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Review paper

Abstract: Ketosis is a common disease in high producing dairy cows
during the early lactation period. Subclinical ketosis (SCK) and periparturient
diseases considerably account for economic and welfare losses in dairy cows.
Subclinical ketosis poses an increased risk of production-related diseases such as
clinical ketosis, displaced abomasum, retained placenta, lameness, mastitis and
metritis. Production efficiency decreases (lower milk production, poor fertility, and
increased culling rates), which results in economic losses. Increased concentrations
of circulating ketone bodies, predominantly p-hydroxybutyrate (BHB), without the
presence of clinical signs of ketosis are considered as SCK. It is characterized by
increased levels of ketone bodies in the blood, urine and milk. The gold standard
test for ketosis is blood BHB. This ketone body is more stable in blood than
acetone or acetoacetate. The most commonly used cut-points for subclinical ketosis
are 1.2 mmol/L or 1.4 mmol/L for BHB in the blood. Clinical ketosis generally
involves much higher levels of BHB, about 3.0 mmol/L or more. Usually, detection
of SCK is carried out by testing ketone body concentrations in blood, urine and
milk. A variety of laboratory and cowside tests are available for monitoring ketosis
in dairy herds.Butno cowside test has perfect sensitivity and specificity compared
to blood BHB as the gold standard test. The aim of this review is to overview
diagnostic tests for SCK in dairy cows, including laboratory and cowside tests.

Keywords: dairy cows, subclinical ketosis, laboratory tests, cowside tests
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Introduction

Production diseases i.e. diseases associated with improper nutrition or
management are common in dairy cows(Ospina et al., 2010; Brunner et al., 2019).
Subclinical ketosis (SCK) is an important production disease of dairy cows and
continues to cause significant economic losses to the dairy industry. Ketone body
levels in blood, urine and milk can be monitored to detect SCK in cows, and to
increase their chances of successful lactation (Geishauser et al., 2001; Seifi et al.,
2011; Zhang et al., 2012). Ketosis results in decreased milk production, impaired
fertility and increased frequency of other diseases. Most cases occur in the first 6
weeks to 2 months after calving. As the course of the disease is often subclinical,
early detection is very important. SCK causes greater losses than clinical ketosis
because it occurs more frequently and often cannot be detected by farmers
(Duffield, 2000; Geishauser et al., 2000; Oetzel, 2004, 2007; Brunneret al., 2019).

Herds with ketosis problems in early lactation cows also tend to have
increased incidence of displaced abomasum (>8%) and increased herd removals in
the first 60 days in milk (>8%).The costs associated with SCK in affected cows are
substantial, and include the loss of milk yield (up to about 7%). An additional
major cost associated with high incidence of subclinical and clinical ketosis is the
increased risk for numerous other health disorders, such as displaced abomasum,
mastitis, metritis, lameness and reduced reproductive efficiency (Cook et al., 2001;
Oetzel, 2007; Duffield et al.,2003; Seifi et al., 2011; Brunner et al., 2019).

Across the world, SCK prevalence was 24.1%, ranging from 8.3% to
40.1% (Brunner et al., 2019). The prevalence of subclinical ketosis in ten European
countries was on average 21.8% (ranging from 11.2 to 36.6%), and clinical ketosis
was 3.7% (0.4 to 11.1%). The prevalence of subclinical ketosis in Serbia was up
to 19.5% in 42 herds (Suthar et al., 2013).

On average, 40% of cows have SCK at least once during lactation, while
clinical ketosis affects on average 5% of cows(Oetzel, 2004; Suthar et al.,
2013).However, some reports have indicated that the incidence of SCK may affect
40% of cows, with the incidence rate varying widely among farms, and may be as
high as 80% on individual farms (Jenkins et al., 2015; Brunner et al., 2019).

The gold standard test for ketosis is blood BHB. This ketone body is more
stable in blood than acetone or acetoacetate (Tyopponen and Kauppinen, 1980).
The most commonly used cut-point for SCK is > 1.2mmol/l of blood BHB
(Geishauseret al., 1998; Dufffield, 2000; Duffield and Bagg, 2002; Zhang et al.,
2012; Djokovic et al., 2013). Early lactation cows with blood BHB concentrations
above this cut-point are at threefold greater risk to develop displaced abomasum or
clinical ketosis, and cows with blood BHB concentrations above 2.0 mmol/L are at
risk for reduced milk yield (Duffield, 2000). Some studies use a slightly higher cut-
point 1.4mmol/L of blood BHB for defining SCK (Geishauseret al., 2000; Carrier
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et al., 2004; Oetzel, 2004, lwersenet al., 2009). The exact cut-point chosen usually
has a minor effect on the interpretation of herd-based results. Clinical ketosis
generally involves much higher levels of BHB, about 3.0 mmol/L or more (Oetzel,
2007).

A variety of laboratory and cowside tests are available for monitoring
ketosis in dairy herds. Diagnosing ketosis in a herd requires a completely different
diagnostic approach than diagnosing ketosis in an individual cow. Comparing
blood BHB results from a small number of cows to normal ranges is not
appropriate. Herd-based testing is performed by subsampling 12 or more dairy
cows, representative of the animals at risk for ketosis (about 5 to 50 days in
milk),followed by the evaluation of the proportion of cows above the cut-point of
1.4 mmol/L. The alarm level for the proportion of cows above this cut-point shows
an average ketosis prevalence of about 15% (Duffield and Bagg, 2002). The other
author suggests using 10% as the alarm level for herd-based ketosis testing (Oetzel,
2004).

Milk is a very suitable sample for the determination of ketosis as it can
easily be collected by farm personnel compared to blood and urine samples. In
cases of SCK, the content of BHB in milk is increased but concentrations are lower
than in the blood (Samiei et al., 2010). BHB concentration in milk can be
measured in the field by using the semi-quantitative colorimetric dipstick test. The
cut-off value is 100 to 200 umol/L and higher values indicate ketosis (Dirksen and
Breitner, 1993; Eicher, 2004; Oetzel, 2007).

This review aims to overview diagnostic tests for SCK in dairy cows, including
laboratory and cowside tests.

Types of ketosis in dairy herds

Herd ketosis problems can be categorized into three general types of
ketosis (Table 1). Each type is of different etiology and therefore requires a
different prevention and diagnosis strategy. There is an overlap between the
categories, and herds may have a combination of the types. These classification
types are largely adapted from Swedish authors (Holtenius and Holtenius, 1996)
and have been described in detail (Herdt, 2000).
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Table 1. Summary of types of ketosis observed in dairy herds (modified from OETZEL, 2007)

Outcome Type ! Type AG Slage Ketosis
Highest risk period 3 to 6 weeks after 1 to 2 weeks after Very high or high
calving calving
Description Spontaneous, Fat cows, fatty liver Normal or High
underfeeding

Blood BHB Very high High Variable

Blood glucose Low Low (may be high Variable
initially)

Blood insulin Low Low (may be high Variable
initially)

Body condition Probably thin Often fat (or lost fat) Variable

Fate of NEFA Ketone bodies Liver triglycerides Variable

initially, then ketone

bodies

Liver gluconeogenesis High Low Variable

Liver pathology None Fatty liver Variable

Prognosis None Poor Good
Key diagnostic test Post-fresh BHB Pre-fresh NEFA Silage analysis
Key intervention Post-fresh Pre-fresh management Destroy, dilute or
management and and nutrition divert the silage
nutrition

Diagnosis of ketosis

Laboratory tests

Enzyme catalysis method: The enzyme catalysis method is a traditional test for
blood serum BHB determination in cows. The test kit requires the use of an
ultraviolet spectrophotometer or biochemistry analyzer and can be used to
determine blood serum BHB values in humans and animals (Zhang et al., 2012).
This is the gold standard for the detection of ketosis in dairy cows. The most
commonly used blood BHB cut-points for SCK are >1.2 mmol/L (Geishauseret al.,
1998; Dufffield, 2000; Duffield and Bagg 2002; Zhang et al., 2012; Djokovic et al.,
2013) or >1.4 mmol/L (Geishauseret al., 2000; Carrier et al., 2004; Oetzel,
2004;Iwersenet al., 2009) or only > 1.0 mmol/L (Whitaker, 1997; Kinoshita et al.,
2010; Ospina et al., 2010; Jozek et al., 2017; Djokovic et al., 2018a). BHB
concentrations in blood and milk sera can be measured using a biochemical
analyzer (Samiei et al., 2010). A statistically significant correlation (r=0.705,
p<0.01) was determined between BHB concentrations in blood and milk sera of
cows. The best sensitivity (94%) and specificity (74%) were observed for BHB
measurements in milk, with the optimal cut-point for BHB in milk of > 80 umol/L,
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(AUC=0.91£0.03; p<0.001), for the detection of SCK in dairy cows (by the
receiver operatingcharacteristic analysis method - ROCA) (Jozek et al., 2017;
Djokovic et al., 2018b).

Fourier transform infrared (FTIR) spectrometry method: As a
diagnostic method for screening diary cows for SCK by determining milk acetone
concentration using FTIR spectrometry (Hansen, 1999; Heurer et al., 2001), FTIR
spectrometry is fast, inexpensive and easy to implement on a large scale. FTIR
spectrometry was used to measure the concentration of BHB and acetone in milk to
detect SCK. The sensitivity and specificity of this method is 70% and 95%,
respectively, with 25 to 27% false positives and 6 to 7% false negatives, when
using cut-points of 0.15mmol/L for acetone and 0.1mmol/L for BHB (De Roosetet
et al., 2007). When testing BHB and acetone concentrations in milk by FTIR,
higher sensitivity (80%) and specificity (71%) were obtained in the detection of
SCK compared to blood BHB, with the cut-point of >1.2 mmol/L (Van Knegseletet
et al., 2010). According to previous research, the FTIR test based on milk acetone
and BHB values is valuable in the detection of dairy cows for SCK (Zhang et al.,
2012).

Fluorometric determination of BHB levels: The fluorometric
determination of BHB values in milk and blood plasma based on an enzymatic
method has been described (Williamson et al., 1962, 1974; Larsen and Nielsen,
2005). This fluorometric method correlated closely with results obtained by the
traditional spectrophotometric method (r=0.987, p<0.001) (Larsen and Nielsen,
2005). The advantages of the fluorometric determination of BHB are that detection
results are not affected by the hemolysis of blood samples, and that whole milk
samples do not need pre-treatment. This method is excellent for large numbers of
samples, especially for large-scale in-line sampling of milk (Larsen and Nielsen,
2005; Zhang et al., 2012).

Gas liquid chromatography (GLC) to test acetone levels in blood and
milk: GLC method using N-propanol as an internal standard is valuable for the
determination of acetone and BHB in milk and blood serums (Enjalbertcet al.,
2001; Zhang et al., 2012).The best cut-point for blood acetone was 175 pmol/l,
with the sensitivity of 91.7% and specificity of 68.3%, and for milk acetone 160
pmol/L, with 90% sensitivity and 57.4% specificity, compared to the gold standard
ketosis test (blood BHB), cut-point >1.2 mmol/L. The cut-point level for acetone
in milk was 400 pumol/L or higher for ketotic cows (Cook et al., 2001), and the
same cut-point level was used in detecting acetone in milk by the qualitative and
guantitative salicylaldehyde test for SCK in dairy cows (Venkateswarlu and
Choudhuri, 2001).

Nuclear magnetic resonance (NMR) spectroscopy and gas
chromatography-mass spectrometry (GC-MS) to test acetone and BHB
values: High-resolution NMR spectroscopyand GC-MS were used to determine
acetone and BHB values in the blood (Kleinet al., 2010; Zhang et al., 2012). In this



116 Radojica Djokovic¢ et al.

experiment, acetone and BHBwere only used as indicators of energy metabolism
during the transitional period in dairy cows, and the diagnosis effect of SCK was
not investigated (Kleinet al., 2010).

Cowside tests for ketosis

Different types of cowside tests are available for monitoring ketosis in
dairy herds. However, none of the cowside tests have perfect sensitivity and
specificity compared to blood BHB. Sensitivity is true positive results compared to
the gold standard ketosis test (blood BHB) and specificity is true negative results
compared to the gold standard ketosis test (blood BHB). Therefore, the gold
standard ketosis test (blood BHB) is the most accurate for herd monitoring, and is
particularly suitable for investigating herds with ketosis. Cowside ketosis tests have
the advantages of lower cost, less labor and immediate results, when compared to
blood BHB testing. This makes them particularly useful for making (or excluding)
a clinical diagnosis of ketosis in individual sick cows. However, testing herds for
ketosis requires a very different testing strategy compared to diagnostic decision-
making for individual sick cows (Oetzel, 2007).

Cowside urine tests for ketosis: Urine can be evaluated for cowside
ketosis testing. However, it is much more difficult to collect a urine sample than a
cowside milk sample. This is an important practical limitation on farms, which
greatly increases labor costs for testing. Urine acetoacetate can be evaluated
guantitatively by nitroprusside tablets (Acetest, Bayer Corp. Diagnostics Division,
Elkhart, IN). This test has excellent sensitivity but poor specificity (Nielen et al.,
1994; Carrier et al.,2004; Oetzel, 2004). This makes it a useful test for evaluating
individual sick cows, but not very useful for herd-based monitoring (Osborne et
al., 2002; Oetzel, 2007).

Cowside milk (Nitroprusside powder) tests for ketosis: Cowside milk
tests have huge advantages over urine cowside tests for ease of collection and for
certainty that all eligible cows can be tested. However, milk tests are generally not
as sensitive as urine tests in detecting ketosis. Nitroprusside powders (Utrecht
powder, Keto Check powder) can be used to qualitatively test milk acetoacetate.
However, these tests generally have very poor sensitivity (Table 2) for ketosis
compared to blood BHB and cannot be recommended as tests for herd-based
monitoring. They have some, but very limited value as cowside tests for diagnostic
decisions for individual cows (Osborne et al., 2002; Eicher, 2004; Oetzel, 2007).
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Table 2. Sensitivity and specificity of cowside milk nitroprusside powders compared to blood
BHB (cut-point of >
1.2mmol/L or >1.4 mmol/L)(modified from OETZEL, 2007)
Test BHB Herds % Total | TP | FN | FP | TN | Sensiti | Specifi
type/study Cut-point tested | ketosis | samples vity city

Utrecht
powder
Nielen et al., >1.4mmol/L 18 10.3% 185 17 | 2€ | 7 | 159 | 89% 96%
(1994)
Geishauser et | >1.2mmol/L 25 16.4% 529 37 | 50 | O |442 | 43% 100%
al., 1998
KetoCheck
powder (=
trace)
Geishauser et | > 1.2mmol/L 25 16.4% 529 24 | 63 | 0 | 442 28% 100%
al., (1998)
Carrieretal., | >1.4mmol/L 1 7.5% 878 28 | 38 | 9 | 803 | 42% 99%
(2004)
Bioketone
powder(>
trace)
Geishauser et | > 1.2 mmol/L 25 16.4% 529 24 | 63 | 0 | 442 28% 100%
al.(1998)

Legend: BHB - beta-hydroxybutyric acid, mmol/L; Ketosis — blood BHB >1.2 mmol/L or
>1.4mmol/L; TP — true positives, FN —false negatives; FP — false positives; TN — true negatives.

Cowside milk (BHB) tests for ketosis: The most promising cowside milk
ketone test used is a semi-quantitative milk BHB test strip manufactured by Sanwa
Kagaku Kenkyusho Co., Ltd. (Nagoya, Japan). This test strip is marketed under
various names (KetoTest, Ketolac BHB, and Sanketo paper) in different parts of
the world.Results of humerous studies evaluating the sensitivity and specificity of
the milk BHB test strip compared to blood BHB results are presented in Table
3.When used at the cut-point of >100 umol/L, this test is about 83% sensitive and
82% specific. For individual cow testing, the cut-point of >50 pumol/L provides
better sensitivity (89%) but has a false positive rate of 69%. Increasing the cut-
point to >200 umol/L reduces test sensitivity to 54% (Table 3). At this higher cut-
point, the test is of little value for diagnosing ketosis in individual sick cows but
has potential use for herd-based evaluations. The best cut-point for herd monitoring
when using the milk BHB strip appears to be >200 pumol/L. At this cut-point, the
prevalence of positive test results is similar to true prevalence, allowing the same
alarm level for ketosis prevalence (10%) to be used for both tests. Unfortunately,
milk BHB test strip prevalence changes little as true prevalence increases, making
the test practically useful only for identifying herds with a very high prevalence of
ketosis(Oetzel, 2007).
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Table 3. Sensitivity and specificity of cowside milk BHB test compared to blood BHB (cut-point

of >1.4 mmol/L)

(modified from OETZEL, 2007)

Test Herds % Total TP | FN | FP | TN | Sensitivity | Specificity
type/Study | Tested | Ketosis | Samples
Milk BHBA
strip (=
50 pmol/L)
Geishauser et 21 11.9% 469 51 5 | 182 | 231 91% 56%
al. (2000)
Carrier et al. 1 7.6% 883 59 8 | 100 | 716 88% 88%
(2004)
Oetzel,2004 17 17.2% 221 34 4 36 | 147 89% 80%
Pooled data 39 10.2% 1573 144 | 318 | 318 | 1094 89% 77%
(by cow)
Milk BHB
strip (=100
pmol/L)
Jorritsma et 8 8.4% 190 14 2 31 | 143 88 82%
al.(1998)
Geishauser et 21 11.9% 469 45 | 11 | 99 | 314 80 76%
al.(2000)
Carrier et al. 1 16.5% 248 39 2 65 | 142 95 69%
2004)
Duffield et 5 27.2% 235 52 | 12 | 64 | 107 81 63%
al.(2003)
Carrier et 1 7.6% 883 50 | 17 | 54 | 762 75 93%
al.(2004)
Oetzel,(2004) 17 17.12% 221 33 5 32 | 151 87 83%
Pooled data 53 12.6% 2246 233 | 49 | 345 | 1619 83 82%
(by cow)
Milk BHB
strip
(=>200pmol/L)
Jorritsma et 8 8.4% 190 14 2 31 | 143 88% 82%
al., 1998)
Geishauser et 21 11.9% 469 45 | 11 | 99 | 314 80% 76%
al.(2000)
Duffield et 5 27.2% 235 52 | 12 | 64 | 107 81% 63%
al.(2003)
Carrier et 1 7.6% 883 50 | 17 | 54 | 762 75% 93%
al.(2004)
Oetzel, (2004) 17 17.2% 221 17 | 21 5 178 45% 97%
Pooled data 52 12.1% 1998 129 | 112 | 100 | 1657 54% 94%
(by cow)

Legend: BHB — beta-hydroxybutyric acid, mmol/L; Ketosis — blood BHB >1.4mmol/L; TP — true
positives, FN — false negatives; FP — false positives; TN — true negatives.
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Cowside blood tests for ketosis: A cowside blood BHB test system using
a human instrument marketed for diabetic patients (Precision Xtra™ blood glucose
and ketone monitoring system, Abbott Laboratories, Abbott Park, IL). The
glucometer/ketometer system is very easy to use cowside. A strip is inserted in the
meter, less than a drop of blood is added to the end of the strip, and results are
displayed in about 15 seconds. The strips do not require calibration prior to use. It
is necessary to collect a small amount of blood from the tail vein using a small
needle (25 gauge) and a small syringe (1 mL) to use with the
glucometer/ketometer. The preliminary results with the glucometer/ketometer
system are very encouraging. The system is more accurate as a ketometer (for
BHB) than as a glucometer (glucose). Sensitivity and specificity for BHB appear to
be outstanding (over 95%), (Heuwieser et al., 2007; Oetzel, 2007; Konkol et al.,
2009; Voyvoda and Erdogan, 2010).

Other tests for the detection of SCK in dairy cows

Fat and protein in milk: Dairy cows suffer from negative energy balance
(NEB) during the first two weeks of lactation, a high mobilization of lipids from
body fat reserves, ketogenesis and hypoglycaemia (Elitoket al., 2010; Djokovic et
al., 2014, 2015). A portion of the free fattyacids that are mobilized are directly
incorporated into milk fat, resulting in an increase in milk fat percentage. By
contrast, milk protein percentage will slightly decrease in these cows due to a
reduction in energy supply. Fat to protein ratio (FPR)in milk is used to monitor the
prevalence of SCK in a herd (Eicher, 2004; Richard, 2004; Gantneret al., 2009;
Jenkins et al., 2015).

