right cistern depth below the teat level
(1-none, 9-high; LCD for left and RCD for right), teat placement (1- horizontal, 9-
vertical; TP), left and right teat length (1-short, 9-long; LTL for left and RTL),
udder attachment (1-narrow, 9-wide; UA), udder shape (1-bad, 9-ideal; US) by
following the protocol proposed by De la Fuente et al. (1996), and Ugarte (2007),
and teat vertical position of lateral view (1-high, 9-none; LD) and teat horizontal
position of lateral view (1-frontal, 9-posterior; LTP) measured based on the
protocol proposed by Hajihosseinlo et al., (2012). Four pictures of the udder were
analyzed: fore and lateral views of the whole udder and two particular views of the
right and left teat. Digimizer 3.6 software was used for extraction and calculation
of udder scores from digital pictures, and also milk composition, milking rate and
machine milked time (second) were recorded in the 2nd, 11th and 23rd week
postpartum.

Statistical analysis of udder liner scores was performed by using the
MIXED procedure of SAS 9.1 (2003). The CORR procedure was applied for
calculation of correlations between traits. The final regression equations of daily
milk yield on udder linear scores were determined using the stepwise selection.
The following statistical model was used:

Yijum = U+ Bi + Sj+ PitAni+ BixSj+ BixPy +€jjim

Where: yium= dependent variables studied; p= mean; B;= fixed effect of
genetic group (i=1, 2, 3); S;= fixed effect of stage of lactation (j=1, 2, 3); P,=fixed
effect of parity (k=1, 2); An;= random effect of animal; BixS;= interaction of breed
with stage of lactation; B;xP, = interaction of breed with parity.

Results and discussion

Factors affecting udder scores traits

Least squares means of linear udder scores and daily milk yield for genetic
groups, parity and different stages of lactation are summarized in Table 1. Least
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squares means of daily milk yield and udder depth in the Ghezel ewes were higher
than in crossbreds. The least squares mean of left teat position for Ghezelx
Arkharmerino crossbreds was higher than for Moghani x Arkharmerino (P<0.05).
The average cross-section areas of cistern were much larger in Ghezel than in
crossbreds for both variants of scores, from the side and from the bottom. On the
other hand, teats were positioned more horizontally in Ghezel ewes.

Table 1.Least squares means of linear udder scoresand daily milk yield (DMY) for Ghezel
(GH), Ghezedl x Arkharmerino (GH-MR) and Moghani x Arkharmerino (MG-MR) ewesin
different stages of lactation and numbers of parity.

Least squares means

DMY(gram)] UD [LTL]RTL] TP [LTP| US [RCDJLCD [ UA | LD
Genetic groups
GH 734 [3.09°| 4.44 | 4.39 | 4.49°[3.64®] 3.64 | 2.33 [2.34% | 4.18 | 3.80°
GH-MR 497° |255°| 4.39 | 4.38 | 5.40%]3.89%] 3.90 | 2.18 | 2.02° | 4.05 | 4.31®
MG-MR 569° |2.70°| 4.54 | 4.56 [4.90®|3.22°] 3.22 | 2.35 | 2.67° | 3.98 | 4.43"
Parity
First 650° [2.97°]454] 45 [ 49 [356[379°[ 234 [ 239 [ 421 | 4.14
Second 550° 26° | 438 ]438 497359333224 23 |3.92] 4.23
Stage of lactation
Early 8687 [3.15%]3.96% [ 3.93%[3.68° | 2.53 | 3.04° | 2.56% | 2.55°7 | 4.65% | 4.74°
Middle 674° [2.74°]459°[452°[5.12°[ 2.52 | 2.29° [ 2.26® | 2.39%® [ 3.91° | 4.1°
End 260° |2.71°|4.82°[4.88°| 5.9° | 3.69 | 2.14° | 2.03° | 2.10° | 3.65" | 3.70P

Different letters in the same column for each effect differ significant at P <0.05. Udder depth (UD),
left and right teat length (LTL and RTL), teat placement (TP), teat horizontal position of lateral view
(LTP), udder shape (US), left and right cistern depth (LCD and RCD), udder attachment (UA) and
teat vertical position of lateral view (LD).

The distributions of the frequency of udder linear scores in genetic groups are
showed in Figure 1. 75- 95% ewes had score 2 and 3 for udder shape score. Long
udders (udder depth scores < 4) were more frequent in the Ghezel ewes than in
crosshbred’s ewes. The lowest variations were observed for teat position scores.
These differences may be due to the genetic differences between the three
populations.
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Figure 1. Frequent distribution of linear scoresfor GhezelxArkhamerino (GH-MR), M oghanix
Arkharmerino (MG-MR) crossbreds and purebred Ghezel ewes (GH).

Corréeation between linear udder scoresand milk traits

Correlation analyses were done for the examined genetic groups separately
in Tables 2, 3 and 4 for Ghezel, Ghezel x Arkharmerino and Moghani x
Arkharmerino, respectively. Positive phenotypic correlation was found between
daily milk yield and udder shape in Ghezel, Moghani x Arkharmerino (P<0.01)
and Ghezel x Arkharmerino (P> 0.05). In all genetic groups, positive phenotypic
correlations found between right and left cistern depth score and also left and right
of teat length scores were detected, that suggesting that they are nearly identical
traits. The high coefficient of variation for the all linearly scored traits is probably
due to the high individual variability between ewes.
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Table 2. Phenotypic correlation coefficients between subjectively assessed linear scores treats
and daily milk yield for Ghezel ewes

Linear scores RTL| LTL TP |LTP|US|RCD LCD UA LD Daily milk
ubD n.s. n.s. n.s. ns. |n.s.| ns. n.s. n.s. n.s. n.s.
RTL 0.490** | 0.402* | n.s. |n.s.| n.s. n.s. n.s. -0.387* | -0.544**
LTL n.s. n.s. |n.s.| ns. n.s. n.s. n.s. n.s.
TP n.s. |ns.| ns. n.s. n.s. n.s. -0.451**
LTP n.s.| n.s. -0.377* n.s. n.s. n.s.
us n.s. n.s. 0.528** n.s. 0.450**
RCD 0.652*** n.s. n.s. n.s.
LCD n.s. n.s. n.s.
UA n.s. 0.471**
LD n.s.

*P<0.05; **P<0.01; ***P<0.001; n.s.: Non Significant. Udder depth (UD), left and right teat length (LTL and RTL), teat
placement (TP), teat horizontal position of lateral view (LTP), udder shape (US), left and right cistern depth (LCD and

RCD), udder attachment (UA) and teat vertical position of lateral view (LD).

Table 3. Phenotypic correlation coefficients between subjectively assessed linear scores of udder
traitsfor Ghezel x Arkharmerino ewes.

Linear scores |RTL| LTL |TP| LTP uUs RCD LCD |UA LD Daily milk
uD n.s. n.s. n.s. n.s. 0.561*** | 0.444** | 0.510** |n.s. n.s. 0.405*
RTL 0.474** |n.s. n.s. n.s. n.s. -0.392* |n.s.| -0.370* -0.382*
LTL n.s. | 0.484** n.s. n.s. n.s. n.s. n.s. n.s.
TP n.s. n.s. n.s. n.s. n.s.| -0.412** n.s.
LTP n.s. n.s. n.s. n.s. n.s. n.s.
us 0.362* | 0.333* [n.s. n.s. n.s.
RCD 0.653*** |n.s.| 0.354* n.s.
LCD n.s. n.s. n.s.
UA n.s. n.s.
LD n.s.

*P<0.05; **P<0.01; ***P<0.001; n.s.: Non Significant. Udder depth (UD), left and right teat length (LTL and RTL), teat
placement (TP), teat horizontal position of lateral view (LTP), udder shape (US), left and right cistern depth (LCD and
RCD), udder attachment (UA) and teat vertical position of lateral view (LD).

Table 4. Phenotypic correlation coefficients between subjectively assessed linear scores of udder
traitsfor Moghani x Arkharmerino (MG-MR) ewes.

Linear scores |RTL |LTL TP |LTP [US RCD LCD UA LD Daily Milk
ubD n.s. |n.s. n.s. [n.s. [n.s. 0.464** |0.382* 0.394* [0.474** |n.s.
RTL 0.653*** |n.s. |n.s. [n.s. n.s. n.s. n.s. n.s. n.s.
LTL n.s. |n.s. |n.s. n.s. n.s. n.s. n.s. n.s.

TP n.s. |n.s. -0.471** |n.s. n.s. n.s. -0.437*%*
LTP 0.523*** |n.s. -0.483** |n.s. n.s. n.s.

us n.s. n.s. n.s. n.s. 0.404**
RCD 0.762*** |n.s. n.s. n.s.
LCD n.s. n.s. n.s.

UA n.s. n.s.

LD n.s.

*p<0.05; **p<0.01; ***p<0.001; n.s.: Non Significant. Udder depth (UD), left and right teat length (LTL and RTL), teat
placement (TP), teat horizontal position of lateral view (LTP), udder shape (US), left and right cistern depth (LCD and
RCD), udder attachment (UA) and teat vertical position of lateral view (LD).
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Correlation coefficients between milk dependent characteristics mutually
are summarized for all genetic groups in Table 5.Milking rate and daily milk yield
were highly correlated (r = 0.81, P < 0.001). Protein percentage was silently
negative correlated with daily milk yield.

Table 5. Phenotypic correlation coefficients between daily milk yield and compositions, milking
rate and milking time.

Milking rate Milking time Fat% Protein % Dry matter%
Daily milk 0.811*** 0.373** n.s. -0.201* n.s.
Milking rate n.s. n.s. n.s. n.s.
Milking time n.s. n.s. n.s.
Fat% n.s. n.s.
Protein% 0.204*

*P<0.05; ***P<0.001; n.s.: Non Significant.

Correlation between milk yield and linear udder scores during of lactation
Phenotypic correlation coefficients between linear udder scores and daily

milk yield during of lactation are summarized in Table 6. The approaching to end

of lactation, numbers of significant phenotypic correlations between daily milk

yields with linear udder scores were decreased.

Table 6. Phenotypic correlation coefficients between linear udder scoreswith daily milk yield

various stages of lactation

Stage of lactation

Effect Early Middle End
Udder depth n.s. 0.374** n.s.
Right teat length -0.281* n.s. n.s.
Left teat length n.s. n.s. n.s.
Teat position n.s. -0.310* n.s.
Teat horizontal position of lateral view n.s. n.s. n.s.
Udder shape 0.462** n.s. 0.346**
Right cistern depth 0.306* n.s. n.s.
Left cistern depth 0.324* n.s. n.s.
Udder attachment n.s. n.s. n.s.
Teat vertical position of lateral view n.s. n.s. n.s.

*p<0.05; **p<0.01; n.s.: Non significant.

Regression equations were built (Stepwise method) for estimation of daily
milk yield from related parameters. The following equations were obtained when
all udder scores were included as independent variables:

Dally milk y|6|d Ghezel— 88629-8677RTL-9334TP+ 119.59 UA

)

(R2 adjusted = 068)

Where: RTL is right teat length; TP is teat placement; UA is attachment
width.The most useful udder scores for predicting daily milk yield appears to be
the right teat length, teat placement and attachment width in Ghezel ewes.
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Regression equations were not reliable for crossbreds due to low R? adj-
Furthermore udder depth appears to be the most useful of the udder scores for
predicting milking rate in the Ghezel purebreds (R? agi= 0.56; P<0.01). However,
the utilization of these equations for practical purposes needs to be investigated
further as the sample size in this study was rather small.

Discussions

Evaluation of udder morphology can be performed by subjective
assessment of udder traits using linear scales (De la Fuente et al., 1996) or by
direct measurements of the udder (Marie-Etacelin et al., 2003). Direct
measurements provide objective information, but they are time consuming and
laborious for applying on a large scale (De la Fuente et al., 1996). On the other
hand, linear traits are more useful for large scale evaluations, but rely on subjective
information. The stage of lactation (De la Fuente et al., 1996; Caja et al., 2000),
parturition number (Serrano et al., 2002; De la Fuente et al., 1996; Gelasakis et
al., 2012) and animal (Gelasakis et al., 2012) had significant effects on linear
udder scores.

Marie-Etacelin et al. (2003), reported that mean teat position, udder cleft,
udder depth and udder attachment in the Lacaune and Sarda ewes were 7.28 and
7.79, 5.65 and 6.25, 6.42 and 6.29 and 5.19 and 4.05 scores, respectively. Milerski
et al. (2006), reported that line scores for Lacaune ewes were larger than for
improved Walachian and Tsigai ewes for udder depth, cistern depth, udder
attachment, udder shape and udder position, while for teat size and udder cleft the
scores were lower. Average udder depth, udder attachment, teat placement, teat
size and udder shape in Churra ewes were 5.16, 5.14, 4.48, 4.78, and 4.76,
respectively (De la Fuente et al., 1996). No significant difference were detected
between teat position score in Churra ewes by Fernandez et al. (1995), and teat left
and teat right in Chios ewes by Gelasakis et al. (2012), according to our results.

According to Fernandez et al. (1997), verticality teats
were favourable for machine milking contrary to the results of present study
(horizontal teats). The distribution of the most frequent score in the Sarda x
Lacaune backcross ewes and their progeny was slightly different. In the Sarda x
Lacaune crossbreeds 45% of ewes had score of 7. Short udders were more frequent
in the Sarda x Lacaune ewes (Casu et al., 2010), compared to our results for
Ghezel x Arkharmerino crossbred. Udder depth was lowest variation in the Lori
Bakhtiari ewes, where 85% of ewes had score 2 and 3 (Sadeghi et al., 2013).

Linear Scores

Milerski et al. (2006), describe significant phenotypic correlations between
udder depth and attachment score for Tsigai (r,= 0.67) and Walachian (r,= 0.54),
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but no significant relationship was detected for Lacaune ewes. There was no
significant phenotypic correlation between udder depth and teat position according
to the results of Fernandez et al. (1997), and McKusick et al. (2000). Significant
phenotypic correlations were found between udder shape with teat placement, teat
size, udder depth and udder attachment (De la Fuente et al., 1996). Phenotypic
correlations between teat placement score and teat size score for each genetic
groups were positive and contrary with Fernandez et al. (1997), results. The high
changes of phenotypic coefficient for linear udder scores was due to the high
individual variability present in the morphological traits of the population used and
has been reflected in the scoring of linear udder traits.

Milking characteristics

Results of phenotypic correlations between milking
traits in sheep and goat breeds found in literature are quite inconsistent (Sung et al.,
1999; Snapis et al., 2007 and Snapis, 2007). Positive and significant (P<0.001)
correlations were observed between all milking traits in the Istrian dairy crossbreed
ewes by Dzidic et al. (2004). The authors describe a positive phenotypic correlation
between milking time and rate with milk volume and a negative phenotypic
correlation between milk compositions with milk volume. The high positive and
significant phenotypic correlation between milking rate and daily milk yield can be
explained by direct linear relationship between them.

Correlation between milk and udder linear scores during lactation

|zadifard and Zamiri (1997), the largest correlation coefficient with udder
shape in an early stage of lactation (r = 0.46, P < 0.01). However, in the early stage
of lactation, several udder measurements were correlated with the yield milk. A
high phenotypic correlation was between milk yield with depth (r = 0.75) and
circumference (r = 0.72) of the udder in early stage of lactation (lzadifard and
Zamiri, 1997). In Australian Merinos (Bencini and Purvis, 1990) udder volume and
milk yield in the first nine weeks of lactation were significantly correlated (r =
0.71).

The relationship between the linear scores with milk production could be
established jointly explained 68% of the variation of the daily milk yield(s) for
Ghezel ewes. Arkharmerino breed is a wool sheep that has not been selected for
dairy production traits, so it seems that, reducing of correlation in the Ghezel x
Arkhamerino and Moghani x Arkharmerino crossbred ewe’s in comparisioin with
Ghezel was due to crossbreeding of Ghezel and Moghani with Arkharmerino.
Moderate and high association between the udder measurements and milk
production explained 45% and 72% of the variation of the milk yield for Frizarta
(Kominakis et al., 2009) and Ghezel (Izadifard and Zamiri, 1997) dairy sheep,
respectively.
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Conclusion

Results of the present experiment showed that udder morphological traits
are related to daily milk yield and play evident roles in dairy sheep. The
subjectively appraised linear scores for cistern udder (left and right) showed high
correlations (r, = 0.65 — 0.76) in all genetic groups, therefore, this trait may be
useful to simplify the design of the udder assessment scheme. It seems that the
used current linear scoring system yields useful information for evaluating and
improving for Ghezel x Arkhamerino, Moghani x Arkharmerino and Ghezel ewes
in Iran. Nevertheless, for the final designing of linear scoring scheme in Iran try to
increase the knowledge of relationships between udder trait assessments and milk
yield and/or machine milk flow characteristics is needed. The knowledge of the
relationships between morphological udder traits would permit to predict future
correlated responses in milk-oriented selection schemes. Results of the present
study showed that milk potential for Ghezel ewes can be estimated with reasonable
accuracy by reducing udder characteristics.

Uticaj ukrstanja na linearne ocene vimena i njihove
fenotipske odnose kod ovaca iranske masno-reperase

S Sadeghi, A. Rafat, M. Bohlouli
Rezime

Obrada slike je sada bolja tehnika nego subjektivna procena za linearnu
ocenu morfoloskih osobina, posebno kod ovaca iranske masno-repe rase. Cilj ove
kako bi se poredile morfoldke karakteristike dve iranske ukrstane populacije ovaca
ukljucuju¢i Ghezel - Arkhamerino (GH - MR; 25 ovaca), Moghani - Arkharmerino
(MG- MR ; 25 ovaca) i ovce ciste rase - Ghezel (20 ovaca). Deset faktora vimena i
pet osobina mleka su mereni na sedamdeset ovaca tokom tri faze laktacije.
Digitalne fotografije su analizirane Digimizer 3.6 softverom. Statisticka analiza
linearnih ocena vimena je izvedena koris¢enjem MIKSED postupka SAS 9.1
softvera. Rezultati su pokazali da su dugacka vimena ¢eS¢a u Ghezel ovaca nego u
ovaca meleza. Najmanje varijacije zabeleZeno je za poloZaj sisa kod cistokrvnih
ovaca rase Ghezel. Srednje vrednosti za dubinu vimena u Ghezel ovaca bile su
vecée nego u meleza (P<0,01). Pozitivna korelacija izmedulinearnih ocena duZine
levih i desnih sisa utvrdeni su u svim genetskim grupama (r,=0.47-0.65). Brzina
muze (r,= 0.81) i trajanje muze (r, = 0.37) pokazuju znacajne Korelacije sa
prinosom mleka (p<0,001). Najkorisniji linearni rezultati osobina vimena za
predvidanje dnevnog prinosa mleka je, kako se ¢ini, duzina levih sisa, polozaj sisa
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i Sirina vezevimena u Ghezel ovaca. Varijacije fenotipskih korelacije unutar
linearnih rezultata i njihova povezanost sa dnevnim prinosom mleka pokazale su
potencijal u unapredenja ovih osobina u programima oplemenjivanja muznih
ovaca.
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Abstract: The aim of the study was to investigate the application of binary
logistic regression to assess the potential factors associated with the prevalence of
abortion and stillbirth in indigenous goat breeds in Nasarawa State, north central
Nigeria. 5,268 kidding records of does from a total of 105 traditional goat herders
from the year 2010-2011 were utilized in the study. The goats which were of West
African Dwarf (WAD), Red Sokoto (RS), Sahel (SH) and WAD x RS crossbred
(WR) genetic groups originated from different flocks and were reared under the
traditional extensive system. The risk factors investigated were dam breed group,
season, parity and number of foetuses. Of the 5,268 kidding records, 570 (10.8%)
and 520 (9.87%) were cases of abortion and stillbirth, respectively. The logistic
regression analysis revealed that season, parity and number of foetuses were the
parameters of utmost importance (P<0.05) influencing the prevalence of abortion
and stillbirth in the four genetic groups investigated. The logistic regression models
were able to predict correctly 89.2 and 90.1% cases of abortion and stillbirth,
respectively. The present information may be exploited in management practices to
attenuate the incidence of abortion and stillbirth parturition, thereby increasing the
productivity of the animals.

Key words: abortion, goats, logistic regression, Nigeria, stillbirth.
Introduction
Livestock form key components of the livelihood strategies of many of the

world's poorest people, with different species fulfilling different functions in the
household economy (Anderson, 2003; Petrovi¢ et al., 2013). In Nigeria, goat
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production plays an important role in the economic improvement of poor farmers
and contributes to poverty alleviation (Yakubu et al., 2011). However, one of the
major constraints to a successful development of goat industry is the menace of
abortion and stillbirth (Odo, 2003; Adamu et al., 2012). Abortion implies expulsion
of a foetus before full term and viability outside of the uterus. Stillbirth or
premature delivery is expulsion of a term foetus that is considered viable.
Antepartum death is characterized by variable degrees of autolysis, accumulations
of blood-tinged fluids in body cavities, soft autolytic kidneys, and variable degrees
of liquefaction of the brain (Holler, 2012). Deaths associated with the parturition
process are often less autolytic and display evidence of viability. Animals that have
survived the birth process and died shortly after will have blood clots in umbilical
vessels, aerated lungs, and minimal free fluid in body cavities. These early losses
are associated with a wide range of physiologic, nutritional, environmental, and
non-infectious causes that often go unrecognized. Abortion in goat herds at a level
that significantly affects productivity is a common clinical problem (Menzies,
2011). Reproductive failure due to abortion disease remains a significant revenue
drain in many ruminant livestock production systems (Simsek et al., 2012).
Abortion rates vary among producers, production systems, and management styles,
but in most situations, a rate much higher than 5% to 8% is usually deemed
unacceptable and worthy of investigation (Holler, 2012). Therefore, identification
of the risk factors associated with abortion and stillbirth can aid in optimizing herd
reproductive efficiency (Yakubu et al., 2013).

