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Accuracy in Pedigree Records in Hair Goats: New Microsatellite Based Paternity Test Panels”
ABSTRACT

Objective: The aim of the study was to establish microsatellite-based paternity test panels that can be used in paternity tests for Hair goat populations bred
in Aydin and Denizli provinces, and to evaluate them in terms of paternity test parameters.

Material and Methods: The animal material of the study consisted of a total of 247 hair goats (42 bucks and 205 kids) in Hair goat farms in Aydin and Denizli
provinces. The 18 microsatellites used in the study were evaluated in terms of molecular genetic parameters obtained from genotyping. After the evaluation,
microsatellites were ranked from highest to lowest based on their individual exclusion probability values. Eighteen paternity test panels were created by
sequentially adding a new microsatellite with a lower individual exclusion probability than the previous one to the microsatellite with the highest exclusion
probability. Molecular genetic test statistics were obtained for the paternity test panels.

Results: In the study, 306 alleles were observed. The observed heterozygosity ratio (Ho) ranged from 0.69 to 0.95, while the expected heterozygosity ratio
(He) ranged from 0.72 to 0.92. In the study, individual P-probability of exclusion (PE) values ranged from 0.316 to 0.719, while the combined probability of
exclusion (CPE) values for the paternity test panels ranged from 0.7188 to 0.9999. Among the paternity test panels, Panel -7 and the following panels showed
values above the threshold value reported in the literature in terms of the combined probability of exclusion.

Conclusion: According to the study findings, Panels 7 and 8, designed for paternity testing with fewer microsatellite markers, can be more cost-effective and
practical for Hair goat populations compared to other panels. The findings obtained from the study make a significant contribution and provide a perspective
for improving hand-mating practices. This is crucial within the framework of the "National Genetic Improvement Project for Small Ruminants at Breeders'
Conditions" coordinated by the General Directorate of Agricultural Research and Policies.

Keywords: Microsatellite, probability of exclusion, goat, DNA

Kil Kecilerinde Pedigri Kayitlarinda Dogruluk: Yeni Mikrosatellit Tabanl Babalik Test Panelleri

0z
Amag: Calismanin amacini, Aydin ve Denizli illerinde yetistirilen Kil kegi populasyonlarinda babalik testlerinde kullanilabilecek mikrosatellit temelli babalik test
panellerinin olusturulmasi ve bunlarin babalik test parametreleri agisindan degerlendirilmesi olusturmustur.

Materyal ve Metot: Calismanin hayvan materyalini Aydin ve Denizli illerindeki Kil kegi isletmelerinde bulunan 42 teke ve 205 oglak olmak lizere toplam 247
bas Kil kegi olusturmustur. Calismada kullanilan 18 mikrosatellite iliskin genotiplemeler sonucunda elde edilen molekiiler genetic parametreler bakimindan
degerlendirilmistir. Degerlendirme sonucunda mikrosatellitler, bireysel dislama olasiligl degerlerine gore blylkten kiiglige siralanmis ve en ylksek dislama
olasiligl olan mikrosatellite bir 6ncekinden daha dustk bireysel dislama olasiigi olan yeni bir mikrosatellit eklenerek on sekiz babalik test paneli
olugturulmustur. Olusturulan babalik test panellerine yonelik olarak molekiler genetic test istatistikleri elde edilmistir.

Bulgular: Calismada 306 allel gozlemlenmistir. Lokuslar bazinda gézlenen heterozigotluk orani (Ho) 0.69 ile 0.95 arasinda, beklenen heterozigotluk orani (He)
ise 0.72 ile 0.92 arasinda olmustur. Galismada, bireysel diglama olasilig (PE) degerleri 0.316 ile 0.719 arasinda degisim gosterirken olusturulan babalik test
panellerine iliskin kombine diglama olasilik degerleri (CPE) 0.7188 ile 0,9999 araliginda olmustur. Olusturulan babalik test panellerinden Panel -7 ve sonraki
paneller literatiir tarafindan combine dislama olasiligi bakimindan bildirilen esik degerin tzerinde degerler almistir.

Sonug: Gergeklestirilen ¢alisma sonuglarina gére daha az mikrosatellit isaretleyici ile babalik testleri i¢in olusturulan Panel 7 ve 8’in diger panellere gore Kil kegi
populasyonlarinda daha ucuz ve pratik olarak kullanilabilecegi ortaya konmustur. Ayrica gercgeklestirilen arastirmadan elde edilen bulgular Tarimsal
Arastirmalar ve Politikalar Genel Miidirliigiiniin koordinasyonunda gergeklesen “Halk Elinde Hayvan Islahi Ulkesel Projeleri” kapsaminda énemli bir sorun olan
elde agim uygulamalarinin kontroliine yonelik 6nemli bir katki ve bakig agisi saglamistir.

Anahtar Kelimeler: Mikrosatellit, dislama olasiligi, kegi, DNA
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How to cite:

Karaca 0, Yilmaz 0, Ata N, Sevim §, Cemal i. 2024. Accuracy in Pedigree Records in Hair Goats: New Microsatellite Based Paternity
Test Panels. Journal of Animal Production, Vol: 65 (2): 100-108, https://dol.org/10.29185/hayuretim.1500272

BY NN

* Correspondence: oyilmaz@adu.edu.(r
ULAKBiM Open Access Journal Systems ©

doi: 10.29185/hayuretim.1500272


http://www.journalofanimalproduction.com/
https://doi.org/10.29185/hayuretim.1500272
https://doi.org/10.29185/hayuretim.1500272
mailto:oyilmaz@adu.edu.tr
https://orcid.org/0000-0002-7323-9173
https://orcid.org/0009-0007-2352-3305
https://orcid.org/0000-0002-0387-5131
https://orcid.org/0000-0002-6279-9634
https://orcid.org/0000-0002-4069-4815

Accuracy in Pedigree Records in Hair Goats: New Microsatellite Based Paternity Test Panels

INTRODUCTION

Goat breeding traditionally holds a special place in the Turkish economy. This importance stems from the
goat's ability to utilize generally short and infertile pastures, fallow, stubble, and areas unsuitable for crop
production and transform them into products such as meat, milk, fleece, hair, and leather (Koyuncu and Taskin,
2016; Tolunay et al., 2016; Ceyhan et al., 2017; Glinli and Mat, 2021).

Hair goats constitute the majority of our goat population (FAOSTAT, 2022). In this context, the livelihoods,
especially the food requirements, of the rural population living in mountain villages in and near forests are largely
dependent on Hair goats. The reason why many people stay in rural areas is for goat or sheep breeding. Small
ruminant breeders, especially hair goat breeders, utilize natural resources to produce their goods at almost zero
cost, except for their labor (Cedden et al., 2020; Erglin and Bayram, 2021; Giinli and Mat, 2021).

Determining the yields of hair goats, increasing the existing yields by considering breeder and consumer
demands, and ensuring the sustainability of the breeding structure can be achieved through a genetic breeding
program tailored to breeder conditions and specific to local circumstances. An effective breeding program can
be achieved through pedigree breeding (Ozsoy and Yildiz, 2019).

As with other livestock, it is crucial to maintain mating and birth records in goat breeding to gather
information on the production potential of herds in a healthy manner (Celikylrek et al., 2019). In addition, it is
important to emphasize the formation of the possibility of maintaining special yield records and yield records
based on pedigree records. However, the challenge of verifying the accuracy of the results reported in hand-
mating practices implemented in numerous breeding programs conducted in the field, as well as the precise
identification of the parents, remains relevant (Yilmaz and Karaca, 2012; Yilmaz et al., 2018; Keskin et al., 2019).

Especially in farm animals such as sheep and goats, which have multiple births and are raised together in
flocks, many mistakes can occur in recording parental information due to various reasons. Incorrect data can be
entered into pedigree records. In such suspicious cases, accurate information can be revealed by implementing
parental control methods (Yilmaz, 2016; McClure et al., 2018; Flanagan and Jones, 2019; Cui et al., 2020).

Parental errors can lead to a negative direct maternal genetic correlation taking a positive value. They can
also result in a decrease in the level of direct maternal heritability, genetic progress, and the accuracy of the
estimated breeding value (Badzioch et al., 2003; Harder et al., 2005; Hinrichs and Suarez, 2005). In addition, a
pedigree error of 10% per year results in a 3-4% decrease in genetic progress (Israel and Weller, 2000; Banos et
al., 2001; Vandeputte et al., 2006; Nwogwugwu et al., 2020).

The most reliable tests used to determine paternity are performed by molecular genetic methods
(Anunciacao and Filho, 2000; Ma et al., 2006). The most commonly used DNA-based genetic analysis methods in
parentage testing are SNP and STR methods (Yilmaz and Karaca, 2012; Yilmaz, 2016; Kaiser et al., 2017; Yilmaz et
al., 2018; Flanagan and Jones, 2019; Keskin et al., 2019; Ossowski et al., 2022).

The accuracy of parental information in the pedigree register is crucial for establishing a reliable pedigree
register for breeding studies in small ruminants breeding. Small ruminants breeding is one of the significant
branches of livestock breeding in our country. An important infrastructure has been established for performance
recording under breeder conditions in many provinces through the sub-projects within the scope of the "National
Genetic Improvement Project for Small Ruminants at Breeders' Conditions" coordinated by the General
Directorate of Agricultural Research and Policies. However, there are challenges that need to be addressed in
ensuring the accuracy of the parentage information of the offspring resulting from the hand-mating activities
that are being implemented or attempted in a limited segment of the population with significant efforts in these
sub-projects.

In this study, the aim was to determine the molecular genetic characteristics of Hair goats raised in Aydin
and Denizli provinces using specific microsatellite markers and to explore the feasibility of developing paternity
test panels with suitable markers.
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MATERIAL and METHODS

Animal Material

The animal material for the study comprised a total of 247 hair goats, including 205 kids born on the farms
where hand-mating was implemented as part of the "Hair Goat Breeding" project initiated by the General
Directorate of Agricultural Research and Policies in Aydin and Denizli provinces, and 42 goats born on farms
where hand mating was practiced. The distribution of animal material is provided in Table 1.