AFPR greater than 1.5 indicates SCK, whereas a FPR lower than 1.1
indicatesrumen acidosis(Cejna and Chladek, 2005). Using a blood BHB level of
1.2 mmol/L or higher as a cut-point concentration for SCK, both the test-day fat
percentage and the test-day protein percentage were significantly associated with
SCK (Duffield et al., 1997). The specificity of FPR for the detection of SCK was
lower (77-81%) than cowside milk (BHB) tests (KetoLac BHB test with a cut-point
of 200 pmol/L of BHB in milk) and cowside urine tests (KetoStix test), (97 - 99%)
(Krogh et al., 2011). Jenkins et al. (2015) reported high sensitivity of FPR > 1.42
or lower (> 1.35 or > 1.25) for SCK, and found that these cut-points could be used
as a screening test. FPR is a good measure of SCK at the whole herd level, but it is
not sensitive enough for the diagnosis of SCK in individual cows (Zhang et al.,
2012).

Nonesterified fatty acid (NEFA): The optimalcut-point for NEFA in
blood serum for SCK, by the ROCA, was >0.26 mmol/L, with 82.54% sensitivity
and 91.89% specificity, compared to BHB in the blood with a cut-point of >1.2
mmol/L as the gold standard test (Aslet al., 2011).
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Blood biochemical indicators of ketosis: Based on blood biochemical
indicators, SCK in cows may be diagnosed in the following values of these
indicators (BHB >1.2 mmol/L, glucose <2.5 mmol/L, NEFA>0.26 mmol/L and TG
<0.12 mmol/L) and blood values of NEFA >0.7 mmol/L and AST activity above
100 IU/L, which is indicative of hepatic lipidosis(Oetzel, 2004; Gonzalez et
al.,2011; Djokovic et al., 2013, 2018a).

Conclusions

Measurement of blood BHB values in serum or plasma is the gold standard
test for the diagnosis of SCK. The most commonly used cut-points for SCK are >
1.2 mmol/L or >1.4 mmol/L for BHB in the blood. The cowside blood BHB test
using a hand-held meter (ketometer) has higher levels (above 95%) of sensitivity
and specificity than other cowside tests, and can replace laboratory blood BHB
testing. Thecowside milk (BHB) test (a Ketolac BHB test strip with a cut-point of
>200 umol/L of BHB in milk) is a potentially useful tool for routine herd
monitoring for SCK in early lactation dairy cows.

Dijagnoza subklini¢ke ketoze kod mle¢nihkrava

Radojica Djokovié¢, Zoran 1li¢, Viadimir Kurcubié, Milos Petrovié, Marko
Cincovié¢, Milan P. Petrovi¢, Violeta Caro Petrovic

Rezime

Standardnizlatni test za dijagnozu subklinicke ketoze kod mle¢nih krava jeste
merenje koncentracije beta-hidoksibuterne kiseline (BHB) u krvnom serumu ili
krvnojplazmi. NajceSce koris¢ene grani¢ne vrednosti za dijagnozu subklinicke
ketoze jesu vrednosti za BHB u krvi vec¢e od 1.2 mmol/L ili ve¢e od 1.4 mmol/L.
Cowside blood test zaodredivanjekoncentracije BHB u krvi jeste jednostavni rucni
uredaj (ketometar) i moZe se upotrebljavati na farmi, a ovaj test ima visoki
procenat (vise od 95%) senzitivosti i specifiénosti u odnosu na druge cowside
testove i moZe zameniti laboratorijska ispitivanja za testiranje BHB u krvi u
dijagnozi subklinicke ketoze. Cowside milk BHB test, odnosno ketolac BHB test
trakice sa grani¢nim vrednostima veé¢im od 200 pumol/L za BHB u mleku je
supotencijalno korisno sredstvo za rutinski pregled stada mle¢nih krava na pocetku
laktacije za dijagnozu subklinicke ketoze.

Kljucne reci: mlecne krave, subklinicka ketoza, laboratorijski testovi,
cowside testovi.
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Abstract: For the association between of Follicle stimulating hormone
receptor (FSHR) gene (partial part of exon 10) polymorphisms and litter size trait
in Egyptian Ossimi sheep, polymerase chain reaction-single stranded
conformational polymorphism (PCR-SSCP) and DNA sequencing techniques were
developed. Fifty female Ossimi sheep reared under Egyptian conditions were
selected according to their litter size. DNA from blood samples of these animals
was isolated to amplify 250-bp of the FSHR gene influencing litter size production
trait in sheep. Based on litter size, 50 animals were selected from the highest to the
lowest litter size productivity during three seasons. PCR-SSCP analysis of the
FSHR gene (250-bp) showed two various genotypes AA and AB with frequencies
0.64 and 0.36, respectively. The frequencies of the A and B alleles were 0.82 and
0.18, respectively. PCR fragment of FSHR gene (191-bp) was sequenced only in
the high and low litter size productivity animals (GenBank accession numbers from
MG973191 to MG973207, sequentially). The result indicated that 6SNPs (G/71,
GI72, G/77, A/110, A/111, A/191) in high fertile animals, while, 10 SNPs (T/1,
Cl2, T/14, AI69, AI70, AIT1, Al74, GI74, AI75, A/136) have found in low fertile
animals. Statistically, AA and AB genotypes have no significant differences (p>
0.05) on litter size trait in Ossimi sheep. FSHR (exon 10) locus was moderate
polymorphic (PIC= 0.25) and it can be used for high litter size productivity in
Ossimi sheep as a marker-assisted selection (MAS).

Key words: Ossimi sheep, Fertility, FSHR gene polymorphisms, PCR-
SSCP, DNA sequencing
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Introduction

Sheep (Ovis aries) have positive economic benefits for human. Where, this
kind of animals is preferable as a result of low maintenance cost, adaptation in
many environments in the world and resourcefulness for many products such as
meat, milk, wool and hides (Abulyazid et al., 2011). In Egypt, sheep meat
production is more important than fiber production (6% of the total animal meat
production). Ossimi sheep (under study) is an Egyptian Nile Valley breed, which is
one of the three major Egyptian sheep breeds besides Barki and Rahmani which
represent 65% of the total population of sheep in Egypt (ICARDA annual report,
2007). Ossimi sheep is a most popular and environmentally adaptable in Lower
Egypt. In addition, it is a carpet wool breed (Mason, 1996). The mean of Ossimi
Kidding rate production under Egyptian condition is 1.22 (lamb/ewe) (Elshenawy,
1995).

Improvement of fertility trait in sheep has become desiring interest for
breeders, where moderate increases in litter size can equal outsized gains in profit
(Abraham and Thomas, 2012). This can be achieved by improving the genetic
worth of the stock by proper selection methods for improving reproduction rate and
production efficiency. Therefore research community constantly searches some
affecting genes that can act as marker influencing fertility in animals by marker
assisted selection (Mishra, 2014). Fertility trait can be improved using marker
assisted selection (MAS) which make improvement by detecting variations of
fertility or fecundity genes linked with high and low fertile animals (Abdoli et al.,
2016).

Many genes affect fertility in sheep such as Boroola gene, growth
differentiation factor 9 gene and follicle stimulating hormone receptor gene. This
study is concerned with Ovis arias's FSHR gene which located in chromosome 3
(3:75470485-75470694) in sheep (n=54). Sequence version Oar v3.1 in
www.ensemble.com has determined that chromosome 3 has 1994 coding genes and
523 noncoding genes, one of these coding genes is FSHR gene (size= 2088bp)
consists of 10 exons coded into FSHR protein (656 amino acids). FSHR gene has a
large number of variants which differentiated into two categories missense and
synonymous. FSH (Follicle stimulating hormone) secreted by an anterior pituitary
regulates gonadal functions in male and female, it is under regulation of
gonadotropin releasing hormone (GNRH) as well which activates its receptor in
granulosa cells (GCs) in the ovary.

FSHR is a member of the family of G-coupled protein activated FSH
which secreted by anterior pituitary regulates gonadal functions in males and
females, as well as, it is under regulation of gonadotropin releasing hormone
(GNRH) (Richards and Midglay, 1976). Thus, the level and the target of hormone
response are controlled by mechanisms that determine FSHR levels and cell
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specific expression, which are supported by transcription of its genes (George et
al., 2011; Dias et al., 2002; Bogerd, 2007).

Exon 10 of FSHR gene is large and encodes the C-terminal part of the
extra cellular domain (ECD) (hinge region), the transmembrane domain (TMD)
and the intracellular domain of the receptor (Fan & Hendrickson 2005; Jiang et al.,
2012).The objectives of the present study are to detect SNPs (mutations) in a
partial region of exon 10 of FSHR gene in a high fertile Egyptian sheep breed
(Ossimi sheep) using PCR-SSCP and sequencing techniques. Also, to investigate
the relation between the FSHR gene and fertility trait in Ossimi sheep breed under
Egyptian conditions.

Materials and Methods

Animals. Blood samples were collected from the jugular vein of 500ssimi ewes
(5ml/ewe) puncture into tubes containing an anticoagulant disodium EDTA. The
samples have stored at -20°C until needed for DNA isolation.

DNA isolation. Genomic DNA was isolated from whole blood samples using a
commercially available kit (EZ-10 Spin Column Genomic DNA kit for Blood
samples, Bio Basic, Canada). Isolated genomic DNA was separated on agarose gel
electrophoresis using 1% (w/v) agarose in 0.5X TBE buffer. The gel was
photographed using the gel documentation system (Syngene, UK) to visual
genomic DNA band.

PCR amplification and genotyping of FSHR gene. 250-bp fragment of exon10
of FSHR gene in 500ssimi sheep was amplified by PCR using forward (5'-
ATCACGCTGGAAAGATGGCATACC-3) and reverse (5"
ACATTGAGCACAAGGAGGGAC-3) primers (Li et al, 2010). PCR was
performed in a reaction volume of 25ul using 200ng of genomic DNA of each
sample, 25 pmol of each primer and 2X Tagq DNA polymerase Mix (Bioline, UK).
Thermal cycling (Peltier-based Thermocycler, Long Gene) was carried out by
initial denaturation at 94°C for 5 min, followed by 30 cycles each at 94°C for 1
min, annealing temperature at 60°C for 30 sec, polymerization temperature at 72°C
for 30 sec and final extension at 72°C for 10 min, then the samples were held at
4°C. The amplified DNA fragments were separated on 2% agarose gel, stained
with ethidium bromide, visualized on a UV Transilluminator and photographed by
Gel Documentation system (Alpha Imager M1220, Documentation and Analysis
System, Canada).

Single stranded conformational polymorphism (SSCP). Aliquots of 5SulPCR
products were mixed with denaturating solution (98% formamide, 0.025%xylene
cyanol, 0.025% bromophenol blue and 10 mM EDTA) and incubated at 98°C for
10 min and then chilled on ice rapidly. Denaturated DNA was loaded on10%
PAGE gel (10X 10 CM) in 1X TBE buffer and constant voltage 65V for 5hours.
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For staining DNA bands and visualizing, the gel was stained with ethidiumbromide
and photographed by using gel documentation system.

Sequencing. DNA sequencing for purified FSHR amplicon had performed by
Genetic Analyzer (Applied Biosystems, Hitachi, Japan). Where, the highest eight
(2,4,5,6,7, 13, 16 and 17) and the nine of lowest (21, 22, 23, 24, 25, 26, 28, 40
and 41) litter size animals were sequenced (one direction, forward) at Genetic
Engineering and Biotechnology Research Institute, City of Scientific Research and
Technological Applications, Alexandria, Egypt.

Statistical analysis. For litter size, each ewe has three seasons’ records (winter,
spring and next winter). Random selection of three parities ewes was done and
documented in Sakha farm, Agricultural Research Station, Kafer Elshiekh, Egypt.
Polymorphisminformation content (homogeneity).PIC (polymorphism
information content) is a measurement that gives an indication how much the locus
is highly, moderate or poorly mutated by knowing the alleles frequencies of this
locus: PIC= 1- X (p;) X 2, where, pij is the frequency of different ij" allele of
studied locus.The calculation of PIC was processed by PIC Calculator
(www.liverpool.ac.uk).

Q-Q Plot.We put the assumption of litter size values of the 50 animals are normal
distributed, so we should test this assumption by run the Q-Q plot using (IBM SPSS
Statistics, Version 22, 2013). A Q-Q plot is a scatterplot created by plotting two
sets of quantities against one another, one of it is litter size values of tested animals
and normal disrupted expected value that the program put it. If both sets of
guantities came from the same distribution, we should see the points forming a line
that’s roughly straight.

Independent t-test. The Independent samples t-test compares two genotypes means
to determine whether they are significantly different or not. The two independent
samples (AA and AB genotypes) are assumed to be drawn from populations with
unequal variances (i.e., 61> # 6,°), the test statistic t is computed as:

_ R
=
=2

n

L5
Ve _

Where: X;= Mean of first genotype AA; X,= Mean of second genotype AB; n;=
Sample size (i.e. number of observations) of AA genotype; n,= Sample size (i.e.,
number of observations) of AB genotype; s;= Standard deviation of AA genotype;
s,= Standard deviation of AB genotype,

Least mean squares analysis.Least mean square test was used to examine the
relationship between different genotypes and the litter size. The least squares
means were used for multiple comparisons in litter size among the different
genotypes. Analysis was performed using the general linear model procedure of
(IBM SPSS Statistics, Version 22, 2013).The litter size trait of Ossimi ewes was

analyzed using the following fixed effects model:


http://www.liverpool.ac.uk/
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}"z’_;l'k!m =mtAtESj+P+ateijkim

Where: yijkim= phenotypic value of litter size; m= population mean; Ai= fixed
effect of theith age of ewe (i= 3, 4, 5, 6, 7, 9, 13); KSj= fixed effect of the jth
kidding season (j= 1, 2, 3); Pk= fixed effect of the kth parity (k = 1, 2, 3); Gl=
fixed effect of the Ith genotype (I = 1, 2, 3); eijkim= random residual effect of each
observation.

Results and Discussion

PCR-SSCP of FSHR gene. A partial part of exon 10 of FSHR gene have
amplified by PCR and vyielded 250-bp in length (Figurel) and screened for
polymorphism by PCR-SSCP. The analysis of PCR-SSCP showed only two
genotypes AA and AB (Figure 2). Genotype AA (homozygous) was in thirty-two
animals, while AB genotype (heterozygous) found in eighteen animals. The
calculated frequencies of AA and AB genotypes were 0.64 and 0.36, respectively,
and the frequencies of the A and B alleles were 0.82and 0.18, respectively (Table
1). The results indicated that the Ossimi sheep with AA or AB genotypes have no
statistically significant differences (p< 0.05) on litter size in these animals (50
Ossimi sheep). The PIC and heterozygosity show indications how much this locus
mutated. So, by entering data of allele frequencies (A and B) of studied locus of
partial part of exon 10 of FSHR gene in PIC calculator (www.liverpool.ac.uk) the
heterozygosity and PIC are 0.295 and 0.25, respectively. In general, PIC is an ideal
index to evaluate polymorphism on the fragment of the gene, as follows: PIC> 0.50
(high polymorphism), 0.25 <PIC< 0.50 (moderate polymorphism) and PIC< 0.25
(low polymorphism). In our results, PIC indicates that polymorphism in this
fragment (exon 10 of FSHR gene) has moderate polymorphism and suitable to be
candidate gene marker for fertility trait breeding. On the other hand, the
heterozygosity of this locus indicates high heterozygosis and genetic diversity in
Ossimi sheep; hence, it can be selected as a genetic breeding marker.
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1000 bp —»

300 bp —»
250 bp
200 bp —

100 bp —»

Figure 1. PCR products (250-bp) generated by the FSHR gene (part of exon10) primers. Where,
lane M is a molecular weight marker (100 bp) and lanes 1-4 are female Ossimi sheep (as an
example)

M 1 2 3 4 5 6 7 8

500 bp

250 bp

50 bp—»

Figure 2. PCR-SSCP analysis of FSHR gene (250-bp). Lanes 1-4 represent AB genotype and
lanes 5-8 represent AA genotype. Lane M is DNA marker (50-bp)

Independent t-test. An independent t-test was conducted to compare differences
on litter size mean in AA and AB genotypes by knowing the significance.
According to this test AA genotype and AB genotype (M= 1.24, SD= 0.33) and
(M= 1.2, SD= 0.28); t (125)= 0.685, p= 0.495. This result suggested that no
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significance differences between two genotypes mean and genotype does not have
an effect on litter size.

Least square analysis. A least mean square test has performed based on data to
determine if there was a significance relationship between genotypes, age, parity
and season on litter size. The litter size of studied 50 animals of Ossimi sheep was
significantly affected by age and not influenced by the other factors. The t-statistics
for the slope was significant at the 0.05 critical alpha level (Table 1), t (149)= -
0.07, p= 0.9. So, there was a negative significant relationship between Genotypes
and litter size. Furthermore, only 4% of the variability of litter size could be
explained by these tested factors.

Table 1. Genotypic and allelic frequencies of FSHR gene, least mean squares and estimated
standard errors of litter size in Ossimi sheep

Genotypes ~ Number of Genotype and y rvenciiy Litter size
Gene & alleles animals allele frequency PIC Heterozygosity +SE
AA 32 0.64 0.74=0.67°
AB 18 0.36 . 1.4£0.36°
25 295
FSHR A i 082 0 0 R
B 0.18

Least squares means followed by the same letter means no significant differences at P< 0.05.

Sequencing. For SNP's detection, the fragment 250-bp of FSHR gene was
sequenced, aligned and accessioned (Figure 3). Where, the eight highest twins
production animals (2, 4, 5, 6, 7, 13, 16 and 17) and the nine lowest (21, 22, 23, 24,
25, 26, 28, 40 and 41) were sequenced and aligned (https://www.genome.jp/tools-
bin/clustalw)and compared with reference sequence (Ovis aries FSHR gene
(transcript ID) ENSOART00000004728.1). These 17 sequences were accessioned
(MG973191-MG973207) by www.ncbi.nlm.nih.gov (191-bp). Table 2 shows the
SNPs in the sequenced fragment (191-bp) in these animals which highlighted in
green color for high fertile animals (2, 4 and 16), orange color for low fertile
animals (24, 25, 26, 28 and 41).


https://www.genome.jp/tools-bin/clustalw
https://www.genome.jp/tools-bin/clustalw
http://www.ensembl.org/Ovis_aries/Transcript/Summary?db=core;g=ENSOARG00000004340;r=3:75276939-75471157;t=ENSOART00000004728
http://www.ncbi.nlm.nih.gov/
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CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
TCGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCATAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAGAGTGCAGCTCCGCCATGCTGCCAGCATCATGTTGGTGGGCTGGGTC
CAGCTCGAATGCAAAGTGCAGCTCCGCCATGCTGCCAGCATCATGCTGGTGGGCTGGGTC

TTTGCTTTTGGAGGTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACAAAAAGGTGAGC
TTTGCTTTTGCGGTTGGCCTCTTTCCCATCTTTGGCATCAGCAGCTACAAGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTAAAGAAGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGGTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTAGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
TTTGCTTTTGCAGTTGCCCTCTTTCCCATCTTTGGCATCAGCAGCTACATGAAGGTGAGC
-
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ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGAACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
ATCTGCCTGCCCATGGACATTGACAGCCCCTTGTCACAGCTCTATGTTATGTCCCTCCTT
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Figure 3. DNA sequence alignment of FSHR gene (191-bp) among the 17 female Ossimi sheep
and Ovis aries FSHR gene (transcript ID) ENSOARTO00000004728.1. The asterisks represent
the similarity
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Table 2. Genotypes and nucleotide sequence variation of the eight animals ordered from high to
low litter size

Animal  Litter Nucleotide sequence variations

Genotype Amplicon nucleotide no.

no. . size T 2 14 60 70 71 72 74 75 77 110 111 136 101
2 2 AA c A G T 6 G A T T C A A G T
4 16 AA c A 66 T 66 ¢ ¢ T Tl A G G T
6 13 AB c A 6 T 66 C A T T ¢ T 6 G A
2 1 AA T ¢ 6 T 66 Cc A T T c T 6 & T
25 1 AB cC A G T 6 C A T T ¢ T 6 lA T
2 1 AA c AT T/ A A A A A Cc T 6 G T
28 1 AA c A G T G C A G T ¢ T 6 G T
41 1 AB c A G/A 6 C A T T ¢ T & G T
Gene nucleotide no. 1426 1427 1430 1494 1495 1496 1497 1499 1500 1502 1535 1536 1561 1616

Results of virtual (in silco) translated FSHR gene showed13 amino acids
variants in FSHR peptide which may be occurred, as a result of SNP’s, in high (2,
4 and 16) and low (24, 25, 26, 28 and 41) litter size production animals by Mega
software version 7 (Kumar et al., 2016). One amino acid variant is synonymous
and the other 12 amino acids variants are non-synonymous (Table 3).