There is dearth of information on links between various hypothesized risk
factors and cases of abortion and stillbirth in Nigeria. The aim of this study
therefore, was to investigate the application of logistic regression to assess the
potential factors associated with the prevalence of abortion and stillbirth in
indigenous goat breeds in north central Nigeria.

Materials and Methods

5268 kidding records of does from a total of 105 traditional goat herders
within Nasarawa state north central Nigeria from the year 2010-2011 were utilized
in the study. The goats which were of West African Dwarf (WAD), Red Sokoto
(RS), Sahel (SH) and WAD x RS crossbred (WR) genetic groups originated from
different flocks and were reared under the traditional extensive system. They
grazed during the day on natural pasture containing forages such as stylo
(Stylosanthes gracilis), leucaena (Leucaena leucocephala) and guinea grass
(Panicum maximum), and scavenged on kitchen wastes such as dried yam peels
whenever available. Sampling was restricted to only farmers that were able to give
information on kid, buck and doe identification as well as occurrence of abortion,
stillbirth (defined as a kid born dead or dying within 24 h after birth), kidding date
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or period, parity and number of foetuses. Three seasons of abortion or stillbirth
were generated according to the month of the year: rainy season (from May to
October), dry season (from February to April) and harmattan season (from
November to January). The rainy season is characterized by high temperatures, rain
and abundant pasture. The dry season is characterized by high temperatures, lack of
rain and scarce pasture. The harmattan season has lower temperatures with winds.
No etiological diagnosis was made in aborted foetuses and stillbirths.

Statistical analysis

The logit of the probability of an abortion or stillbirth was modelled using
logistic regression assuming an asymptotic binomial distribution. Logistic
regression allows the prediction of group membership from a set of categorical
and/or continuous variables (x). Generally, the dependent variable is dichotomous
and can take the value 1 (member of the group) with a probability of success vy, or
the value 0 (non-member) with probability of failure 1 — y. The relationship
between the dependent and independent variables is not a linear function. Instead,
the logistic regression function is used, which is the logit transformation of y
(Dossa et al., 2008). First, the univariate analysis for all hypothesized risk factors
(dam breed group, season, parity and number of foetuses) and the occurrence of
abortion or stillbirth in the present study was carried out using Pearson’s Chi-
square (y°) test. Subsequently, a multivariate model was built by including every
hypothesized risk factor which had p-value of P<0.200 from the univariate
analysis, following the description of Santos et al. (2012) and Ryan et al. (2012).
Variables were retained, if p-value from the logistic regression was P<0.05,
otherwise they were removed from the final model. Backward stepwise elimination
based on Wald method was applied (Noordhuizen et al., 2001). The Chi-square
goodness-of-fit test was performed to check if the multivariate logistic model fit
the data well (P>0.05) (Hosmer and Lemeshow, 2000). A further test of the
accuracy of the logistic model was determined through the number of cases of
abortion and stillbirth predicted correctly.

The multivariate model employed (Czopowicz et al., 2012) was:

P(Y=1)= 1
1+exp [-(Bo + By x
X1 +...+ By x Xp)]

where,

P(Y=1) = probability of a final outcome (abortion or stillbirth)
B, = intercept
B1, B, = regression coefficients for individual risk factors
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X1, X, = risk factors (dam breed group, season, parity and number of foetuses)

The statistical package employed in the analysis was SPSS (2010).

Results and discussion

The relationship between risk factors and the prevalence of abortion and
stillbirth in Nigerian goats are shown in Table 1. Of the 5268 kidding records, 570
(10.8%) and 520 (9.87%) were cases of abortion and stillbirth, respectively.
Following univariate statistical analysis, season (x* =13.9; P=0.001) and parity (5
=16.5; P=0.005) showed a clear association with the incidence of abortion while
number of foetuses was the only single variable highly related to the occurrence of
stillbirth (x* =13.9; P=0). However, dam breed group, season, parity and number
of foetuses (abortion) and season, parity and number of foetuses (stillbirth) were
the eventual parameters fitted into the multivariate logistic regression models based
on the significance level P<0.20.

Table 1. The association between risk factors and the prevalence of abortion and stillbirth in
Nigerian goats

Parameters No.of No.of Chi-square No.of Chi-square
calvings | abortion (%) (P-value)* stillbirth (%) | (P-value)*

Breeds of goats

Red Sokoto 1165 143 (12.3) 4.96 (0.175) 100 (8.6) 4.29 (0.232)

Sahel 1003 108 (10.8) 100 (10)

West African Dwarf 2200 236 (10.7) 236 (10.7)

Crossbred (WR) 900 83(9.2) 84 (9.3)

Season

Rainy 2077 265 (12.8) 13.9 (0.001) 227 (10.9) 4.45 (0.108)

Dry 1480 148 (10) 139 (9.4)

Harmattan 1711 157 (9.2) 154 (9.0)

Parity number

1 1668 215 (12.9) 6.54 (0.005) 179 (10.7) 7.42 (0.191)

2 1163 129 (11.1) 120 (10.3)

3 895 92 (10.3) 90 (10.1)

4 647 63 (9.7) 64 (9.9)

5 500 42 (8.4) 38 (7.6)

>5 395 29 (7.3) 29 (7.3)

No. of foetuses

1 2209 218 (9.9) 4.02 (0.134) 155 (7) 35.3(0)

2 1597 178 (11.1) 196 (12.3)

3 1462 174 (11.9) 169 (11.6)

e  Only parameters with P<0.2 were included in the subsequent multivariate logistic
regression analysis.
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Table 2. Logistic regression predicting the prevalence of abortion and stillbirth in Nigerian
goats

Risk factor B S.E. Wald’sy° [ P-value | Odds ratio | CI (95%)

Abortion

Intercept -1.700 0156 | 119 0 0.183 N

Season 0197 | 0.054 | 135 0 0.822 0.740-0.912

Parity -0.117 | 0.029 | 15.9 0 0.889 0.839-0.942
103128

Number of foetuses 0.138 | 0.054 | 6.57 0.010 1.148

Stillbirth

Intercept 232 | 0166 | 194 0 0.099 )

Season 0135 | 0,055 | 5.9 0015 | 0874 0.784-0.974

Parity 0.080 | 0.030 | 7.17 0.007 | 0.923 0.870-0.979
1.20-1.50

Number of foetuses | 0.295 0.056 | 27.6 0 1.343

B= regression coefficient, S.E.= standard error of B, Cl= confidence interval
Hosmer and Lemeshow test: x> = 10.3 versus 11.9; P= 0.242 versus 0.154 for prevalence of abortion
and stillbirth, respectively.

The logistic regression models showed that season (odds ratio = 0.822 versus
0.874; P=0 versus 0.015), parity (odds ratio = 0.889 versus 0.923; P=0 versus
0.007) and number of foetuses (odds ratio =1.148 versus 1.343; P=0.010 versus 0)
were associated with the prevalence of abortion and stillbirth, respectively (Table
2). The positive or negative sign of the coefficient (B) indicates the direction of the
relationship between a given independent variable (X) and the dependent variable
while the odds ratio gives the magnitude of the change in the odds of having the
dependent variable event for a one unit change in the given independent variable.
Hosmer and Lemeshow Chi-square goodness-of-fit test [y* =10.3; P=0.242
(abortion); »* =11.9; P=0.154 (stillbirth)] showed that the multivariate model
proved to fit the observations and to explain the observed variations well.

The logistic model was quite reliable in predicting the prevalence of abortion
and stillbirth in a herd, being able to identify 89.2% cases of abortion and 90.1 %
cases of stillbirth, respectively (Table 3).
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Table 3. Classification table for the multivariate logistic regression of risk factors affecting the
prevalence of abortion and stillbirth in Nigerian goats*

Predicted
Abortion Percentage correct
Observed 0 1
Abortion 0 4698 0 100
1 570 0 0
Overall percentage 89.2
Stillbirth
Observed 0 1
Stillbirth 0 4748 0 100
1 520 0 0
Overall percentage 90.1

* The cut value is 0.5 in both cases of abortion and stillbirth.

Prenatal mortality is an important cause of production losses in the livestock
industry (Segura-Correa and Segura-Correa, 2009). Abortions can occur as
outbreaks, but more often, they are sporadic. The present abortion rates are lower
than the range 16.6-74.1% recorded for Mexican goats (Villa et al., 2008). An
abortion rate between 2% and 5% suggests that endemic disease may be present
(Menzies, 2011). This study reveals that the incidence of abortion and stillbirth is
an important health problem in goat breeding in Nigeria. Therefore, the evaluation
of contributory factors is justified. However, the present findings in goats are
contrary to the report of Odo (2003) in southeastern Nigeria, where WAD x RS
crosshreds had greater prevalence of abortion/stillbirth. It would appear that the
risk factors for abortion and stillbirth vary widely in different parts of Nigeria, and
that this local epidemiological knowledge together with knowledge of the infecting
serovars, is very important from a herd health and disease control point of view.
This may be a case for future investigation.

Season of kidding was a significant factor in the logistic regression model
and seem to affect the prevalence of abortion and stillbirth in a similar fashion, as
this appear lower in the harmattan and dry seasons compared to the rainy season.
Cantas et al. (2011) found a seasonal variation in the occurrence of abortions in
ruminants in northern Cyprus. The highest occurrence was experienced in October
which gradually declined to the lowest in December. This trend follows the steady
fall of temperatures that characterizing the transition from autumn to winter.
However, in a related study in cattle, Silva del Rio et al. (2007) reported greater
calf mortality occurred during the cold seasons compared with warmer seasons.
The regression coefficients for parity were negative in both cases of abortion and
stillbirth. This is an indication that the greater the number of times a doe has given
birth, the lesser the tendency to abort and record stillbirth. Research in sheep has
shown that first parity animals had smaller and less efficient placentas resulting in
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less viable lambs than those of older sheep. Similar report has been documented in
beef cattle (Segura-Correa and Segura-Correa, 2009). Atashi (2011) also reported
that the stillbirth frequency was found to be significantly higher for first parity
cows. The high stillbirth rate for the first kidding may be partly because of a
disproportion between the size of the kid and the pelvic area, which causes a
difficult kidding and increases stillbirth parturition incidence. The positive
association between the number of foetuses and the prevalence of abortion and
stillbirth indicates that the more the number of foetuses, the greater the propensity
for abortion and stillbirth rate in the goat populations. However, Segura-Correa
and Segura-Correa (2009) reported low values for the incidence of abortion and
stillbirth in cattle. The high percentage of prediction of abortion as well as stillbirth
is a justification of the fitness of the logistic regression model, which is
increasingly being used in biological studies such as diagnosis decision processes
and epidemiology (Solorio-Rivera et al., 2007; Kalil et al., 2010; Ryan et al.,
2012; Czopowicz et al., 2012).

The prospects for increased productivity based on efficient and sustainable
exploitation of goats inherent unique features, such as adaptability, ability to thrive
in harsh environmental conditions, resistance to disease etc should have the
objective of increasing goat population in harmony with the carrying capacity of
the veldt. Herd managers should review calving procedures with their veterinarian
to ensure that proper timing and calving assistance techniques are used when
providing assistance during parturition (Atashi, 2011). In addition, providing a
good environment for heifers and does to minimize stress before parturition can
reduce stillbirth incidence. It is noteworthy that appropriate precautions should be
taken to avoid zoonotic infection of personnel (in clinical or diagnostic settings)
with reproductive pathogens. Biosecurity is an important consideration for any
abortion control program, and should be promoted regardless of whether an
abortion problem exists in the flock (Menzies, 2011). Appropriate immunization to
prevent infection often can reduce reproductive losses in domestic animals (Givens
and Marley, 2008). Prospective field studies of abortion or stillbirth are very
expensive and not routinely applicable in the field. Therefore, the present study on
Nigerian goats has significant implications for farmers and veterinary
practitioners/herd health consultants as informed risk analysis is the key to
successful decision making in relation to reproductive problem control on farms.

Conclusion

In the present study, the multivariate logistic models showed that season,
parity and number of foetuses were the most important parameters affecting the
prevalence of abortion and stillbirth in WAD, RS, SH and WR goats. The present
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information may therefore be exploited in management practices to reduce to the
minimum the incidence of abortion and stillbirth parturition in order to improve the
production level of the goat farmers.

Primena multivarijacionog logisti¢kog regresionog modela za
utvrdivanje faktora koji imaju znafajan uticaj na
rasprostranjenost abortusa i prevremenog porodaja u
nigerijskoj rasi koza

A. Yakubu, M.M. Muhammed, 1.S. Musa-Azara

Rezime

Cilj studije bio je da se istraZi primena binarne logisticke regresije za
procenu potencijalne faktora povezanih sa rasprostranjenos¢u abortusa i
prevremenog porodaja u autohtonim rasama koza u drZavi Nasarava, u severno-
centralnoj Nigeriji. Podaci o 5.268 jarenja od ukupno 105 koza tradicionalnih
uzgajivaca iz 2010-2011 godine su koris¢eni u studiji. Koze rasa/genetskih grupa
West African Dwarf (WAD), Red Sokoto (RS), Sahel (SH) i melezi WAD x RS
(WR) poreklom iz razli¢itih stada su drzane u tradicionalnom ekstenzivnom
sistemu. Faktori rizika koji su ispitivani su sledeé¢i: grupa rasa zenskih grla,
sezona, paritet i broj fetusa. Od 5.268 podataka o jarenju, 570 (10,8 %) i 520 (9.87
%) su bili slu¢ajevi abortusa i prevremenog porodaja, respektivno. Logisticka
regresiona analiza pokazala je da sezona, paritet i broj fetusa su parametri od
izuzetnog znacaja (P < 0.05 ) Kkoji uticu na rasprostranjenost abortusa i
prevremenog porodaja u cetiri ispitivane genetske grupe. Logisticki regresioni
modeli su bili u stanju da predvide ispravno 89,2 i 90,1 % sluc¢ajeva abortusa i
prevremenog porodaja, respektivno. Ove informacije se mogu eksploatisati u
praksi upravljanja da ublaZze pojavu abortusa i mrtvorodene jaradi, ¢ime se
povecava produktivnost Zivotinja .
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Abstract: Two experiments were conducted to evaluate the effects of high
and low doses of carvacrol on blood lipid constituents and sex hormones in broiler
chicks. Inclusion of carvacrol into the drinking water at 0.5 and 0.3 g/ L in
Experiments 1 and 2, respectively, modulated serum cholesterol and high density
lipoproteins (HDL) levels, albeit the differences were not significant when
compared to the corresponding control groups (P> 0.05). Carvacrol at 0.5 g/ L
significantly decrease (16%) abdominal fat percentage of the birds at 28 d (Trial 1;
P<0.05). In trail 2, concentration of estradiol in serum significantly reduced in all
carvacrol-receiving birds compared with the control- birds (P> 0.05). Serum
testosterone, however, increased in the birds received carvacrol at doses greater
than 0.2 g/ L in comparison with the control birds (P<0.05). The results propose the
possibility of testosterone-coupled hypolipidemic properties for carvacrol in broiler
chicken.

Key words: broiler chicken, carvacrol, estradiol, hypolipidemic effect,
testosterone

Introduction

Carvacrol is described as a phenolic, caustic and bitter tasting compound
(ARS, 2000) which demonstrates significant antioxidant (Guppett and Hall, 1998)
and antimicrobial (Burt, 2004) properties. Accordingly, it has been reported that
the carvacrol-bearing essential oils from Lamiaceae family plants such as savory
has antioxidant (Abdollahi, et al., 2003, Radonic and Milos, 2003), antiviral
(Yamasaki et al., 1998), antibacterial (Azaz et al., 2002) and antifungal (Skocibusic
and Bezic. 2004) effects.

Recently particular attention has been focused on hypolipidemic effects of
phytogenic remedies in poultry meat and egg. Among many herbal spices or
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extracts examined, essential oils of onion and garlic (Sklan et al., 1992, Konjufca et
al., 1997), thyme (Case et al., 1995, Lee et al., 2004a, Lee et al., 2004b), turmeric
(Honda et al., 2006, Sugiharto et al., 2011) and oregano (Brenes and Roura, 2010)
exhibited superior hypocholesterolemic effects in chicken. It has been suggested
that such effects are mainly induced through the inhibition of the key enzymes in
cholesterol and lipid synthesis (Qureshi et al., 1983, Elson and Qureshi 1995,
Crowell, 1999). On the other hand, many clinical investigations showed that certain
herbal extracts are able to alter the reproductive functions in animals through
affecting sex hormones secretion and their physiological balance (Dehghani et al.,
2008, Grigorova et al., 2008). Considering the anabolic effects of androgens, the
hypolipidemic effects of herbal extracts may be the consequence of
abovementioned alterations in the sex hormones.

In spite of a significant decrease in serum triglyceride levels observed with
a carvacrol reached plant extract from savory in diabetic and hyperlipidemic rats
and no change in cholesterol level in hyperlipidemic rats (Abdollahi, et al., 2003),
the hypolipidemic properties of carvacrol and carvacrol-reached plant extracts
remain largely uninvestigated. In view of the scarce experimental results on
hypolipidemic properties of carvacrol in connection with sex hormones in avian
species, two studies were undertaken to examine the effect of high and low doses
of carvacrol, on blood fat constituents and sex hormones, while it was
administrated through drinking water into broiler chicks.

Materials and methods

Preparation of carvacrol

Carvacrol, with 94 percent purity, was freshly provided from a particular species of
savory herbs known as Satureja khuzistanica Jamzad, an endemic plant distributed
in southern part of Iran (Hadian et al., 2011, Zargari, 1990). The aerial parts of the
plant collectively contain up to 3 percent of essential oils which is spectacularly
rich in carvacrol (up to 95 percent) (Khosravinia et al., 2013). The aerial parts of
Satureja khuzistanica were manually harvested during the flowering stage of plant.
The collected materials were air dried at ambient temperature in the shade and
hydrodistilled using a Clevenger type apparatus for 5 h, giving yellow oil in 3
percent yield. The oils were dried over anhydrous sodium sulfate and stored at 4
°C. A random sample of the stored oil was analyzed for the composition of
essential oils using the methods described by Hadian et al. (2011). The resulting
composition verified that it is highly-reached in carvacrol by >94 percent. The
major constituents in the remaining impurity were determined as p-Cymene (0.96
%) and y-Terpenene ( 0.51 %) (Table 1).
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Table 1. Composition of Satureja khuzstanica essential oil.

Composition (%)

Compound RI* Identification?
Carvacrol 1282 94.16+0.46 RI, MS, Col
p-Cymene 1017 0.96+0.86 RI, MS, Col
y-Terpenene 1053 0.51+0.23 RI1, MS, Col
(2)- p-Oeimene 1036 0.42+0.08 RI, MS

a -terpinole 1175 0.32+0.45 RI, MS
Myreene 981 0.21+0.19 RI, MS
a-Terpinene 1013 0.18+0.12 RI, MS, Col
a-Thujene 925 0.14+0.14 RI, MS
a- Pinene 933 0.12+0.05 RI, MS, Col

T RI; Retention indices determined relative to n-alkanes (C4-C,4) on a DB-5GC column.
2 RI; Retention indices, MS; mass spectra, Col; co-injection.

Experimental flocks

In Experiment 1, 420 day-old Cobb 500, broiler chicks (43.65+1.2 g) were
provided from a local commercial hatchery. The birds were housed in a concrete
floor, cross-ventilated windowless shed where they were randomly placed in 21
pens (90x180 cm; at density of 0.08 m?/bird). Each pen was equipped with an
infra-red brooder. The treatments were arranged into 3 blocks to account for
variations in the ventilation system. Seven experimental treatments including 0
(control-), 0.5, 1.0, 1.5, 2.0, and 2.5 g/ L carvacrol or 3.0 g/ L Polysorbate-80 as
emulsifier agent (control+) were administrated ad libitum via drinking water to 3
replicate pens of 20 birds each, up to the day 28 of age. The solution was prepared
for each treatment in a daily basis and the remaining was discarded. The chicks
were maintained on a 24-h light schedule. Feed and water supplied to the birds
through a tube feeder and a manual waterer in each pen, respectively. Corn and
soybean meal based starter and grower diets were formulated using UFFDA
software according to the NRC (1994) recommendations (Table 2). The Diets and
water were provided for ad libitum consumption throughout the 28-d experimental
period.
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Table 2. The ingredients and the nutrient composition of the experimental diets.