Table 1. Animal material

Tablo 1. Hayvan materyali

Number of Samples

Province District Number of Farms Total
Kids Bucks
Bozdogan
Aydin Karacasu 3 96 20 116
Kuyucak
Babadag
Denizli Cal 4 109 22 131
Honaz
Total 7 205 42 247

DNA Isolation Method

DNA was isolated from blood samples taken from the jugular vein into vacuum tubes containing K3-EDTA
using a commercial isolation kit (Applied Biological Materials Column-Pure Blood Genomic DNA Kit, Canada). The
quantity and quality of the DNA samples obtained were controlled using NanoDrop 2000 (Thermo Scientific,
USA).

PCR and Genotyping

In the study, 18 microsatellite markers recommended by FAO (2011) were used. Information about the
multiplex groups formed with the microsatellites used is provided in Table 2.

Table 2. Multiplex groups formed with microsatellites

Tablo 2. Calismada olusturulan multipleks gruplar

Multipleks-1 Multipleks-2 Multipleks-3
(M1) (M2) (mM3)
INRA0023 CSRD0247 INRAO63
INRAOOOS McMO0527 MAF0065
OarFCB20 SRCRSP0005 SRCRSP0008
ILSTO019 ILSTS0087 SRCRSP0024
BM1818 SRCRSP0023 BM1258
INRAO132 HSC (OLADRB)

BM1329

A PCR mixture containing 10X PCR Buffer, MgCl2, dNTP mixture (dATP, dTTP, dGTP, dCTP), 18 fluorescently
labeled microsatellite markers (Sigma, Interlab, 1zmir), Taqg DNA Polymerase Enzyme, ~100 ng of genomic DNA
and sterile ddH20 were prepared in tubes with a total volume of 25 pl. The Touch-Down PCR method (Hecker
and Roux, 1996) was utilized to conduct DNA amplification more efficiently and rapidly (Table 3).
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Table 3. Touchdown PCR conditions

Tablo 3. Touchdown PCR kosullari

Multiplex Group First Denat. Denat. Annealing Extension Cycle Final Extention
M1 95°C 95°C 60-50 °C 72°C 30 72°C
(5 min) (40s) (405s) (1 min) (10 min)
M2 95°C 95°C 60-50 °C 72°C 30 72°C
(5 min) (40s) (405s) (1 min) (10 min)
M3 95°C 95°C 63-50 °C 72°C 30 72°C
(5 min) (40's) (40's) (60s) (10 min)

Fragment analyses of fluorescently labeled microsatellites were performed on a Beckman Coulter GeXP
genetic analyzer according to the manufacturer's recommendations.

Design of Paternity Test Panels

Firstly, the microsatellites used in the study were ranked from largest to smallest based on their individual
exclusion probability values. Secondly, a new microsatellite with a lower individual exclusion probability than the
previous one was added to the microsatellite with the highest exclusion probability to form eighteen paternity
test panels (Table 4).

Table 4. Paternity test panels based on individual exclusion probabilities of microsatellites

Tablo 4. Mikrosatellitlerin bireysel dislama olasiliklarina gére olusturulan babalik testi panelleri

Locus Panels
12345467 89 10 11 12 13 14 15 16 17 18
HSC * ok ok ok k kK Kk kK * * * * * * * *
BM1258 * ok ok ok ok ok ok k% * * * * * * * *
INRAOO23 * %k %k ok ok  k k * * * * * * * *
SRCSRP005 * ok ok k k k% * * * * * * * *
CSRD0247 * k% ok k% * * * * * * * *
MAF0065 * ok ok x k * * * * * * * *
BM1818 ® ok ok K * * * * * * * *
OARFCB20 * Kk * * * * * * * *
SRCSRP0023 * * * * * * * * *
SRCRSP0008 * * * * * * * * *
BM1329 * * * * * * * *
INRAO132 * * * * * * *
McM0527 * * * * * *
ILTS0087 * * * * *
SRCRSP0024 * * * *
ILTS0019 * * *
INRAOOS * *
INRAO63 *

Statistical Analysis

The genotyping rate of the study material using the microsatellites was calculated. Some molecular
genetic polymorphism parameters, such as allele number (Na), effective allele number (Ne), observed (Ho), and
expected (He) heterozygosity, were calculated using the GenAIEx genetic analysis program (Peakall and Smouse,
2012). The CERVUS 3.0 program (Slate et al., 2000; Marshall, 2006; Kalinowski et al., 2010) was used to obtain
parameters such as polymorphic information content (PIC), probability of exclusion (PE), probability of identity
(P1), combined probability of exclusion (CPE), combined probability of identity (CPI), and frequency of null allele
(F(Null)).
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RESULTS

Statistical values for microsatellite-based genetic polymorphism and paternity tests for Hair goats bred in
Aydin and Denizli provinces, which constitute the animal material of the study, are presented in Table 4.

Table 5. Molecular genetic polymorphism statistics of microsatellite loci used in the study

Tablo 5. Calismada kullanilan mikrosatellit lokuslarina ait molekiler genetik polimorfizm istatistikleri

Loci GR (%) Na Ne Ho He PIC PE Pl F(Null)
INRAOOS 94.33 19 3.56 0.70 0.72 0.69 0.333 0.109 0.0022
INRA0023 95.95 16 9.28 0.77 0.89 0.88 0.641 0.021 0.0761
OARFCB20 97.57 23 7.20 0.90 0.86 0.85 0.574 0.033 -0.0240
ILTS0019 08.38 10 4.48 0.67 0.78 0.75 0.413 0.073 0,0047
INRAO132 100.00 17 6.26 0.76 0.84 0.82 0.519 0.044 0.0556
BM1818 95.14 12 7.80 0.80 0.87 0.86 0.591 0.029 0.0433
BM1329 97.57 17 6.09 0.70 0.84 0.82 0.529 0.040 0.0877
HSC 95.95 21 12.32 0.85 0.92 0.91 0.719 0.012 0.0406
CSRD0247 88.66 21 8.85 0.91 0.89 0.88 0.631 0.023 -0.0168
McMO0527 99.19 14 6.08 0.77 0.84 0.82 0.514 0.045 0.0408
SRCSRP0023 96.36 23 6.32 0.95 0.84 0.83 0.542 0.038 -0.0725
ILTS0087 98.79 14 6.21 0.78 0.84 0.82 0.513 0.045 0.0369
SRCSRP005 98.79 15 8.97 0.82 0.89 0.88 0.633 0.023 0.0419
BM1258 97.98 18 9.85 0.72 0.90 0.89 0.662 0.019 0.1095
SRCRSP0024 90.28 18 5.04 0.74 0.80 0.78 0.456 0.061 0.0409
SRCRSP0O008 99.60 21 6.42 0.71 0.84 0.83 0.537 0.041 0.0885
INRAO63 95.14 8 3.68 0.69 0.73 0.68 0.316 0.119 0.0074
MAF0065 100.00 19 7.84 0.75 0.87 0.86 0.603 0.027 0.0787
Mean 96.65 17 7.01 0.78 0.84 0.83

GR: genotyping rate Na: number of allele, Ne: Number of effective allele, Ho: observed heterozygosity, He: expected heterozygosity, PIC:

polymorphic information content, PE: probability of exclusion, PI: probability of identity, F(Null): null allele frequency

A total of 306 alleles were observed at 18 microsatellite loci. Allele numbers (Na) varied between 8
(INRA063) and 22 (OarFCB20 and SRCSRP005) and the mean allele number (MNa) of 17.00. The mean value of
the number of effective alleles (Ne) was 7.01. The polymorphic information content (PIC) value, which plays a
crucial role in paternity testing by measuring the informativeness of genetic markers, was notably high (0.83) in
the present study. The overall average of expected (Ho) and observed heterozygosity (He) values for all loci
studied was 0.78 and 0.84, respectively.

When the individual exclusion probability belonging to microsatellite loci, a crucial parameter for
paternity tests, was assessed, the lowest value was observed at the INRA063 locus (0.316), while the highest
value was observed at the BM1258 locus (0.662). The Pl value, also known as the probability of encounter,
facilitates the determination of the number of individuals sharing the same DNA profile. In other words, it
represents the likelihood of unrelated individuals having the same genotype in populations with random mating.
In the study, the Pl value ranged from 0.012 to 0.119.

When the presence of a null allele, which results in one allele not being amplified by Polymerase Chain
Reaction (PCR) in heterozygous individuals, causing only one allele to peak as homozygous and leading to
misinterpretation, was investigated, it was found that all microsatellites utilized in the study exhibited a null
allele frequency of less than 20%.

In the study, microsatellite loci were combined based on their individual exclusion probability values to
design various paternity test panels. This approach aimed to facilitate more practical and cost-effective paternity
tests. Statistical findings for the paternity test panels are presented in Table 5.
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Table 6. Paternity test panels based on individual exclusion probability values of microsatellites

Tablo 6. Mikrosatellitlerin bireysel dislama olasiligl degerlerine gore olusturulan babalik testi

Panel NMP MNa MHe MPIC CPE CPI
1 1 21.00 0.92 0.91 0.7188069 1.2E-02
2 2 19.50 0.91 0.90 0.9049682 2.3E-04
3 3 18.33 0.91 0.90 0.9658640 4.9E-06
4 4 17.50 0.90 0.89 0.9957674 9.4E-09
5 5 18.20 0.90 0.89 0.9953717 2.5E-09
6 6 18.33 0.89 0.88 0.9981643 6.8E-11
7 7 17.43 0.89 0.88 0.9992501 2.0E-12
8 8 18.13 0.89 0.88 0.9996808 6.4E-14
9 9 18.67 0.88 0.87 0.9998538 2.4E-15
10 10 18.90 0.88 0.87 0.9999322 9.9E-17
11 11 18.73 0.88 0.86 0.9999681 4.0E-18
12 12 18.58 0.87 0.86 0.9999846 1.8E-19
13 13 18.23 0.87 0.86 0.9999925 7.9€-21
14 14 17.93 0.87 0.85 0.9999964 3.5E-22
15 15 17.93 0.86 0.85 0.9999980 2.2E-23
16 16 17.44 0.86 0.84 0.9999988 1.6E-24
17 17 17.53 0.85 0.83 0.9999992 1.7E-25
18 18 17.00 0.84 0.83 0.9999995 2.1E-26

NMP: Number of microsatellites in the panel, MNa: mean number of alleles, MHe: mean expected heterozygosity, MPIC: mean polymorphic

information content, CPE: combined probability of exclusion, CPI: combined probability of identity.