Table 3. Reference codon, mutated codon, amino acids variation and synonymous/non-
synonymous variants

Animal . Base Reference  Mutated Pep?lde Amino Synouymous
no. Genotype number codon codon ﬂl:'(uno acid - or
acid no. Non-synonymous

2 AA 71 GCA GGA 460 Ala/Gly Non-syn
110,111 ATG AAA 473 Met/Lys Non-syn

4 AA 72 GCA GCG 460 Ala/Ala Synonymous
77 GCC GGC 462 Ala/Gly Non-syn
110 ATG AAG 473 Met/Lys Non-syn
16 AB 191 GTC GAC 500 Val/Asp Non-syn
24 AA 1.2 CAG TCG 437 Glu/Ser Non-syn
25 AB 136 GAC AAC 482 Asp/Asn Non-syn
26 AA 14 AAA ATA 441 Lys/Ile Non-syn
70.71 GCA AAA 460 Ala/ Lys Non-syn
74.75 GTT GAA 461 Val/ Glu Non-syn
28 AA 74 GIT GGT 461 Val/ Glu Non-syn
41 AB ) 69 TIT = TTA 459 Phy/Leu Non-syn

In this study, fifty Ossimi sheep animals were divided into two groups
according to their litter size (1.2 lamb/ewe); high fertile group (litter size= 2, 1.6 or
1.3) and low fertile group (litter size= 1).For understanding the relationship
between polymorphism in FSHR gene locus (part of exon 10) and fertility trait in
Ossimi sheep, SSCP and sequencing techniques were used, and then this
relationship was statistically analyzed. However, we found then this locus is
moderate polymorphic (PIC=0.25) and has two alleles (A and B) and two
genotypes (AA and AB) in all animals. AA genotype frequency was 0.64 and AB
genotype was 0.36, hence, A allele frequency was 0.82 and B allele was 0.18.
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For 191-bp FSHR fragment sequencing, we found 6 SNPs in high fertile
animals (G/71, G/72, G/77, A/110, A/111, A/191). While in low fertile animals, we
found 10 SNPs (T/1, C/2, T/14, AI69, AI70, AI71, Al74, GI74, AI75, A/136).
Statistically, AA and AB genotypes have no significant differences (p>0.05) in
litter size, as well as, regression statistics considered that 10% of genotype
differences could describe the differences of litter size in this sample (fifty
animals). The results have a valuable meaning in choosing this polymorphic locus
of FSHR as a candidate gene for research and breeding programs of fertility trait.
These results preliminary showed that FSHR gene is a major gene that influences
the prolificacy of experimental animals or a molecular marker in close linkage with
prolificacy trait. Consequently, FSHR gene has considered as a possible candidate
gene for increasing litter size in Ossimi sheep.

In the previous related studies, FSHR gene polymorphisms and its
association with litter size in animals classified to two categories according to
regulatory and their translated regions of FSHR gene. An example for this, the 5'
regulatory region of FSHR gene had a significant effect on fertility trait and
proofed as a marker-assisted selection (MAS) in the improvement programs.
Where, Chu et al.(2012)found that in 5' regulatory region of FSHR gene 2
mutations (-681 C/T and -629 C/T) in Hu sheep and 3 mutations (-200 G/A, -197
G/A and -98 T/C) in small tail Han sheep. In the same study, the author found that
the heterozygous Small tail Han sheep (EG and EF) had 0.89 lambs more than the
homozygous. In another study on sheep, Wang et al.,(2015) found that the CC
genotype of FSHR gene in small tailed and Han sheep had lamb production more
than those the TC and TT genotypes with 0.52 (p< 0.01) and 0.72 (p< 0.01),
respectively.

The study in goat, Xiangdong Black, NanJiang Brown and Guizhou Black
litter size was affected significantly by FSHR gene (p<0.05) only in Guizhou Black
goat and BB genotype was significantly higher than AA and AB genotypes (Zhu et
al., 2007). On the other hand, in these three goat breeds, the author found the same
five SNPs (-93C/A, -80 G/C,-63 C/A, -56C/G and -55 T/C) of 5' regulatory region
of FSHR gene which were not necessarily affect significantly on litter size. In
another study in three goat breeds (Jining Grey, Beor and Inner Mongolia
Cashmere), Guo et al.(2013) found three genotypes CC, CD and DD. Only in
Jining Grey goat, the author noticed that the CC genotype had 0.46 and 1.3 Kids
more than the other CD and DD genotypes, respectively. While CD genotype had
0.57 kids more than DD genotype. On the other hand, the two transversions in
70T/A and 130G/C positions of amplified sequenced region of FSHR gene, are
found in DD and CC genotypes in the three previous goat breeds. In Yunling Black
and Boer goat breeds, Cui et al., (2009) found four mutations in the coding region
of FSHR gene 486C/A (162Arg/Ser), 1042C/G (348Pro/Ala), 1930T/A (644
Phe/lle) and 2036T/C (679Thr/lle). In Yunling Black goat only, the author
recognized that the FSHR mRNA and protein expression levels were significantly



Fshr (exon 10) gene polymorphisms and its ... 137

and positively correlate with fecundity, as well as reduction levels may be
associated with the fewer observed oocytes and fewer follicles.

In cows (Bostaurus and Bosindicus), Marson et al., (2008) evaluated the
effect of polymorphisms in exon 10 of FSHR gene using PCR-RFLP (Alul
restriction enzyme) and the results showed three genotypes GG, GC and CC.
Genotype GC revealed higher pregnancy rate (66%) than the two other genotypes
(GG and CC). According to the author, has observed no significant effect of the
three genotypes (GG, GC and CC) in both Bostaurus and Bosindicus beef
populations. In another research, Yang et al., (2010) found a mutation (-278 G/A)
and three genotypes (CC, CD and DD) in Chinese Holstien cows. Genotype CC
had a significant increase in the total number of ova and transferable embryos than
the other two genotypes, which had an absence of super ovulation response. Also,
Sharifiazdi et al., (2018) emphasized that this mutation (-278 G/A) may affect
some reproductive variables in Holstein dairy cows.

Lastly in Erhualian and Yorkshire sows, Zhang et al., (2002) detected a
transition mutation (566 C/T) in exon 7 of FSHR gene. Consequently, a prediction
of Ala/Val substitution has done at residue 189 in ECD and this polymorphism
significantly associated with the total born number and number born alive.
However, our results with the other previous mentioned studies confirm that the
FSHR gene in Ossimi sheep will be a strong candidate gene for further applications
in marker-assisted selection (MAS) and breeding programs for fertility trait
improvement.

Conclusion

PCR-SSCP genotyping and DNA sequencing techniques were developed
to study the association between FSHR gene polymorphism and fertility trait in
fifty Ossimi sheep. The results indicated two genotypes (AA and AB) which have
no significant differences (p> 0.05) on litter size trait, but this locus (partial part of
exon 10) was moderate polymorphic (PIC= 0.25). Using DNA sequencing, in the
high fertile animals 6 single nucleotide polymorphisms (SNP's) at 6 different
positions have observed G/71, G/72, G/77, A/110, A/111, A/191. While in the low
fertile animals, 10 SNPs (T/1, C/2, T/14, A/I69, A/70, AI71, Al74, GI74, AIT5,
A/136) were observed. Thus, these findings can be used as marker-assisted
selection (MAS) for high fertility trait in Ossimi sheep reared under Egyptian
conditions.

Polimorfizmi gena FSHR (ekson 10) i njegova povezanost sa
osobinama plodnosti ovaca rase osimi u Egiptu
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Elmaghraby

Rezime

Za povezanost izmedu polimorfizama gena receptora za stimulaciju folikula
(Follicle stimulating hormone receptor - FSHR) (delimi¢ni deo egzona 10) i
osobine veli¢ine legla ovaca egipatske osimi rase, razvijene su tehnike lanc¢ana
reakcija polimeraza - jednocevni konformacioni polimorfizam (PCR-SSCP) i
tehnike sekvenciranja DNK. Pedeset Zzenskih grla rase osimi uzgajanih u
egipatskim uslovima odabrano je prema veli¢ini njihovog legla. DNK iz uzoraka
krvi ovih Zivotinja je izolovana da amplifikuje 250 bp gena FSHR gena koji uticu
na proizvodnu osobinu veli¢ina legla kod ovaca. Na osnovu veli¢ine legla, 50
zivotinja je izabrano od najveéih do najnizih vrednosti veli¢ine legla tokom tri
sezone. PCR-SSCP analiza FSHR gena (250-bp) pokazala je dva razliita genotipa
AA i AB sa frekvencijama 0,64 i 0,36, respektivno. Frekvencije A i B alela su bile
0,82 i 0,18, respektivno. PCR fragment FSHR gena (191-bp) je sekvencioniran
samo u Zivotinjama sa visokom i niskom produktivnoscu veli¢ine legla (GenBank
pristupni brojevi od MG973191 do MG973207, sekvencijalno). Rezultat je
pokazao da je 6SNPs (G/71, G/72, G/77, A/110, A/111, A/191) utvrden kod visoko
plodnih Zivotinja, dok je 10 SNPs (T/1, C/2, T/14, A/69, A/70, AI71, Al74, GI74,
A/75, A/136) utvrden kod nisko plodnih grla. Statisticki, genotipovi AA i AB
nemaju znacajnih razlika (p> 0,05) na osobini veliCine legla ovaca rase osimi.
Lokus FSHR (ekson 10) bio je umereno polimorfan (PIC = 0,25) i moZze se koristiti
za visoku produktivnost veli¢ine legla osimi ovaca kao metoda selekcije uz pomo¢
markera (MAS).

Kljuéne reci: Osimi ovce, plodnost, polimorfizmi gena FSHR, PCR-
SSCP, sekvenciranje DNK
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Abstract: The aim of this study is to characterize some quantitative traits of Noi
chicken, one of the Vietnamese famous native breeds for meat quality and fighting,
at the stage of 0-28 days old. Therefore, 742 chicks were used to measure, record,
analyze and evaluate on these traits. As results, there was significant difference in
observation traits among stages of age (P=0.000). Interesting, the wings (+64.88%)
and keel lengths (+58.83%) rapidly developed within the first week of life,
followed by the most of other dimensions, especially breast diameter (+31.85%),
thigh diameter (+71.17%) in the second week of age. An increase in the size of the
measurements was due to development of the skeleton at observing time points
along the experiment. However, there was strong development of muscle tissue in
the second week of life as rate of the breast and thigh diameter was greatest. Noi
chicks consumed amount of feed of 16.54 g/bird/day and gained a weight of 6.98
g/bird/day. Thus, their feed conversion ratio was 2.37 at the stage of 0-28 days old.
Perhaps a direct positive relationship between observed traits and age were
randomly established according biological characteristics of animal. This work
provided initial benchmarks of Noi chicks for further studies.
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Introduction

Noi, one of famous local chicken breeds, are playing an important role in increase
of farmer’s income in rural area of Vietnam. Although Noi is known as an
excellent breed with good meat quality, adaptability and natural disease resistant,
there is not any evidence for these. Similarly to some countries in the world,
Vietnam also increases in demands of native chicken products, in which Noi
chicken seems first choices for Southern consumers. At householders in the
Mekong delta, Noi is popularly raised in many different ways (backyard, semi-
scavenging, intensive/semi-intensive conditions, etc.) for commercial objectives as
well as householders own consumption. Until now, a few of studies worked on Noi
chickens indicated that (i) most of males had the black-red mixed feather color
(~42% of population), while females were in brown commonly (~55.6% of
population). Most of their shanks were in yellow (42.5-46.4%). Body weight of
adult male and female was 2.89 kg/bird and 1.77 kg/bird, respectively (Ngu et al.,
2016); (ii) Earlier studies also indicated that if Noi was raised as a backyard
chicken at householders, laying on hers first egg was later than other Vietnamese
local chicken breeds. A hen produced around 48.35 eggs/year with an average
weight of 48.87 g/egg (Cv% = 3.68) and a yolk percentage of 37.77% (Quyen and
Son, 2008); (iii) Polymorphisms on some genes such as GH, GHR, GHSR, insulin
gene (Khoa et al., 2013) PRL, VIP, VIPR-1, BMPR-IB, MTNR1C, NPY, DRD2,
and IGF-1 (Vu and Ngu, 2016) were found in Noi chickens; and (iv) Recently,
genotypes at the NPY/Dral, VIPR-1/Tagl and VIPR-1/Hhal mutation points
significant associated with total egg production of laying Noi chickens of 20 laying
weeks were also found (Ngu et al., 2015). Generally, although there are many
previous studies, most of them focused on traits for genetics and egg performance
in Noi chickens. Therefore, growth, feed intake, feed conversion ratio and some
measurements in Noi chicks from birth to 28 days old will be characterized in this
study.

Materials and methods
Experimental management

A total of 742 chicks generated from the Noi resource population in two previous
studies (Vu and Ngu, 2016; Ngu et al., 2015) was allotted to 6 private cages with a
density of 0.3 m?% bird in an opened housing system. One month before the arrival
of the chicks, the house was washed, cleaned and sprayed by water, detergent,
antiseptic and lime.

The infrared light and thermometer were used to keep a stable warm temperature
(around 30°C) for chicks during experiment time. Ad libitum feeding was offered to
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chicks according to instruction of GreenFeed Vietnam Join stock Company. It is
declared that GF1312 feed for backyard chicks is made by main feed stuff
ingredients such as soybean cake, fish meal, rice bran, broken rice, corn, wheat
bran, cassava mi, amino acids, vitamins and minerals (Table 1). Along the
experiment, clean water mixed with ProBAC (containing Bacillus subtilis, Bacillus
licheniformis, Bacillus clausii and Bacillus coagulans with concentration of
>10"CFU/g, 1g ProBAC for 5 litters of water) was fully provided for chicks.
Supplementation of multivitamins was done at time points of high temperature or
after vaccinating with Gumboro and IBV vaccines at the fifth and fourteenth day of
age, respectively.

Measured parameters

Body weight, average daily gain, feed intake, feed conversion ratio, beak length,
skull length, skull width, neck length, back length, wings length, thigh length,
tarsus length, keel length, breast diameter, and thigh diameter (Francesch et al.,
2011; Ojedapo, 2013) were collected on all experimental chickens at every week
of age.

Table 1. Nutrient component of the experimental feed

Items 0-30 days old (GF1312)
Crude protein (min), % 20

Humidity (max), % 14

Crude fiber (max), 5 5
Methionine and cysteine (min), % 0.75
Metabolism energy (min), kcal/kg 2,900
Calcium, % 0.8-1.2
Phosphorus, % 0.6-1.0

Total lysine (min), % -

Statistical analysis

Chicks were divided into three different groups of hatching weight (u+c) or
various stages of age before using R software (ver. 3.4.2) for analyzing statistics.
Measurements at various time points were analyzed by descriptive statistics.
General Linear Model was applied to analyze effects of groups of hatching weight
or stages of age on observed traits.

Results and discussion

In this study, it was demonstrated that all measurements were increased due to
aging of chicks (Table 2). These increments were significantly found among
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different stages of age (P=0.000) (Table 3). Wings length (64.88%) and keel length
(58.83%) developed very early with the highest rate in the first week of life,
followed by developing rate of beat length (14.03%), skull length (7.71%), skull
width (9.47%), neck length (24.07%), back length (25.29%), thigh length
(25.95%), shank length (24.87%), breast diameter (31.85%), thigh diameter
(71.17%) at the second week compared with other weeks. No highest measurement
was found at the third week of rearing period. Based on our observation, at the end
of the second week old, some of chicks could fly 1-2 m far and 0.2-0.4 m high
although the first few feathers on their wings had just formed. The early
development of wings length and feathers helps the chicks fly and move faster at
the beginning of feeding as natural competition among them. This also helps raiser
easily to assess health status of herd. At the fourth weeks of age, black length
(113.77 vs. 140.1 mm), shank length (25.89 vs 106.9 mm), and keel length (68.38
vs 83.41 mm) of Noi chicks showed lower than those of Marshall ones (Ojedapo,
2013) because of difference on daily gain and body weight (225.56 vs 785.63
g/bird) between breeds, respectively. However, it was in contrast for thigh length
(89.7 vs 105.04) and breast girth (72.1 vs 115.4) between breeds while their
hatching weights were approximate (35.00 vs 34.8 g/bird, respectively) together.
This may be due to genetic, feed consumption and weight gain crossing between
breeds. Clearly, Marshall chicks’ consumption (125.07 vs 152.70 g/bird/day) and
gain (51.36 vs 85.80 g/bird/day) was respectively closed to Cobb (Amao et al.,
2015) but far from Noi chicks. Perhaps, this is the special stage for development of
a large skeleton as a basic foundation for development of muscle later in Marshall
chicks. More addition, according to Molenaar et al. (2008) hatchling length seems
to be a better parameter to predict subsequent chick performance, excluding FCR,
than hatchling weight.

It is also known that Aseel is also one of famous fighting chicken breeds in India.
Recently, Rajkumar et al. (2017) reported that at 28 days old, Aseel’ shank length
was 43.5 mm higher than Noi’ one (25.89 mm) in this study. Rajkumar et al.
(2017) implied that because of fighting purpose, Aseel cocks were selected with
longer and stronger shanks and legs either naturally or by farmers. Noi chicks in
this study were not selected for those.

In the rural area of Vietnam, besides development of industrial poultry farms
investigated by companies, most of the households are dependent on indigenous
chickens for their livelihoods and their own consumption. Unfortunately, large
amount of genetic potential of the indigenous chicken breeds has not been fully
recognized, realized, and utilized. Probably, data linkage among research programs
was not good for further objectives. Many studies on the quantitative genetic traits
(morphology, productivity and economic efficiency, etc.) in indigenous chickens
were done well, but the collected data have no breadth, depth, uniformity and
completeness. Therefore, it is not easy to summarize all of them in a set and some



Some quantitative genetic traits in Vietnamese indigenous Noi chicken from 0 to 28 days old 145

data are still absent in Table 5. Comparing the obtained data in this study with the
other data in previous studies in population of Vietnamese native breeds at the first
month of age could be fixed for every trait.