Experiment 1

Experiment 2

Starter Grower Pre-starter Starter Grower | Finisher
Item (1-14d) (15-28d) (1-7d) (8-21d) (22-35d) | (36-42d)
Ingredient
Corn 55.00 63.00 45.3 47.9 46.7 47.8
Soybean meal 36.00 28.10 34.8 33.9 26.9 23.6
Fish meal 3.17 3.20 - - - -
Wheat - - 7 12 20 22
Soybean oil 3.40 3.20 1.3 1.2 1.3 1.4
Corn gluten - - 6 - - -
Calcium carbonate - - 1.20 1.10 1.11 1.15
Dicalcium phosphate 1.20 1.00 2.16 1.94 2.01 2.07
DL-methionine 0.10 0.15 0.34 0.31 0.32 0.33
L-lysine 0.15 0.15 0.15 0.13 0.14 0.14
Vitamin permix* 0.25 0.30 0.28 0.25 0.26 0.27
Mineral permix” 0.30 0.30 0.28 0.25 0.26 0.27
Salt 0.25 0.25 0.39 0.35 0.36 0.38
Coline cloride - - 0.14 0.13 0.13 0.14
Calculated value
ME (kcal/ kg) 3100 3220 2962 2880 2952 2993
Crude protein (%) 23.00 19.12 24.28 21.15 18.82 17.63
Crude fat (%) 3.90 3.70 4.32 3.13 3.50 3.74
Crude fiber (%) 3.01 2.87 3.74 3.75 3.48 3.33
Calcium (%) 0.85 1.00 1.10 1.00 1.00 1.00
Auvailable P (%) 0.42 0.50 0.55 0.50 0.50 0.50
Methionine (%) 0.51 0.40 0.59 0.51 0.45 0.43
Lysine (%) 1.44 1.03 1.29 1.09 0.95 0.88

1Supplied per kg of diet: Mn, 55 mg; Zn, 50 mg; Fe, 80 mg; Cu, 5 mg; Se, 0.1 mg; I, 0.18 mg.

2 Supplied per kg of diet: vitamin A, 18000 1U; vitamin D3, 4000 1U; vitamin E, 36 mg; vitamin K3, 4
mg; vitamin By,, 0.03 mg; thiamine, 1.8 mg; riboflavin, 13.2 mg; pyridoxine, 6 mg; niacin, 60 mg;
calcium pantothenate, 20 mg; folic acid, 2 mg; biotin, 0.2 mg; choline chloride, 500 mg.

In the second experiment, 720 one-day-old Arian broiler chicks were
obtained from a commercial hatchery and housed in the same shed with similar
flocking density as Experiment 1 up to 42 days of age. The chicks were randomly
assigned to 36 pens arranged in 6 rows (blocks/ replicates). Corn and soybean meal
based super starter, starter, grower and finisher diets (Table 2) and water was
provided for ad libitum consumption throughout the 42-d experimental period.
Diets were pelleted and the pellet sizes adjusted to the age of the birds. The six
experimental treatments consisting 0 (control-), 0.2, 0.3, 0.4 and 0.5 g/ L carvacrol
or 0.5 g/ L Polysorbate-80 (at 1:1 ratio v/v; control+) were continuously provided
(through drinking water) for 6 replicate pens of 20 birds each, up to 42 days of age.

Data collection

At the end of Experiment 1 (28 d) two male and two female birds per pen,
+50 g of the mean pen weight for each sex, and at close of Experiment 2 (42 d),
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one male bird with the closest mean to the mean pen weight for males were killed
for blood and abdominal fat collection. Abdominal fat (in Experiment 1) was
manually collected and recorded as the summation of fat deposited around
proventriculus and gizzard plus fat pad for each bird. Serum low-density
lipoprotein (LDL), High-density lipoprotein (HDL), total cholesterol (TC), and
triglyceride (TG) concentrations were estimated in both experiments using
SEPPIM Diagnostic Kits (SEPPIM S.A.S., Zone Industrielle, 61500, SEES,
France) in two replicate / sex per pen, at 25 °C. The concentration of estradiol and
testosterone in serum were measured by a solid-phase RIA in Experiment 2 using
reagents provided by IMMUNOTECH kits (IMMUNOTECH SAS, 130 av. De
Lattre de Tassugny — B.P. 177 — 13276 Marseille Cedex 9 France) in 6 male birds
per treatment.

Statistical Analysis

The collected data were analyzed using PROC MIXED of SAS 9.3 (SAS,
2003). The LSD test was used for multiple treatment comparisons using the
LSMEANS statement of SAS 9.3 (2003) with letter grouping obtained using the
SAS pdmix800 macro (1998). For all variables in Experiment 2, the effect of birds'
live weight before slaughter, as a continuous random variable, was also included in
the statistical model. For the different statistical tests, significance was declared at
P <0.05.
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Figure 1. Effect of high doses of carvacrol in drinking water on abdominal fat (%) in broiler
chicks at 28 days of age (Experiment 1). Means without a common superscript (*°) differ
significantly (P<0.0167).
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Results and discussion

Experiment 1
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Figure 2. Effect of low doses of carvacrol in drinking water on serum estradiol level in male
broiler chicken at day 42 of age (Experiment 2). Means without a common superscript (*°)
differ significantly (P<0.001).

Data for Experiment 1 are presented in Tables 3 and 4, and Figures 1 and 2.
Administration of carvacrol through drinking water had no significant effect on
serum TG, LDL, HDL and total cholesterol (TC) levels of the birds at day 28 of
age (P>0.05). However, the concentrations of TC and HDL (pooled data over
sexes) were reduced by 1.41 and 8.50%, respectively, in the birds received 0.5 g/ L
carvacrol compared to control- birds (Table 3). In sexwise analysis of data, male
and female serum LDL, HDL and TC levels, but not triglycerides, were affected by
carvacrol-treated water in dissimilar ways (Table 4). As shown in figure 1,
accumulation of fat in abdominal cavity of the birds was reduced by carvacrol-
added water (P=0.0262). Supplementation of 0.5 g/ L carvacrol caused
approximately 16% decrease in abdominal fat-to-body weight ratio (AFP) at 28 d.
Addition of carvacrol in drinking water at doses >0.5 g/ L exhibited adverse effect
of AFP (Figure 1). The serum TC and HDL level was significantly influenced by
the sex of the birds. The Male broilers were found to have 8.55 and 9.01 percent
lower TC and HDL, respectively, in serum. No parameter of consideration was
affected by sex x carvacrol interaction in the Experiment 1 (Table 3).
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Table 3. Effect of high doses of carvacrol in drinking water on serum concentration of
triglycerides (TG), total cholesterol (TC), low density lipoproteins (LDL) and high density
lipoproteins (HDL) in broiler chicks at day 28 of age (Experiment 1).

Factor\level TG | TC | LDL | HDL
mg/ 100 ml
Carvacrol (g/ L)
Control+! 35.50 150.16° 62.25 75.582
Control-! 36.83 157.26° 66.83 74.91°
0.5 40.17 122.75° 52.08 60.92°
1.0 37.08 125.51° 56.50 65.25%
1.5 38.16 132.59% 55.83 71.50%
2.0 40.50 128.83%® 56.67 66.25®
25 37.33 129.41% 57.58 65.25®
Sex
Male 38.77 135.46 57.39 68.97
Female 37.11 136.35 52.32 68.10
SEM? 1.087 2.546 1.300 1.321
P>F
Carvacrol 0.8859 0.0094 0.1463 0.0270
Sex 0.4765 0.8464 0.1135 0.7257
Carvacrol x Sex 0.2480 0.0511 0.0115 0.0344

IControl+; The birds received drinking water supplemented with 3.0 g/L polysorbate-80
throughout the experiment, and Control-; The birds received drinking water with no additive.

2 Standard error for overall mean.

*b Means within a column for each factor without a common superscript differ significantly
(P<0.05).

Experiment 2

Incorporation of low doses of carvacrol (ranging from 0.2 to 0.5 g/ L) in
drinking water did not affect plasma TG, LDL, HDL and TC levels of the birds at
the day 42 of age (P>0.05; Table 5). The concentrations of TC, LDL, and HDL,
nevertheless, were modulated by approximately 8, 9 and 5%, respectively, by
carvacrol-treated water at 0.3 g/ L compared to the control- birds (Table 5). In
contrast to the Experiment 1, live body weight of the birds before slaughter showed
significant effects on serum LDL and TC levels.

Significant differences were found among treatments in mean serum
estradiol and testosterone levels. Administration of carvacrol into drinking water at
0.3, 0.4 and 0.5 g/ L significantly reduced the serum estradiol level to 52, 50 and
48 percent of the concentration measured in the control- birds, respectively (Figure
2). The mean serum testosterone significantly elevated in the birds received 0.2,
0.3, 0.4 and 0.5 g/ L carvacrol by about 2, 4, 4 and 5 folds, respectively, compared
to the control- birds (Figure 3).
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Table 4. Effect of high doses of Carvacrol (g/ L) in drinking water on serum concentration
of triglycerides (TG), total cholesterol (TC), low density lipoproteins (LDL) and high density
lipoproteins (HDL) in male and female broiler chicks at 28 days of age separated by sex
(Experiment 1).

Factor\level TG | TC | LDL | HDL
mg/ 100 ml
Males
Control+! 37.37 141.25 55.62 71.62
Control-? 41.00 131.33 56.00 68.67
0.5 42.50 130.33 53.17 62.83
1.0 38.67 140.50 60.17 72.67
15 40.33 156.83 70.50 78.50
2.0 41.25 126.62 55.62 65.25
25 50.33 123.33 51.17 62.83
SEM? 2.606 3.944 1.940 1.881
P>F 0.8893 0.3009 0.1597 0.2223
Females
Control+! 31.75 125.50 53.00 61.00
Control-? 35.44 122.22 45.22 63.67
0.5 37.83 115.17 51.00 59.00
1.0 35.50 118.83 52.83 57.83
15 36.00 125.00 51.17 64.50
2.0 39.00 138.25 58.75 68.25
2.5 44.17 137.17 62.33 67.67
SEM? 1.492 2.637 1.823 1.422
P>F 0.5365 0.1874 0.1598 0.3944

IControl+; The birds received drinking water supplemented with 3.0 g/ L polysorbate-80
throughout the experiment, and Control-; The birds received drinking water with no additive.

2 Standard error for overall mean.

#b Means within a column for each factor without a common superscript differ significantly
(P<0.05).

The results of analysis of variance in the Experiments 1 and 2 (Tables 3, 4
and 5) indicated that the administrated doses of carvacrol had no effect on plasma
lipid constituents. However, the serum cholesterol and HDL levels were the lowest
for the birds receiving 0.5 g/ L carvacrol (Table 3). These observations were
coincided with the significantly reduced abdominal fat at 0.5 g/ L carvacrol in
Figure 1, indicating the potential of carvacrol as a hypolipidemic water additive.
Thus, from the results in table 3 and figure 3, it appears that the “optimum
inclusion level” for carvacrol in water for broilers is between 0.3 to 0.5 g/ L water.
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Table 5. Effect of low doses of Carvacrol in drinking water on serum concentration of
triglycerides (TG), total cholesterol (TC), low density lipoproteins (LDL) and high density
lipoproteins (HDL) in male broiler chicks at 42 days of age (Experiment 2).

Factor\level TG | TC | LDL | HDL
pg/ 100 ml

Carvacrol (g/ L)
Control+! 80.66 147.33® 70.17% 74.00®
Control-? 84.50 155.012 74.50° 78.33°
0.2 83.50 134.33™ 63.83%° 71.17%¢
0.3 76.83 132.33™ 56.50° 66.83™
0.4 81.83 152.83° 58.67™ 66.17™
0.5 80.50 122.67° 53.83° 61.17°

SEM? 0.412 2.833 1.692 1.974

P>F
SKEO 0.9886 | 0.0004 | 00064 | 0.0445

IControl+; The birds received drinking water supplemented with 0.5 g/ L polysorbate-80
throughout the experiment, and Control-; The birds received drinking water with no additive.

2 Standard error for overall mean.

*b Means within a column for each factor without a common superscript differ significantly
(P<0.05).

Although there was no alteration in plasma lipids, the pronounced decrease
in abdominal fat of the birds received 0.5 g/ L carvacrol in Experiment 1 (Figure
1), indicates that carvacrol may affect lipid metabolism in broiler chicken. In
broiler, lipids and especially triglycerides are mainly stored in adipocytes of the
abdominal fat. It has been shown that de novo lipogenesis, i.e., synthesis of fatty
acids, is very limited in abdominal fat (Saadoun and Leclercq, 1987). Thus,
triglyceride storage in abdominal fat compartments depends on the availability of a
plasma lipid substrates originating from either the diet or lipogenesis in the liver
(Griffin et al., 1992, Hermier, 1997). We suggest the significant decrease (15%) in
the abdominal fat of the 0.5 g/ L carvacrol- treated birds was a response to
decreased plasma LDL and HDL. Carvacrol seems to affect LDL and/or HDL
metabolism in extra hepatic metabolic routes (Hotta et al., 2010). These results are
compliant with other reports which shown that dietary carvacrol significantly affect
fat metabolism in chicken (Case et al., 1995, Baser, 2008). Brenes and Roura,
(2010) reported that oregano extract, which it is also rich in carvacrol, exhibit
significant hypocholesterolemic effects in chicken. From the results of the second
experiment, remarkable decrease (Table 5) in plasma cholesterol, LDL, and HDL
by 8, 9 and 5%, respectively, with 0.3 g/ L carvacrol were concur with opposite
alteration in plasma estradiol and testosterone levels (Figures 2 and 3). These
results are in consistent with the finding of Haeri et al. (2006) who reported that
oral administration of 150 and 225 mg/kg per day Satureja khuzistanica essential
oils through drinking water significantly increased plasma testosterone
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concentration in male rats. In the study of caponization and testosterone effects on
blood lipid in male chicken it has been demonstrated that testosterone decreases
lipid storage capacity and inhibit lipid accumulation in male chicks (Chen et al.,
2005). These results are interesting since the current knowledge proposed that the
inhibitory action of essential oils on lipid metabolism regulatory enzymes is
independent of the diurnal cycle of many hormones such as insulin,
glucocortocoids, T3 and glucagons (Middleton and Hui. 1982).

1.4

P<0.001
1.2

0.8

0.6

0.4 4

Serum testosteron (nm/ml)

0.2 1

+0 -0 0.2 0.3 0.4 0.5

Carvacrol (g/ L)

Figure 3. Effect of low doses of carvacrol in drinking water on serum testosterone level in male
broiler chicken at 42 days of age (Experiment 2). Means without a common superscript (*?)
differ significantly (P<0.001).

The modulated serum LDL and cholesterol in the first experiment could be
attributed to the elevated serum testosterone level in the birds received 0.3 g/ L
carvacrol-added water. The results from sex-disconnect analysis of data in
Experiment 1 also supported the above conclusion where an apparent dose-
dependent response in serum LDL, HDL and TC levels were exhibited in male
chicks, but not in females (Table 4). Chen et al. (2005) in conformity with the idea
confirmed by Whitehead et al. (1984) reported that testosterone implantation in
capons decreased the serum LDL and cholesterol level while triglycerides
remained unaffected. Considering all variables in Experiments 1 and 2, it is barely
credible to attribute the differences between the treated and control- birds as
regards blood fat constituents to random variability. Therefore, two reasons could
be pointed out to propose the possibility of hypolipidemic properties for carvacrol
in broiler chicken under the circumstances which the current experiments were
conducted. 1) The decreased abdominal fat in 0.5 g/ L carvacrol-treated birds could
be caused by modulated serum cholesterol, LDL, and HDL in trial 1. 2) The
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decreased levels of the same blood lipid constituents in 0.3 g/ L carvacrol-treated
birds could be associated with elevated serum testosterone, as an anabolic
hormone, in trial 2.

Conclusion

Results propose the possibility of testosterone-linked hypolipidemic
properties for carvacrol as well as carvacrol-reached plant extracts in broiler
chicken under the circumstances which the current experiments were conducted.
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Hipolipidemijski efekti karvakrola na polne hormone kod
brojlerskih pili¢a

H. Khosravinia

Rezime

Dva eksperimenta su sprovedena kako bi se procenio uticaj visokih i niskih
doza karvakrola na sastojke lipida u krvi i polne hormone u brojlerskih pilica.
Ukljugivanje karvakrola u pija¢u vodu u koli¢ini od 0,5 0,3 g/L u ogledima 1 2,
respektivno, uticalo je na serumski holesterol i nivo lipoproteina velike gustine
(HDL), mada razlike nisu bile znac¢ajne u odnosu na odgovarajuc¢e kontrolne grupe
(P> 0.05). Karvakrol u kolic¢ini od 0,5 g/L znacajno smanjuje (16%) sadrzaj
abdominalne masnoce Zivine, u uzrastu od 28 dana (ogled 1, P<0,05). U ogledu 2,
koncentracija estradiola u serumu znacajno je smanjena u svim grlima koja su
dobijala karvakrol u poredenju sa kontrolnim-grlima (P>0,05). Serum testosteron,
medutim, se povecao kod pili¢a koji su dobili karvakrol u dozama veé¢im od 0,2 g/L
u poredenju sa kontrolnim pili¢cima (P<0.05). Rezultati ukazuju na moguénost
hipolipidemijskih svojstva testosterona vezanog za karvakrol u brojlerskih pilica.
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Abstract: Eight hundred one-day-old female chickens from two White
Plymouth Rock lines (line L and line K) and their reciprocal crosses obtained from
40 male and 480 females were used to form four genetic groups (LXL, KxK, LxK
and KxL). Differences among genotypes, the direct and maternal additive effects,
and the heterosis were investigated with regard to the following traits: body weight
from 2 to 10 weeks of age and at 18, 26 and 30 weeks of age, age at sexual
maturity, egg production per hen-day until 46 weeks of age, average egg weight
(between 32 and 46 weeks of age), liveability during the production period, egg
fertility, hatchability of set and fertile eggs. The results demonstrated a statistically
significant effect of the genotype on body weight during the different age periods
(p<0.001), age at sexual maturity (p<0.001), egg production (p<0.01) and livability
(p<0.05). On the basis of analysis of direct additive effects, it could be concluded
that line L was superior for obtaining combinations with more intensive growth
rate. Although the lack of direct additive effect with respect to the other traits
studied, there was a positive tendency favouring line K. Maternal additive effects
had a substantial effect on body weight in most studied periods and livability,
favouring line L. The heterosis was important for body weights at different periods
of life (3.76-22.33 %), age at sexual maturity (-8.32 %) and egg production (8.25
%) with positive effects on these traits. The results pointed at a mutual
complementary effect between both lines as a result of crossbreeding.

Key words: crossbreeding, direct additive effect, maternal additive effect,
heterosis
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Introduction

Crossbreeding results in alteration of genetic variance and allows
combining the valuable traits of parent lines in their progeny.

An objective evaluation of the value of a given strain and its exact place in
combinations is performed on the basis of diallel cross experiments. The analysis
of results contributes to establish the combinations with one or more heterotic traits
(Saadey et al., 2008).

From a theoretical point of view, the hybrid vigor is inversely proportional
to the extent of genetic similarities between parental populations (Wilham and
Pollak, 1985) and it is expected to be proportional to the extent of heterozygocity
of crosses (Sheridan, 1981). Thus, heterosis results from non-additive genetic
effects and is usually higher for reproduction rather than growth traits. It is
influenced by maternal effects (Lui et al., 1995), which are higher in cases with
small heterosis (Fairfull et al., 1983). According to some researchers (Fairfull and
Gowe, 1990; Abou EI-Ghar et al., 2003 and Abou El-Ghar and Abdou, 2004) the
anticipated dominant effect is high for egg production traits, while others affirm
that the additive effect is markedly higher that the dominant effect (Szydlowski and
Szwaczkowski 2001 and Abou EI-Ghar 2009). It is shown that the main mechanism
of heterosis in poultry is epistasis; this is supported by evidence provided by
Sheridan (1980) and Fairfull et al. (1985, 1987). Iraqi et al. (2005) believes that in
most cases, hybrid vigor due to the epistatic effect of genes was hard to be
predicted, as the number of type of interactions are usually unknown and could be
affected by dominance.

Testing various combinations of available lines is the essence of breeding
programmes in poultry farming. In the view of Wolf and Knizetova (1994) the
determination of crossbreeding effects is of great significance. The characterization
of genetic and maternal effects related to each strain or combination contributes to
improvement of production. That is why, the present study aimed at determination
of the direct additive effect, maternal additive effect and heterosis of most
important economic traits — body weight, age at sexual maturity, egg production,
egg weight, livability, egg fertility and egg hatchability after crossing two White
Plymouth Rock lines, which would be used as maternal form for production of
three-line broiler chickens.

Materials and methods

The tests on line combinations were carried out in the Selection Base of the
Poultry Breeding Unit at the Institute of Agriculture — Stara Zagora in 2010-
2011.A total of 480 chickens from the K and L lines (240 from each line) were
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distributed in 40 pens with sex ratio of 1:12 and wood shavings litter. At 48 weeks
of age, hens from each line were divided in two equal groups (120 birds each). The
first group was mated with roosters from the same line whereas the second, with
roosters of the alternative line to obtain reciprocal crosses. Eggs from the four
genetic groups — LOxL?, KIxK®, L°xK® and K°xL" were collected on a daily
basis and incubated in the same incubator. After determination of the sex of one-
day-old chickens using a sexascope, 200 female chickens were wing banded
depending on their genetic group. The different genotypes were reared in equal
conditions, in the same premise on deep permanent litter according to technological
requirements for housing and feeding up to 18 weeks of age, used in the Selection
Base. After 18 weeks of age, the birds were housed 12 in a breeding pen on deep
permanent litter, with equal main technological parameters — density, feeding and
drinking width. Until 2 weeks of age, chickens were fed ad libitum, and thereafter -
according a restriction schedule with weekly daily ration according to the age.
During the different age periods, the content of rations was as followed: prestarter
—19 % CP, 2900 kcal/kg ME, starter — 17 % CP, 2800 kcal/kg ME, grower —15 %
CP, 2700 kcal/kg ME and egg production period — 16 % CP, 2750 kcal/kg ME.