Among the panels formed based on the individual exclusion probabilities, Panel-1 exhibited the highest
average number of alleles, while Panel-18 had the lowest. The highest He value was observed in Panel 1. It is
observed that the PIC values are quite high in all microsatellite panels. In terms of combined probabilities of
exclusion (CPE), the lowest value was obtained in Panel-1 (0.7188069), while the highest value was obtained in
Panel-4 (0.9999995), as expected. Table 5 shows that the CPI value varies between 2.00x10-26 and 1.20x10-2.

DISCUSSION and CONCLUSIONS

The MNa, Na, and Ne values obtained were higher than those reported in some related studies (Siwek
and Knol, 2010; Al-Atiyat et al., 2015; Awobajo et al., 2015) and lower than the values reported in other studies
(Agaoglu and Ertugrul, 2012; Murital et al., 2015; Giil et al., 2020; Demiray et al., 2024). It is thought that this
difference may be attributed to variations in the number of samples, breeds, and microsatellites studied. In
addtion, these differences are believed to be the result of evolutionary processes such as geographical isolation,
selection, and genetic drift in the breeds used in other studies. When the Na, Ne, MNa, and PIC values obtained
in the study are analyzed, it is noteworthy that the microsatellites used exhibit a very high level of polymorphism.
The polymorphic information content (PIC) values obtained in the study, which is an important criterion in the
selection of microsatellites for paternity tests, are significantly higher than those reported in similar studies
(Siwek and Knol, 2010; Guang-Xin et al., 2019; Whannou et al., 2023). This demonstrates that the microsatellites
utilized in this study can be effectively employed in paternity tests. The He values obtained were higher than
those reported in some studies (Awobajo et al., 2015; Guang-Xin et al., 2019; Whannou et al., 2023) and lower
than in others (Gul et al., 2020; Demiray et al., 2024) across different goat breeds.

Individual probability of exclusion (PE) values, a crucial parameter in paternity tests, were found to be
comparable to those reported in previous studies (Bolormaa et al., 2008; de Araujo et al., 2010; Siwek and Knol,
2010). It is known that microsatellites with high individual exclusion probability values identify father candidates
more accurately. In this context, the findings indicate that the microsatellites utilized in this study can be reliably
used in paternity tests. In contrast to the individual exclusion probability value, a high PI value indicates that
there is more genetic similarity between the individuals examined, making it challenging to exclude non-father
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candidates in paternity tests. Considering this situation, it can be said that PE and PI values are negatively
correlated. When the findings are analyzed, this relationship becomes evident.

Dakin and Avise (2004) reported that null allele frequencies below 0.20 had no significant effect on
paternity tests. When the null allele frequencies obtained for the microsatellites used in the study were analyzed,
frequency values below the threshold value reported in the literature were found. This indicates that the loci
utilized in this study can be safely used in paternity tests.

Considering the paternity test panels formed based on the individual exclusion probability values of
microsatellites, it is noteworthy that all panels between Panel 7 and Panel 18 reach the minimum CPE value
recommended in the literature (Luikart et al., 1999; Sherman et al., 2004; Van Eenennaam et al., 2007) for
accurately identifying the true father. Increasing the number of microsatellites used in the panels naturally
increases the combined exclusion probability values. However, working with fewer microsatellite loci will save
time and costs. In this context, it has been revealed that paternity tests can be carried out in Hair goat populations
at a lower cost, faster, and safer way using Panel-7 and Panel-8. These panels contain fewer microsatellites
compared to others and provide sufficient exclusion probability values. If it is necessary to choose between these
two panels, it is clear that Panel-8, which has a higher level of combined exclusion probability (CPE=0.9997), is
the most suitable panel for paternity testing in Hair goat populations.

The National Genetic Improvement Project for Small Ruminants at Breeders' Conditions, initiated by the
General Directorate of Agricultural Research and Policies for livestock breeding in Turkey, has taken an important
step forward. It has been possible to initiate record-keeping habits in breeders' conditions and to make them
widespread over time. Within the scope of the studies conducted in field conditions, the issue of verifying the
accuracy of the results reported in hand-mating applications and correctly identifying the parents remains
relevant.

In this study, affordable, quick, and dependable paternity test panels were introduced to assess the
reliability of hand-mating in Hair goat populations with a high level of accuracy. The findings obtained from the
study make a significant contribution and offer a perspective on controlling hand-mating practices. This issue is
crucial within the National Genetic Improvement Project for Small Ruminants under Breeders' Conditions,
coordinated by the General Directorate of Agricultural Research and Policies.
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ABSTRACT
Objective: This study aimed to investigate the interaction effect between somatic cell count and milk yield on the composition of milk components in dairy
cows.

Material and Methods: The study involved 165 clinically healthy lactating Holstein cows with an average parity of 1.76 and an average of 221 days in milk.
Cows were grouped using K-means clustering analysis based on somatic cell count and milk yield. Milk samples were collected daily during the 30-day
experimental period and analyzed for composition. A 2x2 factorial design was employed to examine the main and interaction effects of somatic cell count and
milk yield on milk components.

Results: The interaction affected various milk components. Specifically, a higher somatic cell count combined with increased milk yield was associated with
higher levels of solids at 12.70% + 0.02, fat at 3.76% * 0.02, true protein at 3.26% + 0.01, casein at 2.42% + 0.01, and milk urea nitrogen at 10.84 mg/dL + 0.13.
Lactose concentration significantly increased to 5.06% + 0.01 (P=0.01). Notably, this interaction effect resulted in a significant increase in lactose concentration
(P=0.01).

Conclusion: The study confirms an interaction effect between somatic cell count and milk yield on milk composition, emphasizing the need to consider both
factors for optimizing milk quality. The observed increase in lactose concentration due to the interaction effect underscores the complexity of somatic cell
count and milk yield dynamics, suggesting potential implications for udder health and dairy management practices.

Keywords: Somatic cell count, milk yield, milk composition, dairy cows, udder health, milk quality

Laktasyon Donemindeki Siit inekley_imle Somatik Hiicre Sayisi ve Siit Verimi EtKilesiminin
Siit Kompozisyonu Uzerindeki Etkileri: Sinerjik Bir Analiz

0z

Amag: Bu ¢calismanin amaci, somatik hticre sayisi ile siit verimi arasindaki etkilesimin sit ineklerinde siit bilesenleri Gizerindeki etkisini arastirmak olmustur.
Materyal ve Metot: Calisma, ortalama 1,76 dogum sayisina ve ortalama 221 sagim giin sayisina sahip 165 adet klinik olarak saglkl laktasyon donemindeki
Holstein siit inegini kapsamaktadir. inekler, somatik hiicre sayisi ve siit verimine gére K-means kiimeleme analizi kullanilarak gruplandirilmistir. Siit érnekleri,
30 gunlik arastirma siresi boyunca giinliik olarak toplanmis ve kompozisyonu analiz edilmistir. Somatik hiicre sayisi ve siit veriminin sit bilesenleri Gzerindeki
ana etki ve sinerjik etkisini incelemek igin 2x2 faktoriyel tasarim methodu kullanilmistir.

Bulgular: Etkilesim, siit bilesenlerini etkilemistir. Ozellikle, yiiksek somatik hiicre sayisi ile yiiksek siit verimine sahip inek siitlerinin kuru maddesi %12.70
0.02, sut yagi %3.76 * 0.02, sit proteini %3.26 + 0.01, sit kazeini %2.42 + 0.01 ve sit Ure azotu 10.84 mg/dL + 0.13 oldugu tespit edilmistir. Sit laktoz
konsantrasyonu anlamli sekilde artarak %5.06 + 0.01 oldugu tespit edilmistir (P=0.01). Ozellikle, etkilesimin laktoz konsantrasyonunda anlamli bir artisa neden
oldugu tespit edilmistir (P=0.01).

Sonug: Calisma, somatik hiicre sayisi ile st verimi arasindaki etkilesimin st bilesenleri tizerine etkisini dogrulamakta ve sit kalitesini optimize etmek igin her
iki faktorin de dikkate alinmasi gerektigini vurgulamaktadir. Etkilesim nedeniyle gozlenen laktoz miktarindaki artig, stt bilesenlerinin dinamiklerini 6ne
cikarmakta olup meme sagligi ve yonetimsel uygulamalar igin potansiyel sonuglari géstermektedir..
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INTRODUCTION

Dairy farming plays a vital role in global agriculture (Bach et al., 2020; Brito et al., 2021; Odorcic et al.,
2019; Tosun, 2021; Tricarico et al., 2020), providing essential nutrition and economic sustenance to populations
worldwide (Ataallahi et al., 2023; Bach et al., 2020; Lim et al., 2020; Soufleri et al., 2021). Central to dairy
production is the maintenance of udder health, milk production efficiency, and the quality of dairy products.
Somatic cell count (SCC), an indicator of udder health, and milk yield (MY), a measure of production efficiency,
are crucial parameters influencing milk composition and overall dairy farm dynamics (Gussmann et al., 2019;
Santman-Berends et al., 2021; Waller et al., 2020). Understanding the interaction effect between SCC and MY on
milk components is essential for early mastitis diagnosis, optimizing udder health, enhancing milk quality, and
improving farm profitability (Neculai-Valeanu and Ariton, 2022; Sharun et al., 2021; Zigo et al., 2021). In recent
years, researchers have increasingly recognized the complex relationship between SCC, MY, and milk
composition. Although acceptable levels of somatic cells in milk can vary depending on various factors such as
geographical region, regulatory standards, breed of cattle, and specific requirements of dairy processors
(Alhussien and Dang, 2018), elevated SCC levels have been associated with alterations in milk components,
impacting dairy product quality and consumer preferences. Conversely, variations in MY have been shown to
influence milk composition, reflecting physiological changes in cows and affecting overall production efficiency.
However, the interplay between SCC and MY remains a subject of ongoing investigation, with implications for
dairy management practices and industry standards.

SCC levels signify the presence of somatic cells, primarily leukocytes, mobilized as part of the immune
response to intramammary infections (Bronzo et al., 2020; Carvalho-Sombra et al., 2021). Monitoring SCC is
integral for early disease detection and intervention, as persistent high counts can compromise milk quality,
reduce yield, and impact animal welfare (Santman-Berends et al., 2021; Waller et al., 2020). On the other hand,
MY, a fundamental measure of a cow's productivity is a key determinant of a dairy farm's economic success
(Azooz et al., 2020; Sehested et al., 2019; Tosun and Ceyhan, 2015). While the individual impacts of breed,
housing, feeding conditions, SCC and MY on milk quality have been extensively studied, the intricate
interrelationship between these two factors remains a subject warranting deeper exploration (Costa et al., 2020;
Pegolo et al., 2021).