A linear increase of the average daily gain, feed intake and feed conversion ratio by
aging was found statistically significant in this study (P=0.000) (Table 4). This is
consistent with the biological characteristics for growth and development in
chickens at early stages of age. During the experimental time, each chick gained
6.98 g/bird and consumed 16.54 g of feed/bird. That means the chick converted
2.37kg of feed into 1 kg of live weight. It demonstrated that feed conversion ratio
in Noi chicks was lower than that of other indigenous ones of Vietnam such as Tau
Vang chick (Khoa & Thong, 2013) and Long Cam chick (Mui et al., 2012), Thai
native chicken of Thailand (Jaturasitha et al., 2002), or other indigenous breeds of
Ethiopia such as Tilili, Gellilia, Debre-Elliasm, Mello-Hamusit, Gassay, Guangua,
Mecha, and RIR (Hassen et al., 2006), but higher than Nhieu Ngon chick of
Vietnam (Thinh et al., 2016) (Table 5). Although Noi chicks were superior to other
indigenous breeds, their feed conversion ratio was 1.5 times higher than that of
Abor Acres chicks (Jaturasitha et al., 2002) (Table 5). Differences in weight gain,
feed consumption and feed conversion ratio among chicks may be due to influence
of breeds, nutrition management, nursing conditions, etc. through underdeveloped
and developing countries. Furthermore, it was shown that the hatching weight of
Abor Acres (44.7 g/bird) was 1.18 to 1.73 times higher than that of other native
breeds (ranged from 25.9 to 38.0 g/bird) and 1.28 times compared with Noi chicks.
Hatching weight may be influenced by the size, weight and quality of the eggs
which they are not easy quickly to improve by genetic and nutritional means.
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Table 2. Descriptive statistics for body weight and measurements

Traits At birth 7 days old 14 days old 21 days olds 28 days old
BW 34.8345.03 57.79+8.48 104.68+17.37 153.77+29.72 225.56+44.89
Range 20.00-50.00 34.00-88.00 50.00-172.00 59.00-315.00 80.00-370.00
CV% 0.14 0.15 0.17 0.19 0.20
BL 12.86+0.55 14.48+0.65 16.49+0.79 18.50+1.13 20.88+1.06
Range 11.45-15.07 11.30-16.41 13.43-19.97 15.16-21.80 16.54-27.72
CV% 0.04 0.04 0.05 0.06 0.05
SL 17.52+0.65 18.23+0.56 19.59+0.66 20.77+0.78 22.26+0.86
Range 14.29-19.01 14.98-19.90 14.56-21.18 18.24-23.85 19.17-24.97
CV% 0.04 0.03 0.03 0.04 0.04
SW 15.98+0.60 17.04+0.76 18.59+0.83 19.77+0.80 21.49+0.99
Range 13.68-17.94 14.62-18.90 14.96-20.26 17.06-22.26 18.00-29.25
CV% 0.04 0.04 0.04 0.04 0.05
NL 41.5743.81 45.61+3.67 56.69+5.58 66.74+5.74 76.30+5.89
Range 30.00-50.00 30.00-57.00 45.00-100.00 55.00-95.00 57.00-95.00
CV% 0.09 0.08 0.10 0.09 0.08
BalL 57.09+3.88 66.68+3.82 83.415.74 99.70+7.55 113.77x7.72
Range 46.00-69.00 55.00-80.00 67.00-100.00 80.00-120.00 80.00-135.00
CV% 0.07 0.06 0.07 0.08 0.07
WL 118.26+7.12 154.7049.11 197.85+14.01 229.14+16.57 262.47+18.33
Range | 87.00-140.00 115.00-175.00 100.00-240.00 150.00-280.00 190.00-315.00
CV% 0.06 0.06 0.07 0.07 0.07
TL 51.49+3.30 59.27£3.91 74.60+5.37 87.94+7.14 105.04+8.67
Range 41.00-63.00 46.00-70.00 55.00-90.00 63.00-115.00 72.00-175.00
CV% 0.06 0.07 0.07 0.08 0.08
ShL 14.64+1.86 15.41+0.95 19.18+1.61 22.32+2.28 25.89+2.07
Range 10.00-23.00 13.00-19.00 13.00-24.00 12.00-28.00 20.00-36.00
CV% 0.13 0.06 0.08 0.10 0.08
KL 20.49+2.29 32.3044.97 46.90+4.65 58.3245.21 68.38+5.84
Range 14.00-27.00 20.00-60.00 30.00-66.00 39.00-75.00 45.00-86.00
CV% 0.11 0.15 0.10 0.09 0.09
BD 75.05+5.05 87.03+6.52 114.32+7.02 133.53+9.19 155.40+11.01
Range 56.00-85.00 65.00-103.00 89.00-132.00 90.00-150.00 106.00-188.00
CV% 0.07 0.07 0.06 0.07 0.07
TD 18.25+1.93 21.12+1.40 36.03+3.34 43.78+4.66 49.7945.10
Range 13.00-22.00 15.00-24.00 23.00-41.00 24.00-55.00 35.00-66.00
CV% 0.11 0.07 0.09 0.11 0.10

BW: body weight (g/bird); BL: beak length (mm); SL: skull length (mm); SW: skull width (mm); NL: neck
length (mm); BaL: back length (mm); WL: wings length (mm); TL.: thigh length (mm); ShL.: shank length (mm);
KL: keel length (mm); BD: breast diameter (mm); TD: thigh diameter (mm).
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Table 5. Summary of body weight, average daily gain, feed intake and feed conversion

ratio of local chicken breeds in some countries

Local chicken BWO BW28 ADG Fl FCR | Source

breed

Vietnam

- Noi 34.83 225.56 6.98 16.54 2.37 | This study

- Tau Vang 38.00 319.90 10.07 | 24.80 2.48 | Khoa & Thong, 2013
- Long Cam 28.78 125.76 3.46 15.01 2.42 | Muietal., 2012

- Nhieu Ngon 27.98 270.60 8.67 - - Thinh et al., 2016

- Ri 29.28 231.39 7.22 - - Mui & Dang, 2016

- H’Mong 26.80 263.25 8.84 18.21 2.05 | Phuongetal., 2017
India

- Aseel 28.9 142.4 - - - Rajkumar et al., 2017
Thailand

- Thai 30.91 213.27 5.78 24.15 4.12 | Jaturasitha et al., 2002
Pakistan

- Lakha 30.83 202.50 6.13 - - Jatol (2014)

- Mianwali 30.66 219.79 6.75 - Jatol (2014)

- Mushki 30.75 229.60 7.10 - - Jatol (2014)

- Peshawari 29.90 210.60 6.45 - - Jatol (2014)

Ethiopia

- Tilili 27.00 134.00 3.80 24.90 6.50 | Hassen et al., 2006

- Gellilia 28.20 126.00 3.50 33.60 9.60 Hassen et al., 2006

- Debre-Ellias 27.00 127.00 3.60 34.20 9.50 Hassen et al., 2006

- Mello- 137.00 4.00 26.20 6.60 Hassen et al., 2006
Hamusit 26.00

- Gassay 25.90 119.00 3.30 28.80 8.70 | Hassen et al., 2006

- Guangua 29.00 142.00 4.00 24.80 6.20 | Hassen et al., 2006

- Mecha 28.00 146.00 4.20 25.50 6.10 Hassen et al., 2006
-RIR 36.00 137.00 3.60 23.40 6.50 | Hassen et al., 2006
Commercial

chicken

- Abor Acres 44,70 | 1186.39 | 40.77 | 64.72 1.56 | Jaturasitha et al., 2002

BWO: hatching weight (g/bird); BW28: body weight at 28 days old (g/bird); ADG: average
daily gain (g/bird/day); FCR: feed conversion ratio.
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Conclusion

Study on quantitative traits in Noi chicks at the first month of age indicated a linear
increase in body measurements, growth and feed conversion ratio, at which the
length of wings developed very early in the first week of life, followed by the other
dimensions, remarkably the development of breast and thigh diameter, in the
second week. In general, the development of observed parameters is due to aging.

Kvantitativne genetske osobine pili¢a vijetnamske autohtone
rase Noi starosti od 0 do 28 dana

Do Vo Anh Khoa, Nguyen Thi Hong Tuoi, Nguyen Thao Nguyen, Nguyen Thi Dieu
Thuy, Shin Okamoto, Kataro Kawabe, Takeshi Shimogigri

Rezime

Cilj ove studije je da opiSe neke kvantitativne osobine pili¢a rase Noi, jedne od
vijetnamskih poznatih autohtonih rasa za meso i borbu, u starosti od 0 do 28 dana.
Ukupno 742 pili¢a je koriS¢eno za merenje, evidenciju, analizu i procenu ovih
osobina. Rezultati su pokazali da postoji znacajna razlika u posmatranim
osobinama medu starosnim dobima (P = 0,000). Zanimljivo je da su se krila (+
64,88%) i duZine kobilice (+ 58,83%) brzo razvila u prvoj nedelji Zivota, a zatim i
vecina drugih dimenzija, posebno obim grudi (+ 31,85%), obim bataka (+ 71,17%)
u drugoj nedelji starosti. Povecanje vrednosti su rezultat razvoja skeleta u razli¢itim
vremenskim tackama posmatranja tokom eksperimenta. Medutim, u drugoj nedelji
Zivota doslo je do snhaZznog razvoja miSi¢nog tkiva, posto je stopa obima grudi i
bataka bila najveca. Noi pili¢i su konzumirali koli¢inu hrane od 16,54 g/ptica/dan i
dobijali su tezinu od 6,98 g/ptica/dan. Tako je koeficijent konverzije hrane iznosio
2,37 u starosti 0-28 dana. MoZda je direktna pozitivna veza izmedu posmatranih
osobina i starosti nasumi¢no odredena prema bioloskim karakteristikama zivotinje.
Ovaj rad je pruzio pocetne standarde Noi pili¢a za dalja istrazivanja.

Kljuéne rijeci: autohtona rasa Zivine Noi, merenja, kvantitativne osobine
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Abstract: In the present study, the aim was to determine the impact of the
following factors: age, farm, and gilt genotype, as well as the regression impact of
body weight at the end of the performance test on the following tested properties:
age at the end of the test/final age (FA), lifetime daily gain (LDG), the backfat
thickness measured in two places (according to the Main Breeding program for
Central Serbia), the depth of the long back muscle (BM) and the estimated lean
meat content/meatiness (M). The study included two farms of pigs (farm 1 and
farm 2), for three consecutive years (year 1, year 2 and year 3). The number of
tested heads per year was 974 (year 1), 1311 (year 2) and 757 (year 3). The tested
gilts were of Swedish Landrace, Large White and Duroc breeds. The gilts
originated from 97 sires, while the number of daughters per sires ranged from 10 to
100. The results show that the Duroc animals were the oldest (245 days), which
had the highest values for both measures of backfat thickness, but the lowest values
for meatiness. In the third study year, the lowest average values were determined
for the properties of the LDG, BM and M. The female animals from the farm 1
showed less growth/gain and had lower values for the estimated meatiness. As a
result of the study, it was established that all included factors had a very high
statistically significant influence on the variation of the tested properties (P
<0.001), only the genotype of gilts showed ahigh statistically significant effect on
the BM property (P <0.01).

Key words: factor, performance test of gilts, properties, breed, estimated
meatiness/lean meat content
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Introduction

Swedish Landrace, Large White and Duroc are the three most numerous
pure breeds of pigs in the Republic of Serbia, since they exhibit the most desired
levels of production properties and provide economic gain. Pork is the most
commonly consumed meat in the world (Berton et al., 2015). Many pig breeding
programs have been based on estimation and improvement of lean traits (Kawecka
at al., 2009) for many years, and this intensive work in breeding has led to
significant progress in the meat content of pigs (Rekiel et al., 2015). Rozycki (2003)
suggests that the results of the test performance are one of the main criteria in the
selection of pigs for further breeding and production. Considering that the
productivity of sows in regard to the litter size is one of the key factors for
economical and efficient pig production (Kapelanski et al., 2013; Zapryanova and
Malinova, 2018), special attention should be paid to gilts (Mijatovi¢ et al., 2009).
Also the lifetime daily gain is one of the key traits in the pig production/farming as
it contributes to its effectiveness (Nielsen et al., 2018). The gain as well as the
backfat thickness are also considered to be the most important economic
characteristics of pigs (Zebua et al., 2017). According to Gaughan et al. (1995),
selection aimed at increasing lean meat content leads to delaying the onset of
sexual maturation. Gilts with a thinner backfat are older at first partus, and after
weaning of the piglets, the signs of estrus are delayed (Ptak et al., 2014). Also, the
increase in lean meat has led to a decrease in the backfat thickness in the growing
gilts as well as the lipid reserves (Rekiel, 2002). For these reasons, pig breeders
often face a risk factor in the sow replacement process. The use of ultrasonic
devices has led to a change in the performance testing of pigs (Kernerova et al.,
2006) and modification of the method for estimating the pig breeding value. Body
weight and backfat thickness have an effect on reproduction of gilts (Flisar et al.,
2012). According to Gasinski (2013), certain body weight of gilts is necessary to
prevent weight loss during first lactation. Genotype, gender, and genotype and
gender interaction are gaining in importance in pig production, since breeding
programs depend on the selection of a good genotype and gender to concentrate on
in the spreading of new generations (Morenikeji et al., 2019). The aim of the paper
is to determine whether there is a trait variation in the gilt performance test
observed under the influence of the breed, farms and year of birth, as well as how
statistically significant are these effects.

Materials and Methods

The trial was carried out on two pig farms, with 1440 gilts tested on farm 1
and 1602 gilts tested on farm 2. Gilts were tested for three consecutive years (1, 2,
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and 3). In the first year of testing, 974 gilts were tested, in the second year, 1311
gilts and in the third year 757 gilts. Gilts were following pure breeds: Swedish
landrace (2373), Large white (455) and Duroc (214). In total 3042 gilts were tested.
During the duration of the test, gilts were kept in group boxes. After reaching the
final weight, which was in accordance with the Main Breeding Program (2014) for
Central Serbia (completion of the test at a body weight of 90 to 120 kg), the
backfat thickness and the depth of Musculus longissimus dorsi were measured, and
the lean meat content evaluated with the aid of the ultrasonic apparatus PigLog
105. The backfat thickness was measured in two places: 1. backfat thickness in the
lumbar zone (BFT1, between 3rd and 4th lumbar vertebrae, measured 7 cm
laterally from the backline); 2. backfat thickness in the back region (BFT2, 7 cm
laterally from the backline between the 3rd and 4th ribs), while the depth of the
long back muscle (BM) was measured between the 3rd and the 4th ribs, 7 cm
laterally from the backline. The body weight of gilts at the end of the test/final
weight represents a linear regression impact and was on average of 111.53 kg.
Statistical data processing was performed using the software package "LSBMMW
and MIXMDL, PC-2 VERSION" (Harvey, 1990). The method of least squares was
used to determine the significance (P <0.05) of the factors on the properties of the
age at the end of the test, the lifetime daily gain, the backfat thickness in the lumbar
zone, the backfat thickness in the back region, the depth of Musculus longissimus
dorsi and the estimated meatiness (M). The model used included the genotype of
gilts (G), the farm (F), the year of birth (S) and the mass at the end of the (direct)
test in the form of linear regression influence as factors.

Model
Yij = + Gi + Fj + S + bi(x1— X)) + &ija

where: Y jq — the effect of the trait on animal |, of i genotype, j farm, k year of birth,
K = general population average, G; — the effect of gilt genotype (i=1,2,3), F; - the
effect of farm (j=1,2), Sy — the effect of year of birth (i=1,2,3), jjui — random error
(residue).

Results and Discussion

The average values of the tested properties and standard deviation values
are shown in Table 1. Data in Table 1 show that the age at the end of the test/final
age was 238 days, the lifetime daily gain was 468.57 g/day, the backfat thickness 1
was 12.38 mm, backfat thickness 2 was 11.24 mm, Musculus longissimus dorsi
depth 49.18 mm, estimated meatiness 58.92%, while the final body weight was
111.53 kg.
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Table 1. Average values and standard deviations for the tested properties in the performance
test

Trait X +SD

FA Age at the end of the test/final age, days 238.02+24.55
LDG Lifetime daily gain, g/day 468.57+55.60
BFT1 Backfat thickness 1, mm 12.38+2.64
BFT2 Backfat thickness 2, mm 11.24+2.61

BM Back muscle depth, mm 49.1846.04

M Estimated meatiness, % 58.92+2.49
FBW Final body weight, kg 111.53+7.59

Table 2 shows the variation of the properties studied in the performance
test under the influence of the year of birth, farm and genotype. Taking the year of
birth as a factor, it can be seen that animals born in the third year ended the test
later in relation to the first two years of the trial, and also showed lower daily gain
and meatiness, while the values for backfat thickness were higher compared to the
first two years. A significant variation of the investigated properties among farms
was also established, and it can be concluded that better results in the performance
test were achieved by animals from the second farm. Expectedly, the animals of the
Duroc breed had the highest values for the backfat thickness and the lowest values
for BM and meatiness. The highest values for the trait meatiness were found in the
second year of testing (58.63%), on the second farm (58.84%) and in animals of
Irge White breed (59.09%). It can be noticed that gilts of Swedish Landrace and
Large White (as two fertile breeds) had very similar results in the performance test,
unlike the Duroc gilts.

Table 2. Effect of year, farm and genotype on investigated traits (LSMean £ S.E.)

izlrji;?o%f FAY days | LDG, g/day | BFTL, mm | BFT2, mm | BM, mm M, %
1 | 235.49+0.83 | 472.08+1.42 | 12.7120.10 | 11.58+0.00 | 49.28+024 | 58.480.09
Year 2 | 239.50+0.74 | 463.99+1.26 | 12.69+0.09 | 11.62+0.08 | 49.15+0.21 | 58.63+0.08
3 | 249.00£0.93 | 449.91+1.59 | 13.27+0.11 | 12.32+0.11 | 48.1620.26 | 57.89%0.10
Farm 1 | 254.39+0.89 | 437.87+152 | 13.280.11 | 12.80+0.10 | 50.37+0.25 | 57.82+0.10
2 | 228.33+0.64 | 486.12+1.08 | 12.50+0.08 | 10.87+0.07 | 47.3620.18 | 58.84+0.07
SL? | 238.79+0.43 | 467.72+0.73 | 12.350.05 | 11.22+0.05 | 49.24+0.12 | 58.94£0.05
Genotype | LW | 240.32+1.04 | 463.82+1.77 | 12.17+0.12 | 11.21+0.12 | 49.40+0.30 | 50.090.12
D | 244.98+1.46 | 454.45:2.48 | 14.150.17 | 13.10+0.17 | 47.95:0.41 | 56.97+0.16

U'FA- final age (age at the end of the test); LDG — lifetime daily gain; BFT1 — backfat thickness-
lumbar zone; BFT2 — backfat thickness — back region; BM — deapth of Musculus longissimus dorsi;
M — evaluated meatiness; ? SL — Swedish Landrace; LW — Large White, D — Duroc
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Kernerevova et al. (2006) have reported the following results for Large
White gilts obtained by using the PigLog105 devices: 1) gilts with the mother's line
of Large White, the average values for the gain are 531 g/day, the backfat
thicknesses 1 and 2 are 12.96 and 15.08 mm, BM 59.96 mm and lean meat 58.35%;
2) gilts with the father's line of Large White, the average values for gain are 511
g/day, the backfat thicknesses 1 and 2 are 9.96 and 11.16 mm, BM 59.84 mm and
lean meat content 61.84%. The reason for the higher lean meat content compared
to our research is that the animals tested in the Czech Republic were from the
nucleus herd of the Large White breed with above average performance results,
and a significantly less animals were tested compared to our research. Radovic¢ et
al. (2012) have obtained following values for gilts of Swedish Landrace breed:
gain of 483.71 g/day and backfat thicknesses 1 and 2 of 18.01 mm and 13.46 mm,
respectively, with the genotype of the animal (P>0.05) having no statistically
significant effect on the variation of properties, which is in contrast with our
research. The year of birth had a statistically significant effect as in our study
(P<0.001). Szyndler-Nedza et al. (2016) have reported significantly higher gains
for Large White, Landrace and Duroc gilts than in our research (LW = 625.16;
Landrace = 623.47; D = 632.46 g/day), but the animals completed the test
significantly earlier (age at end of the test on average 163-165 days). The backfat
thickness reported by the same group of authors was measured at identical points
as in our research, so that the values for backfat thickness, as expected, were the
highest in Duroc breed. Differences in the muscle depth are slight compared to our
research, while the values for lean meat content are higher in our research.

Table 3. Statistical significance (level of significance) of the factors included in the model in the
analysis of the tested traits

Source of

variation

FAY

LDG

BFT1

BFT2

BM

M

Year

)

*kk

*kk

*kk

*kk

*kk

Farm

*k*

*kk

*k*k

*k*k

*k*k

*kk

Genotype

*k*k

*kk

*k*k

*k*k

*%*

*kk

*kk

*kk

*kk

*k*k

*kk

FBW (b) ok

U FA- final age (age at the end of the test); LDG — lifetime daily gain; BFT1 — backfat thickness-
lumbar zone; BFT2 — backfat thickness — back region; BM — deapth of Musculus longissimus dorsi;
M — evaluated meatiness; FBW — linear regression effect of final body weight; 2 ** = P <0.01; *** =
P <0.001

Table 3 shows the statistical significance of the factors included in the
model. It was found that all factors influenced statistically significantly (P<0.001)
the variation of all examined gilt traits. Only the effect of genotype on BM showed
slightly lower statistical significance (P<0.01).
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Gogi¢ et al. (2012) have established in their study of performance tested
gilts that genotype and farm have highly significantly (P<0.001) influenced the
variability of the properties, except in regard to the depth of the muscle where farm
had no effect on the trait while the genotype showed slightly lower effect (P <0.01)
on variation of this property. Nevrkla et al. (2016) have examined the local breeds
in the performance test and established that the meatiness varied highly
significantly (P <0.001) between the farms, which is in line with our research.

Conclusion

On the basis of the obtained results, it can be concluded that the animals in
the third year of the research were the oldest so they had the lowest values for the
traits of gain, meatiness and depth of the muscles; Duroc genotype animals were
expected to have the highest values for the BFT1 and BFT2 properties, as well as
the lowest values for the BM and M properties; The best value for BM trait was
recorded in animals from farm 1, with the highest estimated meatiness in animals
of Large White genotype.