The following parameters were monitored during the experimental period,;
egg fertility, egg hatchability from eggs set and fertile eggs in %, body weight —
per fortnight basis between 2 and 10 weeks of age, and at 18, 26 and 30 weeks of
age, age at sexual maturity — when reaching 50% egg production for each group,
egg production per hen-day until 46 weeks of age, average egg weight (by
weighing eggs laid every day at 2-week intervals between 32 and 46 weeks of age),
liveability during the production period

The analysis of data was performed with Statistica software (Stat Soft),
using one-way analysis of variance and the following statistical model:

YIJ =u+ gt e where

Yij — j" observation of the respective trait

- grand mean of the trait

gi— fixed effect of the i genotype (i=1-4)

g; — random effect of non-observed factors

The LSD-test was used for estimation of mean values with statistically significant
differences at p<0.05.

Crossbreeding parameters — direct additive effect (G'), maternal additive
effect (G") and heterosis (H') were analysed by means of Software Package CBE
(Wolf, 1996) following the model of Dickerson (1969):
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1 1
yij=ll+§9i +§gj +m; +0.h; +e;

L - grand mean
gi— direct genetic effect of the i purebred population
m; — maternal effect of the j™ purebred population

6=0 for purebreds and 1 for crossbreds
hij — heterosis of the combination i X
ejj — residual effect

Results and discussion

Means of genetic groups

!

where

The comparison of body weights of initial lines L and K (Table 1) showed
statistically significant differences until 10 weeks of age with higher values for the
former line. The changes of this trait with age changes the level of significance and
between-strain difference at 30 weeks of age were already insignificant — both lines
had an almost equal body weight. The monitoring of this trait in crossbreds showed
that by 2 and 4 weeks of age, the body weight of LxK chickens was higher that of
the reciprocal combination and purebreds, but at 26 and 30 weeks of age, the
highest body weight was established in KxL crosses (p<0.05).

Table 1. Means and standard error (SE) for body weight, productive and hatchability traits in
purebred and crossbred chickens

Traits Genetic groups™ Significance
LxL K x K LxK KxL
Body weight (g):

-at2 wk 251.16+1.67 b 209.18+1.71d 266.66+3.52 a 238.54+3.36 ¢
-at4 wk 563.16+3.07 b 476.42+2.89 ¢ 591.95+6.49 a 561.34+6.86 b
-at6 wk 894.99+5.27 b 719.06+5.35 ¢ 985.94+8.41 a 988.61+8.59 a
-at8 wk 1138.34+5.51a 959.59+6.06 ¢ 1077.82+9.61 b 1153.95+11.61 a —
- at 10 wk 1358.56+6.82 a 1053.35+6.44 ¢ 1322.36+11.92 b 1298.75+13.58 b -
- at 18 wk 1912.03+11.59 b 1903.35+11.88 b 1994.21+19.72 a 1964.81+20.02 a —
- at 26 wk 2456.60+16.93 ¢ 2583.19+23.28 b 2643.82+27.57 b 2908.13+35.10 a -
- at 30 wk 3083.71+22.50 bc 3010.45+25.09 ¢ 3152.66+27.41 b 3283.78+32.97 a -

Age at sexual
maturity (day) 222.30£1.56 a 223.82+2.86 a 206.00+£0.89 b 203.00+1.35 b
Eggs per hen- 70.38+1.49b 69.07+2.26 b 73.59+1.60 ab 77.36£1.65 a -
day 63.28+0.72 b 65.23+0.67 a 63.55+0.49 ab 62.82+0.58 b ns
Av. egg weight 95.05+1.19 a 91.18+2.08 ab 88.42+1.71b 95.14+1.27 a *
(9) 84.52+3.92 88.60+1.96 91.00+1.46 88.83+2.36 ns

Livability (%)
Fertility (%) 74.95+3.76 b 83.39+2.31 ac 80.33+1.86 bc 77.00+2.44 be ns
Hatchability (%): 87.68+2.58 b 93.87+0.97 ac 88.28+2.85 bc 86.68+1.53 b ns

- fertile eggs

- set eggs
~ - for each genetic group, the sire line is the first presented

Means with different letters on the same row differ significantly (p<0.05);
* = p<0.05; ** = p<0.01; *** = p<0.001; ns=non-significant
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Straightbred and reciprocal crosses attained sexual maturity at an earlier
age and began laying eggs at 203-206 days of age (p<0.05). The differences
between breeder lines were however insignificant.

The comparison of egg production showed that it was the highest in the
KxL combinations (77.36 eggs), with statistically significant difference vs both
parental lines (p<0.05), but not vs the reciprocal LXK. Maternal and paternal lines
did not differ considerably with respect to this trait.

Eggs of hens from the K line were heavier than those laid by line L
(p<0.05) and KxL crosses. Both combinations had similar weights of their eggs,
comparable to those of line K.

The livability during the production cycle was the highest for pure lines
and KxL crossbreds, and the lowest — in LXK (p<0.05) — 88.42 %.

Data about eggs incubation traits presented in Table 1 demonstrates that
the fertility percentages of pure lines and crossbreds did not differ substantially.
The fertility was slightly although insignificantly higher in LXK chickens.

Hatchability from eggs set and fertile eggs was higher in line K compared
to line L (p<0.05), but no statistically significant difference could be found either
between combinations or vs. pure lines.

Table 2. Estimates of direct additive effects (G') and their percentages for body weight,
productive and hatchability traits

Traits G' #S.D. G' % Significance

Body weight (g):

- at 2 wk 35.05+2.71 15.23 .
-at4 wk 58.67+5.17 11.29 o
-at6 wk 86.63+7.09 10.73 .
-at8 wk 51.31+8.58 4.89 wox
- at 10 wk 164.41+10.18 13.63 o
-at 18 wk 19.04+16.32 1.00 ns
-at26 wk -195.45+26.56 -7.76 o
-at 30 wk -28.93£27.27 -0.95 ns
Age at sexual

maturity (day) 0.74+1.82 0.33 ns
Eggs per hen-day -1.23+1.78 -1.76 ns
Av. egg weight (g) -0.61+0.62 -0.95 ns
Livability (%) -1.43+1.60 -1.54 ns
Fertility (%) -0.96+2.59 -1.11 ns
Hatchability (%6):

- fertile eggs -2.55+2.69 -3.22 ns
- set eggs -2.30+2.12 -2.31 ns

G'k=- G'; ns=non-significant; " = p<0.01

Direct additive effects (G')
The estimates of direct additive effects (Table 2) for body weight up to 10
weeks of age were positive and highly significant (p<0.01) for line L. Presented as
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percentage of pure line means, they varied from 4.89 to 15.23%. Iraqi et al. (2011)
reported that additive genes had a positive effect on growth with estimates on body
weight between 2.22 and 10.4% from 1 to 10 weeks of age. At 26 weeks of age, the
values were negative, statistically significant (p<0.01) and superior in line K. The
direct additive effect on body weight was probably due to the fact that this trait is
characterised with high inheritance and has further an additive pattern. The age at
sexual maturity, egg production, egg weight, livability, fertility and hatchability
were not influence by additive effects. In their study, Razuki and Al-Shaheen
(2011) did not report considerable additive effects on the age at sexual maturity
and egg production, whereas substantial effects were observed for egg weight.

Maternal additive effects (G)

Maternal additive effects presented in Table 3 had negative values and
were significantly (p<0.01) different for body weights at 2 and 4 weeks of age (-
6.11 % and -2.94 %, respectively) meaning that the combination with line K as
maternal line had a higher body weight. A highly significant positive maternal
effect was observed at 8, 26 and 30 weeks of age varying between 2.15 and 5.24 %
(p<0.01) in favour of line L. According to Barbato and Vasilatos-Younken (1991)
combinations have a different body weight with respect to used maternal and
paternal strains in breeding schedules. The same researchers established that the
maternal effect in chickens changed with time and its considerable influence at a
later age could be due to endoplasmatic inheritance which plays a role for the
manifestation of the specific maternal effect between the strains.

Table 3. Estimates of maternal effects (G™) and their percentages for body weight, productive
and hatchability traits

Traits GV +S.D. G" % Significance
Body weight ()
- at 2 wk -14.06+2.43 -6.11 .
-at4 wk -15.30+4.72 -2.94 .
-at6 wk 1.3446.01 0.17 ns
-at8 wk 38.07+7.54 3.63 .
- at 10 wk -11.81+9.03 -0.98 ns
-at 18 wk -14.70+14.05 -0.77 ns
-at 26 wk 132.16+22.32 5.24 .
-at 30 wk 65.56+21.44 2.15 .
Age at sexual
maturity (day) -1.50+0.81 -0.67 ns
Eggs per hen-day 1.89+1.15 2.71 ns
Av. egg weight (g) -0.36+0.38 -0.56 ns
Livability (%) 3.36+1.07 3.61 .
Fertility (%) -1.09+1.39 -1.26 ns
Hatchability (%):
- fertile eggs -1.67+1.53 -2.11 ns
- set eggs -0.80+1.62 -0.88 ns

GM - - GM; ns=non-significant; = p<0.01
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With respect to the other studied traits, maternal additive effects were not
statistically significant except for livability (p<0.01). The estimates were negative
and low for age at sexual maturity, egg weight, fertility of eggs, hatchability and
ranged between -0.56 and -2.11 % and were positive for egg production (1.89 %)
and livability (3.36 %). The lack of maternal effects on egg production and egg
weight agrees with the data of Iraqgi (2008) and Razuki and Al-Shaheen (2011),
while others emphasized on a substantial maternal effect on age at sexual maturity
and egg production (Khalil et al., 2004; Iraqi et al. 2007). Maternal additive effects
have contributed to higher livability of crossbred chickens with L strain as maternal
line over the production cycle. In general, the analysis of maternal additive effects
on age of sexual maturity and egg production revealed again a trend towards
superiority of the L strain, whereas the progeny of the K strain as maternal line
tended to have higher egg weight, and higher egg fertility and hatchability
percentages.

Direct heterosis (H")

The data about the effect of heterosis shown in Table 4 showed
statistically significant values for body weights during the different studied ages.
The heterosis effect on body weight was positive and varied from 3.76 to 22.33 %,
and was the most obvious at the age of 6 weeks. Lamont and Deeb (2001) reported
that the hybrid vigor with respect to body weight depended on age, while according
to Williams et al. (2002) its power is variable and estimates could be positive or
negative. Most studies provided evidence about positive hybrid vigor during the
different life periods (Sabri and Hataba, 1994; Khalil et al., 1999; Sabri et al.,
2000, Razuki and Al-Shaheen, 2011). The possible causes are non-additive genetic
effects — dominance, overdominance and epistasis, which, together with maternal
effect contributed to improved growth potential of crosses (Fairfull, 1990).
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Table 4. Estimates of heterosis effects (H') and their percentages for body weight, productive
and hatchability traits

Traits H'+S.D. H' % Significance

Body weight (g):

- at 2 wk 22.43+2.71 9.74 .
-at4 wk 56.85+5.17 10.94 .
-at6 wk 180.25+7.09 22.33 .
-at8 wk 66.92+8.58 6.38 .
- at 10 wk 104.60+10.18 8.67 aox
-at18 wk 71.82+16.32 3.76 aox
-at 26 wk 256.08+26.56 10.16 ax
-at 30 wk 171.14+27.27 5.62 aox
Age at sexual

maturity (day) -18.56+1.82 -8.32 .
Eggs per hen day 5.75+1.78 8.25 .
Av. egg weight (g) -1.07+0.62 -1.67 ns
Livability (%) -1.34+1.60 -1.44 ns
Fertility (%) 3.36+2.59 3.88 ns
Hatchability (%):

- fertile eggs -0.51+2.69 -0.64 ns
- set eggs -3.29+2.12 -3.62 ns

™ = p<0.01; ns=non-significant;

The hybrid vigor with respect to age of sexual maturity was also proved,
but was negative and beneficial as the time for attaining sexual maturity of crosses
decreased by about 19 days or 8.32% (p<0.01). Some authors (Bordas et al, 1996;
Mohammed, 1997; Williams et al., 2002) outlined that heterosis estimates for the
age of sexual maturity varied between -25 and 11.5 %. The calculated heterosis for
egg production and egg fertility were positive, but a statistically significant
heterosis effect was established only for egg production — 8.25 % (p<0.01).
Negative and insignificant heterosis estimates were observed for egg weight,
livability, hatchability from eggs set and fertile eggs. The data of Iragi et al. (2007)
reported hybrid vigor values between -22.2 and 20.1 %. Saadey et al. (2008)
reported that breeding White Leghorn (WL) roosters and Rhode Island (RIR) hens
with Fayoumi chickens did not result in higher egg weight and egg production, and
pointed at negative values of heterosis for these traits —3.82 and -3.15 % for the
combination WLhF, -2.18 and -15.6 % for RIRhF. The estimated heterosis for egg
weight in our study was comparable to the value obtained by Bais et al. (2008), i.e.
-1.83 %. According to Abou EI- Ghar et al. (2010) the negative heterosis could be
to the epistasis effect of genes of original strains. After crossbreeding of 24
Leghorn strains Fairfull (1990) found out that the hybrid vigor for livability varied
from -6.1 % to 9.1 %. The lack of heterosis effect on fertility and hatchability of
eggs was also established by EI-Gendy (2000), although Hossari and Dorgham
(2000) reported heterosis for egg fertility of 2.73 % in two-line and 3.04 % in
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three-line crosses and outlined the presence of heterosis effect on hatchability in
two-line crosses only.

Conclusion

The results demonstrated a statistically significant effect of the genotype
on body weight during the different periods of life (p<0.001), age at sexual
maturity (p<0.001), egg production (p<0.01) and livability (p<0.05).

On the basis of analysis of direct additive effects, it could be concluded
that line L was superior for obtaining combinations with more intensive growth
rate. Although the lack of evidence for a direct additive effect with respect to the
other traits studied, there was a positive tendency favouring line K.

Maternal additive effects had a substantial effect on body weight in most
studied periods and livability, favouring line L.

The heterosis was important for body weights at different periods of life
(3.76-22.33 %), age at sexual maturity (-8.32 %) and egg production (8.25 %) with
positive effects on these traits. The results pointed at a mutual complementary
effect between both lines as a result of crossbreeding.

Procena heterozisa, direktni i maternji aditivni efekti
ukrstanja dve linije piliéa white plymoth rock

M. Lalev, N. Mincheva, M. Oblakova, P. Hristakieva, I. Ivanova

Rezime

Osam stotina jednodnevnih Zenskih pili¢ca dve linije white plymoth rock
(linija L i linija K) i njihovih recipro¢nih meleza dobijenih od 40 muskih i 480
zenskih grla su korisc¢eni za formiranje cetiri genetske grupe (LxL, KxK, LxK i
KxL). Razlike izmedu genotipova, direktnih i maternjih aditivnih efekata, kao i
heterozisa su ispitivani u vezi sa slede¢im osobinama: telesne mase od 2 do 10
nedelja starosti i u uzrastu od 18, 26 i 30 nedelja, uzrast kod dostizanja polne
zrelosti, proizvodnja jaja po kokoSi - dnevno do 46 nedelja starosti, prose¢na tezina
jaja (izmedu 32 i 46 nedelja starosti), oplodenost i izleZenost.

Rezultati su pokazali statisticki znacajan efekat genotipa na telesnu teZinu
tokom razli¢itih starosnih perioda (p<0,001), uzrast polne zrelosti (p<0,001),
proizvodnja jaja (p<0,01) i dugovecnost (p<0,05).
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Na osnovu analize direktnih aditivnih efekata, moglo bi se zakljugiti da je
linija L bila superiorna za dobijanje kombinacije sa intenzivnijom stopom rasta.
lako nedostatak direktnog aditivnog efekta u odnosu na ostala ispitivana svojstava,
utvrdena je pozitivna tendencija koja favorizuje liniju K.

Maternji aditivni efekti imali su znacajan efekat na telesne teZine u vecini
ispitivanih perioda i tokom Zivotnog veka, ¢ime se favorizuje linija L. Heterozis je
vazan za telesne tezine u razli¢itim periodima Zivota (3.76-22.33 %), starost
seksualne zrelosti (-8.32 %) i proizvodnju jaja (8,25%) sa pozitivnim efektima na
ove osobine. Rezultati ukazuju na uzajamni komplementarni efekat izmedu obe
linije, kao rezultat ukrstanja.
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Abstract: The study was conducted on Isa Brown hybrid hens at the age of
49-57 weeks. The effect of using different levels of share of raw soybean of two
varieties in mixtures for feeding hens on egg production, body weight, food
consumption, the occurrence of defective eggs, mortality and the relative weight of
the pancreas was studied. The possibility of replacing the heat-treated soybean
grains, varieties Lana, with reduced trypsin inhibitor (TI) and Lydia with a standard
level of TI, with raw soybean grains was examined. The research was conducted on
the principle of two factorial experiment 2 x 4 (2 varieties x 4 levels of share of
raw grain in the mixture) with a total of 8 diet treatments and 4 replicates per each
treatment. In the first 5 weeks of the study, the differences in the number of eggs
produced under the influence of tested factors were not significant. Under the
influence of soybean varieties, the level of share of raw soybean and interaction of
the studied factors showed significant differences (p<0.01) after 53 week of age.
The use of soy with lower TI in the diet for laying hens resulted in a significantly
greater capacity compared to standard variety. The share of raw soybean grains of
8 % in the mixtures significantly reduced the number of eggs laid. The differences
in body weights, food consumption, occurrence of defective eggs and the relative
weight of the pancreas were not significantly influenced by the studied factors or
by their interaction effect.

Key words: soybean, trypsin inhibitor, layer hens, egg production,
pancreas

Introduction

The introduction of soybean grain into diet of laying hens to a large extent
can meet the requirements in protein and essential amino acids. Soybeans should
have the higher protein content, with the full level of all the necessary amino acids,
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high oil content and lower content of anti-nutritional factors. Heat process reduces
the presence of anti-nutritional factors, but increases costs of food preparation that
significantly burdens the overall cost of production. Trypsin inhibitors (TI1) are the
most important soybean antinutritive factors (Perez-Maldonado et al., 2003; Ruiz
et al., 2004).

The varieties with reduced content of specific anti-nutritive substances
have been created as the result of breeding work. As a result of the domestic
soybean breeding program aimed at reducing the TI activity in our conditions a
variety Lana was created with lower TI level compared to standard varieties.

Comparing the nutritional value of soy with lower Tl in the experiments
conducted on chickens (Han et al., 1991; Joki¢ et al., 2004; Petricevié et al.,
2013), on layer hens (Zhang et al., 1991) and on pigs and chickens (Palasios et al.,
2004), have determined better product results when compared with standard
soybean. Cook et al. (1988), in a study with pigs, have found that the negative
effects of the use of raw soybeans decreased with the age of the animal. Senkoylu et
al. (2005) and Koci et al. (1997) have not established significant differences in
production performance between laying hens fed diets with different levels of
participation of full-fat soybean.

The aim of this study was to investigate the effects of replacing a portion
of heat-treated soybean of Lydia standard variety and variety with reduced TI
content Lana, with raw grains in mixtures for laying hens on production
performance and the relative weight of the pancreas.

Materials and methods

The study was conducted at the experimental farm of the Institute of
Animal Husbandry in Zemun, using light line hybrid hens Isa Brown. The mixtures
for laying hens used two varieties of raw and heat-treated, Lana variety with
reduced trypsin inhibitor and variety Lydia with standard level of TI (Table 1). The
research was conducted on the principle of two factorial experiment 2 x 4 (2
varieties x 4 levels of participation of raw grain in the mixture) with a total of 8
diet treatments and 4 replicates per treatment (a total of 512 animals).

Table 1. Level of trypsin inhibitor in soybean

Treatment Raw soybean Heat-treated (extruded) soybean
Variety Lana Lydia Lana Lydia
TI (mg/g) 17.71 36.74 4.38 14.03

The experiment was conducted on hens at the age of 49-57 weeks. In the
preparation of the meal/diet, recommendations for the studied hybrid were used.
Raw material composition of the mixture was the same with adjustment for
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soybean variety and the relationship between heat-treated and raw grain to achieve
the objective of the research. Participation of thermally processed grains of both
varieties was 8 % in the mixture in the two control treatments (K). In groups (1),
with 8 % of full-fat soybean in the mixture, 6 % was heat-treated and 2 % raw. In
groups (I1) 4 % heat treated and 4 % raw soybean was added to the mixture. In
groups (I11) only 8 % of the raw soybeans was included. Ingredients of mixtures
and the chemical composition of the mixture used in the experiment, determined in
the laboratory, are given in Table 2.