This research aims to bridge this knowledge gap by investigating how variations in SCC and MY collectively
influence the composition of milk components. Milk components are not only vital for product quality but also
have economic implications for dairy farmers (Bozic and Wolf, 2022; Grace et al., 2020; Puerto et al., 2021).
Understanding how SCC and MY synergistically shape these components can provide valuable insights for
optimizing herd health, enhancing milk quality, and improving overall farm profitability. In summary, this study
hypothesizes a significant interaction effect between SCC and MY, impacting the composition of milk
components in dairy cows. Therefore, the main objective is to determine the quantitative impact of the
interaction between SCC and MY on key milk components, including solid, fat, protein, lactose, casein, and milk
urea nitrogen (MUN).

MATERIAL and METHODS

This study was conducted at a commercial dairy farm in the Marmara region of Turkiye in September —
October 2021, with a focus on examining the interaction effect between SCC and MY on milk components in
dairy cows.

Animals

A total of 165 clinically healthy lactating dairy cows of the Holstein breed, with an average parity of 1.76
and an average of 221 days in milk, were recruited for this study. The selection process aimed to ensure a diverse
representation of characteristics, including age, parity, and lactation stage. Consequently, the significant
differences observed in the age, parity, and days in milk among the animals in the study reflect the natural
variation within the dairy herd population. The cows were housed in a well-ventilated and temperature-
controlled barn with access to clean water and appropriate feed. All cows were fed a total mixed ration (TMR)
three times a day at 0800, 1600, and 2200 h, aiming for a leftover of 5% to 10%. Feeding with formulated TMR
began 30 days before the experimental period to allow for the adaptation of rumen microorganisms and to
mitigate biases in milk yield and composition.
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Grouping of Cows

K-means clustering analysis was conducted to group cows with similar intra-group characteristics and
inter-group differences, using SCC and MY as clustering variables. The K-means clustering method was assessed
using the widely employed sum of square error (SSE) criterion outlined in the equation provided (Nainggolan et

al., 2019; Tan et al., 2006).
K
SSE = Z Z dist? (m;, x)

i=1 x€Cj

Within the equation, "dist" represents the Standard Euclidean Distance, "x" denotes a member of cluster
Ci, and "mi" stands for the centroid of cluster Ci. The Euclidean distance function operates as described below:

d(x;,x;) =

In this function, x_i and x_j represent the coordinates of one point, while x_ik and x_jk represent the
coordinates of another point. It calculates the Euclidean distance between two points in a p -dimensional space.

For evaluating the MY of cows, the 4% fat-corrected milk (4% FCM) is determined using the following
formula (Hall, 2023):

4%FCM = 0.4 x milkyield + 15 x fatyield

Following the clustering process, a 2x2 factorial design was employed to investigate the interaction effect
between SCC and MY on milk components in dairy cows. The two independent variables were SCC and MY, each
with two levels, resulting in four experimental groups structured as Factor A: Somatic cell count (SCCO = low
somatic cell count, and SCC1 = high somatic cell count), Factor B: Milk yield (MYO = low milk yield, and MY1 =
high milk yield). The combination of the levels of both factors results in the formation of four experimental
groups: (1) SCCO+MY0, denoted as CON (control), (a) SCC1 representing high SCC, (b) MY1 representing high MY,
and (ab) SCC1MY1 representing high SCC with high MY.

Sampling and Data Collection

The data were collected for each cow, including initial SCC, MY, and milk component composition during
the 30-d experimental period. Total mixed ration (TMR) and leftover samples were collected twice a week and
frozen at -20°C for subsequent analysis to calculate the dry matter intake (DMI) and net energy (NE) intake. NE
intake was calculated using the equations provided by the National Academies of Sciences and Medicine (2021),
and NE intake was determined by multiplying DMI by the net energy for lactation (NEL) in Mcal per kilogram of
dry matter. Cows were milked three times a day at 0700, 1500, and 2100 h. Milk samples were collected daily
during milking and refrigerated (4-6°C) until analysis of composition and SCC. Before analysis, each milk sample
was homogenized using a magnetic stirrer. The homogenized samples were then transfered to falcon tubes,
heated in a water bath to 40°C, and 20 mL was taken for analysis. The analysis of various milk components,
including milk solids (%), fat (%), true protein (%), casein (%), lactose (%), and milk urea nitrogen (MUN)
concentration (mg/dL), was performed using the MilkoScan (CombiFoss 78110; Foss Analytical A/S, Hillergd,
Denmark).

Data Analyses

The normality and homoscedasticity assumptions were evaluated using pertinent statistical tests,
affirming that the dataset conformed to a normal distribution. Subsequently, a multivariate version of the
general linear model analysis was conducted for the 2x2 factorial design utilizing the formula:

Yij = p + SCCi 4+ MYj + (of)ij + eij

where Yijkl is the dependent variable, u is the overall mean, SCCi represents the main effect of the ith
level of SCC, MYj represents the main effect of the jth level of MY, (ap)ij represents the interaction effect between
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the ith level of SCC and the jth level of MY, €ij is the error term. For the 2x2 factorial design, a two-way analysis
of variance (ANOVA) was conducted to assess the main effects of each independent variable (SCC and MY) and
their interaction effect on the dependent variable (milk components). A post-hoc test (Tukey's HSD) was
performed to explore specific differences between significant interaction groups. Statistical analyses were
stratified based on relevant variables such as parity, lactation stage, and breed. Data analysis were conducted
using IBM SPSS Advanced Statistics 20.0 (SPSS Inc., Chicago, IL, USA), and significance was set at a predetermined
alpha level (p < 0.05).

RESULTS

The research findings have been given under two subheadings: (i) Characteristics of experimental groups,
(ii) interaction effect on milk components. Descriptive statistics of the experimental cows are presented in Table
1.
Table 1. The descriptive statistics

Table 1. Tanimlayici istatistikleri

Cows? Min Max Mean SD
DM, kg/d 19.27 23.63 22.59 1.42
Age, mo 21.30 54.90 43.25 5.44
Parity 1.00 3.00 1.76 0.47
DIM, d 2.00 859.00 221.05 222.73
Gestation, d 47.00 249.00 144.25 48.49
SCC, cells/mL 322.000 557.857 444981 54.183
Milk yield, Lt/d 33.13 48.90 39.39 1.95
Solid, % 12.27 13.44 12.82 0.27
Fat, % 3.38 4.36 3.87 0.2
True protein, % 3.16 3.48 3.31 0.09
Casein, % 2.32 2.67 2.48 0.08
Lactose, % 4.75 5.21 4.97 0.10
MUN, mg/dL 8.56 15.97 11.59 1.62

DMI: dry matter intake, DIM: days in milk, SCC: somatic cell count, MUN: milk urea nitrogen
Characteristics of Experimental Groups

Table 2 displays the statistical characteristics of clusters categorized by SCC and MY. Notably, clusters with
low SCC (SCCO) exhibited a mean of 386.925 + 30.840 cells/mL (95% Cl: 379.160 to 394.690), contrasting with
high SCC clusters (SCC1) with a mean of 480.840 + 27.970 cells/mL (95% Cl: 475.350 to 486.335). Similarly,
clusters representing low milk yield (MY0) showed a mean of 37.92 + 1.14 Liters/day (95% Cl: 37.68 to 38.16),
while those with high milk yield (MY1) had a mean of 41.02 + 1.24 Liters/day (95% Cl: 40.74 to 41.30).

Table 2. The statistical characteristics of clustures for somatic cell count and milk yield

Table 2. Somatik hicre sayisi ve siit verimi bakimindan kiimelerin istatistiksel karakteristikleri

%95 Cl
Items? N Min Max MeantSD Lower Upper
SCCo(cells /mL) 63 322.000 433.500 386.925+30.840 379.160 394.690
SCCi (cells /mL) 102 435.000 557.850 480.840+27.970 475.350 486.335
MYo (Liters /d) 87 33.13 39.43 37.92+1.14 37.68 38.16
MY (Liters /d) 78 39.56 48.90 41.02+1.24 40.74 41.30

1SCCO: low in somatic cell count, SCC1: high in somatic cell count, MYO: low in milk yield, MY1: high in milk
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Table 3 provides a comprehensive summary of mean values for SCC and MY across various experimental
groups. In the combined experimental groups, the mean SCC is 444.981 cells/mL, and the mean MY is 39.39
liters/day/cow. The control group exhibits a mean SCC of 388.453 cells/mL and a mean MY of 38.37
liters/day/cow. The experimental group SCC1 shows a mean SCC of 481.310 cells/mL and a mean MY of 37.65
liters/day/cow. For the high MY group MY1, the mean SCC is 385.241 cells/mL, and the mean MY is 41.29
liters/day/cow. Lastly, the experimental group SCCIMY1 displays a mean SCC of 480.311 cells/mL and a mean
MY of 40.86 liters/day/cow.

Table 3. The mean values of somatic cell count and milk yield of the groups

Table 3. Gruplarinin somatik hiicre sayisi ve siit verimi ortalama degerleri

SCC (cells/mL) MY (Liters/d/cow)
Factors® N Means SD Means SD
(y) 165 444981 54.183 39.39 1.95
(1) 33 388.453 30.435 38.37 0.80
(a) 54 481.310 30.279 37.65 1.23
(b) 30 385.241 31.705 41.29 1.77
(ab) 48 480.311 25.429 40.86 0.74

1(y): The combination of the experimental groups, (1): SCCOMYO as control group (CON), (a): SCC1 as high somatic cell count, (b): MY1 as
high milk yield, (ab): SCC1MY1 as high somatic cell count with high milk yield

Interaction Effect on Milk Components

Table 4 present the significant findings of the interaction effect analysis between SCC and MY regarding
DMI and NE intake. For DMI, both SCC and MY significantly influence intake (p-values: 0.02 and 0.01,
respectively), with SCCxMY showing non-significance (p = 0.431). Significant effect sizes (n?) indicate a medium
effect for SCC (n?=0.06) and a high effect for MY (n?=0.63), while the effect size for the combined SCCxMY
(n?=0.01) is not statistically significant, suggesting a small effect. Similarly, for NE intake, SCC and MY significantly
influence intake (p-values: 0.02 and 0.01, respectively), while SCCxMY is not significant (p = 0.431). The SEM for
NE intake is 11.19 Mcal/d. These findings highlight MY's substantial influence on intake measures compared to
SCC, which has a large effect as known.