Mesnatost testiranih nazimica u tri uzastopne godine

Marija Gogi¢, Cedomir Radovié, Dragan Radojkovié, Radomir Savié, Maja
Petricevic, Viadimir Zivkovié, Nenad Stojiljkovié

Rezime

U ovom istrazivanju cilj je bio da se utvrdi kakav uticaj su imali sledec¢i faktori:
godina, farma, i genotip nazimica kao i regresijski uticaj telesne mase na kraju
performans testa na sledece ispitivane osobine: uzrast na kraju testa (UKT), Zivotni
dnevni prirast (LDG), debljina slanine merena na dva mesta (u skladu sa Glavnim
odgajivackim pogramom), dubina dugog lednog misica (BM) i procenjena
mesnatost (M). Istrazivanjem su obuhvacene dve farme svinja (farma 1 i farma 2),
kroz tri uzastopne godine (godina 1, godina 2 i godina 3). Broj testiranih grla po
godinama iznosio je: 974 (godina 1), 1311 (godina 2) i 757 (godina 3). Testirane
nazimice su pripadale slede¢im Cistim rasama Svedski landras, veliki jorkSir i
Duroc. Nazimice poti¢u od 97 o¢eva, dok je broj kceri po oevima iznosio od 10
do 100. Rezultati pokazuju da su najstarija grla rase Duroc (245 dana), koja imaju i
najvece vrednosti za obe mere debljine slanine, ali najmanje vrednosti za
mesnatost. U trecoj godini ispitivanja najmanje prosecne vrednosti su utvrdene za
osobine LDG, BM i M. Zenska grla sa farme 1 su slabije prirastala i imala manje
vrednosti za procenjenu mesnatost. Kao rezultat ispitivanja utvrdeno je da su svi
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ukljuceni faktori veoma visoko statisticki znacajno uticali na variranje ispitivanih
osobina (P <0.001), jedino genotip nazimica pokazuje visok statisticki znacajan
uticaj na osobinu BM (P<0.01).

Klju¢ne reci: faktor, performans test nazimica, osobine, rasa, procenjena mesnatost
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Abstract: The study was to conduct to evaluate the chemical composition
and nutritive values of feedstuffs (forages and concentrate mixtures) used for dairy
goats nutrition in Vojvodina. Samples were collected from six farms, including one
organic farm. The results showed that the relative feed values of analyzed forages
were in the range of good, medium to lower quality. Average protein content from
lowest to highest for investigated forages was: corn silage (Zea Mays) (65.37-
82.57g kg 'DM), alfalfa haylage (Medicago sativa L.) (159.99-184.17g kg™ 'DM),
pasture (185.30g kg™ DM), and alfalfa hay (Medicago sativa L.) (167.48-203.60g
kg™'DM). The non-fibre carbohydrates and protein content most varied in organic
hay samples (cv: 29.25% and 19.09%, respectively). Generally, feedstuffs used in
organic nutrition, including organic concentrate, were of lower nutritional quality
and moreover contained higher amounts of crude fibre and lignin. Especially, a
high source of variation was observed in investigated concentrate mixtures for the
crude protein content (p<0.0001), ranged from 135.32 to 209.87g kg 'DM. Corn
silages also varied substantially in their chemical composition and significant
difference (p<0.05) was observed in regard to acid detergent fibre (ADF) and
lignin content (ranged: ADF: 242.20-319.24g kg™'DM; ADL: 27.98-52.54¢
kg™'DM, respectively). Furthermore, pasture contained the most soluble materials
during May and June and their content was related inversely to crude fibre amount.
This survey highlights that investigated farms still pay insufficient attention to the
quality of the feedstuff. For the development of intensive goat farming, greater
emphasis should be placed on using higher quality feedstuffs, as well, standards for
feed quality must be considered and established.

Key words: feedstuffs, chemical composition, nutritional value,
carbohydrate fractions
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Introduction

Goats are often associated with vitality, inquisitiveness and high physical activity.
At the same time, they are considered as easily herded animals and nowadays they
are reared in various breeding systems, from extensive to highly intensive. Besides
that, different feeding management systems are applied, from grazing diets to the
total mixed rations (Cannas et al., 2008). Proper nutrition is the basis of the
successful production systems and with increasing milk yield, producers require
technology inputs in nutrition and feeding to improve production efficiency (Lee et
al., 2007). Furthermore, Rahmann (2009) highlighted the importance of feedstuffs
quality for highly productive goats and indicated that under these conditions a
highly productive organic dairy milk production is possible. Similarly to other
domestic ruminants, goats are usually fed ad libitum, whether they are reared
intensively or extensively but the nutrient quality of forages, herbage from pasture
and foliage from bushes fluctuate depending on geographic and climatic conditions
(Pulina et al., 2013). Goats prefer to consume a wide variety of feedstuffs but in
their diet is mostly used hay, silage, or pasture. However, forage quality varies
tremendously and its nutritive value can be determined by their chemical
composition (Van Soest, 1965; Van Soest, 1996). The chemical composition of the
feedstuffs can be obtained through chemical or NIR analysis or from published
tables of feed composition. The nutritive value of the feedstuffs can be calculated
from the chemical composition in accordance with the feed evaluation systems
(Institut National de la Recherche Agronomique, INRA; Agricultural and Food
Research Council, AFRC; National Research Council, NRC; etc.) (in Martinez-
Marin et al., 2010). Among the forages, the utilization of alfalfa as hay or pellets is
very common. This forage is characterized by higher protein content (more than
16% CP on a DM basis) and lower neutral-detergent fibre (NDF) concentration
than permanent pasture hay (Rapetti and Bava, 2008). The quality of forages is
especially important in intensive systems and should be carefully evaluated
(Rapetti and Bava, 2008). Moreover, Oliveira et al. (2014) added that in contrast to
grains and other concentrate supplements, roughages possessed widely variable
digestibility values, and thus affected the feed efficiency. The various factors can
interact to influence alfalfa chemical composition and as a result, hay from the
same farm and field can vary significantly within a year (Martin et al., 2004). If
forage quality is poor, a large amount of concentrate needs to be supplied in the
diet which increases not only feeding costs but also the risk of metabolic disorders
(Rapetti and Bava, 2008). On the other hand, in order to fulfil the nutrient
requirements of high yield and early lactation goats, it is required additional dietary
protein sources because microbial protein can only fulfil the requirements in low
production in late lactation stages (Lee et al., 2001).
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In Vojvodina, Province of Serbia, the goat sector has increased
significantly during the last two decades. Goat’s milk production in Serbia exhibit
a great diversity of systems: from extensive to intensive management and the milk
yield of goat in our systems of production depends largely on feeding condition
(Petrovié et al., 2017). Rations containing alfalfa hay and different concentrate
mixtures are the most practised feeding strategies in goat husbandry in Vojvodina.
Generally, in Serbia, there is a lack of protein in herbage. Therefore, low
production and high prices of milk and meat are mostly a consequence of low
herbage quality and a high share of
concentrated feeds in the diet for ruminants (Sokolovi¢ et al., 2013). However,
studies in quality of feedstuffs used in goat nutrition in VVojvodina are sparse and
limited.

The aim of the paper was to determine the chemical composition and
nutritional quality of the feedstuffs used in the nutrition of dairy goats in
Vojvodina. The present study was therefore undertaken with the special emphasis
on providing information on the nutrient components, especially those related to
carbohydrate fractions.

Material and methods

Samples collection
The research was carried out in Vojvodina, Province of Serbia. Feedstuffs used in
goat nutrition were sampled from 6 farms, in regards to the main breed French
Alpine. The goat farms were different in the number of lactating goats (LG) and
systems (Table 1).

Table 1. Characteristics of investigated farms

Farms/Parameters Number of lactating goats (LG) | Farmsystems | Feeding management
Farm A (FA) 900 organic indoors
Farm B (FB) 420 conventional indoors
Farm C (FC) 250 conventional indoors
Farm D (FD) 130 conventional outdoors
Farm E (FE) 48 conventional indoors
Farm F (FF) 22 conventional indoors

The feeding strategy was substantially similar in terms that alfalfa hay and water
were offered ad libitum, and concentrate mixture twice daily at the milking time (in
amount: FA: 300g-400g/day/goat, FB, FC, FD: 600-700g/day/goat and FE, FF:
500g/day/goat. Goats received both, the farm produced and commercial feedstuffs.
During spring, summer and autumn the nutrition of goats on FD was based
primarily on pasture (kept them indoors at night time). Samples of pasture were
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collected for five months. Supplementary nutrition of concentrated diets was based
mostly on cereals grains with the addition of commercial mineral-vitamin mixtures,
chalk and NaCl. Furthermore, Farm B used commercial pellets concentrate
mixtures. Farms A, E and D occasionally used corn silage while farms E and F
alfalfa haylage (ensiling forage into big bales wrapped with plastic).
Feed chemical analyses
In total, samples of alfalfa hay (Medicago sativa L.) (n=18), concentrate mixtures
(n=15), pasture (n=5), corn silage (Zea Mays) (n=9) and alfalfa silage (n=6) were
analysed for chemical composition. The analysis of dry matter (DM) content,
moisture, crude protein (CP), ether extract (EE) and crude ash (CA) were carried
out according to the standards methods (Official Gazette of SFRJ, 15/87). The
content of nitrogen-free extracts (NFE) was calculated. The examination of crude
fibre was done as per AOCS (2005) procedure. The content of acid and neutral
detergent fibre was determined using the procedures of Van Soest et al. (1991).
Non-fibre carbohydrates (NFC) derived by the equations given by Van Soest et al.
(1991), total carbohydrates (TC) were estimated from Sniffen et al. (1992) and
relative feed values (RFV) according to the equation proposed by Lacefield (1988).
The fractioning of carbohydrates of the feedstuffs was made according to
methodologies proposed by Sniffen et al. (1992) being the carbohydrates divided
into A and B1 fractions (non-fibre carbohydrates, rapidly degradable), B2 fraction
(fibre carbohydrates, potentially degradable) and C fraction (fibre carbohydrates,
non-degradable).
Statistical analysis

Depending on the values of coefficients of variation (cv), an appropriate
method was chosen to test the difference between the groups. For homogenous
datasets (cv<30%) the groups were compared using one-way ANOVA followed by
Tukey's multiple comparison test and for heterogeneous datasets (cv>30%) the
groups were compared using Kruskal-Wallis ANOVA followed by Dunn’s
multiple comparison test. Numerical data for homogenous datasets are presented as
meanzstandard deviation (Mean+SD) and for heterogeneous datasets as median
values with corresponding interquartile range (IQR). Statistical analysis of the
chemical feedstuff's results obtained in the investigation was carried out using
statistical software GraphPad Prism version 6 (GraphPad, San Diego, CA, USA).
In addition, a significant difference between samples of alfalfa haylage was tested
using the t-test.

Results and discussion

Alfalfa hay

The chemical composition of alfalfa hay samples is summarized in Table 2. The
content of DM, CP and EE were similar and non-significant variation in these
parameters occurs between investigated farms. Contrary, CF and CA content
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showed a significant difference (p<0.05, p<0.01, respectively). Generally, alfalfa
hay contains DM in approximate 820-900g kg™* and our results were in this range
(863.30 (FE) to 908.50g kg"'DM (FC). Although the EE is an excellent source of
energy, it is generally low in forages and roughages. By looking at the protein
content it can be observed that our samples varied from 167.48 (FD) to 203.60g
kg'DM (FB), with the highest coefficient of variation for organic hay (cv:
19.09%). Blair (2011) reported that value of alfalfa hay lies in its relatively high
content of crude protein, which may be as high as 200g kg™'DM if it is made from
a crop cut in the early bloom stage. During the maturation of the alfalfa, the
proportion of fibres and lignin increases while NFC and protein content decreases
(Martin et al., 2004). The average high CF content was obtained for almost all
farms with the exception of samples collected at FB. Moreover, it was significantly
different (p<0.05) from FC, FD and FE. Feeds high in crude cellulose can furnish
most of the ruminant’s maintenance energy needs. The content of fibre is needed to
maintain a normal milk-fat test and a certain minimum fibre level is required for a
healthy rumen function. However, too much poor quality fibre will lead to lowered
levels of milk production (Van Soest, 1994). According to, Morand-Fehr and
Sauvant (1980) hay of medium quality could reduce milk production by 15 to 25%.
For dairy goats, the maximum and minimum fibre contents in the diet to maximize
intake and production efficiency are not yet well defined (Oliveira et al., 2014).
However, Lacefield (1988) pointed out that hay must be low in fibre and palatable
for the animal to consume enough of it. Furthermore, the research of Oliveira et al.
(2014) confirmed the negative effect of increasing the dietary fibre and NDF
content on feed efficiency in lactating goats.
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Table 2. The chemical composition of Alfalfa hay (g kg™ DM)

Farms/Parametres | FA FB FC FD FE FF P

oM M 881.30 | 894.43 | 90850 | 89547 | 863.30 | 875.60

Lon | #Sd | £1300 | #1680 | £0.68 | +1198 | 5362 | *1780 | ns

gke ov(%) | 1.47 1.88 1.06 1.34 6.21 2.03

cp M 17377 | 20360 | 16842 | 167.48 | 179.40 | 201.16
+Sd | #3317 | 567 | #2251 | #2240 | 3355 | 971 | ns
ov (%) | 19.09 2.78 13.36 13.37 18.70 4.83

EE M 14.45 12.97 12.41 13.73 12.48 1355
+Sd +2.34 +0.75 +0.68 +0.62 +2.19 +0.34 | ns
ov (%) | 16.19 5.78 5.48 4.52 17.55 2,51

oF M 353.84 | 289.05 | 367.24 | 364.84 | 364.86 | 34549
+Sd +743 | #2923 | +16.60 | *11.76 | +44.00 | #1393 | *
ov (%) | 210 10.14 4.52 3.22 12.06 4.03

CA M 73.41 97.76 77.94 74.25 9551 86.77
+Sd +3.03 +6.73 +1.89 | +12.18 | +9.66 +2.25 | **
ov (%) | 413 6.88 2.42 16.40 10.11 2.59

NFE M 384.43 | 396.61 | 373.99 | 379.60 | 34536 | 353.36
+Sd | #3019 | #2212 | #1199 | #2458 | #5432 | 927 | ns
ov(%) | 7.85 5.58 3.21 6.47 15.73 2.62

NDF M 54989 | 436.12 | 513.79 | 541.04 | 505.16 | 502.08
+Sd | #5095 | #28.05 | 2367 | +29.94 | #3491 | #1525 | *
ov (%) | 9.26 6.43 4.61 5,53 6.91 3.04

ADF M 42915 | 37224 | 440.14 | 43835 | 404.78 | 412.90
+Sd | +17.94 | #2815 | +5.88 | +1153 | 5225 | #2891 | ns
ov (%) | 418 7.56 1.34 2.63 12.91 7.00

ADL M 8942 | 7615+ | 107.10 | 9154 82.98 86.98
+Sd | +12.08 4.29 +5.94 +4.74 | *1767 | 1254 | ns
ov (%) | 1351 5.63 5.55 5.18 21.29 14.42
M 188.19 | 24956 | 227.44 | 20349 | 210.79 | 196.44

NFc | #Sd | #5505 | #2687 | 330 | #1154 | #3179 | *1034 | ns
ov (%) | 29.25 10.77 1.45 5.67 15.08 5.26
M 11462 | 15092 | 115.35 | 111.99 | 131.66 | 123.01

RFV | +Sd +7.98 | +18.40 | +6.38 +7.48 +757 | #1730 | *
oV (%) 6.96 12.19 5.53 6.68 5.75 14.06

DM-Dry matter; CP-Crude protein; EE-Ether extract; CF-Crude fibre; CA-Crude ash; NFE-Nitrogen-
free extract; NDF-Neutral detergent fibre; ADF-Acid detergent fibre; ADL-Acid detergent lignin;
NFC-Non-fibre carbohydrates; RFV-Relative feed value; M+Sd: MeantStandard deviation;

cv (%)-coefficient of variation; P-Statistic probability; *: p<0.05; **: p<0.01; ns-not-significant

Our results showed that the proportion of non-degradable carbohydrates fractions
were the highest in samples collected from farms C, F, D and A (Table 5.) as well
indicated lower hay feeding value for dairy goats. This is confirmed by RFV which
showed that hay collected from investigated farms were ranged of good (FB),
medium (FE) to less quality (FA, FC, FD and FF) (Table 2).

b) Concentrate mixtures
Table 3 shows the results of the analysed concentrate mixtures. Significant
interactions were observed for most investigated parameters. Especially, a highly
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significant source of variation (p<0.001) was found for the content of dietary CP.
Thus, it was varied in the range from 135.32 (FD) to 209.87g kg™'DM (FE).

Table 3. The chemical composition of concentrate mixtures (g kg'DM)

Farms/Parametres FA FB FC FD FE P
DM M 886.23 885.57 870.93 862.93 891.97
g kg™ +Sd +113.19 +20.85 +5.80 +14.37 +1.90 ns
cv (%) 1.49 2.35 0.67 1.66 0.21
M 191.67 187.15 190.70 135.32 209.87
CP +Sd +5.38 +4.96 +4.02 +6.38 +4.51 Fhkx
cv (%) 2.81 2.65 2.11 4.71 2.15
M 41.46 62.82 29.9 43.09 44.36
EE +Sd +4.81 +4.96 +2.57 +18.75 +0.45 *
cv (%) 11.60 7.89 8.59 43.51 1.01
M 103.47 62.79 94.71 63.93 101.59
CF +Sd +4.90 +2.20 +2.36 +3.33 +9.44 Fhkx
cv (%) 4.74 3.50 2.49 5.21 9.29
M 73.16 66.33 59.24 61.31 69.56
CA +Sd +3.31 +2.12 +2.62 +0.91 +10.53 *
cv (%) 452 3.20 4.42 1.48 15.14
M 590.23 620.91 625.45 696.35 611.84
NFE +Sd +6.63 +5.66 +6.35 +15.03 +44.05 *k
cv (%) 1.12 0.91 1.01 2.16 7.20
M 267.28 159.99 274.97 184.53 231.86
NDF +Sd +27.87 +1.16 +15.46 +4.02 +11.23 Fkkx
cv (%) 10.43 0.72 5.62 2.18 4.84
M 109.35 80.18 122.51 90.91 104.54
ADF +Sd +9.96 +2.68 +7.50 +1.54 +13.04 el
cv (%) 9.11 3.34 6.12 1.69 12.47
M 33.87 15.86 25.19 22.36 21.11
ADL +Sd +1.95 +1.57 +0.87 +2.21 +5.57 fakalad
cv (%) 5.76 9.90 3.45 9.88 26.38
M 426.43 523.71 445.20 575.36 463.73
NFC +Sd +18.43 +8.55 +19.24 +18.71 +57.83 isiaad
cv (%) 4.32 1.63 4.32 3.25 12.47

DM-Dry Matter; CP-Crude protein; CF-Crude fibre; EE-Ether extract; CA-Crude ash; NFE-Nitrogen-
free extract; ADF-Acid detergent fibre; NDF-Neutral detergent fibre; ADL-Acid detergent lignin;
NFC-Non-fibre carbohydrates; M+Sd: Mean+Standard deviation; cv (%)-coefficient of variation;
P- Statistic probability; *: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001; ns-not-significant

Concentrates mixtures in ruminant nutrition, could be either, rich in energy
or protein and the occurred difference reflected different goat feeding practices in
Vojvodina. The animal feed industry offers different types of concentrate,
especially with different CP contents. Therefore, the current Serbian legislation
does not recognize limits for quality and compositional parameters of dairy goats
concentrate. The concentrates fed on dairy goat farms often determine the majority
of the cost of milk production, yet little guidance is given to farmers in ration
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balancing (Delaney et al., 2008). Most commercially prepared goat concentrates
contained 12-17% of crude protein but it is of major importance that the dairy goats
have a balanced diet. Different carbohydrates intake as a source of energy is
important for better efficiency of nitrogen utilization. Particularly, it is important
for having a balance between the amounts and availabilities of N and energy to the
rumen microbial population (Waldo, 1967). In research done by Schmidely et al.
(1999) goats fed with the rapidly degraded diet compared with goats fed the slowly
degraded diet possessed a greater amount of N in urine and at the same, the
efficiency of N use for milk output was better but N balance was lower.
Concentrate feedstuffs have a high content of rich-carbohydrate
components in the form of various sugars and starch (fractions A+B1, Table 5.).
NFC possessed high soluble digestibility and highest amount, as expected, was
determined in low-protein concentrate (FD) but also in pelleted concentrate
mixtures (Tables 3 and 5.). In addition, pelleted concentrate mixtures contained the
lowest values of dietary CF, NDF, ADF and ADL, which contributes to its higher
digestibility. It is advisable to use concentrates as pellets, in order to avoid feed
selection and pulmonary disease caused by dust inhalation which can occur when
the particle size of the feedstuff is too small (Rapetti and Bava, 2008).
Organic concentrate compared to other concentrate mixtures contained higher
amounts of dietary CF and ADL and according to this lower nutritional quality.
Considering the fat content, it is most varied in samples collected from FD
(cv: 43.51%). Fat energy density should be an advantage when formulating rations
for high producing dairy goats. Higher levels of fat will limit consumption and can
result in gastrointestinal discomfort, but goats, unlike other ruminants, can tolerate
more than 6% of dietary fat (Kouakou et al., 2008). In many cases, it is possible
that the nutrient composition of concentrate does not complement properly hay. As
a consequence, the final ration does not fully satisfy the nutrient requirements of
goats (Rapetti and Bava, 2008). Pulina et al. (2008) recommended that
forage/concentrate ratio should be higher than 45-55 to maintain milk fat content
above 3%. If the quantity of concentrate in the diet is increased milk fat content
will slightly decrease (Morand-Fehr et al., 2007; Pulina et al., 2008) but results of
Morand-Fehr and Sauvant (1980) showed that milk production was improved by
almost 20% with the diet high in concentrate.