Tabela 2. Ingredients and chemical composition of mixtures—diet for layer hens during the
experiment (%)

Groups (Treatments)
Feeds Lana Lydia
K | I i K | 1 1"l
Heat trizg)e/ge(::truded) 6 4 0 6 4 0
Raw soybean 0 2 4 8 0 2 4 8
Corn 59 59 59 59 59 59 59 59
Soybean meal 15 15 15 15 15 15 15 15
Sunflower meal 6 6 6 6 6 6 6 6
Livestock lime, granules 8 8 8 8 8 8 8 8
Livestock lime, powder 2 2 2 2 2 2 2 2
Monocalcium phosphate 1 1 1 1 1 1 1 1
Salt 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Mikozel 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Premix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
% (%) 100 100 100 100 100 100 100 100
Chemical composition
ME, MJ/kg 11.84 | 11.78 | 11.76 | 11.70 | 11.84 | 11.78 | 11.76 | 11.70
Crude protein 15.30 | 15.60 | 15.80 | 15.40 | 15.90 | 15.40 | 15.30 | 15.10
Crude fat 5.12 5.11 5.16 5.14 4.99 4.99 4.93 491
Crude fibre 4.87 4.64 4.51 4.40 4.18 4.33 4.25 4.35
Ash 124 | 1275 | 1243 12.9 13.1 125 | 13.04 | 13.14
Calcium 3.53 3.97 3.72 3.66 3.69 4.01 3.65 3.87
Total phosphorus 0.65 0.58 0.60 0.63 0.62 0.57 0.59 0.60

During the experiment, the number of eggs produced was daily registered.

Based on the data obtained the laying capacity was determined. The incidence of

defective eggs was monitored and recorded (change in shape, size and defective
egg shells) and the overall frequency of defective eggs calculated.

Body weight of laying hens was determined by measuring of all hens at the

beginning and end of the experiment, using weighing scales with an accuracy of
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107 kg. The unconsummated food was collected and measuredweekly in order to
determine food consumption and calculate the average daily food consumption.
Followed by the health condition and mortality of animals were monitored. At the
end of the study, 6 layers in each group were taken randomly (a total of 48 layers)
that were sacrificed and the pancreas taken in order to determine the relative
masses and morphological changes.

The software package STATISTICA, version 12 (Stat Soft Inc.) was used
for statistical analyses. The level of statistical significance of differences between
groups was determined by Tukey-test.

Results and discussion

In order to assess the impact of the variety and level of participation of raw
soybeans in mixtures for laying hens, average weekly capacity was calculated
(Graphs 1 and 2). Based on the results obtained it can be seen that the layers of all
groups had uniform capacity between 49 and 53 weeks of age. The variety and
level of participation of raw soybeans had no effect on the capacity.

Statistically significantly lower (p<0.01) laying capacity was determined
from 54 up to 57 weeks of age in hens fed diets which included the standard variety
Lydia (Graph 1), with the lower capacity in that period by an average of 5 %
compared to the soybean with lower TI lelvel. Similar to our results (Perez-
Maldonado et al., 2003) have reported that feeding laying hens diets that include
soy with lower level of TI resultsin significantly higher laying capacity compared
the standard soybean.

Laying capacity , %
o]

49 50 51 52 53 54 55 56 57
Age of layers (weeks) —o— Lana
Vertical lines: Confidence interval 95% -o- Lydia

Graph 1. Changes in laying capacity depending on the diet containing different soybean
varieties

Increasing the level of share of raw soybeans in diets for laying hens also
exhibited statistically significant effect (p<0.01) on the laying capacity from 54 to
57th week. Significantly lower capacity was recorded in hens fed diet with 8 % of
the raw soybeans compared to other groups of hens (Graph 2). Differences in
laying capacity that occurred between the groups fed with 0 %, 2 % and 4 % of the
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raw soybeans in the diet were not significant. Zhang et al. (1991) have reported
that the increase of the share of raw soybeans with standard or lower TI levels, in
diets for laying hens, gradually reduces capacity.

Laying capacity , %
(o]
o

* 4Ig 5I0 5I1 5;2 5I3 5I4 5I5 sls 5I7 - X, i
-o- 1, 2%

Age of layers (weeks) o |1, 4%

Vertical lines: Confidence interval 95% — 111, 8%

Graph 2. Changes in laying capacity depending on the diet containing different shares of raw
soybean

Interactions between studied factors had statistically significant effect
(p<0.01) on the total capacity (Graph 3). At all levels of participation (0, 2, 4 and 8
%), raw soybean with lower TI level influenced greater number of eggs laid in
relation to the standard variety. Best laying capacity was achieved in groups Lana
K, Lana I and Lana Il. Significantly lower (p<0.01) capacity was determined in
groups of Lana Il and Lydia | and Il, whereas, significantly lower (p<0.01)
capacity compared to all other groups was found in the group Lydia Ill. Senkoylu et
al. (2005), Koci et al. (1997) and Han et al. (1988) have not established significant
difference in the laying capacity in hens fed diets with different shares of the full-
fat extruded soybean.

F test: Variety x Level
Calculated values: F(3, 2016) = 0.708, p=0.004
Vertical lines: Confidence interval 95%

2
2 85
& 84 o
g 83
o 82
£ 81
& 80
— 79
78
77 —o— Lana
K (0%) 1 (2%) 11 (4%) 111 (8%) i Lydia

Level of raw soybean
Graph 3. Average laying capacity by treatments for entire trial period
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Average initial body weights of laying hens in the experiment (Table 3)
were consistent. In the analysis of the impact of studied factors on body weight at
the end of the experiment no significant differences were found. Food consumption
(Table 3) ranged from 114 g in hens of group Lana K to 116 g in groups Lydia |
and Lydia Il. Determined differences in average daily food consumption of laying
hens under the influence of the studied factors were not significant. Similar to our
results, Zhang et al., (1991) and Perez-Maldonado et al., (2003) have reported no
influence of the different varieties of soybean in diets for hens on food
consumption.

Table 3. Production indicators in layer hens and share of pancreas

—~ = © @ & ~

»| E€ | 58| 2| B s | & z 5

£ 55 |£| £ | 2= | 82 | 28 | £ | g¢&

< T 3 S = c =~ L € 5~ s~ &5

> 32 = m D> = 2 o S 2=

1 & 3 o § a =3

o X 1834 1871 114 0.21 0.23

0%(K) Sd 169.1 185.5 8.7 0.02 1.56 0.03

o X 1813 1841 115 0.11 0.24

g 2%(1) Sd 147.2 149.8 7.7 0.01 0 0.03

| o X 1811 1828 115 0.17 0.23

4%(11) Sd 126.9 163.1 5.8 0.02 1.56 0.01

. X 1854 1876 115 0.09 0.29

8%(11) Sd 171.2 182.4 6.5 0.01 1.56 0.04

o X 1868 1888 115 0.32 0.24

0%(K) Sd 162.5 176.3 9.8 0.03 0 0.03

o X 1841 1870 116 0.14 0.26

% 2%(1) Sd 148.3 165.7 6.9 0.01 1.56 0.04
>

a o X 1861 1885 116 0.35 0.29

4%(11) Sd 146.4 179.0 7.0 0.03 1.56 0.03

0 X 1827 1846 115 0.17 0.32

8%(11) Sd 156.2 209.8 6.6 0.02 1.56 0.02

As deficiencies of eggs (Table 3) mostly eggs with thin or no shell
occurred, alsoeggs with rough and pimply shell. Statistical analysis of data
revealed that the studied factors have a significant impact on the occurrence of
defective eggs. The lowest incidence of defective eggs (0.09 %) was determined in
the group of hens Lana Ill, while the hens in the group Lydia K most often laid
defective eggs (0.32 %) . The occurrence of death of hens was not observed among
hens of group Lana | and Lydia K, in all other groups, one hen in each group has
died (1.56 %).

The lowest relative weight of the pancreas (0.23 %) was in the group of
hens Lana K (mixture withoutraw soybeans) and the highest relative weight of the
pancreas (0.32 %) in group Lydia Il (mixture with 8 % of the raw soybeans).
Zhang et al. (1991) and Perez-Maldonado et al. (2003) have reported that hens fed



The effect of raw soybeans ... 121

diets containing raw soybeans with a standard level of Tl have higher shares of
pancreas compared to hens fed diets containing raw soybeans with lower T1 level.

Conclusions

Based on the study of the individual influence of varieties and levels of

participation raw soybeans, as well as the interactive influence of both factors in
the diet for laying hens from 49 to 57 weeks of age, the followingcan be concluded:

Analysis of the impact of variety on the total number of eggs laid, showed
significantly lower (p<0.01) laying capacity in hens fed diets which
includedsoybean variety Lydia.

The level of participation of raw soybean in the mixture of 8 % showed
statistically significant effect on the lower (p<0.01) laying capacity in
relation to other groups of hens.

Interaction of investigated factors confirmed a significant effect (p<0.01)
on the laying capacity. The share of raw soybean of variety Lana, of 2 and
4 % in the diet did not cause significant differences in capacity compared
to the group with 0 % raw soybeans of both varieties, while in other groups
significantly lower capacity (p<0.01) was determined.

In general it can be concluded that soybean with lower TI may be included
indiet for older laying hens in the form of untreated grain to 4 %, while the
use of untreated soybeans with a standard level of TI exerted a negative
impact on the laying capacity of hens.

In the statistical analysis of data, the influence of the studied factors on
body weight of laying hens, feed intake and the occurrence of defective
eggs was not established.

The highest share of the pancreas was determined in the group Lydia Ill.
The differences found in relation to the groups of hens fed a mixture with
lower participation of raw soybean, were not statistically significant.
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Efekat upotrebe sirove soje u smeSama za ishranu kokosi
nosilja na proizvodne rezultate i relativnu masu pankreasa

V. Petricevi¢, M. Luki¢, Z. Pavlovski, Z. Skrbi¢, Z. Jokié, D. Vitorovi¢, M.
Petricevié
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Rezime

Cilj ovih istraZivanja je bio da se ispitaju moguénosti zamene termicki
obradenog sojinog zrna, sorteLana sa smanjenim sadrzajem tripsin inhibitora (T1) i
sorte Lidija sa standardnim nivoom TI, sirovim zrnom. Ispitan je efekat koris¢enja
razli¢itog nivoa uc¢esca sirove soje obe sorte u smeSama za ishranu kokoSi nosilja
hibrida Isa Brown na proizvodnju jaja, telesne mase, konzumaciju hrane, pojavu
defektnih jaja, mortalitet i relativnu masu pankreasa.

Istrazivanje je izvedeno po principu dvofaktorijalnog ogleda 2 x 4 (2 sorte
soje X 4 nivoa uceS¢a sirovog zrna u smesi) sa ukupno 8 tretmana ishrane i 4
ponavljanja po tretmanu.

U prvih 5 nedelja ispitivanja razlike u broju ukupno smeSenih jaja pod
uticajem ispitivanih faktora nisu bile znacajne. Pod uticajem sorte soje, nivoa
ucesca sirovog sojinog zrna i interakcije ispitivanih faktora utvrdene su znacajne
razlike (p<0,01) nakon 53. nedelje uzrasta. KoriS¢enje soje sa nizim nivoom Tl u
ishrani nosilja uticalo je na znac¢ajno bolju nosivost u odnosu na standardnu sortu
soje. Sa uceSéem sirovog sojinog zrna od 8 % u smeSama znac¢ajno se smanjio broj
ukupno snesenih jaja. Razlike u ostvarenim telesnim masama, konzumaciji hrane,
pojavi defektnih jaja i relativnoj masi pankreasa koje su se javile nisu bile pod
znacajnim uticajem ispitivanih faktora kao ni pod uticajem njihovog interakcijskog
dejstva.
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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.

Keywords: 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 (Leclerg, 1990; Baeza et al., 1999; Ogah et
al., 2009). Growth is related to increase in cell number and volume. It is a complex
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and highly dynamic physiological process that exist from conception 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 Yyield 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 have 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.
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Management of the birds

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 ay; are scaled such that a; a; =1, Y1, accounted for the maximum variability of
the P variables of any combination.

The variance of Y;=A; Next principal component Y is formed such that its
variance A, is maximum amount of the remaining variance and that it is orthogonal
to the first principal component. That is a; a, =0

The weight used to create the principal component are the eigen vectors of
the characteristics equation (R- A1)a=0, where R is the correlation matrix. The A
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. Meanzstandard error and coefficient of variation for live body weight and
measurements in male and female muscovy duck at different ages.
Male Female
meantse CcVv meantse CVv sign. diff
At week 3
Body weight (g) 193.04+2.47 17.44 154.6040.50 26.41 *x
Body length (cm) 13.90£0.41 16.09 12.34+0.12 14.17 *
Breast
circumference(cm) 12.26+0.24 6.67 12.38+0.23 10.33 ns
Thigh length (cm) 1.74+0.03 5.67 1.55+0.06 14.75 ns
Shank length (cm) 2.83+0.06 6.93 2.20+0.05 8.83 *
Total length (cm) 6.77+0.02 12.62 5.43+0.03 2.67 *x
Wing length(cm) 6.89+0.11 5.48 5.66+0.07 5.57 *
At week 5
Body weight (g) 470.99+3.33 14.23 357.99+1.07 18.12 Fkk
Body length (cm) 17.8840.12 24.42 15.35 +0.12 19.41 **
Breast
circumference(cm) 16.87+0.23 9.61 14.83+0.23 16.18 *x
Thigh length (cm) 2.83+0.03 8.73 2.58+0.05 20.41 *
Shank length (cm) 4.29+0.08 11.25 2.94+0.08 16.18 *
Total length (cm) 9.84+0.03 21.6 8.48+0.08 421 *
Wing length(cm) 7.50+6.08 9.21 6.68+0.10 7.13 *
At week 10
Body weight (g) 1348.50+19.8 14.41 1094.30+11.40 17.11 el
Body length (cm) 26.46+0.25 19.23 24.33+0.13 15.21 *x
Breast
circumference(cm) 26.85+0.36 8.92 25.10+0.27 14.21 **
Thigh length (cm) 5.61+0.01 7.43 2.84+0.08 20.13 falalel
Shank length (cm) 5.80+0.05 7.88 4.30+0.08 13.01 *x
Total length (cm) 14.48+0.05 16.34 10.17+0.12 4.32 R
Wing length(cmO 20.56+0.10 7.77 19.02+0.16 7.23 *x
At week 15
Body weight (g) 2399.20+24.10 12.32 1290.9048.70 16.21 ool
Body length (cm) 36.68+0.15 15.22 30.61+0.16 13.71 **
Breast
circumference(cm) 33.0740.34 8.01 27.8340.23 10.51 **
Thigh length (cm) 7.65+0.06 6.44 4.63+0.11 12.11 ekl
Shank length (cm) 6.53+0.06 9.47 6.18+0.08 11.01 ns
Total length (cm) 18.7140.19 11.76 14.45+0.12 3.12 ok
Wing length(cm0 32.49+0.11 7.76 29.17+0.23 421 **
At week 20
Body weight (g) 2691.60+30.70 10.21 1504.4049.60 8.4 Hkk
Body length (cm) 47.87+0.20 11.54 37.71+0.87 7.32 ek
Breast circumference(cm) |  39.33+0.12 8.33 31.89+0.28 9.41 Fkk
Thigh length (cm) 8.88+0.03 5.98 6.84+0.12 8.53 ekl
Shank length (cm) 6.59+0.05 8.82 6.59+0.12 6,71 ns
Total length (cm) 20.52+0.23 10.34 16.86+0.33 2.97 ekl
Wing length(cm) 36.99+0.16 5.23 32.95 +0.23 2.21 **

***x=P<(,001, **=P<0.01, *=P<0.05
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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
(2002) on rabbit breeds. Between the sexes variation in both body measurements
and weight were higher in females than in males.

Bivariate correlation

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.
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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 TI S| |TLL|{WL| BW BL |BCC| TL SL |TLL| WI
At Week
3
BL 0.92 0.93
BCC 0.96 |0.88 0.86 | 0.84
TL 0.7 |0.72| 0.72 0.73 | 0.56 | 0.6
SL 0.45 |0.48| 0.45 0.82 075 | 0.72 | 0.6 | 0.5
TLL 0.45 |0.44| 0.54 0.71 |0.81 0.83 | 0.7 | 0.7 | 0.93 | 0.57
Wi 0.65 |0.59| 0.62 0.87 |0.59]| 0.6 0.77 | 0.67 | 0.5 | 0.64 | 0.7 |0.77
At Week
5
BL 0.8 0.85
BCC 0.76 |0.72 0.92 | 0.79
TL 0.93 |0.72| 0.76 0.76 | 0.69 | 0.9
SL 0.78 10.82| 0.8 0.81 0.77 | 0.56 | 0.7 | 0.57
TLL 0.88 [0.71| 0.76 0.91 |0.75 0.68 | 0.59 | 0.7 | 0.51 | 0.62
Wi 0.95 |0.77| 0.76 0.98 |0.84|0.94 094 | 0.83 | 0.8 | 0.71 | 0.84 |0.63
At week
10 10
BL 0.56 0.48
BCC 0.99 |0.54 0.8 | 0.53
TL -0.12 |0.06| -0.13 0.94 | 0.72 | 0.8
SL 0.94 |10.66| 0.94 | -0.41 0.92 | 0.68 | 0.8 | 0.96
TLL 0.92 |0.62| 0.92 | -0.19 |0.86 055 | 0.7 | 0.6 | 0.67 | 0.65
Wi 0.96 |0.49| 0.96 | -0.03 |0.85|0.82 0.98 | 0.58 | 0.9 | 0.96 | 0.96 |0.65
At week
15
BL 0.96 0.85
BCC 0.97 | 0.9 092 | 09
TL 0.5 [0.43| 0.55 095 | 083 | 1
SL 0.89 |10.82| 0.87 0.53 0.78 | 0.68 | 0.9 | 0.89
TLL 0.94 |10.95| 0.85 0.33 |0.87 092 | 0.76 | 0.9 | 0.96 | 0.95
Wi 0.91 |0.98| 0.83 0.32 |0.82]0.95 0.85 | 0.89 | 0.9 | 0.82 | 0.71 | 80
At week
20
BL 0.61 0.4
BCC 0.5 [0.72 0.87 | -0.2
TL 0.92 |10.68| 0.62 0.9 -0.1 1
SL 0.7 [0.61| 0.73 0.75 0.64 | -0.2 | 0.8 | 0.79
TLL 0.9 [0.73| 0.56 0.83 |0.69 098 | 0.1 | 0.9 | 0.92 | 0.67
Wi 0.76 |10.58| 0.68 0.7 |0.95|0.76 0.87 | 0.56 | 0.8 | 0.88 | 0.69 | 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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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 (PC1;) 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 PC1; (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.

The second principal component (PC,) accounted for additional 16.172%
and 10.338% of the total variation in male and female respectively. Magnitude of
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 PC1s (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
PC1s 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.
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Table 3. Explained variation associated with rotated factor analysis with communalities of each
variable by sex and age

Male female

Common factor communality | Common factor | communality
Week 3 F1 F2 F1 F2
BWT 0.949 ,266 0.971 0.817 0.541 0.961
BL 0.909 0.282 0.906 0.893 0.341 0.913
BCC 0.917 0.307 0.935 0.757 0.412 0.743
TL 0.552 0.78 0.913 0.272 0.937 0.951
SL 0.191 0.919 0.88 0.833 0.233 0.748
TLL 0.217 0.881 0.823 0.436 0.882 0.968
WL 0.516 0.668 0.712 0.586 0.599 0.707
% var 71.536 16.172 75.19 10.338
Week 5
BWT 0.808 0.521 0.924 0.747 0.616 0.938
BL 0.404 0.832 0.866 0.792 0.415 0.799
BCC 0.472 0.761 0.802 0.84 0.461 0.918
TL 0.869 0.458 0.965 0.892 0.248 0.858
SL 0.482 0.811 0.89 0.346 0.843 0.813
TLL 0.859 0.431 0.923 0.302 0.805 0.739
WL 0.858 0.5 0.986 0.65 0.687 0.895
% var 84.336 6.47 77.012 8.386
Week 10
BWT 0.98 -0.101 0.971 0.959 0.223 0.969
BL 0.668 0.23 0.526 0.301 0.888 0.879
BCC 0.974 -0.122 0.964 0.819 0.332 0.781
TL -0.043 0.979 0.964 0.851 0.492 0.966
SL 0.975 0.035 0.952 0.855 0.457 0.94
TLL 0.947 -0.158 0.921 0.341 0.839 0.82
WL 0.93 -0.028 0.867 0.928 0.36 0.991
% var 73.016 14.982 79.265 11.381
Week 15
BWT 0.931 0.334 0.978 0.653 0.701 0.917
BL 0.953 0.226 0.96 0.383 0.894 0.946
BCC 0.853 0.426 0.911 0.7 0.693 0.971
TL 0.195 0.97 0.979 0.776 0.602 0.964
SL 0.834 0.403 0.858 0.916 0.344 0.958
TLL 0.972 0.132 0.963 0.864 0.49 0.987
WL 0.967 0.111 0.947 0.424 0.858 0.916
% var 82.202 12.007 88.356 6.752
Week 20
BWT 0.481 0.853 0.959 0.947 0.227 0.948
BL 0.107 0.939 0.893 -0.022 0.993 0.987
BCC 0.849 0.111 0.734 0.965 -0.02 0.932
TL 0.695 0.615 0.862 0.976 -0.054 0.956
SL 0.815 0.384 0.862 0.806 -0.15 0.672
TLL 0.546 0.731 0.811 0.972 0.118 0.959
WL 0.881 0.391 0.929 0.925 -0.224 0.909
% var 92.952 13.061 74.81 16.08
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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 PC2,, 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 1,, 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
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. These results explain that variations
associated with body size in Muscovy duck increases with age.