Table 4. The interaction effect of somatic cell count and milk yield on dry matter and net energy intake

Table 4. Somatik hiicre sayisi ve siit verimi etkilesiminin kuru madde ve net enerji alimi iizerine etkisi

Factors P-Values Eta squared (n?)*
Items? CON SCC My SCCxMY SEM scc MY  SCCxMY SCC MY  SCCxMY
DMI (kg/d) 18.53 18.18 19.94 19.73 19.02 0.02 0.01 0431 0.06 0.63 0.01
NE intake(Mcal/d) 1090 10.70 11.73 11.60 11.19 0.02 0.01 0.431 0.06 0.63 0.01

Leffect sizes, "large" when d 2 0.08, "medium" when d 2 0.05, and "small" when d > 0.02 (Cohen, 1992), 2DMI: dry Matter intake; NE: net

energy

Table 5 presents significant findings on the intricate interplay between SCC and MY concerning various
milk components, while Figure 1 illustrates the estimated marginal means of lactose levels resulting from their
interaction. An increase in SCC is associated with elevated levels of solid content (12.91%), fat (3.93%), true
protein (3.34%), casein (2.51%), and MUN (11.99 mg/dL), along with a reduction in lactose concentration (4.95%).
Furthermore, an increase in MY significantly impacts solid content (12.83%) and casein levels (2.50%), while
decreasing fat (3.87%) and lactose concentrations (4.94%), highlighting MY's role in shaping these milk
components. Notably, the interaction effect of SCC and MY results in a significant increase in lactose
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concentration (5.06%, p = 0.01), indicating a dynamic synergy between SCC and MY. This interaction
demonstrates a medium effect size (n? = 0.06), underscoring their collective impact on lactose concentration.

Table 5. The interaction effect of somatic cell count and milk yield on milk components

Table 5. Somatik hiicre sayisi ve siit verimi etkilesiminin siit bilesenleri lizerine etkisi

Factors P-Values Eta squared (n?)*
Items CON ScC My SCCxMY SEM ScC My SCCxMY ScC My SCCxMY
Solid (%) 12.80 1291 12.83 12.70 0.02 0.01 0.04 0.76 0.05 0.03 0.01
Fat (%) 3.88 3.93 3.87 3.76 0.02 0.01 0.01 0.29 0.04 0.05 0.01
Tru Prot. (%) 3.26 3.34 3.33 3.26 0.01 0.01 0.76  0.97 0.18 0.00 0.00
Casein (%) 2.46 2.51 2.50 242 0.01 0.01 0.05 0.13 0.16 0.02 0.02
Lactose (%) 4.97 4.95 4.94 5.06 0.01 0.01 0.01 0.01 0.10 0.04 0.06
MUN (mg/dL) 11.03 1199 1198 10.84 0.13 0.01 0.68 0.72 0.10 0.00 0.00

1Effect sizes, "large" when d 2 0.08, "medium" when d 2 0.05, and "small" when d 2 0.02 (Cohen, 1992)

Figure 1. Estimated marginal means of lactose concentration in response to the interaction between somatic cell count and milk yield

Sekil 1. Somatik hiicre sayisi ve siit verimi arasindaki etkilesime bagl olarak laktoz konsantrasyonunun tahmini marjinal ortalamalar
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DiSCUSSION and CONCLUSION

Our study aimed to investigate the interaction effect of SCC and MY on various milk components to gain
insights into milk quality dynamics. The results confirmed a notable interaction effect, highlighting the
importance of jointly considering SCC and MY for understanding milk composition. Both SCC and MY significantly
influenced DMI and NE intake, with MY showing a more pronounced effect, as expected. Effect sizes for SCC and
MY in DMI and NE intake were moderate and high, respectively. The intricate interplay between SCC and MY
significantly affected solid (%), fat (%), true protein (%), casein (%), MUN (mg/dL), and lactose (%) concentration.
Specifically, the interaction effect led to an increased lactose concentration, indicating dynamic synergy between
SCC and MY. These results align with our study's objectives and support the hypothesized interaction effect
between SCC and MY on milk components. The greater impact of MY on DMI and NE intake is consistent with
expectations, underscoring its significance in dairy farm economics. The observed influences on milk components
highlight the importance of comprehensively understanding SCC and MY interactions.
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Comparisons with existing literature highlight both consistencies and novel contributions. Consistent with
prior studies (Stocco et al., 2020; Ndahetuye et al., 2020; Costa et al., 2020), our findings reaffirm the impact of
SCC on milk quality. However, a significant novel contribution of our study lies in elucidating the substantial
influence of MY on milk components, particularly the unexpected increase in lactose concentration when
interacting with SCC (Goncalves et al., 2020; Leitner et al., 2004; Malek dos Reis et al., 2013; Pakrashi et al., 2023;
Santman-Berends et al., 2021; Yal¢in and Gakmak, 2022; Waller 2021; Waller et al., 2020). This unique finding
challenges conventional perspectives and emphasizes the need for a more nuanced understanding of these
interactions in the context of udder health. Previous research has consistently highlighted the potential of lactose
concentration as an indicator for early detection of udder health issues (Pyorala, 2003; Ebrahimie et al., 2018;
Antanaitis et al., 2021). Our study supports this notion while uncovering a contradiction concerning MY. Contrary
to earlier findings, we observed a significant increase in lactose levels when interacting with SCC in cows with
high MY. This suggests a complex relationship between lactose, MY, and SCC, underscoring the necessity for
further investigation. Furthermore, our study emphasizes the intricate relationship between SCC and milk
composition. Elevated SCC, indicative of potential udder health challenges, has been consistently associated with
alterations in milk components (Rowe et al., 2024; Schwarz et al., 2020). Recognizing this link enhances our ability
to implement targeted interventions for maintaining optimal udder health. Our findings also highlight the pivotal
role of MY in modulating the impact of SCC on milk composition. Cows with higher milk yields exhibit distinct
patterns in lactose concentration, further emphasizing the need for tailored approaches in managing udder
health.

Potential explanations for the findings include the immune response reflected in SCC, as indicated by
previous studies (Stocco et al., 2020; Ndahetuye et al., 2020; Costa et al., 2020). The significant impact of MY on
milk quality suggests physiological changes in cows that affect milk composition, as suggested by researches
(Hennessy et al., 2020; Gorelik et al., 2021). Considering alternative explanations and potential confounding
variables is essential, necessitating further investigation into the intricate mechanisms shaping milk quality.
These findings have broader implications for dairy management practices, highlighting the interdependence of
SCC and MY in shaping milk quality.

The dynamic interaction between SCC and MY underscores the necessity for holistic approaches in dairy
management. While our study focused on elucidating the interplay between SCC and MY in shaping milk
composition, it is crucial to recognize the growing interest in lactose-free milk driven by consumer concerns
regarding lactose intolerance. However, a notable limitation of our study is the lack of specific assessment
regarding the presence of genetic traits necessary for producing lactose-free milk in the studied animals. Future
research endeavors could explore the feasibility and implications of integrating lactose-free gene editing
techniques into dairy cow breeding programs, enabling a more comprehensive understanding of the impact of
SCC and MY on lactose content. Acknowledging limitations, such as the specificity of the studied population and
potential unaccounted variables, is essential for transparent interpretation of the results. Future studies should
address these limitations to enhance the robustness of findings. Building upon this study, future research should
delve into specific mechanisms governing the interaction between SCC and MY, exploring potential biomarkers
and molecular pathways. Additionally, investigating the practical applications of these findings in on-farm
management and diagnostics would significantly contribute to the field.

In conclusion, this study investigated the interaction between somatic cell count and milk yield on milk
composition in lactating dairy cows. Our findings highlight a significant interaction effect, emphasizing the need
to consider both factors to understand milk quality. The interplay between somatic cell count and milk yield
affected milk components, including solids, fat, true protein, casein, milk urea nitrogen, and lactose, with
asignificant increase in lactose concentration. Our research underscores the importance of considering the
interaction between somatic cell count and milk yield, rather than their individual effects, to better understand
milk composition. We also found discrepancies in previous studies on lactose levels when accounting for MY,
indicating the need for further investigation.
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Efiect of Ensiling Time on Microbial Composition and Aerobic Stability of Total Mixture Ration”
ABSTRACT

Objective: In this study, the effects of ensiling total mixed ration (TMR) on aerobic stability properties were investigated.

Material and Methods: In the study, half of the TMR with 55% DM content was fresh and the other half was subjected to aerobic stability test after being
ensiled for 30, 60 and 90 days. The analyses of chemical and microbiological parameters in feed samples were carried out at 0, 12, 24, 48, 72 and 96 hours of
aerobic stability. At the same time, making the T200 IR imaging brand evaluation results in each treatment group at 1 m from the silage samples were recorded
with a thermal imaging camera.

Results: In the study, crude protein (CP), crude ash (CA), ether extract (EE), starch, neutral detergent fiber (NDF) and acid detergent fiber (ADF) values of TMR
decreased as the ensiling time increased (P<0.001). The pH, dry matter (DM), lactic acid (LA) values decreased but NH3-N and NH3-N/TN values increased with
the duration of aerobic stability. Ensiling had positive effects on microbial composition and yeast and mould values decreased (P<0.000).

Conclusion: As a result of this research, although 55% KM TMR is best consumed fresh, ensiling is better in terms of aerobic stability.

Keywords: Aerobic stability, ensiling time, temperature sensor, thermal camera, total mixed ration

Silolama Siiresinin Toplam Rasyon Karisimmin Mikrobiyal Kompozisyonu ve Aerobik Stabilitesi Uzerine Etkisi

0z

Amag: Bu arastirmada, toplam rasyon karigimi (TRK)'nin silolanmasinin aerobik stabilite 6zellikleri Gzerine etkileri arastirilmistir.

Materyal ve Metot: Arastirmada %55 KM igerigine sahip TRK’nin yarisi taze olarak, diger yarisi 30, 60 ve 90 giin silolandiktan sonra, aerobik stabilite testine
tabi tutulmuslardir. Aerobik stabilitenin 0., 12., 24., 48., 72. ve 96. saatlerinde yem 6rneklerinde kimyasal ve mikrobiyolojik parametrelere iliskin analizler
yurttilmastir. Ayni zamanda, T200 IR marka termal kamera ile 1 m mesafeden silaj 6rneklerinde her muamele grubunda goriintileme yapilarak
degerlendirme sonuglari kaydedilmistir. Daha sonra elde edilen veriler ThermaCAM software programinda degerlendirilmistir.