¢) Corn silage and alfalfa haylage

The proximate composition of corn silage and alfalfa haylage has been
presented in Table 4. Significant differences (p<0.05) were observed for the
parameters of dietary CP, ADF and ADL for corn silage samples. Furthermore,
analysis of this feedstuff quality showed variability in NDF and ADL cell wall
content, and particularly in organic silage for EE content (cv: 34.08%).
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Table 4. The chemical composition of corn silage and alfalfa haylage (g kg “'DM)
Corn silage Alfalfa haylage
Farms/Parameters FA D = FE FE

DM M 289.57 375.98 353.30 416.27 366.87

kool +Sd +34.67 +7.20 +22.93 +46.55 +45.97
gkeg V(%) 11.97 191 6.49 11.18 12,53

M 74.47* 65.37* 82.50* 159.99 184.17

cp +Sd +5.81 +1.86 +5.18 +38.32 +13.30
cv (%) 7.80 2.84 6.27 23.95 7.22
M 21.54 23.82 28.30 26.14 28.78
EE +Sd +7.34 +1.10 +4.11 +8.48 +4.09
cv (%) 34.08 4.62 14.48 32.44 14.21

M 241.22 217.04 227.40 317.44* 280.51*

CE +Sd +35.59 +21.57 +67.42 +16.18 +12.93
cv (%) 14.75 9.94 29.65 5.10 4.61

M 47.23 42.17 39.70 120.41 160.95

CA +Sd +12.98 +1.08 +4.17 +27.20 +72.93
cv (%) 27.48 2.56 10.49 22.59 45.31

M 613.13 651.60 621.80 376.90 345.59

NEE +Sd +35.88 +21.72 +69.74 +25.39 +78.97
cv (%) 5.85 3.33 11.21 6.74 22.85

M 480.08 423.44 414.00 510.32 456.65

NDF +Sd +32.19 1+63.54 +49.94 +93.61 +48.21
cv (%) 6.71 15.01 12.06 18.34 10.56

M 319.24* 261.02* 242.20* 381.14 363.89

ADF +Sd +23.51 +19.08 +30.66 +46.28 +21.93
cv (%) 7.36 7.31 12.65 12.14 6.03
M 52.54* 36.24* 27.98* 75.60 82.71

ADL +Sd +11.45 +0.62 +8.61 +11.50 +16.43
cv (%) 21.79 1.71 30.77 15.21 19.86

M 376.69 445.47 435.20 183.15 190.65

NEC +Sd +33.51 +63.32 +50.45 +92.85 +44.50
cv (%) 14.68 14.21 11.59 50.70 23.34

M 121.98 153.44 159.28 110.91* 130.73*

RFV +Sd +6.35 +28.52 +24.72 +24.63 +18.45
cv (%) 5.21 18.59 15.52 2221 14.11

DM-Dry Matter; CP-Crude protein; CF-Crude fibre; EE-Ether extract; CA-Crude ash; NFE-Nitrogen-
free extract; ADF-Acid detergent fibre; NDF-Neutral detergent fibre; ADL-Acid detergent lignin;
NFC-Non-fibre carbohydrates; ; M+Sd: MeanzStandard deviation; cv (%)-coefficient of variation;

*p<0.0

According to Van Soest (1982), high NDF values above 480-500g kg"'DM

reduce the silage quality and consequently decrease consumption rates. In our
study, organic corn silage possessed high levels of NDF (480.08g kg "'DM) and
lower nutrient value (RFV, 121.98). Silage production could be an alternative to
haymaking but its nutritional value can be also quite variable (Martin et al., 2004;
Blair, 2011). In comparison to alfalfa hay, corn silage contains much less protein
and ash content (30-50%), but significantly more NFC. The difference in protein,
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fibre and NFC between these two feedstuffs suggests that they might complement
one another in dairy rations (Martin et al., 2004). Furthermore, Canizares et al.
(2008) recorded that high moisture corn silage can total or partially replace corn
grain without affecting milk production in Alpine goats. It must also be noted that
in the presence of certain feeds, such as hay and silage goats showed selective
feeding behaviour and more aggressive competition for hay than silage which
confirmed their higher preference for hay (Jorgensen et al., 2007).

The alfalfa haylage samples showed a significant difference (p<0.05) in
regard to the content of TC and RFV value (Tables 4 and 5). Comparing our results
with values obtained by Vrani¢ et al. (2011) our samples contain markedly higher
values of average crude protein (141.6g kg"'DM) while the content of NDF was in
a similar range (447.0-527.0 g kg"'DM).

Table 5. Carbohydrate fractions of the feeds in the proportion of total carbohydrates

TC g kg”'DM, Fraction Fraction Fraction
Mz=Sd A+B1,% B2, % C,%
Alfalfa hay
FA 738.37+35.17 25.49 62.36 12.11
FB 685.68+12.33 36.39 52.50 11.11
FC 741.23+24.99 30.68 54.87 14.45
FD 744.53+34.70 27.33 60.37 12.30
FE 712.61+43.80 29.58 59.02 11.40
FF 698.52+7.42 28.13 59.42 12.45
Concentrate
mixtures
FA 693.7049.52**** 61.47 33.65 4.88
FB 683.7047.71**** 76.60 21.02 2.38
FC 720.2043.99**** 61.82 34.68 3.50
FD 760.301£15.67**** 75.68 21.33 2.99
FE 676.20+14.99**** 67.02 30.01 2.97
Corn silage
FA 856.76** 43.97 49.90 6.13
FD 868.64** 51.28 44.55 4.17
FE 849.28** 51.25 45.46 3.29
Lucerne silage
FE 693.46* 26.41 62.69 10.90
FF 626.11* 30.45 59.72 13.21
Pasture
May 710.80 26.83 67.00 6.16
June 702.00 25.71 59.87 7.51
July 677.65 14.36 78.46 7.20
August 635.86 20.22 70.87 8.91
September 718.37 21.93 71.70 6.37

TC-total carbohydrates; fractions A+B1l-rapidly degradable carbohydrates; fraction B2-potentially
degradable carbohydrates; fraction C-non-degradable carbohydrate; *: p<0.05; **: p<0.01;
****: p<0.0001
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d) Pasture

The average chemical composition of natural pasture in the five-month period is
reported in Figure 1. The quality of pasture depends on many factors: grass species,
nutrient composition, stage of maturity, soil and climatic conditions etc. Generally,
stage of maturity and nutrient contents of these feed resources often is not
correlated and protein content decreased as the season advanced and fibre fractions
increased. Leng (1990) reported that pasture can be considered to be of low to
intermediate nutritional quality if they contain less than 55% organic matter and
8% CP. According to this, investigated pasture could be categorised of lower
quality forages due to the average percent of CP was below the stated value. In
further, the highest content of NDF and at the same, the lowest values in RFV were
registered during the summer and autumn months. The different fractions of
carbohydrates vary considerably during the season. The highest values of A+B1
carbohydrate fraction were recorded in the first two months of investigation.
Similar results have been published by Tudisco et al. (2010). They recorded the
worst chemical composition of pasture in July. On the other hand, the highest
protein content and low NDF was registered during May and September. This is in
general means that, in summer, the marked decrease in fermentable compounds,
especially sugars, is followed by an increase in fibre fractions which greatly reduce
the nutritive value of the grass (Bonanno et al., 2008). Mature forage will have
high lignin content and be of limited use to grazing animals (Pulina et al., 2008).
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Figurel. Chemical composition of pasture in five months period

Conclusion

Investigated farms used different concentrate mixtures (energy or protein-rich
concentrate) and present different supplementary feeding strategies. The obtained
results showed that the nutritional quality of feedstuffs used in the goat’s nutrition
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in VVojvodina was widely variable. Results also indicated that in particular, organic
and small conventional farms used feedstuffs of less quality and therefore of lower
nutritional quality. Moreover, relative feed value for alfalfa hay, haylage and corn
sillage, showed different values, in the range from the highest, medium to lowest
quality forage. This was probably caused by a different productivity strategy and
still insufficiently developed goat and especially, organic livestock management
system. Even though considerable advances have been made in goat dairy
production, and progress is being made relative to feedstuffs quality, the
development of feeding systems for goats is even more challenging. It requires not
only the optimization of natural and local resources but the efforts, together with
government considerations should be intensified to improve and established
standards for goat’s feed quality. An intensive feeding system based on pelleted
concentrate mixtures and quality hay showed that it could be an alternative
promising feeding system to rear goats more effectively.

Nutritivni kvalitet hraniva koja se Koriste u ishrani mle¢nih
koza u Vojvodini

Snezana Paskas, Jelena Miocinovié¢, Branislav Vejnovic¢, Zsolt Becskei

Rezime

IstraZivanje je bilo sprovedeno sa ciljem procene hemijskog sastava i nutritivne
vrednosti kabastih hraniva i sme3a koncentrata koja se koriste u ishrani mle¢nih
koza u Vojvodini. Ispitivano je ukupno Sest farmi,ukljucujuci i organsku farmu.
Dobijeni rezultati su pokazali da se relativna hranibena vrednost analiziranih
kabastih hraniva kretala od dobrog, srednjeg do slabijeg kvaliteta. Prosec¢an sadrzaj
proteina od najmanjih do najviSih vrednosti se kretao u opsegu: kukuruzna silaZa
(Zea Mays) (65.37-82.50g kg™ DM), senaZa lucerke (Medigao sativa L.) (159.99-
184.17¢g kg 'DM), pasnjak (185.30g kg™'DM ) i seno lucerke (Medigao sativa L.)
(167.48-203.60g kg 'DM). SadrZaj nestrukturnih ugljenih hidrata i proteina
pokazao je najvece varijacije u uzorcima organskog sena (cv: 29.25% u 19.09%,
pojedinac¢no). Generalno, hraniva koja su bila ispitivana na organskoj farmi,
ukljucujuci organske smese koncentrata, su pokazale losiji nutritivni kvalitet usled
veéeg sadrzaja sirovih vlakana i lignina. Posebno su utvrdjene velike varijacije u
ispitivanim smeSama koncentrata u pogledu sadrzaja proteina (p<0.0001), koji je
bio rangiran od 135.32 do 209.87g kg™'DM. Kukuruzne silaze su takodje znac¢ajno
varirale u njihovom hemijskom sastavu i signifikantna razlika (p<0.05) je utvrdjena
u pogledu sadrzaja Kiselih deterZent vlakana (ADF) i lignina (u opsegu: ADF:
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242.20-319.24g kg'DM; ADL.: 27.98-52.54g kg™'DM, pojedina¢no). Osim toga,
utvrdjeno je da je paSnjak posedovao najvide rastvorljivih materija tokom Maja i
Juna meseca a njihov sadrZaj je bio obrnuto povezan sa sadrZajem sirovih vlakana.
Ovo istrazivanje je pokazalo da ispitivane farme jo§ uvek ne posvecuju dovoljno
paznje kvalitetu hraniva. Za razvoj intenzivnog uzgoja koza, veci naglasak treba
staviti na upotrebu kvalitetnijih hraniva i istovremeno standardi kvaliteta hrane
moraju biti razmotreni i utvrdeni.

Kljucne re¢i: hraniva, hemijski sastav, nutritivna vrednost, frakcije ugljenih
hidrata
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Abstract: The trial was designed in order to examine the impact of flax seed in the
nutrition of young cattle/bulls, in the final stage of the fattening. In the trial, 30
bulls of Simmental breed of uniform initial weight were selected, divided into 2
groups (control and experimental). The control animal group did not consume flax
seed as a food supplement. Cattle of the experimental group consumed flax seed in
an amount of 3.75% (300 g per day) of concentrated meal in the last 90 days of
fattening, i.e. 300 g per day. The study included the examination of the fattening
performance, slaughter traits and the composition of the bovine carcass. After
slaughtering, warm carcass sides, with and without kidneys, were measured
individually. Subsequent to period of cooling, the left carcass side it was cut into
the main carcass parts according to the Rulebook. The results of the study showed
that the addition of flax seed in the diet did not have a statistically significant effect
on the body weight of bulls at the end of the trial. It was found that the addition of
flax seed in the feed during the final stage of fattening did not have an impact on
the differences in the average overall gain of bulls and the feed conversion ratio.
Based on the data obtained by cutting of carcass sides to main parts, it was
established that feeding with flax seeds had no significant effect on the share of
carcass parts.

Key words: flaxseed diet, young bulls, Simmental breed
Introduction

Beef is considered to be "meat of the highest quality” in most countries
because of its biological value and sensory properties. The economic effect, which
is reflected in achieving the best possible results with minimal costs of production,
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is important to the cattle producers. The economy of slaughtering and processing
and technological quality is an important aspect for the slaughter industry, and for
the consumer sensory, and increasingly nutritious quality of meat. Pavlovski et al.
(2003) state that European consumers prefer less fatty, less caloric beef, while
English consumers prefer fatty, succulent meat.

For producers, the quality of cattle depends on the properties (body weight)
which have the greatest impact on the price when sold. The most important factor
responsible for changes in carcass properties are the genetic traits that influence the
fat deposition and structure and properties that can alter the meat quality (Prado et
al., 2008b; Prado et al., 2009; Rotta et al., 2009a). Depending on the
requirements of the final consumer, meat quality can be defined in several ways:
carcass quality, nutritive, sensory and technological quality.

The amount of fatty tissue and its distribution has a significant role in the
carcase value, as an excessive amount of fatty tissue can have a negative economic
effect. An excess of intermuscular or subcutaneous fat tissue is eliminated in the
treatment/processing of the carcass or main carcass parts and represents an
economic loss for producers and processors (Harper et al., 2001).

The quality of carcasses of slaughtered animals is a matter of interest both
in primary production and in the meat industry (Petrovi¢ et al., 2016). Based on the
estimated value of carcasses of slaughtered animals and classification in classes, it
is possible to make appropriate financial compensation to producers and in this
way stimulate them to produce slaughter animals of the highest quality. The
criterion for evaluating the beef carcass is mostly its weight, conformation, carcass
covering with fatty tissue and the ratio of muscle and fat tissue.

The body weight of the cattle before slaughter has a significant effect on
the carcass yield, the meat yield and the quality of the meat. In Serbia, Domestic
Spotted beef is the most prevalent breed, with 45% in 2000 (Petrovié et al., 2001).
Aleksi¢ et al. (2001) state that the quantity and quality of meat is a phenotypic
characteristic in the function of genotype and nutrition. With the increase in weight
and age of the animal, the yield and the lean meat content of the carcass also
increase (Peciulaitiené et al., 2015). Petrovic et al. (2016) state that the heifers of
the body weight of 450-500 kg show slaughter yields of 42-56%, and the heifers
of the body weight of 550-600 kg 49-57%. The male cattle of the Domestic
Simmental breed of average weight of about 554 kg achieve higher slaughter yields
compared to those of the same breed of average body weight of 509 kg (4leksic et
al., 2009).

One of the most important factors that significantly affects the quality of
beef carcass and meat is nutrition (Abrahdo et al., 2005; Prado et al., 2008a). A
diet for fattening beef cattle must be balanced in terms of the contents of dry
matter, energy, protein, mineral matter and vitamins. Cereals are the main source of
energy in the final fattening phase, but oils and fats can also be used as alternative
components (Rotta et al., 2009b). It is very important that the meal also tastes
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good, so that the animals consume it better. If more concentrates are present in the
meal, the gain will be higher, the duration of fattening will be shorter, but also
more expensive, so the diet should include roughage. Nutrition is an important
factor that affects the production of meat.

Flaxseed is used in animal nutrition because of the specific and, from the
nutritional aspect, preferred fatty acid composition. This property makes flaxseed
an extremely interesting raw material for the production of functional feeds that
can increase the intake of essential fatty acids in the organism of animals and,
consequently, change the fatty acid composition of fat and meat through which the
intake of essential fatty acids can be increased in the human organism (Larsen et
al., 2012). Given the high content of oil, flaxseed is used in the diet of cattle as a
source of fat. Flaxseed can also be used as an alternative source of protein in
ruminant nutrition, but in limited quantities due to high oil content (Lardy and
Anderson, 1999). Heat treated flaxseed (by toasting, extruding) has a greater
influence on the meat yield than the untreated seed (Maddock et al., 2004). In
recent years, the functional feeds are being used in livestock production
intensively, with the goal of improving the health and general condition of the
organism of animals, improving the growth and better conversion of food.

Materials and methods

The research was carried out on the experimental farm and in the
experimental slaughterhouse of the Institute for Animal Husbandry in Zemun
(Serbia). In the study, male cattle of Domestic Simmental breed were used. In the
trial, 30 Simmental young bulls of uniform weights were selected (431 kg), which
consumed the food of the same composition until reaching the age of 390 days.
The feeding of cattle prior to trial was carried out according to existing diet
composition norms for these cattle used on the farm of the Institute for Animal
Husbandry (whole maize silage and concentrate mixture with 12% of the total
protein). The fattening of young bulls was in the free system. In order to fulfil the
trial objective, it was necessary to prevent the movement of the animals when
consuming a concentrated portion of the meal, so that we can reliably claim that
each animal consumed the predetermined amount of concentrate. At the age of 390,
two groups of 15 cattle were formed: the control group (CON) in which the cattle
did not consume heat-treated flax seed and the experimental group (FXS) in which
the part of the concentrate was replaced by heat-treated flax seeds, so that each
animal consumed 300 g of flax seeds per day. The final pre-slaughter weights were
about 570 kg. One day before slaughter, the bulls did not receive food, but they had
free access to water. Slaughtering and primary processing were performed in the
experimental slaughterhouse of the Institute for Animal Husbandry. Animals were
measured immediately before slaughter and then slaughtered according to standard
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commercial procedures. After primary processing, the carcasses were chilled at 4°C
for the next 24 hours. The weight of the warm carcass, the weight of the intestines
(heart, lungs, liver, kidneys, spleen and tongue), head, tail and kidney fat was
measured one hour post- slaughter and chilling. After chilling, the carcasses were
measured and split along the vertebral column in two halves, and the left side was
used for all measurements. The left side of each carcass was divided into twelve
anatomical regions: round, beefsteak, loin, shoulder, back, neck, chest, short ribs,
ribs, flank, fore shank and leg, using a standard technique.

The obtained data were processed by analysis of variance in one-way
ANOVA program SPSS Statistics 20, and all results are displayed as the mean
value + standard deviation. The statistical significance of the difference between
mean values was determined by t-test.

Results and discussion

The results for fattening and slaughter traits of the young bulls are shown
in Table 1. CON had better gain and feed conversion ratio, but there was no
statistical significance between the established differences (p> 0.05). The addition
of flax seed in the cattle feed did not have a significant effect (p> 0.05) on the pre-
and post-slaughter weight of the carcass, as well as the yield of warm and cooled
carcass. The determined values were similar among groups of cows. The larger
pre- slaughter weight was recorded in CON. The weight of warm carcasses with
and without fat tissue and weight of cold carcasses without fat tissue were higher in
CON. The yield of warm carcasses with and without fat tissue, as well as of the
cooled carcass without fat tissue were higher in FXS.