Varijabilnost veli¢ine i oblika u mosusne patke sa uzrastom:
analiza glavne komponente

D. M. Ogah, M. Kabir
Rezime
Telesna masa i Sest linearnih mera tela, duzina tela (BL), obim grudi

(PKB), duZina bataka (TL), duZina metatarzusa (SL), ukupna duZina nogu (TLL) i
duZina krila su evidentirani na 150 muskih i Zenskih mo3usnih pacic¢a i procenjena
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uuzrastuod 3,5, 10, 15 20 nedelja. Analiza glavnih komponenti je koris¢ena za
proucavanje strukture zavisnosti izmedu telesnih mera i kvantifikovanje polnih
razlika u veli¢ini i obliku morfometrijskih varijacija tokom rasta. Prve glavne
komponente u svakom od pet uzrasta u oba pola iznosile su izmedu 71.54 i 92.95
% varijacije u sedam merenja i obezbedio linearnu funkciju veli¢ine sa skoro
jednakim naglaskom na sve osobine. Druge glavne komponente u svim
slu¢ajevima takode ¢ine izmedu 6,7 do 16,17 % razlika u strukturi zavisnosti
sistema u varijablama kao Sto su oblik, koeficijent za racunare za razlicite uzraste
bile su zavisne od pola u slu¢aju muskih grla, pokazujuéi veéu varijabilnost zbog
spontanog povecanja u veli¢ini i obliku, nego kod Zenskih grla. Doprinos faktora
opSte veli¢ine na ukupno varijansu povecava se sa staroS¢u/uzrastom u oba pola,
kod muskih i Zenskih pacica, dok faktor oblik pokazuje tendenciju da bude stabilan
kod muskih paci¢a i nedoslednost kod Zenskih pacic¢a.
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Original scientific paper

Abstract: Salmonella is one of the most frequently reported food-borne
(alimentary) infections in the world. The study objective was to evaluate
seroprevalence of Salmonella spp. in the farrow-to-finish farms and individual
producers. Examined fattened pigs were divided into two groups: the first group
was comprised of fatteners from 4 large farms in northern Serbia, and fatteners
from the other group originating from individual producers from northern Serbia
and the region of eastern Serbia. Individual blood serum samples were collected
from 100 pigs per farrow-to-finish farms and 300 fattening pigs from individual
producers and analysed for the presence of Salmonella antibodies. A blood serum
sample from each pig was frozen, and blood serum was examined for specific anti-
bodies against Salmonella spp. using an indirect ELISA. Salmonella
seroprevalence ranging from 0% to 56% was found in 4 farrow-to-finish farms.
Seroprevalence of 79% was found in individual producers (300 blood serum
samples). This study shows that the results of serological tests for Salmonella were
different (p<0.01) for slaughtered pigs from farms and from individual producers.
Pig production in Serbia is under better supervision on large farrow-to-finish farms
than in the individual sector. This study is an introduction to reducing of public
health risks associated with Salmonella in pork.

Keywords: pig, production system, Salmonella, seroprevalence, food
safety

Introduction

Salmonella in normal situations doesn’t cause clinical diseases of pigs, but
subclinical Salmonella infections are an important issue in food safety around the
world. From the consumer standpoint, there are constant efforts to reduce the
incidence of Salmonella in pork. In order to achieve this, information on the
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dynamics of Salmonella infection in a herd of pigs over time (e.g., duration of
infection and disease transmission patterns) can be a useful tool. Salmonella is
identified at all stages of pig production. This means that efforts to reduce
Salmonella have a task to target different stages of the production chain. A growing
number of European countries are focusing on the first phase of pork production.
One of major challenges of this approach is identification of effective risk
reduction strategies that can be implemented at the herd level. For that reason, it is
important to examine all factors that can increase the risk of introduction and
transmission of Salmonella (Lo Fo Wong et al., 2004). On-farm intervention to
reduce the prevalence of Salmonella is difficult to perform; nevertheless, this is
important in reducing the risk of this pathogen's presence on pig skins and
consequently pork carcasses at abattoirs (Blagojevic et al., 2011). The presence of
antibodies indicates that the pigs were exposed to the enteric pathogen in a period
of development, but on the other hand the time needed for seroconversion suggests
that pigs are carriers of salmonella while still seronegative, and also different
immune responses can affect the serological tests (Miller et al., 2011; Sisak et al.,
2011). Salmonella seroprevalence differences between different systems of pig
production have been investigated. In some studies, individual producers (outdoor
production systems) had a higher seroprevalence than the farm production (Bonde
and Sgrensen 2012). The aim of this study was to investigate the effects of
different systems of pig production on the presence of Salmonella antibodies, in
order to assess the pathogen transfer risk into the food chain.

Materials and methods
Sampling

Samples for analysis were collected at the slaughterhouse with
slaughtering capacity of 200 pigs per hour. This study was conducted in the period
from April to November 2012. All pigs spent 24 hours on livestock depot before
being slaughtered. Examined fattened pigs were divided into two groups: the first
group was comprised of fatteners from 4 large farms in northern Serbia, and
fatteners from the other group originating from individual producers from northern
Serbia and the region of eastern Serbia. In the first group testing was carried out on
400 fattened pigs (100 from each farm), while in the second investigation was
carried out on 300 fatteners (over 70 individual producers).

A blood serum sample from each pig was frozen, and blood serum
(harvested after thawing) was examined for specific anti-bodies against Salmonella
spp. using an indirect ELISA (Nielsen et al., 1998).
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Data analysis

Data were entered into an Excel spreadsheet (Microsoft Excel 2007) and
imported into Stata (Stata 8 Intercooled for Windows 9x) in which data were
analyzed. Descriptive analysis was done in MiniTab version 14 (MiniTabR14b)
and Excel (Microsoft Excel 2007). The data were processed by ANOVA and Post
Hoc Test was used for comparison of the means of treatments. Statistical
significance of differences between means was determined at the level of p<0.01.

Results

The sera from 700 fattening pigs, originating from 4 different farrow-to-
finish farms and 300 fattening pigs from more 70 different individual producers,
were examined by ELISA test for the presence of Salmonella antibodies. The
seroprevalences of Salmonella in the different farrow-to-finish farms are illustrated
in Table 1.

Table 1. Distribution and presence of Salmonella spp. in blood samples from 4 farrow-to-finish
swine farms

Farm Numberd tested Number positive e;gﬁ:’;fsn(c& )
I 100 23 23.00
1 100 56 56.00
1l 100 36 36.00
v 100 0 0.00
Total 400 115 28.75

Salmonella seroprevalence in the 4 farrow-to-finish farms were 23
(23/100), 56 (56/100), 36 (36/100) and 0 (0/100). Seroprevalence in the individual
producers was 79 (237/300) (Table 2).

Table 2. Salmonella spp. prevalence estimates provided by blood sample collected from
fattening pigs from individual producers

Prevalence
Individual producers Numberd tested Number positive estimates
(%)

>70 300 237 79.00




140 N.Stojanac et al.

Discussion

This study provided a unigque opportunity to compare seroprevalence of

Salmonella spp. on a large farms (farrow-to-finish) and individual producers. It
also allowed comparison presence of Salmonella antibodies within 4 different
farrow-to-finish farms.
From the four investigated farms with intensive mode of breeding pigs, Salmonella
antibodies were found in fatteners from three farms, while on one farm all fattened
pigs were seronegative. Seroprevalence of 75% (3/4) on examined farms is similar
to that in other countries with intensive modes of keeping pigs (Baptista et al.,
2009; Funk 2008; Hernandez et al., 2013; SiSak et al., 2011). Out of 400 samples
tested, 115 (28.75%) were positive, with percents on three positive farms ranging
from 23% to 56%. This is a higher level compared to the results of other
researchers (Bonde and Sgrensen 2012; Lo Fo Wong et al., 2004; Wacheck et al.,
2012) (Table 1). While Kranker et al., (2003) found higher level of Salmonella
spp. seroprevalence in fattened pigs (40-80%).

For all farrow-to-finish farms combined, serology consistently
overestimated the 28.75% (Table 1). This finding is not surprising considering that
serology reflects the exposure history of pigs, not the current infection status.

The seroprevalence estimate obtained in the individual producers was three times
higher (p<0.01) than the estimate provided on a large farms (farrow-to-finish),
79.00 vs. 28.75%.

This indicates a higher risk for salmonellosis in pigs in the sector of
individual producers, primarily for the following reasons: a) no all-in/all-out pig
flow; b) no control feed (can be contaminated with Salmonella); c) biosecurity
(humans and other animals as vectors).

In the survey we found difference (p<0.01) in Salmonella seroprevalences
on a large farrow-to-finish farm and at individual production system. Similar
results were reported in comparison to the level of Salmonella infections in
conventional and alternative systems in the UK (Smith et al., 2010). A study in
Switzerland found a higher risk of Salmonella in conventional farms than in
animal-friendly systems (Ledergerber et al., 2003). The effect of herd size is
associated with the manifestation of the shorter presence of high seroprevalence in
larger herds. This can be explained by a combination of factors such as the
implementation of biosecurity measures in larger herds (van der Wolf et al., 2001),
and poorer health status and mixing pigs of different ages in small herds. In
addition, it is expected from bigger number of individual producers to buy food
that has been found to have a higher risk factor for Salmonella (Dahl, 2007), while
large farms mainly use home-mixed feed.
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Conclusion

Pig production in Serbia is under better supervision on large farrow-to-
finish farms than in the individual sector. This is confirmed by the fact that nearly
three times as many Salmonella antibodies were found in pigs in sector of
individual producers, and therefore there’s also a higher risk of Salmonella
presence in pigs and subsequent contamination and potential human infection.
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Poredenje seroprevalence Salmonella spp. u velikim farmama
I kod individualnim proizvoda¢ima u Srbiji

N. Stojanac, O. Stevancevié, B. Savié, 1. Stancié¢, A. Potkonjak

Rezime

Salmonela je jedna od najceSce prijavljivanih alimentarnih infekcija u
svetu. Predmet istraZivanja ovog rada je bio da se ispita seroprevalenca Salmonella
spp. u farmama sa zatvorenim ciklusom proizvodnje i kod individualnih
proizvodaca. Ispitivani tovljenici su bili podeljini u dve grupe: u prvoj grupi su bili
tovljenici sa 4 velike farme sa podrucja severne Srbije, a u drugoj grupi su bili
tovljenici od individualnih proizvodaca sa podrucja severne i istoéne Srbije. Krvni
serumi su pojedinacno prikupljani od 100 tovljenika sa svake farme i od 300
tovljenika od individualnih proizvodaca i ispitivani su na prisustvo antitela za
Salmonelu. Serumi su ¢uvani u smrznutom stanju i ispitivanje na prisustvo
specificnih antitela na Salmonelu je vrSeno indirektnom ELISA testom. U 4
ispitivane farme seroprevalenca se kretala od 0% do 65%. Kod tovljenika od
individualnih proizvodac¢a utvrdena je seroprevalenca od 79% (300 uzoraka krvnih
seruma). Ovo ispitivanje pokazuje razlike (p<0.01) u seroprevalenci Salmonele
zaklanih tovljenika sa farmi u odnosu na individualne proizvodace. Proizvodnja
svinja u Srbiji je pod boljom kontrolom na velikim farmama u odnosu na
individualni sektor. Ovo istrazivanje predstavlja uvod u smanjenje rizika javnog
zdravlja povezanog sa Salmonelom u svinjskom mesu.
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Original scientific paper

Abstract: Italian ryegrass seed crop was established in 2007 with two
sowing densities (D; = 60 cm row spacing and 5 kg ha™ seeding rate; D, = 20 cm
row spacing and 20 kg ha™ seeding rate) and using two spring nitrogen rates (0 and
150 kg N ha™). Seed germination and thousand seed weight (TSW) of Italian
ryegrass was observed in first production year. After harvest in June, seeds were
stored under standard storage conditions and sampled 90 days after harvest (DAH),
and then 2000 DAH. At 90 DAH, seeds were tested for TSW, as well as
germination energy and total germination percentage at incubation temperatures of
10, 15, 20 and 25°C. Ryegrass seeds had the best germination energy 90 DAH at
20°C and maximum total germination at 15°C, which implies that early autumn
(September-October) is proper sowing period for freshly harvested seeds of Italian
ryegrass. Italian ryegrass seeds could maintain satisfactory germination energy
(59.3%) and total germination (77.3%) up to 2000 DAH. High seed quality was
obtained and applied treatments did not change seed quality significantly unlike
storage period which had considerable influence on seed quality. The data can
serve for the determination of a proper storage duration management between
harvest and sowing of the tested species under ambient conditions of Serbia.

Key words: Italian ryegrass, nitrogen application, seed features, sowing
density, storage period

Introduction

Historically, grass seed quality has been synonymous with germination, i.e.
the measurement of the percentage of seeds growing normally under standardised,
controlled, optimum laboratory conditions, set so that seed is given every chance to
germinate to its full potential (ISTA, 2010). During post-harvest maturation,
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different species vary in the length of dormancy breaking or germination increases.
Seed dormancy and slow seedling development often limit establishment of forage
grass stands (Stanisavljevi¢ et al., 2011). However, seed dormancy and delayed
germination of forage grasses under natural conditions can be beneficial because
they postpone germination and the initial growth of seedlings until environmental
conditions improve (Stanisavljevié et al., 2012). Maximum germination is achieved
after the period of seed maturation and dormancy loss. Further seed storage leads to
certain physiological and biochemical processes that result in seed ageing and
germination decreases (Bewley and Black, 1994). Seed germination conservation in
the course of ageing depends largely on storage conditions (Walters et al., 2004).
In Serbian conditions, approximately two and a half months elapses between the
time of seed collection and the sowing of forage grasses during the autumn.
Sowing in this period provides sufficient time for germination, seedling
development, and survival during the winter. Compared with sowing seed during
the spring of the following year, autumn sowing provides for substantially better
turf formation, more forage yield, and increased seed yield (Salehi and Khosh-
Khui, 2005). Harvested seeds can be used to establish new crop by sowing in
autumn (August-September) of the same year or in spring (March-April) of the
succeeding year. Laws and regulations governing the seed trade mainly determine
minimum germination standards of approximately 70-75%. Seed size, usually
measured as thousand seed weight (TSW), may be an indicator of quality, as
increasing TSW can result in improved seedling growth (Hill et al., 1998). Bean
(1973) pointed out that TSW was significantly and positively correlated with
subsequent seedling dry weight for Italian ryegrass. Hampton (1986) reported that
increasing seed weight from 3.2 g to 5 g, seedling performance was increased in
field sowings in Italian ryegrass from 68% to 85%. Efficient germination of Italian
ryegrass seeds is essential for successful establishment of meadows and pastures.
Italian ryegrass is one of the best forage grasses in Serbia, producing high quality
forage. Lolium species account for about 23% of the 52 million ha of grassland in
Europe with Italian ryegrass being the most prevalent species (Humphreys et al.,
2010). According to Simié et al. (2009) excellent ryegrass seed yield was achieved
in Serbia in the first year, but local production covers only 50% of forage
production needs for this seed. The application of different nitrogen rates and
seeding techniques affected Italian ryegrass seed yield in Serbia (Vuckovié et al.,
2003; Simi¢ et al., 2009), but it is not clear whether management practice
influenced ryegrass seed quality (Simi¢ et al., 2010). Vuckovié¢ et al. (1998)
achieved higher germination energy of Italian ryegrass seed grown at row distance
of 50 cm and applying seeding rate of 4 kg ha™ than at the distance of 20 cm and
applying higher seeding rates. Seeds reach maximum germination during storage,
but if storage is prolonged germination is decreased and lost, which signifies the
process of seed ageing. Stanisavljevi¢ et al. (2011) noticed that a reduction in seed
germination of Italian ryegrass was not recorded before 750 DAH. Furthermore,
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acceptable germination was recorded up to 810 DAH (81%) and without a
reduction of the seedling vigour. In practice, there may also be also interest in
storing the seeds of Italian ryegrass over the next two autumn sowings.

Successfully growing Italian ryegrass requires a high and consistent
germination energy, coupled with fast and vigorous seedling growth. Italian
ryegrass seed crop is usually harvests or disperses under natural conditions mainly
in June. This experiment was conducted to determine the differences among Italian
ryegrass seed parameters obtained by management practices of the seed crop in the
first production year, using different sowing density and spring nitrogen
application. Also, the aim of the experiment was to determine TSW, the level of
seed dormancy at the different incubation temperatures, germination energy and
total germination of Italian ryegrass seeds, immediately upon harvesting (90 DAH)
and 5.5 years after harvesting.

Materials and Methods

The experiment was set up in autumn 2007 with seeds of the tetraploid
Italian ryegrass K-29t in the vicinity of the city Sabac, western Serbia (44°47° N,
19°35’ E, 80 m asl). The plot for harvest was 10 m? and it was replicated four
times in a randomized complete block design. Soil in the experimental area was
humofluvisol (2.54% humus), with rinsed limestone, pH in KCI: 5.25; K,O: 15 mg
kg™; P,Os: 3 mg kg . Italian ryegrass seed crop was established with two sowing
densities (D; = 60 cm row spacing and 5 kg ha® seeding rate; D, = 20 cm row
spacing and 20 kg ha™ seeding rate) and using two spring nitrogen rates (0 and 150
kg N ha). Seed from the primary growth in 2008 was harvested at the peak of seed
ripeness, in the first production year after the establishment. Harvested seeds were
cleaned manually, placed into paper bags and stored dry under ambient storage
conditions. Seed samples were drawn 90 days after harvest (DAH) and then 2000
DAH.

Three characters were measured 90 DAH to provide an estimate of seed
quality: (1) 1000-seed weight (TSW), (2) germination energy and (3) total
germination and two characters were measured 2000 DAH: (1) germination energy
and (2) total germination. Four replicates of 100 seeds were germinated on filter
paper according to the ISTA Rules (ISTA, 2010). The seeds were incubated 90
DAH at different temperatures of 10, 15, 20 and 25°C and 2000 DAH at
temperature 20°C. Germination energy count was made after 5 days and the total
seedling after 14 days.

The data were analysed by two-way ANOVA using Statistica 10.0
(StatSoft, Inc. Tulsa, OK, USA) software. LSD multiple range test was used to
detect significant differences among means at the 5% level of probability.
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Results and Discussion

Average TSW varied among different seed sowing densities and nitrogen
rates from 3.89 g to 4.32 g (Table 1), and that variation could be explained by
environmental conditions during seed development and ripening. Sparse plants at
D, density enabled to take more nutrients and had full light treatment. On the other
hand, dense sward affected assimilates supply and may have limited seeds from
achieving their potential final weight, consequently reducing TSW. Nitrogen
application at seed crop had diminishing effect on sowing density treatments, either
decreasing TSW at D; density or increasing TSW at D, density. This is in
accordance with former results of Akpan and Bean (1980), who reported that the
seed from spaced plants had a higher TSW and seedling dry weight than the seed
from narrow drills. Otherwise, TSW as seed quality indicator was conditioned by
the factors of vegetation area in crop establishment, whereas nitrogen had an
influence only in extremely different densities (sparse and dense crop). It is in
agreement with findings of Choi et al. (2002) who noted the TSW increase when
the inter-row space was raised from 15 cm to 45 cm.

Table 1. Effect of Italian ryegrass sowing density and nitrogen rate on thousand seed weight

Treatment Nitrogen rate

Sowing density Ny N, Average
D, 4.316 | 4.071 | 4.193
D, 3.887 | 4.066 | 3.977
Average 4.102 | 4.068

LSD 0,05(D, N) =0.115

LSD 0,05(DxN) =0.163

D1 = 60 cm row spacing and 5 kg ha* seeding rate; D2 = 20 cm row spacing and 20 kg ha™* seeding
rate; N1 =0 kg N ha™; N2 = 150 kg N ha™

Unlike results for TSW, seed germination energy and total germination
was not affected by sowing density and nitrogen rate in any investigated
temperature traits (Table 2). This is in agreement with results of Choi et al. (2002).
At all incubation temperatures 90 DAH (from 10 to 25°C), as well as 2000 DAH at
20°C there was not a statistically significant differences among seeds produced in
dense or sparse sward, with or without N application. Physiological immaturity of
seed was a possible cause of the low germination energy at temperature treatment
of 10°C (<5% germination energy for 5 days), but total germination after two
weeks reached 90% (tab. 2). Akpan and Bean (1980) reported that an increase in
temperature from a 15°/10°C regime to a constant 25°C environment increased
germination energy. An increase in germination energy occurred between
temperatures 10 and 15°C, indicating the start of dormancy loss 90 DAH. Starting
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from 15°C, germination energy was increased (> 80%) and such was at 20 and
25°C. After 2000 DAH germination energy was decreased to 59.3%. Total seed
germination of K-29t was high and uniform, except for 2000 DAH.