Bulgular: Arastirmada silolama siiresi artikga TRK’nin ham protein (HP), ham kil (HK), ham yag (HY), nisasta, notr deterjanda ¢6ziinmeyen lif (NDF), asit
deterjanda ¢oziinmeyen lif (ADF) degerleri dugmustir (P<0.001). Aerobik stabilite suiresine bagli olarak pH, kuru madde (KM), laktik asit (LA) degerleri diismis
ancak NH3-N ve NH3-N/TN degerleri artmistir. Mikrobiyal kompozisyon lzerine silolamanin olumlu etkileri olmus maya ve kif degerleri dismustir (P<0.000).
Sonug: Arastirma sonucunda %55 KM TRK’nin taze olarak tiketilmesi en ideali olmakla birlikte, aerobik stabilite agisindan silolanmasinin daha iyi oldugu
soylenebilir.

Anahtar Kelime: Aerobik stabilite, silolama suresi, sicaklik senséri, termal kamera, toplam rasyon karigimi
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INTRODUCTION

A total mixed ration (TMR) is a balanced food supply that satisfies the daily dietary needs of animals kept
indoors throughout the year. It includes grass, cereal grains, protein sources, by-products, minerals, vitamins,
and additives (Turkgeldi et al., 2023). A significant part of TMR consists of roughage (silage, pulp, etc.) with high
water content. Therefore, the combination of materials with high water content makes TMR favourable for
aerobic spoilage. The microorganism load from each of the materials is transferred to the TMR (Ashbell et al.,
2002). In recent years, it has become a common practice to ferment, i.e. ensiling, TMRs consisting of high-
moisture by-products. Previous studies have shown that the aerobic stability of ensiled TMRs is better than fresh
TMRs (Nishino and Hattori, 2007; Wang and Nishino, 2008). This also facilitates longer storage and transport of
TMR. On the other hand, the microbial composition of TMR is one of the important factors on aerobic stability
(Weinberg et al., 2011; Tian et al., 2023).

The studies on this subject have shown that yeasts are microorganisms that affect aerobic stability and
yeast counts above 5 logio cfu g-1 are associated with a decrease in the aerobic stability of silage and TMR
(Pahlow et al., 2003; Wilkinson and Davies, 2013; Soycan Oneng et al., 2019). Kung (2005) reported a negative
correlation between the aerobic stability of TMR and yeast counts. There are studies suggesting that ensiling of
TMR decreases yeast counts and improves aerobic stability. In a study by Wang and Nishino (2008), it was
reported that yeast counts decreased to levels below the detection limit (<10% cfu/g) when the ensiling period
was extended to 30 days or more. In this study, the chemical and microbiological composition of fresh and ensiled
TMR and its effects on aerobic stability were evaluated.

MATERIAL and METHODS
Material

The material for the experiment was obtained from Namik Kemal University, Faculty of Agriculture Faculty
of Science, Research and Application Farm. A total of 120 kg of TMR with 55% DM content, the content and
composition of which are given in Table 1, was transported to the laboratory.

Table 1. Ingredients and composition of the TMR
Table 1. TRK'nin icerik ve kompozisyonu

Item DM%
Corn silage 24.41
Corn grain (high moisture) 18.23
Alfalfa hay 13.08
DDGS (corn) 5.36
Cottonseed 5.89
Canola meal 5.04
Barley 3.37
Rice bran 3.98
Wheat bran (fine) 243
Sugar beet pulp 0.57
Wheat straw 2.47
Sunflower meal 1.5
Sunflower grain 0.92
Soybean peel 0.93
Molasses 0.89
Orange pulp 3.46
Maceration water 5.12
CaCOs 0.62
Vit + Min premix 0.42
Ecomass 0.42
Buffer (Sodium bicarbonate) 0.3
NaCl 0.21
K2COs3 0.20
OmniGen AF 0.14
Toxin binder 0.04
TOTAL 100.00

TMR: Total mixed ration, DM: Dry matter

The material was then divided into 2 treatment groups (fresh and ensiled TMR) of 60 kg. TMR samples of
20 kg in 3 replicates were exposed to the open air and chemical and microbiological analyses were carried out at
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0, 24, 48, 72 and 96 hours of aerobic stability. In the other treatment group, TMR samples were ensiled in 500 g
packages for 30, 60 and 90 days. CAS CVP 260 PD vacuum machine was used for vacuum packaging of the feeds.

Chemical and Microbiological Analyses

The pH, dry matter (DM), lactic acid (LA), water-soluble carbohydrate (WSC), lactic acid bacteria (LAB),
yeast and mould counts were performed at 0, 12, 24, 48, 72 and 96 hours of aerobic stability period. Chemical
and microbiological analyses were performed on triplicate samples. Dry matter was determined by oven drying
for 48 h. The pH in fresh material and silage samples was measured according to the British Standard method
(Anonymous, 1986). The ammonia nitrogen (NH3-N) content of silages was determined, according to Anonymous
(1986). The WSC content of silages was determined Dubois et al. (1956). Lactic acid was determined by the
spectrophotometric method (Anonymous, 1986). Crude protein (CP), crude ash (CA), eter extract (EE) and starch
analysis were determined following the procedure of Association of Official Analytical Chemists (AOAC, 1990).
Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were analyzed according to the method of Van Soest
(1991). Lactic acid bacteria (LAB), yeast and mould counts were determined according to the methods reported
by Seale et al. (1990).

Temperature Measurement of TMIR

During aerobic stability, temperature changes in feed samples and ambient temperature were monitored
with a hobo pentant data logger every 2 hours for 96 hours (Ranjit and Kung, 2000).

Statistical Analyses

In the statistical evaluation of the data obtained in the study, analysis of variance was used and Duncan
multiple comparison test was applied to determine the difference between groups (Soysal, 1993). Statistica
package programme (1999) was used for this analysis.

RESULTS
The results of chemical and microbiological analyses of TMR samples before ensiling

The results of chemical and microbiological analyses of TMR samples before ensiling are given in Table 2.
The pH (4.72), DM (55.09% FM), CP (17.00% DM), CA (7.01 % DM), EE (3.86% DM), NDF (39.19% DM), ADF
(20.16% DM), WSC (6. 59 g/kg DM), NH3-N (0.89 g/kg DM), NH3-N/TN (38.62 g/kg DM), LA (28.00 g/kg DM), LAB
(4.59 cfu/g DM) and yeast contents (4.99 cfu/g DM). No mould was detected in the fresh material.

Table 2. Chemical and microbiological analysis values of TMR before ensiling

Tablo 2. Silolama 6ncesi TRK’nin kimyasal ve mikrobiyolojik analiz degerleri
Chemical composition

pH 4.72
DM, FM% 55.09
CP, DM% 17.00
CA, DM% 7.01
EE, DM% 3.86
NDF, DM% 39.19
ADF, DM% 20.16
WSC, g/kg DM 6.59
NHs-N, g/kg DM 0.89
NHs-N/TN g/kg DM 38.62
LA, g/kg DM 28.00
Microbiological composition

LAB, cfu/g DM 4.59
Yeast, cfu/g DM 4.99
Mould, cfu/g DM 0

DM: Dry matter, FM: Fresh material, CP: Crude protein, CA: Crude ash, EE: Ether extract, NDF: Neutral detergent fiber, ADF: Acid detergent
fiber, WSC: Water soluble carbohydrate, NH3-N: Ammonia nitrogen, TN: Total nitrogen, LA: Lactic acid, LAB: Lactic acid bacteria, cfu:

colony forming unit
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Results on crude nutrient and cell wall contents of fresh and ensiled TMR

The results of the analyses of crude nutrient and cell wall contents of fresh and ensiled TMR are given in
Table 3. The DM % content of TMR was between (55.73-57.80). The highest DM value was obtained in TMR
ensiled for 60 days (P<0.001). The CP content of TMR changed between 13.60-17.42 (% DM), the highest value
was found on the 30" day of ensiling, while the lowest value was found on the 90* day, the difference between
the groups was statistically significant (P<0.001).

The highest CA content was found in the fresh samples at the beginning of ensiling, this value decreased
with ensiling and the lowest value was determined at 90" day, the difference between the groups was found
statistically significant (P<0.001). Eter extract values ranged between 3.72-4.03 (% DM), although there was an
increase in EE value with ensiling, the lowest value was determined at 90th day and the difference between the
groups was statistically significant (P<0.001). The starch content decreased with the ensiling of TMR and the
lowest value was determined on the 90" day and the difference between the groups was statistically significantly
(P<0.001).

Table 3. Values related to crude nutrient and cell wall contents of TMR (DM%)
Tablo 3. TRK’nin ham besin madde ve hiicre geperi igeriklerine iliskin degerler (%KM)

Ensiling Parameters

Time DM, % cP CA EE Starch ADF NDF

0 55.88b 16.39b 7.01a 3.86¢ 23.99a 20.16c 28.24c
30 day 55.73b 17.42a 6.73b 3.93b 21.08c 21.84b 29.18b
60 day 57.80a 16.01c 6.74b 4.03a 21.13b 22.23a 29.45a
90 day 55.85b 13.60d 6.41c 3.72d 18.67d 18.93d 26.98d
SEM 0.262 0.422 0.064 0.034 0.567 0.400 0.292
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000

DM: Dry matter, CP: Crude protein, CA: Crude ash, EE: Ether extract, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, a-d The
difference between the means shown with different letters in the same column is statistically significant (P<0.001).

The ADF content ranged between 18.93-22.23 (% DM), the lowest ADF value was determined at day 90
and the highest at day 60 and the difference between the groups was statistically significant (P<0.001). NDF
content ranged between 26.98-29.45 (% DM), the lowest NDF value was detected on day 90 and the highest on
day 60, in this context, it was similar to ADF and the difference between the groups was found statistically
significant (P<0.001).

Results on chemical and microbiological parameters during aerobic stability of fresh and ensiled TMR

The results of the analysis of fermentation parameters of fresh and ensiled TMR are given in Table 4. The
pH value decreased with the ensiling of TMR, the highest pH value was found in fresh TMR and the lowest pH
value was found on the 30%" day of ensiling and the difference between the groups was statistically significant
(P<0.001). The highest NH3-N content was detected at 96 h of aerobic stability in unensiled and 90 days ensiled
TMR groups.