Table 1. Average values of fattening and slaughter traits of cattle/young bulls

CON FXS p
ADG? (kg) 1.59 +0.43 1.48 +0.29 ns
Feed conversion (kg) 7.23+0.73 7.74 £ 0.89 ns
Weight PS 2 (kg) 576.25 + 25.36 561.67 + 11.93 ns
Weight WC ° with fat (kg) 337.52 £ 19.83 332.50+£9.32 ns
Yield WC % with fat (%) 58.56 + 1.53 59.23 * 2.59 ns
Weight WC * without fat (kg) 333.50 £ 19.33 328.33 £9.07 ns
Yield WC ® without fat (%) 57.85 +1.32 58.49 + 2,53 ns
Weight CC * without fat (kg) 326.82 + 18.96 321.63+9.17 ns
Yield CC *without fat (%) 56.70 + 1.27 57.30 + 2.53 ns
MLD?® Cross section surface (cm?) 100.95 +16.35 109.94 +11.00 ns
Kidney fat (%) 0.70 £0.24 0.74 £ 0.06 ns
CL Cooling loss ® (%) 3.17+0.44 3.27+0.05 ns
Head (%) 2.59 +0.09 2.65+0.14 ns
Tail (%) 0.17 £0.02 0.21 +0.06 ns

1 ADG - average daily gain; > PS — Pre- slaughter; > WC — Warm carcass; * CC— cooled carcass; °
MLD — Musculus longissimus dorsi; ® CL — loss of weight during cooling; ns — not significant
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Mauri¢ et al. (2016) state that the slaughter yield of the Simmental cattle
ranges from 58.11-59.95% in pre-slaughter body weights from 526-588 Kkg.
Iwanowska and Pospiech (2010) have established a yield of 54.96% for the
Simmental breed in the body weight before slaughter of 595 kg, with a warm
carcass weight of 327 kg. The results of a study by a large number of authors
confirm that the use of heat-treated flax seeds in beef nutrition has no significant
effect on the quality of the carcass (Dawson et al., 2010; Barton et al., 2007;
Leanne, 2008). Quinn et al. (2008), Sentiirklii and Landblom (2014), Hernandez-
Calvaet al. (2011) and Corazzin et al. (2012) have found no significant differences
in the final weight and slaughter yield between groups of cattle depending on the
diet with flaxseed. Albertia et al. (2014) confirm that the consumption of
concentrate mixture with the addition of 5% of flax seed has no effect on the
carcass traits. Likewise, Maddock et al. (2003; 2004) and Alvarado-Gilis et al.
(2015) find that the addition of 3-6% of flax seeds in the final nutrition of cattle
does not affect the carcass traits. Results obtained by Maddock et al. (2006) show
that the inclusion of 8% of flax seeds in the diet improves the carcass traits but it
can lead to an increase in the amount of fat that negatively affects some of the
properties of meat quality. Kim et al. (2004) have established higher slaughter
yields of the cattle (57.8% and 57.7%) fed diets containing 10% and 15% of flax
seeds in relation to the control group (57.1%), but these differences were not
statistically significant. These authors have concluded that flax seed is an
acceptable source of fat without adversely affecting the final fattening of the cattle.
According to Drouillard et al. (2002) the inclusion of flax seed in the diet for cattle
at different ages has no significant effect on the carcass traits compared to those
who did not consume the flax seed. In general, the results of these studies are in
accordance with the data presented in our study where it has been established that
flax seed has no significant effect on the differences in the slaughter properties of
beef carcasses.

The surface of M. longissimus dorsi cross section (Table 1) was not
statistically significantly different (p> 0.05) under the influence of the examined
factor. The larger surface area of the M. longissimus dorsi was recorded in young
bulls of group FXS. Rotta et al. (2009b) and Quinn et al. (2008) have found a
larger surface area of the M. longissimus dorsi cross section in cattle that consumed
flax seed in the diet compared to cattle without flax seed in their diet. Maddock et
al. (2006) obtained a larger surface area of the M. longissimus dorsi cross section
in cattle that consumed 8% of the ground flax compared to the young bulls
consuming the same amount of whole flax seed.

The loss of weight after 24 hours of cooling of the carcass sides at a
temperature of -1 to +4°C did not differ significantly (p> 0.05) between the tested
groups. Hernandez-Calva et al. (2011) state that the loss of weight during cooling
did not significantly change under the influence of flax seed nutrition.



184 Maja Petricevic et al.

The share of the main carcass parts is shown in Table 2. The shares of the
most valuable parts of the carcass (beefsteak and round) were approximately the
same between the groups and showed no statistically significant (p> 0.05)
differences between the groups. In the CON and FXS group the same value for the
share of beef steak was determined. The share of round varied from 28.05% in
CON to 28.97% in FXS. The shares of the loin part, back, shoulders and short ribs
were not significantly different (p> 0.05) between the groups under the influence of
the examined factor. The share of loin ranged from 4.84% to 5.32%. A higher share
of the back was determined in CON. FXS showed lower share of the shoulder,
while the share of the short ribs was higher.

Table 2. The effect of the addition of flax seed in the feeding of cattle on the share of main carcass

parts *

(%) CON FXS p
Beef steak 2.41 +0.45 2.41+£0.25 ns
Round 28.05+1.21 28.97 £0.29 ns
Loin 484 +1.15 5.32 +0.61 ns
Back 5.48 £ 0.69 5.32 +0.33 ns
Shoulder 12.60 +£0.73 11.63+0.24 ns
Leg 3.66 £ 0.52 3.91+£0.10 ns
Fore shank 2.78 +0.26 3.16 £0.14 ns
Neck 10.14+1.01 9.96 + 0.57 ns
Chest 5.18 £ 0.64 5.26 +0.38 ns
Short ribs 11.90 £ 0.43 12.26 + 0.59 ns
Ribs 6.75+1.43 6.03 £ 0.62 ns
Flank 6.16 +0.77 5.70 £ 0.60 ns

*Relative to the processed carcass; ns — not significant

Petricevié et al. (2015) state following values for major carcass parts of
young bulls not consuming flax seed in diet: round (28.36%), shoulders (12.20%),
legs (3,59%) and fore shanks (2.73%).

The consumption of flax seed in the final stage of the cattle fattening did
not have an effect on the share of the intestines in the pre- slaughter weight (Table
3). Petricevié et al. (2011), in their study, show similar values for the share of
intestines in cattle fed without the addition of flax seed.

Table 3. The effect of the addition of flax seed in the cattle diet on the share of intestines**

(%) CON FXS p
Kidneys 0.17 £0.02 0.18 £0.01 ns
Liver 1.01+0.11 1.24 +0.10 ns
Lungs 0.55+0.08 0.55 +0.03 ns
Heart 0.30 £ 0.02 0.28 £ 0.07 ns
Spleen 0.18 £ 0.03 0.22 £0.01 ns
Tongue 0.24 £0.03 0.29 £ 0.03 ns

**Relative to the pre-slaughter weight; ns — not significant
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Conclusion

The addition of flax seed in the feed during the final phase of fattening of
the cattle showed no statistically significant (p>0.05) impact on fattening (average
daily gain of cattle, feed conversion ratio) and slaughter traits (weight and yield of
warm and cooled carcass, share of main carcass parts, share of intestines). The
results of the research confirm that the use of heat-treated flax seed in the diet of
cattle does not have a negative effect on the quality of the carcass.

ISPITIVANJE TOVNIH I KLANICNIH OSOBINA JUNADI
POD UTICAJEM ISHRANE SA SEMENOM LANA

Maja Petricevi¢, Dusan Zivkovié¢, Dusica Ostojic¢ Andri¢, Dragan Niksi¢, Veselin
Petricevi¢, Marija Gogi¢, Violeta Mandicé,

Rezime

Eksperiment je postavljen sa ciljem da se ispita efekat dodavanja semena lana, u
ishranu junadi, u zavrdnoj fazi tova. Za ogled je odabrano 30 muskih junadi
simentalske rase ujednacenih pocetnih telesnih masa, koja su podeljena u 2 grupe
(KON (kontrolna) i FS (ogledna)). Kontrolna grupa junadi nije konzumirala seme
lana kao dodatak ishrani. Junad ogledne grupe su konzumirala seme lana u koli¢ini
od 3,75% (300 g dnevno) koncentrovanog dela obroka u poslednjih 90 dana tova,
tj. 300 g dnevno. IstraZivanje je obuhvatilo ispitivanje rezultata tova, klani¢ne
karakteristike i sastava trupa junadi. Nakon Klanja izvr3eno je pojedinacno merenje
toplih polutki sa i bez bubreznog loja. Posle hladenja leva polutka je rasecana u
osnovne delove prema Pravilniku. Rezultati istraZivanja su pokazali da dodatak
semena lana u ishrani nije imao statisti¢ki znacajan uticaj na masu junadi na kraju
ogleda. Utvrdeno je da dodatak semena lana u ishranu tokom zavr$ne faze tova nije
imao uticaj na razlike u prosecnom ukupnom prirastu (PUP) junadi i konverziji
hrane. Na osnovu podataka dobijenih rasecanjem poluki junadi na osnovne delove
utvrdeno je da ishrana sa semenom lana nema znacajan uticaj na udeo delova trupa.

Kljuéne reéi: ishrana lanom, mladi bikovi, simentalska rasa
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Abstract: Ascites syndrome is a multi-factorial, noncontagious disease of
broilers. Chickens selected for rapid growth have a high basal metabolism and
consequently increased demands for oxygen. Poor environmental conditions and
other unfavourable factors which reduce the amount of available oxygen cause
hypoxia, pulmonary hypertension, right ventricular dilation and right heart failure,
which results in generalized passive hyperaemia of organs and ascites as the most
striking gross pathology manifestation. The aim of the study was to investigate,
retrospectively, the frequency of the disease in a selected district with widespread
poultry production and to identify main factors that contribute to the outbreak of
the disease. In the period from 2011 to 2017 ascites syndrome was diagnosed by
post mortem examination of chickens in 12 out of 91 flocks with health disorders,
examined in the Veterinary Specialized Institute "Pan¢evo". Based on anamnesis,
signs of disease and pathomorphological findings, poor environmental conditions
and inadequate feed were identified as main contributory factors. In the majority of
cases ascites syndrome occurred in small flocks, raised in unsuitable environmental
conditions.

Key words: ascites syndrome, chickens, broilers, environmental
conditions

Introduction

Ascites syndrome is one of the diseases that continuously affect poultry
industry in South Banat over the past decade. The disease is also known as
pulmonary hypertension syndrome, waterbelly, right ventricular failure and under
some other descriptive terms which do not indicate the aetiology of the disease
(Pali¢ et al., 1994, Knezevi¢ and Mateji¢, 1996). Ascites syndrome is a multi-
factorial, noncontagious disease of broilers, described for the first time in broilers
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raised at high altitudes in Bolivia (Hall and Machicao, 1968). It is estimated that
4.7% of the broilers worldwide have the disease (Maxwell and Robertson, 1997).

The latest generation of hybrids of domestic hen (Gallus gallus
domesticus) have been selected for a more rapid growth and more intensive protein
synthesis which requires more oxygen (Decuypere et al., 2005). However, the
capacity of the cardiovascular system, which the selection could not significantly
influence, has its own physiological limits (Lorenzoni et al., 2006) and cannot
always respond to increased oxygen demands necessary for rapid growth. Hypoxia
triggers a series of events in the organism that result in the development of a
metabolic disorder, characterized by hypoxaemia, increased workload of the
cardiopulmonary system and central venous congestion (Baghbanzadeh and
Decuypere, 2008). The most characteristic gross pathology lesions are ascites,
dilation and hypertrophy of the right ventricle (Knezevié¢ and Matejié, 1996).

Fluid exchange across the walls of capillaries, according to Starling law, is
regulated by the physiological values of hydrostatic and colloidal osmotic pressures
in and out the blood vessels. Changes in these values, that affect the mechanism of
tissue fluid exchange, lead to oedema which can occur due to increased
intravascular hydrostatic pressure, decreased plasma colloidal osmotic pressure,
increased vascular permeability, obstruction of lymph drainage and renal retention
of salt and water (KneZevi¢ and Jovanovié, 1999). Increased intravascular
hydrostatic pressure can be caused by hepatic and cardiac diseases, and pulmonary
hypertension (Currie, 1999). Since plasma proteins, in particular albumin, are
responsible for colloidal osmotic pressure, pathological conditions with reduced
synthesis or loss of albumin can cause ascites (Baghbanzadeh and Decuypere,
2008). Increased vascular permeability can be caused by various chemical
compounds such as phenol and dioxin derivatives (Balog, 2003). According to the
literature, primary and contributory causes of ascites include: high altitude, rapid
growth rate, pulmonary disease, high energy ration, pelleted feed, cold, the
presence of harmful gases and dust particles in the air, high salt concentration in
feed, phosphorus deficiency, hepatotoxins, mycotoxins, furazolidone, Se and
vitamin E deficiency, stress etc. (Lister, 1997).

Due to the lack of data related to ascites syndrome in broilers in the
Republic of Serbia, we decided to investigate the frequency of the disease in a
selected district with widespread poultry production and to identify main factors
that contribute to the outbreak of the disease.

Material and Methods

Material for examination consisted of 595 corpses of broilers which had
been delivered to the laboratory of the Veterinary Specialized Institute “Pancevo”
during seven consecutive years from 2011. to 2017. The samples originated from
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91 flocks with manifested health disorders from South Banat district. On the
receipt of the samples detailed anamnesis was taken, including questions about the
flock size, manifestation of signs of disease, morbidity and mortality rate,
environmental conditions and feed mixtures used. All delivered samples were
necropsied and examined pathomorphologically according to the official procedure
described by Marinkovi¢ and Nesié (2013).

Results and discussion

The necropsy revealed gross lesions typical of ascites syndrome in broilers
from 12 flocks, which is 13.19% of all the examined flocks (Table 1). The lesions
appeared in broilers from 3 to 6 weeks (Figure 1). The course of the disease was
acute in 3 flocks and subacute in 9 flocks. Mortality ranged from 4.6 to 60.0%
(Table 2). Based on anamnesis, signs of disease and gross pathology findings,
diagnosed cases of ascites syndrome were classified in three groups.

Table 1. The frequency of ascites syndrome in broiler flocks examined in VSI “Pancevo”

. Flocks with ascites | Flocks with ascites
Year Examined flocks (N) syndrome (N) syndrome (%)
2011 17 2 11.76
2012 15 2 13.33
2013 20 3 15.00
2014 16 1 6.25
2015 6 1 16.67
2016 2 1 50.00
2017 15 2 13.33
> 91 12 13.19

Table 2. Age of chickens in which ascites syndrome was diagnosed, course of the disease and
mortality rate

Flock Year Age (weeks) Course Mortality (%0)
1 2011 5 acute 6.25
2 2011 6 subacute 4.60
3 2012 3 subacute 45.45
4 2012 4 subacute 60.00
5 2013 5 acute 18.00
6 2013 4 acute 15.00
7 2013 6 subacute 20.20
8 2014 6 subacute 30.00
9 2015 5 subacute 20.10
10 2016 4 subacute 5.00
11 2017 5 subacute 20.00
12 2017 3 subacute 30.00
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Figure 1. Gross pathology findings in broilers affected with ascites syndrome: (a) Swollen
abdomen; (b, ¢) Accumulation of fluid in pleuroperitoneal cavity; (d) Passive hyperaemia and
degenerative necrotic changes of the liver, ascites and hydropericardium; (e, f) right ventricular
dilation. (Photo: P. Gavrilovi¢)

Group 1 (flocks 1, 5, 6, 7, 8, 9, 10, 11 and 12)

Chickens from this group originated from small individual holdings and
were fed pelleted feeds. Signs of disease included slower movement, blue
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discolouration of the comb and wattles (cyanosis), abdominal distension and
dyspnoea. The gross pathology findings were characterized by ascites,
hidropericardium, right ventricular dilation, hyperaemia of the lungs, liver, spleen,
kidneys and intestine. In the facilities in which these 9 flocks were raised, the
zoosanitary regimes were not adequate. Low ambient temperature, inadequate
ventilation and sawdust bedding with a lot of dust were identified as potential
contributory causes of ascites syndrome in this group. The experimental studies
have shown positive correlation between ascites incidence and low ambient
temperatures. Cold temperatures influence the occurrence of ascites by increasing
metabolic oxygen requirements and consequent pulmonary hypertension (Julian et
al., 1989; Stolz et al., 1993). Poor air quality, dust and respiratory diseases can
cause respiratory damage and predispose birds to ascites syndrome. Ammonia,
carbon monoxide, carbon dioxide, dust and humidity are recognized air
contaminants that can increase susceptibility to ascites syndrome (Afolayan et al.,
2016). In addition to the above environmental conditions, feeding regime could
have an impact on the outbreak of the disease. Hasani et al. (2018) showed that in
broilers the occurrence of ascites syndrome under mash-fed regime was less than in
pellet- and crumble-fed groups.

Group 2 (flock 2)

Chickens from flock 2 originated from a farm with high level of
zoosanitary and biosecurity measures. Signs of disease were manifested as reduced
growth and poor feathering. Chickens did not respond to antibiotic therapy. The
necropsy revealed ascites, hepatic necrosis, gizzard erosions and enteritis. Reduced
growth and poor feathering in association with gizzard erosions, enteritis and
hepatic necrosis indicate inadequate feed as a potential cause of the disease in this
flock. Nutrient factors exhibit their effects by different mechanisms and they can
have synergistic effects. The presence of hepatotoxins in feed can cause the liver
damage and ascites (Firestone, 1973). Excess in sodium causes the increase in
blood pressure, while vitamin E deficiency, for example, predisposes tissue
damage caused by free radicals and leads to degenerative changes in the
myocardium (Julian, 1987; Aftab and Khan, 2005).

Group 3 (flock 3 and 4)

Broilers from flocks 3 and 4, in which mortality was 45.45% and 60.0%,
exhibited first signs in the second week of life in the form of digestive system
disorders manifested as diarrhea. The mortality was constantly increased until the
third week when a sudden peak occurred. Gross pathology lesions included ascites,
hydropericardium, right ventricular dilation, hyperaemia of the lungs, liver, spleen,
kidneys, degenerative necrotic changes in the liver, gizzard erosions and enteritis.
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Beside the same clinical manifestations and gross pathology findings, it was
common for the chickens from these two flocks that they were fed complete feed
mixture of a same manufacturer. Based on anamnesis, signs of disease and gross
pathology findings, it was suspected intoxication as a cause of health disorders in
these two flocks. Similar gross lesions were described by Iveti¢ et al. (2003) in
broilers fed feed mixtures that contained poor quality fats. The literature describes
intoxication in chickens accompanied with ascites due to toxic components in
certain feed fats such as derivatives of dibenzo-p-dioxin (Firestone, 1973).

Conclusion

In broilers investigated within this retrospective study, ascites syndrome
mostly appeared in small flocks raised on smallholdings under unsuitable
zoosanitary regimes. The main factors contributing to the incidence of the disease
were inadequate feed and environmental factors, primarily low ambient
temperature and poor ventilation.

Retrospektivna analiza ucestalosti i uzroka koji doprinose
pojavi ascites sindroma kod brojlera u juznom Banatu

Pavle Gavrilovi¢, Aleksandar Zivulj, Igor Todorovié

Rezime

Ascites sindrom je nekontagiozno oboljenje brojlera multifaktorijalne etiologije.
Pili¢i selekcionisani na brz rast imaju visok bazalni metabolizam zbog Cega su
povecane potrebe organizma za kiseonikom. U nepovoljnim ambijentalnim
uslovima kao i pod dejstvom drugih Stetnih uticaja koji smanjuju koli¢inu
raspolozivog kiseonika dolazi do hipoksije, pluéne hipertenzije, dilatacije i
insuficijencije desnog srca koja ima za posledicu generalizovanu pasivnu
bio je da se retrospektivno istraze ucestalost i glavni ¢inioci koji doprinose pojavi
oboljenja na odabranom podrucju sa rasprostranjenom zivinarskom proizvodnjom.
U periodu od 2011. do 2017. godine ascites sindrom je dijagnostikovan
patoanatomskim ispitivanjem kod pilica iz 12 od 91 jata sa zdravstvenim
problemima ispitivanim u Veterinarskom specijalistiCkom institutu ,,Pan¢evo®. Na
osnovu anamneze, klinicke slike i patoanatomskog nalaza kao glavni ¢inioci koji
doprinose pojavi oboljenja identifikovani su nepovoljni ambijentalni uslovi i
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neadekvatna hrana. U najvec¢em broju slucajeva ascites sindrom se javljao u malim
jatima, gajenim u neadekvatnim ambijentalnim uslovima.

Kljuéne reci: ascites sindrom, pili¢i, brojleri, ambijentalni uslovi
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Abstract: A livestock survey conducted during 2013/2015 as part of a
CRSTRA project in 4 villages situated at North east Biskra and south Batna in
Algeria. These regions are located at elevation ranging around 250-831m asl,
experiencing arid and semi-arid Mediterranean climate. Respondents of 86 families
demonstrated that livestock is an integral part of the region’s mixed farming
systems. Low livestock numbers per most households at present reflect the self-
consumption breeding mode adapted in these regions. Currently, farmers focus on
four main livestock types; goat, sheep, chicken and bee keeping in two regions, it is
the case of Beni Souik and Branis , while Maafa includes beyond these types,
turkey and pigeon whereas Ain Zaatout includes duck and swine beside the
previous livestock types. In the same context; goat ranked first in the four regions,
goat and sheep secondly then goat and poultry with goat combined to sheep and
poultry in third place. Thus; most families use a combination of grazing,
agriculture sub-products and industrial products for the nutrition of their livestock.
Families keep livestock as source of milk, butter, wool or hair, leather and other
products that are strongly used as nutritional, weaving supply or stocking covering
resources for the family members or friends and in some cases for sell to seekers of
animal products of indigenous territory origins. Most families use these products
for family and friend consumption while a minority sell some of them on local
markets.