Table 2. Effect of sowing density and nitrogen rate on germination energy and total
germination (%)

Days after harvest (DAH)
90 [ 2000 90 [ 2000
Treatment Germination energy (%) Total germination (%)
Temperature
10°C | 15°C | 20°C | 25°C | 20°C | 10°C | 15°C | 20°C | 25°C | 20°C
Sowing density | T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
D1 49| 927 | 89.6 | 853 | 615| 916 | 96.0 | 947 | 92.0 | 785
D2 36| 804 | 864 | 820 | 572 | 909 | 936 | 918 | 920 | 76.2
LSD g5 845 | 1381 | 953 | 852 | 845 | 543 | 388 | 7.19 | 422 | 7.67
Nitrogen rate
N1 53| 896 | 878 | 84.0| 57.7 | 91.1 | 947 | 929 | 929 | 778
N2 31| 83.6| 882 | 833 | 61.0| 913 | 949 | 936 | 911 | 76.8
LSD g5 845 | 1381 | 953 | 852 | 845 | 543 | 3.88 | 7.19 | 422 | 7.67
Mean 42| 86.6 | 88.0| 83.7| 59.3| 912 | 948 | 932 | 92.0| 773
SD 4.9 1.2 6.4 5.6 5.9 4.0 2.7 4.6 2.9 4.8

D1 = 60 cm row spacing and 5 kg ha* seeding rate; D2 = 20 cm row spacing and 20 kg ha™* seeding
rate; N1 = 0 kg ha! nitrogen rate; N2 = 150 kg ha™ nitrogen rate; SD-standard deviation

There is no complete concordance between our results and data of
Stanisavljevic et al. (2011). They reported the best germination and vigour of
Italian ryegrass seedlings between 270 and 330 DAH, which equates to spring
sowing time (March-April) in the succeeding vyear. Italian ryegrass seeds
maintained satisfactory germination levels up to 630 DAH (81%) and 810 DAH
(81%), respectively. The results indicated that early spring is the best sowing
period for Italian ryegrass, but our results indicated that temperate autumn
conditions are also suitable sowing period for Italian ryegrass.

Immediately after harvest and breaking seed dormancy (90 DAH) was
highest correlation between germination energy and total germination (Table 3),
but 2000 DAH that correlation was decreased to twice lower (0.69 and 0.36%,
respectively). Correlation between total germinations and germination energies
(DAH90/DAH2000) was similar (0.49% and 0.44, respectively).

Table 3. Correlation coefficients between germination energy and total germination following
different storage period of seed

TG/90 TG/2000 GE/2000
GE90 0.69 0.44
GE/2000 0.36
TG/90 0.49

GE/90 = germination energy 90 DAH; TG/90 = total germination 90 DAH; GE/2000- germination
energy 2000 DAH; TG/2000- total germination 2000 DAH.
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Conclusion

The high seed quality of Italian ryegrass was confirmed with this research
and it is slightly influenced by different variants of establishment or by N spring
application, but much more by storage period. The data can serve for the
determination of a proper storage duration management between harvest and
sowing of Italian ryegrass. Although there was a reduction in the total germination
during seed ageing of Italian ryegrass up to 2000 DAH (77.3%), this reduction
gave almost satisfactory germination in a sense of the market requirement (77%).
Average TSW varied from 3.89 to 4.32 g. TSW was influenced by factors forming
crop density, while nitrogen had a lower influence on that parameter. Germination
increased with the increase temperatures from 10 to 25°C. The results of
germination in this study provide aspects for recommendation the best sowing date
and, in particular, about the minimum and maximum storage period between
harvests and sowing of Italian ryegrass.
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Uticaj agrotehnike na osobine semena italijanskog ljulja pri
razli¢itim duzinama skladistenja

V. Mandié, A. Simi¢, S. Vuckovié, R. Stanisavljevi¢, Z. Tomié, Z. Bijelié, V. Krnjaja
Rezime

Semenski usev italijanskog ljulja je zasnovan u 2007 godini sa dve gustine
setve (D,=60 cm meduredno i 5 kg ha™* setvena norma; D,=20 cm meduredno i 20
kg ha™ setvena norma) i primenom dve koli¢ine azota u prihrani (0 and 150 kg ha’
). Posmatran je Klijavost i masa 1000 semena italijanskog ljulja u prvoj
proizvodnoj godini. Posle Zetve u junu, seme je skladiSteno u standardne skladisne
uslove i uzorkovano 90 dana posle Zetve (DPZ), a potom 2000 DPZ. Posle 90 DPZ
seme je ispitivano na masu 1000 semena, energiju Klijanja i ukupnu klijavost na
temperaturama klijanja od 10, 15, 20 i 25°C. Seme ljulja je imalo najbolju Zivotnu
sposobnost 90 DPZ na 20°C i maksimalnu ukupnu Kklijavost na 15°C, to sugerise
da je rana jesen (septembar-oktobar) odgovaraju¢i period za setvu sveze
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poznjevenog semena italijanskog ljulja. Seme italijanskog ljulja moZe zadrzati
zadovoljavajuéu energiju Klijanja (59,3%) i Klijavost (77,3%) i 2000 DPZ.
Dobijeno je kvalitetno seme i primenjeni tretmani pri gajenju semenskog useva
nisu menjali znacajno kvalitet semena, za razliku od vremena skladistenja, koje je
imalo znacajan uticaj na kvalitet semena.

Podaci mogu posluziti za odredivanje pogodnog vremena skladiStenja i
upravljanjem semenom izmedu Zetve i setve italijanskog ljulja u uslovima Srbije.
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Abstract: It is assumed that the content of anti-nutrients in legumes seeds
and find out the dependency among their content and the amount of important
nutrients. The influence of the agri-environmental conditions on concentration of
anti-nutrients was evaluated on the basis of the analysis of the material collected
from the experiments carried out in the years 2010-2011, located in different
regions of Poland. The analyses were performed in the Main Chemical Laboratory
of IUNG-PIB Putawy and in Laboratory of Research Centre for Cultivar Testing
(COBORVU) in Stupia Wielka, near Poznan. The obtained results indicate that the
region of cultivation did not have a significant impact on the concentration of these
substances in the seeds of faba bean. Seeds of fodder pea of Muza and Marych
cultivars contain significantly less tannins than Roch and Wiato cultivars. In the
case of faba bean, however, fewer of these compounds were found at white-
flowering cultivars. The average content of total alkaloids in lupine was definitely
greater in blue lupine than in yellow lupine. The location of cultivation of yellow
lupine did not have an influence on the level of total alkaloids and gramine. Blue
lupine collected much less alkaloids in the location of Central Poland and
significantly more in the North and West of Poland.

Key words: anti-nutrient substances, legumes, location of cultivation,
nutrients, seeds

Introduction

Species belonging to the legumes are important group of major economic
importance in the global scale (Mikic, 2006). They are grown for seeds used for the
purpose of industry (oil production), consumption and fodder, and also as a raw
material for the production of nutritive fodder, green forage, green manure and for
reclamation of fallow ground. They are characterized, as one of the few groups of
crops, by a positive balance of organic matter in the soil. They are also an excellent
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forecrop for cereal, industrial and root crops. Climatic conditions in Poland allow
to the cultivation of these plants in the whole country (Ksiezak et al., 2009). They
can be cultivated both in holdings with organic farming and sustainable production
system. Because of the economic importance and natural values, they play an
important role in crop production. In the last several years, cropping area under
cultivation has undergone large changes. The largest area of 385 thousand hectares
was taken by legumes in 1989. Their share in the cropping pattern amounted to
3.6%. It was connected to the marketing plan based on the country's self-
sufficiency in raw materials for the production of nutritive fodder, in which the
legume seeds, were the main source of protein. International situation, which
creates problems with obtaining high protein soy pellets is also significant. The
interest of farmers in cultivating legumes has been varied over time and depended
largely on the demand for seeds and the profitability of their cultivation.

The main factor, which determines the size of cultivation area of this group
of plants is the availability and soy pellets price. The introduction of free market
economy in the late 1980s and 1990s resulted in many changes in agriculture that
affected the evolution of the economic factors, agrarian structure and the associated
structures under cultivation. The cultivation area of legumes decreased rapidly in
this period. However, in the last 2-3 years, there has been an increase of cultivation
area (in the year 2011 over 150 000 hectares and the share in the cropping pattern
by more than 1,2%) (data not published).

An important feature of seeds legume is the content of the anti-nutritional
substances, which negatively affect the use of nutrients and compounds negatively
affected the health and growth of animals called: growth depressing factors (Alonso
et al., 1998; Gatel and Grosjean, 1990). Anti-nutritive and antinutrional
components have or may have a harmful effect on the nutritive, technological and
sensory value of seeds or the products obtained from them. The researches of
experiments on these compounds are meant to clarify their role and deepen
knowledge about their action, which does not change the fact that their presence
limits the full use of high-value protein in the legumes seeds. They cause a
decrease in the consumption of feed, as well as a reduction in the use of the
nutrients, and often cause a damage to the cells of intestinal epithelium and
excessive growth of internal organs (Leontowicz et al., 1999; Mosenthin and
Jezierny, 2010; Mati¢ et al., 2005). Negative impact on digestion and utilization of
nutrients - proteins, carbohydrates and mineral compounds was shown by
inhibitors of enzymes: trypsin, chymotrypsin, amylase, phenolic compounds, and
especially condensed tannins, most lectin and oligosaccharides (Piastowska and
Gralak, 2004).

In order to reduce the quantities of anti-nutrients in legume seeds, various
thermal and hydrothermal processes are used, such as dry heating, steam heating or
cooking, autoclaving or mechanical heating (e.g. removing a seed coat). There
have been attempts to use some of the industrial methods which combine thermal
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and mechanical actions such as microionization, extrusion, flaking and pelleting
(Akande and Fabiyi, 2010; Conan and Carré, 1989; Van der Poel, 1990; Almeida
et al. 1991, Kim and Barbeau, 1991; Gujska and Khan, 1991; Bishnoi, Khetarpaul,
1993; Frias et al. 1995; Bau et al. 1997; Wang et al., 1997). In addition, Alkande
and Fabiyi (2010) indicate that in many cases, the use one method only, may be
not effective enough, and it is then necessary to combine two or more methods. At
the same time, heating feed for too long and in too high temperature causes the
decrease of availability of amino acids and the possibility of binding tannins in
complexes with protein. Moreover, carrying out these experiments requires
additional financial input, which raises the cost of feed production. Technological
processes aimed at improving the nutritive value of legume seeds of have not yet
come out of the phase of the experiments. The standards of technological
conditions for this treatment have not been developed. Inappropriate conditions
cause the decrease in the availability of amino acids, as well as in the nutritional
value of the proteins. Mechanical removal of the seed coat of faba bean and lupine
causes an increase of the energy value of these seeds and may be economically
justifiable only in poultry feeding. There is only little information about the impact
of the agri-environmental factors on accumulation of ant-nutrients in the legumes
seeds. It was shown with that the environment can affect the activity of trypsin
inhibitor (Miki¢ et al., 2009). The relationship between content of these compounds
in seeds legume and quantity of the important nutrients has also been little
recognized.

The aim of the research was to determine the content of anti-nutrients in
seeds legume and find out the dependency among their content and the amount of
nutrients.

Materials and Methods

The influence of the agri-environmental conditions on concentration of
anti-nutrients was evaluated on the basis of the analysis of the material collected
from the experiments carried out in the years 2010-2011, located in different
location of the country.

Simples of all species seeds were marked for the contents of major
nutrients (crude fibre - by weight method, crude fat - by Soxhlet’s weight method,
N - by flow spectrophotometry, crude ash - by weight method at 580° C, sugars
and starches).

Field and laboratory experiments were performed on 9 different faba bean
cultivars, 13 fodder pea, 8 yellow lupine,14 blue lupine, derived from harvests.

The determination of alkaloid contamination in yellow lupine (gramine)
and blue lupine (total alkaloids) has been made by the Spanish method of capillary
gas-liquid chromatography (GLC). Alkaloid extracts were separated by gas
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chromatography on fused-silica capillary columns (15 m long, 0,25 mm diameter;
SE 30 or DB 1; J&W Scientific; obtained from ICT, Frankfurt, FRG). Conditions
for GLC: injector: 250° C; detector: 320°C; oven: 150-300° C, 15° C min™, at 300°
C isothermal for 10 min; carrier gas: helium (1 bar); make-up gas: 20 ml min™
helium; split injection: 1:25. Sparteine was used as an external standard (Wink,
1983).

The seeds of faba bean and fodder pea were marked for the content of
tannins by method of Kuhla and Emmeier, 1981. Simples were determined by the
vanillin method with using sulphuric acid.

The analyses were performed in the Main Chemical Laboratory and in the
Department of Biochemistry and Crop Quality of Institute of Soil Science and
Plant Cultivation—State Research Institute in Putawy and in Laboratory of Research
Centre for Cultivar Testing (COBORU) in Stupia Wielka, near Poznan.

Results and Discussion

Tannins are important compounds in the seeds of cultivars of faba bean and
fodder pea. They cause the reduction of the digestibility of the proteins and
carbohydrates, reduce the availability of methionine and iron and deteriorate the
feed taste. Seeds of fodder pea of Muza and Marych cultivars contain significantly
fewer of these compounds. More of them were found at Roch and Wiato cultivars
(Table 1). The seeds of white-flowering cultivars of faba bean including Leo,
Kasztelan, Albus, Amulet, and Olga, were characterized by a smaller amount of
these compounds, and more of them were found at Boskovic, Sonet, Granit, and
Optimal (Table 1). According to Alonso et al., 1998, the seeds of Ballet cultivar of
pea contained significantly more of tannins than Renata and Solara cultivars.
Raceviciate-Stupeliene et al. (2006) recorded large variation in the total
oligosaccharides in seeds of cultivars of pea. According to Miki¢ et al., 2009,
tannins are most often present in the seeds of cultivars of colorful flowers which
may be used in the production of feed, although they are often characterized by a
lower digestibility of proteins compared to other cultivars of pea. Duc (1997)
shows that low content of tannins is related to white colour of flowers, which is
controlled by at least two recessive genes. Bond and Smith state that an alternative
method to the chemical method used to reduce of content of tannins is breeding
cultivars with a low concentration of tannins, which is controlled by the same gene
as the white colour of the flowers. However, according to Miki¢ et al. (2009), the
seeds of cultivars without tannins have a wide application both in human and
animal feeding.



Evaluation of the variation of... 157

Table 1. The content of tannins in seeds of faba bean cultivars in the 2010-2011 years (% d.m.)

Cultivar 2010 Homogeneous Cultivar 2011 Homogeneous

groups groups
Leo 0,062 X Kasztelan 0,06144444 X
Kasztelan 0,06428571 X Amulet 0,06544444 X
Albus 0,06742857 X Albus 0,06644444 X
Amulet 0,06828571 X Olga 0,067 X
Olga 0,06942857 X Leo 0,06766667 X
Bobas 0,6161429 X Bobas 0,5703333 X
Sonet 0,6438571 X Optimal 0,6743333 X
Granit 0,7068571 X Granit 0,6756667 X
Optimal 0,744 X

Table 2. The content of tannins in the seeds of faba bean depending on the location of cultivation
in the 2010-2011 years (% d.m.)

Location (place 2010 Homogeneous Location 2011 Homogeneous
and direction groups (place and groups
of Poland) direction of
Poland)
Radostowo; N | 0.2844444 X Radostowo; N | 0.214625 X
Rarwino; NW | 0.3125556 X Zybiszow; SW | 0.2555 X
Karzniczka; N | 0.3191111 X Glubczyce; SW | 0.256625 X
Zybiszow; SW | 0.3455556 X Kochcice: S 0.2665 X
Przectaw; SE 0.3482222 X Rarwino; NW 0.2705 X
Gtubczyce; SW| 0.3703333 X Karzniczka; N | 0.272375 X
Pawtowice; S | 0.386 X Pawtowice; S 0.291 XX
Przectaw; SE 0.29375 XX
Wrécikowo; 0.4085 X
NE

In the Southern part of the Poland, the seeds of pea cultivars accumulated
significantly less of these compounds, and substantially more in the North-East and
the Midwest. Correlation analysis showed that crude fibre, starch, tannins, and the
soil pH of adversely affect the protein content in seeds of fodder pea, but it is
positively correlated with quantity of sugars and soil complex (Table 5). The
increase the crude fibre content in the seeds is significantly affected by the soil
complex, but it is reduced by the concentration of sugars. Accumulation of tannins
is induced by the content of sugars and soil pH. The amount of sugars and starch
are adversely affected by the soil pH and the total precipitation during the growing
season. The location of cultivation did not have a significant influence on the
concentration of these substances in faba bean seeds (Table 4). Tannins and sugars
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found in seeds of faba bean cause a temporary limit in the content of protein, crude
fibre and crude ash and increase in the amount of crude fat. Protein content in seeds
was increased by the content of crude fibre but reduced by crude fat. The content of
the evaluated nutrients in the faba bean seeds was insignificantly impacted by the
total precipitation during the growing period and soil pH.

Table 3. The correlation coefficients among the content of nutritional substances, tannins and
some agronomic factors in faba bean

Characteristic protein crude | crude fat | crude ash | tannins | sugars
crude fibre 0.9607* flore
crude fat -0.2775 -0.0628
crude ash 0.9787 0.9516 -0.2842
tannins -0.9816 -0.9552 0.2697 -0.9758
sugars -0.9844 -0.9760 0.3933 -0.9707 0.9809
soil pH -0.0476 -0.0374 | -0.0938 0.0072 0.0250 | 0.2383
precipitations for
growing season 0.1633 0.1548 -0.1469 0.1690 | -0.1250 | -0.1436

*- numbers in bold indicate significant differences (for a. = 0.05)

Table 4. The content of tannins in the seeds of fodder pea depending on the location of cultivation

(% d.m.)
Cultivar Content Homogeneous | Location (place Content | Homogeneous
groups and direction of groups
Poland)

Muza 0.06716882 X Pawtowice; S 0.3119797 X
Marych 0.07041882 X Koscielec; Central | 0.3537525 XX
Milwa 0.2023688 X Swiebodzin; W 0.3558404 XX
Gwarek 0.3782688 X Tomaszow Bol.; W| 0.3622988 XX
Klif 0.4157188 XX Gtodowo; Central | 0.3748434 XX
Hubal 0.4158688 XX Biatogard; NW 0.3812525 XX
Sokolik 0.4332188 XX Wyczechy; N 0.3815071 XX
Model 0.4441922 XX Bobrowniki; W 0.3853821 XX
Eureka 0.4641688 X Ruska Wies; SE 0.3920042 XX
Pomorska 0.4706688 X Cicibor Duzy; E 0.4219654 XX
Turnia 0.4847637 XX Marianowo; E 0.482158 X
Roch 0.5440188 XX

Wiato 0.5763188 X

Alkaloids occurring in yellow and blue lupine can act as stimulants,
anesthetics, and even poisons. They affect central nervous system causing its
paralysis, and furthermore, they may cause severe stomach pains and vomiting. If
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consumed in small guantities, they decrease the absorption of feed and growth of
animals. Seeds of cultivars of yellow lupine contain a similar amount of alkaloids.
More of them were found at cultivars of blue lupine such as Mirela and Karo
(Table 2). Other cultivars contained a significantly smaller amount of them. A
greater quantity of alkaloids in the seeds of Mirela and Karo cultivars was recorded
in previously researches by Ksiezak et al. (2011). In addition, the average total
alkaloids in lupine were definitely higher in the seeds of blue lupine than at yellow
lupine. The indole alkaloid gramine is toxic to animals and may play a defensive
role in plants, especially if it occurs in significant quantities. All evaluated cultivars
of yellow lupine contain little of gramine, but its slightly higher amount was found
at Parys cultivar (Table 3). Cowling et al. (1998) consider that breeding cultivars of
lupine with low content of alkaloids (called: sweet) is one of the greatest
achievements of breeders. New lupine cultivars usually contain less than 200 mg
kg™ of alkaloids (Cowling et al., 1998). The location, where lupine was grown did
not have an effect on the level of total alkaloids and gramine in the seeds. The data
obtained from the correlation analysis suggests that the contents of crude fibre and
crude fat adversely affect the protein content of lupine, and that the soil complex is
positively correlated with protein content. Increase the crude fibre content in seeds
is significantly affected by the content of crude fat and forecrop after, which lupine
is cultivated. The amount of crude fat was reduced by the total of precipitation
during the growing season. Accumulation of alkaloids was induced by soil quality
and the sugars - by forecrop. According to Christiansen (1996), there is a
correlation among the level of alkaloids in lupine and the level of precipitation in
the period of flowering of plants. According to this author, the drought in this
period significantly increases the level of alkaloids in lupine. A similar tendency of
changes in the content of alkaloids in white lupine (Hetman cultivar) and blue
lupine (Saturn cultivar) was observed by Wasilewko and Buraczewska (1999).
Much less of these compounds were collected from the seeds of blue lupine in the
region of Central of Poland and significantly more in the North and West of
Poland. The protein content in blue lupine, similarly as in yellow lupine, was
negatively correlated with crude fat content, crude fibre content and the soil pH.
An increase in the crude fibre content in seeds was positively affected by quantity
of sugars, and adversely affected by agro-environmental factors. Crude fat content
was positively correlated with soil quality and negatively correlated with the
content of sugars, forecrop and total of precipitation. The quantity of alkaloids and
starch was not correlated with any of the evaluated nutrients and habitat conditions.
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Table 5. The correlation coefficients among the content nutritional substances, tannins and
some agronomic factors in seeds of fodder pea cultivars
Characteristic protein| crude fibre | taninns sugars starch
crude fibre -0.1505
taninns -0.1620| 0.0000
sugars 0.2728 | -0.1902 0.1329
starch -0.4571| 0.2730 -0.0625 -0.1907
soil complex 0.1746| 0.2266 -0.0598 -0.1148 0.2141
soil pH -0.2464| 0.0159 0.2265 -0.1283 | -0.5945
forecrop 0.2010| -0.0858 -0.0342 0.2807 -0.2141
precipitation for growing
season -0.0408| -0.0732 0.1083 -0.0150 | -0.4566

*- numbers in bold indicate significant differences (for a. = 0,05)

Table 6. The content of total alkaloids in seeds of yellow lupine cultivars depending on cultivar
and location of cultivation (% d.m.)