The lowest NH3-N/TN values were determined at the Oth hour of the ensiled materials and at the Oth hour
of the materials ensiled for 30 and 90 days, and at the Oth and 24" hours of 60 days ensiling. The difference
between the groups was statistically significant (P<0.001). The NH3-N/TN content of ensiled and unensiled TMR
varied between (36.04-55.21 g/kg DM), the lowest value was found at 30 days of ensiling (0" hour) and the
highest value was found at 90 days of ensiling (96" hour) and the difference between the groups was statistically
significant (P<0.001).
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Table 4. Changes in pH, DM, LA, WSC, NH3-N and NHs-N/TN content of TMR during aerobic stability
Tablo 4. Aerobik stabilite siiresince TRK’nin pH, KM, LA, SCK, NHs-N ve NH3-N/TN icerigindeki dedisiklikler

Ensiling Time AS (hour) pH DM LA WSC NHs-N NHs-N/TN

0 0 4.72d 55.00h 28.00a 6.59j 0.89b 38.62ef
24 4.76cd 64.07fg 23.89b 6.81i 0.93ab 40.62def
48 4.81ab 63.78fg 23.80b 13.2a 0.96ab 41.11def
72 4.78bc 70.16de 21.84bc 8.40e 0.94ab 42.02def
96 4.85a 71.93cde 21.62bc 11.7b 1.02a 44.50bcde

30 day 0 4.33| 59.33gh 27.34a 6.00n 0.89b 36.04f
24 4.54f 74.02cd 20.69cde 6.45| 0.93ab 37.91ef
48 4.59% 80.45ab 18.99defg 6.56k 0.96ab 38.36ef
72 4.62e 84.16a 18.17efgh 5.400 0.94ab 39.21ef
96 4.59¢ 83.33a 18.97defg 4.95p 1.02a 39.99def

60 day 0 4.40k 57.80h 20.16cdef 8.58d 0.89b 39.70ef
24 4.51fgh 69.60de 16.72ghii 7.62g 0.89b 41.53def
48 4.53fg 76.33bc 15.35ii 9.79¢ 0.99ab 43.78cdef
72 4.53fg 81.28ab 14.36i 7.65g 0.98ab 44.35bcde
96 4.49ghi 72.09cde 16.30hii 7.341 1.01a 45.27bcde

90 day 0 4.38k 55.85h 20.81cd 7.5%h 0.89b 47.92abcd
24 4.45ij 68.93def 16.74ghii 5.880 0.93ab 50.38abc
48 4.461i 68.30ef 17.05ghi 5.400 0.96ab 50.39abc
72 4.41jk 81.28ab 17.70fghi 6.33m 0.93ab 52.12ab
96 4.48hii 69.07def 16.90ghii 8.29f 1.02a 55.21a

SEM 0,024 1.427 0.594 0.328 0.009 0.857

P

Ensiling Time (ET) 0,000 0.000 0.0000 0.000 0.998 0.000

Air Exposure Time (T) 0,000 0.000 0.0000 0.000 0.004 0.004

ETxT 0,000 0.000 0.0002 0.000 0.153 0.090

AS: Aerobic stability (Air exposure time), DM: Dry matter, LA: Lactic acid, WSC: Water soluble carbohydrate, NH3-N: Ammonia nitrogen,
TN: Total nitrogen, *P: The difference between the means shown with different letters in the same column is statistically significant
(P<0.001), SEM: Standard error of means

The content of WSC ranged between (4.95-13.2 g/kg DM), the lowest amount of WSC was observed at
the 30 day, 96" hour of ensiling, while the highest amount was determined at the 48" hour in the fresh group
and the difference between the groups was found statistically significant (P<0.001). Lactic acid content varied
between (14.36-28.00 g/kg DM) and LA content decreased with ensiling. The lowest LA content was observed at
72 hours of the 60" day of ensiling, while the highest was determined at 0 hour in fresh samples. The difference
between the groups was statistically significant (P<0.001).

Results on microbiological parameters during aerobic stability of fresh and ensiled TMR

The microbiological parameters of fresh and ensiled TMR during aerobic stability are given in Table 5. The
amount of LAB ranged between (3.25-6.66 cfu/g DM), the highest LAB content was found in fresh feeds at 96"
hour, while the lowest value was found at 90" day, Oth hour. The difference between the groups was statistically
significant (P<0.001). Yeast content varied between (2.65-6.32 cfu/g DM).

The yeast values of ensiled TMRs were found to be lower (P<0.001). Ensiling time positively affected the
yeast content and the lowest yeast values were detected in forages ensiled for 30 days (P<0.001). The ensiling
time positively affected the mould content and no mould was detected in feed samples ensiled for 90 days
(P<0.001).
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Table 5. Microbiological analysis values of TMR during aerobic stability (cfu/g DM)
Tablo 5. TRK’nin aerobik stabilite siiresince mikrobiyolojik analiz degerleri (kob/g KM)

Ensiling Time AS (hour) LAB Yeast Mould
0 0 4.86b 5.12abc 0.00e
24 5.09b 5.18ab 0.00e
48 4.51bc 4.71abcd 0.99d
72 4.34bcde 4.15bcde 0.99d
96 6.66a 6.32a 2.18a
30 day 0 4.81b 4.23bcde 0.00e
24 4.67b 3.49cde 0.00e
48 4.71b 2.65e 0.00e
72 4.53bc 4.03bcde 1.37c
96 4.04bcde 4.05bcde 1.94b
60 day 0 5.00b 4.55bcd 0.00e
24 5.06b 4.44bcd 0.00e
48 4.64bc 3.77bcde 0.00e
72 4.46bcd 4.13bcde 0.99d
96 4.50bc 4.45bcd 0.99d
90 day 0 3.25e 3.44de 0.00e
24 4.45bcd 4.42bcd 0.00e
48 3.56cde 3.47de 0.00e
72 4.45bcd 3.44de 0.00e
96 3.38de 3.62bcde 0.00e
SEM 0.116 0.132 0.112
P
Ensiling Time (ET) 0.000 0.000 0.000
Air Exposure Time (T) 0.021 0.001 0.000
ETxT 0.000 0.014 0.000

AS: Aerobic stability (Air exposure time), DM: dry matter, LAB: Lactic acid bacteria, cfu: colony forming unit, > The difference between

the means shown with different letters in the same column is statistically significant (P<0.001), SEM: Standard error of means.

Results on sensor data during aerobic stability of fresh and ensiled TMR

The results of the sensor data of fresh and ensiled TMR during aerobic stability are given in Table 6.
According to the results of the evaluation of the sensor data of fresh and ensiled TMR during aerobic stability, it

can be said that all feed samples were stable during the aerobic period.

Table 6. Results related to sensor data during aerobic stability of fresh and ensiled TMR
Tablo 6. Taze ve silolanmis TRK’nin aerobik stabilite siiresince sensér verileri ile ilgili bulgular

Ensiling Time Temperature °C Air Exposure Time (hour)
0 24 a8 72 9

Ambient 18.81 17.80 17.38 17.56 16.70

Fresh TMR Sensor 18.71 16.86 16.40 16.64 16.13
Ambient 15.86 15.00 14.71 15.38 15.57

30 day Sensor 13.41 12.45 12.69 13.99 14.13
Ambient 23.20 16.62 18.43 17.76 17.48

60 day Sensor 23.58 15.09 17.00 16.05 16.05
Ambient 19.09 15.19 16.81 16.90 17.95

90 day Sensor 19.52 1361 14.10 14.55 15.99
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Results of thermal camera images during aerobic stability of fresh and ensiled TMR

Thermal camera images of fresh and ensiled TMR during aerobic stability are presented in Figure 1.

Ensiling Time (day)

Auir Exposure Time (hour)

i
: i\
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Figure 1. Thermal camera images of fresh and ensiled TMR during aerobic stability
Sekil 1. Taze ve silolanmis TRK’nin aerobik stabilite siiresince termal kamera gériintiileri

DISCUSSION

Aerobic stability is characterised as the length of time an opened silage or TMR remains unheated and
unspoilt. The methods of monitoring TMR temperature are the same as the methods used to measure silage
aerobic stability. In studies on this subject, different methods are used. In some studies, feed temperature was
measured once a day and evaluated (Saarisalo et al., 2006; Pursiainen and Tuori, 2008; Heikkila et al., 2010;
Jaakkola et al., 2010). In other studies, the ambient temperature and TMR temperature over a 7-day period were
evaluated by measuring the temperature twice a day manually or at 10-minute intervals by a data logger
(Pursiainen and Tuori, 2008). Monitoring temperature automatically with sensor data allows more detailed
temperature curves to be determined and aerobic stability to be defined in terms of hours required for a given
temperature increase. The upper limit for aerobic stability may vary according to researchers. According to some
studies, aerobic spoilage was evaluated when the feed temperature exceeded the ambient temperature by 1 °C
(Adesogan and Salawu, 2004), 2 °C (Xie et al., 2022) or 3 °C (Pauly and Wyss, 2018). In this study, 1 °C above the
ambient temperature was considered as a condition for aerobic spoilage. The graphs of the sensor data showed
that fresh and ensiled TMR samples remained stable throughout the aerobic stability period. In the studies
carried out on this subject, it was determined that aerobic stability was lower especially in TMRs with a DM
content lower than 45% (Coskuntuna et al., 2022). In recent years, thermal cameras have started to be used in
the evaluation of aerobic stability of both silage and TMRs during aerobic stability. The results of the studies
indicate that thermal cameras can be used as an evaluation method during the aerobic stability period (Addah
etal., 2012; Kog et al., 2018; Unal et al., 2018; Okur et al., 2022).