Key words: Algeria, arid, breeding, family, piedmont.

Introduction

The domestication of livestock species some ten thousand years ago was a vital
step in the development of human civilisation (FABRE, 2006). Thus; livestock is
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the second important sub sector of agriculture, it is primarily a subsistent activity to
meet household food needs as well as supplement farm incomes. Almost every
farm family owns some livestock .the pattern of livestock strength is mainly
influenced by various factors such as farm size, cropping pattern, availability of
rangelands including fodder and pasture (Rais et al., 2013). And even with eleven
livestock production systems defined (Seré et al., 1995a), the traditional breeding
systems are often rather difficult to identify, because they are related to existing
low input production systems and are not formally institutionalized (Steglich and
Peters, 2003). For example in South Africa; although dairy ranching is currently
receiving little attention, it has the potential to form an integral part of resource
poor cattle production systems. Such a system can contribute towards household
food security in the form of milk consumption by the family from the cows as well
as the cash obtained from the sale of milk. (Grobler et al., 2008). As well as in
Mountain areas, Mediterranean grasslands, steppes, arid and semi-arid zones areas,
animal production was traditionally one of the very few economic options, still
contribute important natural values, including cultural landscapes and biodiversity
(Bernués, 2017); in Algeria, most livestock is an extensive system, thus some of it
is family type intended to self-consumption in animal products (meat, milk, egg
and honey) or to furnish an income consequently in good pluvial years. In addition,
these animals depending on the species and regions of breeding provide manure for
cropping systems that do not use chemical fertilizers mainly gardening and
arboriculture and supply the rural populations’ activity system in wool, hair and
leather main raw materials essential for family crafts (Feliachi, 2003).

In this study, a sequence of survey steps was employed to assess the rural
traditional livestock systems in arid and semi-arid regions of Algeria where a
traditional low-input mixed crop-livestock system prevails.

Material and methods
Characteristics of the study area

The study is realised in four Aures piedmonts villages of arid and semi-arid
regions with agro-pastoral vocation; Ain Zaatout, (altitude 831m, latitude
35°4'30.49" Nord, longitude 5°45'48.04" Est ), Beni Souik (altitude 555m, latitude
35°5'15.85" Nord, longitude 5°51'43.07" Est ), Branis (altitude 250 m, latitude
34°59'55.84" Nord, longitude 5°46'32.13" Est) these regions are mainly identified
as hot arid eco region and Maafa (altitude 735.6 m, latitude 35°18°09.458" Nord,
longitude 005°52°17.066" Est) which is known as a hot semi arid eco region. The
Mediterranean climate with long summer drought period of these regions is
characterized by a dry cold winter with rare morning freeze with low temperature
registered in December and January that ranges from — 2 to + 4°C and a dry hot
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summer with maximal temperature registered in July and august superior to 40°C.
Thus seasonal temperature variation can reach 20°C while diurnal temperature
variation can pass 22°C. Irregular insufficient and unequally spread annual rainfall
ranges from 300 to 100 mm and mostly can pass 200 mm in these regions. The
annual mean relative humidity is of 47 % (Feliachi, 2003 and URBACO 2012).

The study region has an agro-pastoral type vocation where palm dates are
the dominant growing with two underlying growing fruit trees and low annual or
perennial crop. Breeding occupies a predominant place; in fact the region of Biskra
is famous by its livestock especially by the breed race Ouled Dijellal the most
spread in Algeria and known as resistant to arid zones (URBACO, 2012). This rain-
fed farming systems in dry areas with mixed crop-livestock and pastoral systems
merging into systems with very low current productivity or potential because of
extreme aridity. Where each individual farm has its own specific characteristics,
which arise from variations in resource endowments and family circumstances
(Dixon et al., 2001).

The studied areas are especially traditional extensive breeding system
maintained in rural areas employing self or family labour (women and children)
based on free fodder offer and grazing animals on cropped land after harvest with
small herd size. Animals are used as a multi-purpose breed providing milk and
some of its sub-products, egg, meat, wool or hair, leather and sometimes manure.

Data collection

The study was conducted among 86 family farmers owning a livestock.
The data were collected by questioning a men or women per household that accept
to participate in this study. The interviewed person was inquired to generate
information on breeding practices on the basis of four main questions: Types of
livestock owned by the farmer family, the head number of livestock owned by the
farmer family, Food source of livestock and Breeding sub-products and their
consumption (whether the products are intended to be commercialised or for self-
family consumption and friend consumption). Thus in our inquiry we investigate
19 women from Ain Zaatout, 19 women from Béni Souik, 20 women from Branis,
and 28 women from Maafa.

Data have been processed by the Microsoft Office Excel 2007 package.

Results and discussion
Types and head number of livestock

The data regard types of livestock are presented in Table 1.
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Table 1. Type of livestock

Livestock Ain Beni Souik=19 | Branis=20 Maafa=28 Total
type Zaatout=19 86
nbr % nbr % nbr % nbr %
Goat 182 38.47 97 20.50 | 88 18.60 106 22.41 473
Sheep 48 21.52 43 19.28 | 68 30.49 64 28.69 223
Chicken 70 37.63 14 752 | 36 19.35 66 35.48 186
Beekeeping | 18 48.64 15 4054 | 2 5.40 2 5.405 37
Turkey 10 90.90 0 0 0 0 1 9,09 11
Pigeon 0 0 0 0 0 0 6 100 6
Duck 15 100 0 0 0 0 0 0 15
Swine 10 100 0 0 0 0 0 0 10
Total 318 34.60 169 18.38 | 194 21.10 238 25.89 919

Four main types of livestock are registered thus goat breeding is the most
dominant one followed respectively by sheep breeding, poultry breeding and,
beekeeping. Meanwhile big livestock like cattle does not exist in these regions this
is related to climatic as well as socio-economic characteristics of these regions thus
Seré et al. (1995b) revealed Africa to have vast livestock resources in semi-arid
and arid regions where small ruminants play an important role while Kwaku (2003)
reported that, under certain socio-economic conditions only small stock (e.g. sheep
and goats) or micro stock (rabbits, grass cutters, etc.) may be suitable in a given
agriculture-livestock system.

Families are maintaining a number of animals of different types: goat,
sheep, chicken, bee hives, turkey, pigeon, duck and swine. Goat and sheep are
good source of milk and meat while poultry are mostly source for eggs and bees for
honey.

Data given in Table 1 show that total population of livestock raised by the
respondents was 919. Total number of heads of goat, sheep, chicken, turkey,
pigeon, duck and swine are 473, 223, 186, 11, 6, 15 and 10, respectively while bee
hives total number is 37one. In general, these small folk sizes are intended for
family consumption in contrast what is reported by EI Aich (2018), who mentioned
that Moroccan Atlas Mountains livestock farming systems are characterized by
large folk sizes.

Thus the number of each category differs from region to another these
differences are attributed to characteristics of each region. Livestock number of
heads maintained by a family indicates their interest in animals. Thus the mean
number per family of goats (5. 50) is similar to that registered in Esera District, of
Dawro Zone, Southern Ethiopia by Beyene et al. (2018) with 5.69 goats per
household.
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Distribution of families according to livestock type

Table 2 presents data concerning the number of families per region
according the type of livestock owned.

Table2. Number of families per type of livestock

Ain Zaatout | Beni Souik | Branis Maafa Total

Livestock type nbr % nbr % nbr % nbr| % nbr %

Goat 7 | 36.84 4 |21.05| 8 40 5 |17.86 24 27.90
Sheep 0 0 0 0 0 0 1 | 3,57 1 1,16
Poultry 0 0 0 0 0 0 1 |357 1 1,16
Goat + Sheep 1 5.26 10 |52.63| 5 25 3 |10.71 19 22.09
Goat + Poultry 2 10.53 2 |1052| 1 5 8 [82.57 13 15.11
Goat +Beekeeping 0 0 0 0 1 5 1 (3,57 2 2.32
Goat + Sheep 5 | 2632 1 |526| 0 0 1 |357 7 8.13

+Beekeeping + Poultry

Goat + Sheep + Poultry | 3 15.79 2 [1052| 3 15 5 |17.86 13 15.11

Beekeeping + Poultry 1 5.26 0 0 0 0 0 0 1 1.16
Sheep + Poultry 0 0 0 0 0 0 1 | 357 1 1.16
Goat + Sheep 0 0 0 0 1 5 1 | 357 2 2.32
+Beekeeping

Goat +Beekeeping + 0 0 0 0 1 5 1 | 357 2 2.32
Poultry

Goat livestock ranked first among the four regions (27. 90%); followed by
Goat and sheep livestock together (22. 09) while goat with sheep with poultry and
goat with poultry presents 15.11% each of the total inquired families. Thus every
region has its specificity; Ain Zaatout families are mainly breeders of goats only
(36.84%) or associated with sheep, poultry and bees (26. 32%). Beni Souik
families are mainly breeders of goats associated with sheep (52. 63%) or goats
lonely (21.05%). Branis families are mainly breeders of goats solely (40%) or
associated with sheep (25%). Meanwhile Maafa families are mainly breeders of
goats associated with poultry (82. 57%) or goats only or associated with sheep and
poultry (17.86%) for each category. The dominance of goat breeding is a
traditional rural asset not intended for regular consumption in these regions this
result is similar to what Maass et al. (2012) found about cattle livestock in the
Rusizi plains of Congo. Meanwhile abundance of goat and sheep breeding in
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combination is attributed that they are main small body perfect resources of red
meat and milk for the rural population in these regions. This consolidates Masiga
(1995) who reported that Sheep and goats account for almost 30% of the meat
consumed and 16% of the total milk produced in Africa. Because of their small
body size, high reproductive capacity and ability to rapidly multiply their numbers,
small ruminants are ideally suited to smallholder production systems. The capital
requirement for starting and keeping or expanding small ruminant production is
low. They are a moving bank because they can easily be sold. Also production
investment risks are low.

Generally rural population consume less animal proteins than urban
population thus Ranganathan et al. (2016) reported that within developing
countries and emerging economies, per capita consumption of animal-based foods
tends to be highest in urban areas. We suppose that regular consumption of eggs,
milk, or meat from small animals, such as poultry and goat would, consequently,
impact on family nutritional status in these rural piedmont regions. Similarly
Maass et al. (2012) reported about cavies.

Food source of livestock
The source of food used in the four villages is summarised in Table 3.

Table 3. Food type used in the four sites for animal’s nutrition

Food type Ain Beni Souik | Branis | Maafa Total
Zaatout
Grazing 0 1 1 0 2
Sub-product 0 1 0 0 1
Industrial 1 0 0 0 1
Grazing and sub-product 3 0 0 0 3
Grazing and industrial 3 2 3 1 9
Sub-product and industrial 1 3 3 1 8
Grazing and sub-product and 11 12 13 26 62
industrial

In the four villages the combination of grazing, agriculture sub-product and
industrial products for feeding animals is the most used with a total percentage of
72.09 compared to depending on grazing only 2.32%, agriculture sub-products
(1.16%), industrial products (1.16%) or a combination of two of them; 3.48% for a
combination of grazing and agriculture sub-products, 10.46% for the combination
between grazing and industrial products and 9.30% for the combination between



Livestock in rural piedmont regions of Algeria 205

agriculture sub-products and industrial products. Thus, many Mediterranean
farming systems have traditionally been based on the extensive use of natural
pasture (Casas(s et al., 2014).

Breeding products and their consumption

Different sub-products are listed according to number of families
exploiting them in Table 4.

Table 4. Number of families per region engendering breeding sub-products

Sub-product Ain Zaatout Beni Branis Maafa Total
Souik

Milk 18 19 20 26 83
Butter 18 18 20 26 82
Klila 10 10 15 8 43
Wool/hair 18 17 17 24 76
leather 14 18 17 19 68
manure 7 15 15 14 51
commercial 7 0 0 2 9
Self-family and friends consumption 12 19 20 24 75

Most families produce milk (96. 51%) thus milk is the most important product.
Similarly Steglich and Peters (2003) reported that milk production is important in
Gambia. Furthermore milk is used for the preparation of Klila a form of dried
cheese used locally by families in traditional dishes (50%). While butter, wool or
hair and leather are produced by 95.34%, 88.37% and 79.06% respectively of
interviewed families. These livestock products are mainly used as nutritional,
weaving supply or stocking and covering resources for the family members or
friends and in some case for sell to seekers of animal products of indigenous
territory origins. Most of the families (87.20%) use these products for family
members or friends consumption while (10.46%) only announced that they sell
some of these products on local markets. Manure is another product used as
fertiliser by 59.30% of interviewed families; thus animal manure is often essential
for maintaining soil fertility reported Steinfeld et al. (2006). Likewise Cox (2011)
mentioned that in the traditional mixed farming of the region, soil fertility of main
fields near the homestead used to be maintained by available cattle manure.

Conclusion

Livestock system in rural piedmont regions of Algeria is based on a variety of
types with a dominance of goat followed by a combination of goat and sheep
breeding, while goat combined to poultry or with sheep and poultry came in third
rank. With the low numbers per household it is typically grazing, agriculture sub-
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product and industrial products based-livestock system resulting in provision of
healthy protein in the human diet ensures sustainability of the soil fertility. This
kind of livestock system must be consolidated by programs for adequate forage
grain reproduction involving smallholder farmers. It is also important that
institutions work in cooperation with the farmers to provide forage and there must
be focus on animal products delivered by these systems as being products of bio
and healthy origin to raise farm income.

Stocarstvo u ruralnim pijemontskim regijama Alzira

Bengouga Khalila, Lahmadi Salwa, Zeguerou Reguia, Maaoui Moufida, Halis
Youcef

Rezime

IstraZivanje populacija stoke sprovedeno je tokom 2013/2015. godine u okviru
projekta CRSTRA u 4 sela na severoistoku Biskre i juznoj Batni u AlZiru. Ovi
regioni se nalaze na nadmorskoj visini od oko 250-831m, i izloZeni su susnoj i
polusudnoj mediteranskoj klimi. Ispitanici iz 86 porodica pokazali su da je stoka
sastavni deo meSovitih poljoprivrednih sistema u regionu. Nizak broj stoke u vecini
domacinstava trenutno odrazava nacin uzgoja za zadovoljenje sopstvenih potreba u
ovim regijama. Trenutno, poljoprivrednici se fokusiraju na cetiri glavne vrste
stoke; koze, ovce, zivinu i pcelarstvo u dva regiona, Sto je slu¢aj u Beni Souik i
Branis regijama, dok Maafa regija, pored ovih vrsta, ukljuuje uzgoj curki i
golubova, dok Ain Zaatout regija ukljucuje 1 uzgoj patki i svinja pored prethodno
navedenih vrsta stoke. U istom kontekstu, koze su na prvom mestu u sva Cetiri
regiona, koze i ovce na drugom mestu, zatim koze i Zivina sa kozama u
kombinaciji sa ovcama i Zivinom na tre¢em mestu. Tako; vecina porodica koristi
kombinaciju ispaSe, poljoprivrednih podproizvoda i industrijskih proizvoda za
ishranu svoje stoke. Porodice drze stoku kao izvor mleka, maslaca, vune ili dlake,
koze i drugih proizvoda koji se koriste u ishrani, ili kao sirovina za tkanje ili
skladiStenje resursa za clanove porodice ili prijatelje, a u nekim slucajevima za
prodaju zainteresovanima za zivotinjske proizvode autohtonih vrsta na odredenoj
teritoriji. Vecina porodica koristi ove proizvode za porodi¢nu potro$nju i prijatelje,

dok manji broj prodaje neke od proizvoda na lokalnim trzistima.

Kljuéne reci: AlZir, suva klima, uzgoj, porodica, pijemont.
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SECOND ANNOUNCEMENT

On behalf of the International Scientific and Organizing Committee, it is our
pleasure to invite you to participate at the 12" International Symposium on
Modern Trends in Livestock Production, which will be held from 9" to 11"
October 2019 in Belgrade.

We invite you to take part with an oral or poster presentation. You also have the
opportunity to present your institution or company at the Symposium.

At the Symposium, the experts from Serbia and abroad will present the results of
their research in order to enable a better transfer of scientific achievements in all
fields of animal husbandry and science and making them available to the scientists,
researchers and practitioners in livestock production, as well as students, in the
private sector and to the general public.

The aim of the scientific meeting is to establish better cooperation between
researchers in the field of animal science from different institutions, and experts
from the industry, trade and other related fields, as well as producers from Serbia,
Western Balkans, EU and other parts of the world in the field of science, education
and good livestock production practice.
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MAIN TOPICS OF THE SYMPOSIUM

Genetics and Selection of Farm Animals

Breeding and Reproduction of Farm Animals

Physiology and Nutrition of Farm Animals

Organic Livestock Production

Livestock Feed and Ecology

Animal Welfare and Health Care

Technology and Quality of Animal Products

Protection of the Environment and Biodiversity in Animal Production
Alternative Production Methods in Livestock Production
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OFFICIAL LANGUAGE

The official language of the Symposium is English.

REGISTRATION AND PAYMENTS

Registration and submission of full papers to the e-mail address:
biotechnology.izs@gmail.com The authors shall submit full papers prepared
acording to the Instruction for Authors for scientific journal ”Biotechnology in
Animal Husbandry” (www.istocar.bg.ac.rs). All submitted papers will be peer
reviewed. Accepted papers will be published in the Proceedings.

Before After
REGISTRATION FEE 30" June 2019 30" June 2019
(Early registration) | (Late registration)

Registration Fee, covers 80 € 100 €
publishing of paper, Symposium
material, participation in all
sessions of the Symposium,
coffee/tea break

Registration Fee, covers 120 € 150 €
publishing of paper, Symposium
material, participation in all
sessions of the Symposium,
coffee/tea break, tourist program
and gala dinner
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IMPORTANT DATES

Deadline for full paper submission Aprile, 30" 2019

Request for Proforma invoice for Registration fee to the e-mail address:
biotechnology.izs@gmail.com

Symposium participants from Serbia can make the payment (in RSD value on the
day of payment according to the exchange rate), on the following account:

Institut za stocarstvo, Beograd-Zemun
11080 Zemun, Autoput 16

Tekuéi racun br. 205-65958-94
Komercijalna banka

INSTRUCTION FOR EUR PAYMENTS
AIK BANKA AD BEOGRAD

Please pay as per instruction given below:

56A: Intermediary bank: SOGEFRPP
SOCIETE GENERALE
F-92978 PARIS
FRANCE

57A: Account with institution: AIKBRS22
AIK BANKA AD BEOGRAD
BULEVAR MIHAILA PUPINA 115D
11070 NOVI BEOGRAD
REPUBLIKA SRBIJA

59: Beneficiary customer: RS35105050120000062319
INSTITUT ZA STOCARSTVO ZEMUN
Autoput Beograd-Zagreb 16
Zemun
REPUBLIKA SRBIJA
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ACCOMMODATION AND SYMPOSIUM LOCATION

The Symposium will be held in Hotel Park, Belgrade Njegoseva street 2, 11000,
Belgrade, Serbia (www.hotelparkbeograd.rs)

Single room at special rate of 50 € daily per room
Double room at special rate of 70 € daily per room
City tax is not included and is approximately 1.2 € per person daily.

Accommodation at SPECIAL RATES is possible for reservations before August,
31°12019.

Hotel reservation telephone: +381114146800
Hotel reservation e-mail: reception@hotelparkbeograd.rs

On behalf of Organizing Committee

T
/ LT
Dr. Milan P. Petrovi¢,

Principal Research Fellow
Serbia
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HOTEL RESERVATION FORM

Hotel Park Beograd welcomes the guests of
INSTITUTE FOR ANIMAL HUSBANDRY SYMPOSIUM
9-11" October 2019

We are pleased to advise the special rates and conditions available for this event:
(Please check appropriate box)

Single room at special rate of 50 € daily per room

Double room at special rate of 70 € daily per room

All the above mentioned rates are INCLUSIVE of full buffet breakfast in our Continental
restaurant, VAT, complimentary internet access.
City tax is not included and is approximately. 1.2 € per person daily.

GUEST INFORMATION:

Family name:

First name:

e-mail:

Contact phone number:

Date of arrival: Date of departure:

PAYMENT INFORMATION:

BY CREDIT CARD: ‘ Visa ‘ Master ‘ Diners American Express
Card Holder name:
Card Number: | Exp. Date:

Cancellation Policy: If you wish to cancel, please do so at least 72 hours prior to arrival. For all
cancellations or no shows after this period, one night charge will be charged to your credit card.

PLEASE COMPLETE THIS FORM AND SEND TO HOTEL PARK BEOGRAD VIA
FAX OR E-MAIL reception@hotelparkbeograd.rs by August 31st 2019.
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