Cultivar Content  |Homogeneous| Location (place Content | Homogeneous
groups and direction of groups
Poland)

Baryt 0.01296481 X Marianowo; E 0.01194179 X
Parys 0.01335641 X Bobrowniki; W 0.01322236 X
Talar 0.01713766 X Gtodowo; Central 0.01382236 X
Perkoz 0.01902516 X Uhnin; E 0.01510902 X
Taper 0.01929391 X Swiebodzin; W 0.01579893 X
Dukat 0.02106266 X Ruska Wies; NE 0.01593569 X
Lord 0.02578766 X Nowy Lubliniec; 0.01998464 X
Mister 0.02915016 X Cicibér Duzy; E 0.0247275 X
Nowa Wies Ujska; | 0.02485607 X
Tomaszéw Bol.; W | 0.03008464 X
Sulejow; Central 0.03146236 X

The seeds of cultivar of multiuse pea contain traces of tannins. The

accumulation of protein was induced by the quality of soil and total precipitation,
but negatively impacted by sugars and soil pH. The accumulation of crude fibre
was enhanced by greater total of precipitation, but limited by soil pH. Increase in
the content of sugars was caused by the soil pH and forecrop, but limited by soil
quality, total precipitation and starch content.
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Table 7. The content of gramine in the seeds of yellow lupine cultivars depending on cultivar
and location of cultivation (% d.m.)

Cultivar Content Homogeneous| Location (place Content Homogeneous|
groups and direction of groups
Lord  -0.0003843506 X Uhnin; E -0.0002545094 X
Mister  |-0.0003843506 X Sulejéw; Central | -0.0001656205 X
Talar -0.0003843506 X Bobrowniki; W -0.0001545094 X
Perkoz  [-0.0003843506 X Nowy Lubliniec; | -0.00009863636 X
Dukat  [-0.0003843506 X Swiebodzin; W -0.00008435065 X
Taper 0.0006307062 X Gtlodowo; Central | -0.00003228716 X
Parys 0.003036956 X Ruska Wies; NE 0.00005660173 X
Marianowo; E 0.0001870779 X
Cicibor Duzy; E 0.0008727922 X
Nowa Wies 0.0009156494 X
Tomaszow Bol.; 0.001501364 X

Table 8. The correlation coefficients among the content of anti-nutritional substances (alkaloids
and gramine), nutritional substances and some agronomic factors in yellow lupine seeds

Characteristic| protein crude |crude fat| alkaloids | gramine sugars | starch
crude fibre -0.3102 flbre

crude fat -0.2341 0.1771

alkaloids 0.0794 0.0390 0.0276

gramine 0.1012 -0.0151 0.1470 -0.0857

sugars -0.0632 0.0329 -0.1096 0.0821 -0.0002

starch -0.0216 0.1851 0.2196 0.4489 -0.8310 0.1732

soil complex 0.1734 -0.0365 0.1214 0.1982 0.0773 0.0643 | -0.0116
soil pH -0.0048 -0.1115 | -0.0660 0.0621 0.0352 -0.1299 | -0.0327
forecrop 0.0118 0.2253 -0.2162 0.0335 -0.0395 0.1806 | 0.0533
precipitation 0.0645 0.0089 -0.2250 0.0438 -0.0339 -0.0022 | 0.0409
for growing

season

*- numbers in bold indicate significant differences (for a. = 0,05)
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Table 9. The content of total alkaloids in the seeds of blue lupine depending on the cultivar and

location of cultivation (% d.m.)

Cultivar Content  |[Homogeneous| Location (place Content [Homogeneous
groups and direction of groups
Poland)

Dalbor 0.001373278 X Gtodowo; Central | 0.05260664 X

Heros 0.005573278 X Wyczechy; N 0.1526019 XX

Regent 0.006265688 X Nowy Lubliniec, 0.1580213 XX
SE

Neptun 0.01197759 X Wrocikowo; N 0.1593477 XX

Graf 0.01252997 X Rarwino; NW 0.1638559 XX

Zeus 0.01368712 X Marianowo; S 0.1752227 XX

Kalif 0.01399188 X Cicibor Duzy; S 0.1759497 XX

Baron 0.0179676 X Bobrowniki; W 0.1789386 XX

Kadryl 0.02164426 X Kaweczyn; 0.1870463 XX
Central

Sonet 0.02206331 X Ruska Wies; NS 0.215429 X

Boruta 0.03128712 X Koscielec; 0.2293867 X
Central

Bajor 0.0469395 X

Mirela 1.062815 X

Karo 1.084401 X

Table 10. The correlation coefficients among the content of anti-nutritional substance
(alkaloids), nutritional substances and some agronomic factors in blue lupine seeds

Characteristic protein | crude fibre | crude fat | sugars | starch |alkaloids
crude fibre -0.2684
crude fat -0.2468 0.0026
sugars -0.0086 0.1783 -0.1332
starch -0.0433 0.0280 0.0394 | -0.2848
alkaloids 0.0959 -0.0297 -0.0774 | -0.2143 | -0.1884
soil complex -0.1057 -0.1607 0.1289 | 0.1332 | -0.0551 | -0.0363
soil pH -0.1621 -0.1455 0.0564 | 0.0162 | 0.1160 | 0.0145
forecrop 0.1254 -0.2861 -0.1650 | 0.0212 | -0.0734 | -0.0002
precipitation for growing -0.0243 0.0067 -0.3635 | 0.1781 | 0.0509 | 0.0069
season

*- numbers in bold indicate significant differences (for a. = 0,05)
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Table 11. The correlation coefficients among the content of nutritional substances and some
agronomic factors in seeds of multiuse pea cultivars

Characteristic protein crude fibre sugars starch
crude fibre 0.0922
sugars -0.2003 -0.1138
starch -0.1804 0.1276 -0.4830
soil complex 0.1541 -0.0194 -0.1269 0.1601
soil pH -0.2713 -0.1710 0.2993 0.0941
forecrop -0.0835 -0.0212 0.3148 -0.1695
precipitation for growing 0.3875 0.1928 -0.3945 0.1588
season

*- numbers in bold indicate significant differences (for a = 0,05)

Conclusion

Seeds of fodder pea of Muza and Marych cultivars contain significantly
less tannins than Roch and Wiato cultivars. In the case of faba bean, however,
fewer of these compounds were found at white-flowering cultivars such as Leo,
Kasztelan, Albus, Amulet and Olga. Multipurpose cultivars of peas contain traces
of tannin. In the southern part of the country, seeds of pea accumulated much less
of these compounds, while significantly more in the North-Eastern of Poland and
the Midwest. The region of cultivation did not have a significant impact on the
concentration of these substances in the seeds of faba bean.

The average content of total alkaloids in lupine was definitely greater in
blue lupine than in yellow lupine. Seeds of yellow lupine cultivars contained a
similar amount of alkaloids, while the cultivars of blue lupine such as Mirela and
Karo were characterized by their higher amount than other cultivars.

All the evaluated cultivars of yellow lupine contained little of gramine, and
only slightly more of it was found at Parys cultivar. The region of cultivation of
yellow lupine did not have an influence on the level of total alkaloids in the seeds
and gramine. Blue lupine collected much less alkaloids in Central of Poland and
significantly more in the North and West of Poland.
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Ocena variranja sadrzaja antinutritivnin i hranljivih
materija u semenu leguminoza

J. Ksiezak, J. Bojarszczuk
Rezime

Pretpostavlja se da sadrZaj anti- nutritivnih materija u semenu leguminoza i
zavisnost njihovog sadrzaja i kolicine vaznih hranljivih sastojaka. Uticaj agro-
ekoloskih uslova na koncentraciju anti- nutritivnih materija je ocenjen na osnovu
analize prikupljenog materijala iz ogleda sprovedenih u godinama 2010-2011, u
razlicitim regionima Poljske. Analize su izvrSene u Glavnoj hemijskoj laboratoriji
IUNG-PIB Putawy i u Laboratoriji Istrazivackog centra za ispitivanje sorti
(Research Centre for Cultivar Testing (COBORU) u mestu Stupia Wielka, blizu
Poznanja. Dobijeni rezultati ukazuju da region gajenja nije imao znac¢ajan uticaj na
koncentracije ovih materija u semenu boba. Seme sto¢nog graska za sortu Muza i
Marych sadrze znatno manje tanina nego Roch i Wiato sorte. U slucaju boba,
medutim, manje ovih jedinjenja je evidentirano na sortama belog - cvetanja.
Prosecan sadrzaj ukupnih alkaloida u lupini je definitivno veci u plavoj lupini nego
u Zutoj. Lokacija gajenja Zute lupine nije imala uticaj na nivo ukupnih alkaloida i
gramina. Plava lupina prikupljena na lokaciji u Centralnoj Poljskoj je imala mnogo
manje alkaloida, a znatno vise na severu i zapadu Poljske.
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Abstract: Natural occurrence of Fusarium spp. and concentrations of
mycotoxin deoxynivalenol (DON) in the grain of the winter wheat moderately
susceptible to Fusarium head blight (FHB) has been studied. Grain samples were
collected from wheat crops intended for human and animal consumption. All wheat
crops were treated with fungicides before (a.i. flutriafol []formulated as Fluoco,
applied in dose of 0.5 1 ha™) and during the flowering phase of growing (a.i.
thiophanate-methyl + epoxiconazole formulated as Eskorta plus and a.i
thiophanate-methyl formulated as Funomil, applied in doses of 0.75 and 0.5 1 ha™,
respectivily). Among of Fusarium species only F. graminearum, as a well known
producer of DON, was identified. This fungus was identified in 15 of 19 samples
(78.9%) with incidence in positive samples of 2 to 28% (average, 14.0%). Presence
of DON was established in 13 of a total 19 investigated wheat grain samples
(68.4%). In positive samples DON was detected in concentrations from 69 to 918
ug kg (average, 478 ug kg™'). DON showed a significant and positive correlation
at P<0.05 with grain moisture content (r = 0.52*). Between the frequency of F.
graminearum and concentration of DON and between the frequency of F.
graminearum and grain moisture content, positive correlation was determined, but
without statistical significance (r = 0.44 and r = 0.29, respectively).

Key words: Fusarium head blight, Fusarium graminearum,
deoxynivalenol, winter wheat

Introduction

Wheat is one of the most important crop cultures grown in Serbia, on
approximately 500,000 ha, with average yield of 3,700 kg/ha (Statistical Yearbook
of Serbia, 2012). It has been used for thousands of years to provide food for
humans. For livestock feeding wheat grain can be used as concentrated livestock
feed, whereas whole plant can be used as fodder.
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There are several toxigenic species of Fusarium that are also a major
pathogens of cereal plants, causing Fusarium head blight (FHB) in wheat. It is the
major wheat disease occurring worldwide, especially in temperate climate regions,
causing reductions in yield and quality of wheat (Parry et al., 1995). In our agro-
climatic condition, F. graminearum has been isolated as the most present species
from Fusarium-infected grains (Levi¢ et al., 2008; Krnjaja et al., 2011). This
fungus produces different mycotoxins, mainly deoxynivalenol, which contaminate
grain (Nakajima, 2007a; Stankovi¢ et al., 2012).

Fusarium species produce a wide range of mycotoxins of diverse structure
and chemistry. Deoxynivalenol (DON) is a trichothecene mycotoxin with toxic
effects on animals and human health. Testing of grains and animal feed on the
occurrence of Fusarium mycotoxins attracts considerable attention and has been
the subject of extensive investigations over the recent years. DON concentration in
Fusarium-damaged grain generally increases with the percentage of damaged grain
in a given sample. It was reported that the amount of DON produced by F.
graminearum was positively correlated with fungal biomass (Wegulo, 2012).

SemaTkien[let al. (2006) have established a slight reduction in Fusarium
infection in the plants treated with fungicides compared to untreated plants of
spring cereals. Wegulo (2013) has been demonstrated the importance of applying of
integrated management in cultivation of wheat, with an emphasis on application of
fungicides and host resistance.

In this paper the results of the occurrence of F. graminearum and DON
concentrations in samples of winter wheat grains collected from crops treated by
fungicides have been presented.

Materials and Methods

The total of 19 samples of wheat grains of variety TakovCanka collected in
2013 from crops cultivated in Institute for Animal Husbandry, Belgrade, were used
for mycological and mycotoxicological analysis. Wheat crops were treated twice
with fungicides during the period of wheat growing. In the first half of April, the
samples were treated with fungicide based on flutriafol (formulated as Fluoco) at a
dose of 0.5 1 ha" wheras the combination of fungicides based on epoxiconazole +
thiophanate-methyl (formulated as Excorta Plus) and thiophanate-methyl
(formulated as Funomil) at doses 0.75 and 0.5 1 ha™', respectively, has been applied
in the second half of May, in the flowering phase. Average weight of 1 kg per
sample of wheat grains was taken immediately after the harvest in July 2013 using
standard methods (European Commission, 2006). The moisture content of wheat
grains was determined using a moisture analyzer (OHAUS MB35, USA).

For the mycological analysis the wheat grains, were first disinfected in 1%
sodium hypochlorite solution (NaOCI) 3-5 minutes and rinsed twice in distilled
water. After drying of grains on filter paper, 50 grains of each sample was
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distributed in 5 Petri plates (9 cm in diameter) containing water agar (WA) (10
grains per one plate) and kept in incubator (Memmert) at 25[C during 7 days.
Identification of colonies of fungi that overgrowth the wheat grains was done by
microscopic examination of mycelium and spores, according to Burgess et al.
(1994) and Watanabe (1994). The frequency and incidence of individual species
was calculated per sample according to Levic et al. (2012).

The presence of DON was detected by enzyme-linked immunosorbent
assay (ELISA). Five grams of sample was mixed with 1 g of NaCl and
homogenized in 25 ml of 70% (v/v) 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 analysed according to
the manufacturer's instructions Celery Techna 1 ELISA kits. Absorbance was
measured at a wavelength of 450 nm on an ELISA reader spectrophotometer
(Biotek EL x 800TM, USA).

Correlation between individual values obtained for grain moisture content,
frequency of F. graminearum and concentration of DON was determined using
Pearson's correlation coefficient.

Results

Moisture content of the samples of wheat grains ranged from 12.1 to
15.0%, with an average of 13.7%, for all tested samples (data not presented).

Based on mycological analysis F. graminearum, as well known producer
of DON, was identified. This fungus was found in 15 out of 19 samples with
incidence of 2 to 28% (average, 14.0%) in positive samples. In all investigated
samples, species of genus Alternaria were identified, with an incidence of 84.8%
(range 70-100%). Epicoccum spp. and Penicillium spp. were determined in 15.8%
of samples, and A. flavus and Rhizopus in 5.3% of the samples, while in 10.5% of
samples the isolated species have not been sporulated (Mycelia sterilia) (Table 1).

Table 1. Frequency and incidence of fungal species in samples of wheat grain

Frequency Incidence (%)
Fungal species Positive/total sample Percentage Range Average

Alternaria spp. 19/19 100.0 70-100 84.8
Aspergillus flavus 1/19 5.3 2 2
Epiccocum spp. 3/19 15.8 6 6

Fusarium graminearum 15/19 78.9 2-28 14.0
Penicillium spp. 3/19 15.8 2-8 6
Rhizopus spp. 1/19 53 10 10
Mycelia sterilia 2/19 10.5 14-16 15

Mycotoxicological analysis of wheat samples revealed the presence of
DON in 68.4% of the tested samples. The concentration of DON in positive
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samples of wheat ranged from 69 to 918 pg kg with an average concentration of
478 ug kg (Table 2). The concentration of DON was exceeded the permissible
limit (750 ug kg™) prescribed by the Serbian Regulation (Official Gazzete, 2011) in
only two samples (data not shown).

Table 2. Concentrations of DON mycotoxin in wheat grain samples

Item DON
Sample size’ 13/19
Incidence % 68.4
Range (ug kg™') 69-918
Mean® (ug kg™ 478

*Number of positive samples/Number of total samples
® Mean concentration in positive samples

A positive correlation was established between concentration of DON and
the grain moisture content (r = 0.52*, P<0.05), between concentration of DON and
the frequency of F. graminearum (r = 0.44), as well as between the grain moisture
content and the frequency of F. graminearum (r = 0.29).

Discussion

In the samples of wheat collected in 2013, the F. graminearum species was
identified as a FHB disease-causing species, with an average incidence of 14.0%.
In the study of Krnjaja et al. (2011b), it has been reported the incidence of F.
graminearum of 82.50% in wheat grains collected in 2009, not treated with
fungicides, whereas in untreated samples collected in 2010, the incidence of F.
graminearum was 99.05% (Krnjaja et al., 2011a). Since in this study the grains
were treated with fungicide, the lower incidence of F. graminearum was obtained,
compared to the previous results of Krnjaja et al. (2011a,b). This finding
confirmed the assumption that the application of fungicides could be a suitable
preventive measure for the control of the occurrence of Fusarium spp. during the
growing season of wheat.

In this study, 68.4% DON positive samples of wheat were determined
with an average concentration of 478 pg kg, whereas Krnjaja et al. (2011a,b)
have established 100% DON positive samples with an average concentrations of
490 pg kg' in 2009 and 214 ug kg” in 2010. It could be assumed that these
differences in an average concentration of DON has been the results of differences
among the tested varieties of wheat, the differences in grain moisture content at
harvest as well as climatic conditions, particularly in terms of temperature and
rainfall during flowering and early stages of grain development.

By applying the fungicide tebuconazole and thiophanate-methyl,
Wachowska et al. (2012), have effectively controlled FHB and isolated the lower
level of Fusarium spp. in treated wheat grains in comparison with the control
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plants. By examining the efficiency of seven fungicides in order to reduce
mycotoxins Nakajima (2007b) has found that preparations based on thiophanate-
methyl have significantly reduced the content of DON and nivalenol (NIV)
mycotoxin in wheat grain. Metcalfe et al. (2000) have found that the use of the
sterol 14-a-demethylase inhibitors (DMI) fungicides (fluquinconazole, flutriafol
and prochloraz) in full recommended doses had not caused resistance of pathogenic
fungi of wheat to these fungicides.

Nakajima (2007b) found that the efficacy of the control of DON and NIV
was consistently lower than that of FHB severity and assumed that critical control
point of DON and NIV might be different from that of FHB severity. The high
levels of DON and NIV could be produced beyond 20 days after anthesis even by
early infection and infection at a late stage. For this reason, the frequency of
fungicide application has been important in the prevention of infection by
Fusarium spp. and likewise for mycotoxin reduction. The general recommendation
for timing of fungicide application is the beginning of flowering phase of growth,
in which the plants are most susceptible to Fusarium infection. Likewise,
developing control strategies that cover the late stage as well as the early stage
would be desirable to reduce the risk of mycotoxin contamination in wheat
(Nakajima, 2007b).

Based on the regulated maximum permissible concentration of mycotoxins
in food and feed in Serbia (Official Gazette of RS, 2011), it could be concluded that
the examined batches/lots of unprocessed wheat grains can be used as food and
feed because its contained a concentration of DON under the safe limit (1250 ug
kg"). However, for direct human consumption only wheat containing DON less
than 750 ug kg™ can be used.

Conclusion

In conclusion, the use of fungicides in wheat crops significantly reduces
the presence of the disease-causing species of FHB and thus prevents considerable
DON production. These results may be of great importance especially in years
when outbreaks of causal agents of wheat head fusariosis are expected. The use of
fungicides in conjunction with other preventive measures to protect the wheat from
the appearance of FHB is important to promote the development of integrated pest
management strategy.
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Prisustvo deoksinivalenola u ozimoj plénici tretiranoj s
fungicidima

V. Krnjaja, J. Levié, S. Stankovié, T. Petrovic¢, V. Mandi¢, Z. Tomi¢, A. Obradovic¢
Rezime

U radu je proucavana prirodna pojava Fusarium spp. i koncentracija
mikotoksina deoksinivalenola (DON) u zrnu ozime p énice srednje osetljive prema
fuzariozi klasa (FHB). Uzorci zrna su prikupljeni sa proizvodnih useva plénice
namenjene za ishranu ljudi i [ivotinja. Svi usevi plénice bili su tretirani sa
fungicidima pre (a.m. flutriafol ] formulisana kao preparat Fluoco, primenjen u
dozi 0,5 1 ha') i tokom cvetanja biljaka (a.m. tiofanat-metil + epoksikonazol
formulisana kao preparat Eskorta plus i a.m. tiofanat-metil formulisana kao
Funomil, primenjeni u dozi 0.75 1 0.5 1 ha™', respektivno). Medu Fusarium vrstama
jedino je identifikovana F. graminearum, koja je poznati producent DON. Ova
gljiva je bila identifikovana u 15 od 19 uzoraka (78.9%) sa incidencom od 2 do
28% (prosek 14.0%) u pozitivnim uzorcima. Prisustvo DON je utvrdeno u 13 od
ukupno 19 proucavanih uzoraka preénice (68.4%). U pozitivnim uzorcima DON je
detektovan u koncentracijama od 69 do 918 ug kg (prosek 478 ug kg'). DON je
pokazao znacajnu i pozitivnu korelaciju pri P<0.05 sa sadrlajem vlage zrna (r =
0.52*). Izmedu ucestalosti F. graminearum i koncentracije DON i ucestalosti F.
graminearum 1 sadrlaja vlage zrna utvrdena je, takode, pozitivna korelacija ali
statisticki nije znacajna (r = 0.44 i r = 0.29, respektivno).
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