In the study, temperature increases were found to be lower in the thermal camera when sensor data and
thermal camera images were evaluated. There are points to be considered in the evaluations related to
temperature measurements. The specific heat capacity and thermal conductivity of a feed depends mainly on
the moisture concentration in the feed (Muck et al., 2003; Berk, 2018). High moisture feed needs more energy
than feed with lower moisture content for the same temperature change. Furthermore, the size of the feed and
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the isolation around the feed affect the measured temperature rise. Therefore, temperature readings are highly
dependent on the conditions under which the measurement is performed. The low water activity limits the
growth of microorganisms in the feed. At the same time, the generated temperature in the slow deterioration
of a small sample can be lost in the environment without causing a detectable temperature rise. In these cases,
the feed will spoil, but no deterioration will be detected in the temperature record. Weinberg et al. (2011), a
study on aerobic stability of grain feeds (81.6% DM) found that grains were detected to be mouldy even though
the temperature increase in the grains was less than 2 °C. In the present study, the fact that the temperature
increase during aerobic stability did not exceed 2 °C above the ambient temperature and at the same time no
mould was detected in the feeds supports the sensor and thermal camera data. The aerobic stability of TMR
depends on the composition of the feed, microbial content, ambient temperature, water activity, nutrients and
oxygen and the presence of growth inhibitors (Muck et al., 2003; Kung, 2005). The conditions in the field are
often different from aerobic stability measurements carried out in the laboratory. However, the results obtained
from small scale trials can help to obtain data on the problems to be encountered in practice. Temperature rise
in TMR is complex and heterogeneous at the microorganism level. The silages that go into the composition of
TMR may have been exposed to oxygen for several days before mixing into TMR. Furthermore, other
microorganisms are added together with other feed ingredients present in the TMR. Microorganisms are not
evenly spread in the TMR. Different feed ingredients can vary greatly in terms of their microbial composition.
Under field conditions it is often not possible to analyse the density of microorganisms in feed. Spoilage is
noticeable by a bad odour or visually. Yeast or mould growth are typical signs of spoilage that can be detected at
farm level. The TMR ingredients used have a high number of microorganisms that can cause rapid deterioration
of TMR. Even feed ingredients with low moisture content can host large numbers of aerobic spoilage
microorganisms that are dormant as long as the water activity is low enough (Rose et al., 2012). According to the
results of the study, moulds were not detected in the feeds during the 96-hour aerobic stability period. Moulds
are eukaryotic, usually aerobic microorganisms (Driehuis and Oude Elferink, 2000). Moulds are harmful
microorganisms because most of them can produce mycotoxins. The contamination of TMR by moulds is mostly
caused by mouldy silages. They can be visually detected in the surface layers of silages due to poor sealing and
compaction of silages (Pahlow et al., 2003). Mould growth occurs in the later stages of silage aerobic spoilage
(Driehuis and Oude Elferink, 2000). The consequences of mycotoxin intake by animals can be serious (Koivunen
and Huuskonen, 2018; Ogunade et al., 2018), so it is generally accepted practice to completely avoid feeding
visually mouldy forages. Removing mouldy spots or the mouldy surface layer from silage results in a significant
amount of additional work and feed loss. If separation is not carefully done, mouldy silage is mixed into the TMR.
At this point, it is also important to evaluate the aerobic stability of the silages added to TMR. The highest yeast
count was detected at 96th hour of aerobic stability in fresh TMRs when the yeast contents of TMRs were
evaluated. In ensiled TMRs, yeast values decreased depending on the ensiling time. Yeasts are microorganisms
effective on aerobic stability. They are eukaryotic microorganisms that normally reproduce by budding (Pahlow
et al., 2003). They can grow under both anaerobic and aerobic conditions and can ferment sugars to ethanol
(Pahlow et al., 2003). Yeast counts above 5 logl0 cfu g-1 were found to be associated with decreased aerobic
stability of silage and TMR (Wilkinson and Davies, 2013; Soycan Oneng et al., 2019; Shah et al., 2024). A negative
correlation was found between the aerobic stability of TMR and yeast counts (Kung, 2005). Similar results were
found when the research results were evaluated. Rinne et al. (2018) showed in a study that the addition of water
can reduce the aerobic stability of TMR. The activity of water is one of the main factors that increase microbial
activity. At the at the same time, the silages added to TMR affect the moisture content. During this process
aerobic microorganisms multiply. It is assumed that silage stability is linearly related to TMR stability (Kung,
2005). Therefore, the effect of silage DM on TMR stability is much greater than increasing the moisture content
of TMR (Holmes and Bolsen, 2009). In this study, 55% DM content of TMR samples may not have caused a
significant difference in aerobic stability between fresh and ensiled forages. In general, all factors affecting the
aerobic stability of silage and TMR may have multiple interactions. Weiss et al. (2016) also concluded that it is
not possible to predict the outcome of silage fermentations with certainty, especially due to the complexity of
the silage ecosystem.
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CONCLUSION

The results of this study provide strong evidence that ensiling TMR significantly enhances its aerobic
stability and extends its shelf life. Ensiled TMR not only demonstrates lower yeast and mold counts but also
maintains stable temperature levels, all of which contribute to delaying spoilage. These findings have important
practical implications for livestock farmers and feed producers, particularly those who rely on large-scale TMR
production and storage. The ability to store TMR for extended periods without compromising its nutritional
quality or stability is crucial for efficient feed management and reduces feed wastage.

However, the study also suggests that there may be a balance to strike between aerobic stability and
nutrient preservation. While longer ensiling periods enhance stability, they can also result in nutrient
degradation, particularly in terms of CP and starch content. Therefore, farmers and feed managers should
consider the optimal ensiling duration to maximize both the nutritional value and stability of TMR, depending on
their specific feeding schedules and storage needs.
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Improving Egg Production, Quality and Eggshell Hygiene by Supplementation of Sage (Sa/via officinalis) and
Lavender (Zavamdula angustifolia Essential 0ils into Drinking Water *

ABSTRACT
Obijective: This study was performed to evaluate the effects of sage (Salvia officinalis) and lavender (Lavandula angustifolia) essential oils (EO) supplementation
into drinking water on egg production, quality and eggshell hygiene in laying hens.

Material and Methods: A total of 300 Nick Brown laying hens between 30 and 38 of age were used in a completely randomized design in three treatments
and ten replicates. The treatments consisted of: control group, sage EO, lavender EO supplementation group. EOs were supplemented into drinking water (0.3
mL/L).

Results: A lower value of egg production, egg weight, egg mass and deteriorations in feed conversion ratio, eggshell breaking strength and thickness were
observed in lavender EO group (P<0.05). However, the number of total aerobic mesophilic bacteria, Coliform spp., and yeast and mold of eggshell was reduced
by supplementation of sage and lavender EO, compared to the control group (P<0.001).

Conclusion: Current findings showed that the supplementation of sage EO could be effective for improving egg production, and eggshell strength; however
lavender EO negatively affected the productivity. A specific beneficial effect of both sage and lavender EOs observed for eggshell hygiene, when compared to
the control group.

Keywords: Egg production, feed conversion ratio, eggshell breaking strength, eggshell hygiene, Salvia officinalis, Lavandula angustifolia, essential oil

Icme Suyuna Adacay (Sa/via officinalls) ve Lavanta (Zavandula angustifolid Esansiyel Yag Ilavesiyle
Yumurta Verimi, Kalitesi ve Yumurta Kabuk Hijyeninin Artirllmasi

0z
Amag: Bu calisma, yumurtaci tavuklarda igme suyuna adagayi (Salvia officinalis) ve lavanta (Lavandula angustifolia) esansiyel yaglari ilavesinin yumurta verimi,
kalitesi ve yumurta kabuk hijyeni tizerine etkilerinin degerlendirilmesi igin yUrttulmusur.

Materyal ve Metot: TesadUf parselleri deneme deseninde yiritllen bu ¢alisma 300 adet Nick Brown yumurtaci tavuk ile 30-38 haftalik yas doneminde, g
deneme grubu ve on tekerrir (her tekerriirde on adet tavuk) ile tamamlanmigtir. Deneme gruplari: kontrol grubu, adagay esansiyel yagi ilavesi, lavanta
esansiyel yagi ilavesi. Esansiyel yaglar igme suyuna 0.3 mL/L dlzeyinde ilave edilmistir.

Bulgular: Lavanta esansiyel yagi ilave edilen deneme grubunda yumurta verimi, yumurta agirligi ve yumurta kitlesinin daha distik oldugu, yemden yararlanma
orani, kabuk kiriima direnci ve kabuk kalinliginda kdtiilesme meydana geldigi gézlenmistir (P<0.05). Ancak, kontrol grubu ile kiyaslandiginda, adagayi ve lavanta
esansiyel yaglari ilavesi kabuk ylzeyindeki toplam aerobik mezolofilik bakteri, Coliform spp. ve kiif-maya popilasyonunu azaltici yonde etki etmistir (P<0.001).

Sonug: Elde edilen bulgular adagayi esansiyel yagi ilavesinin yumurta verimi ve kabuk kirilma direncini artirma igin etkili olabilecegini, ancak lavanta esansiyel
yagi ilavesinin ise performansi olumsuz yonde etkilemistir. Kontrol grubu ile kiyaslama yapildiginda, hem adagayr hem de lavanta esansiyel yaginin kabuk hijyeni
Uzerine 6zel bir olumlu etkisi oldugu gozlenmistir.

Anahtar Kelime: Yumurta verimi, yemden yararlanma, kabuk kirilma direnci, kabuk hijyeni, Salvia officinalis, Lavandula angustifolia, esansiyel yag
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INTRODUCTION

In animal production, the usage of antibiotics as growth promoter parameters has been banned in many
countries, mainly in European Union countries, since 2006 (Butaye et al., 2000; O’Neill, 2016). Therefore, a huge
interest has been focused on feed additives which could have potential to be new alternative instead of
antibiotics for beneficial effects in poultry production (Garcia et al., 2019; Gholami-Ahangaran et al., 2022;
Uriisan, 2023). Among these alternatives, herbal additives, also called as phytogenic feed additives, have been
increasingly gained importance due to their possible stimulating effects for productive performance,
physiological and health status of birds (Gholami-Ahangaran et al., 2022).

Aromatic and medicinal plants, spices could be used as phytogenic additives in different forms of dried
plant, plant extracts, essential oils (EO) as singly or combined forms, and supplemented into feed or drinking
water (Bozkurt et al., 2014). EOs are produced by plants and have aromatic properties with fragile and volatile
compounds. The chemical composition, and the content and level of active compounds could vary depending on
plant species (Hippenstiel et al., 2011). It is known that these herbal sources are a rich source of biologically
active substances, containing more than 8000 phytochemicals, such as phenols, flavonoids, saponins, tannins,
essential oils (Yadav et al., 2016). Depending on these phytochemicals, some beneficial effects, for example anti-
oxidative, anti-fungal, anti-carcinogenic, anti-inflammatory, and antimicrobial effects, could be provided
(Bahmani et al., 2014; Gholami-Ahangaran et al., 2020).

Sage (Salvia officinalis) is a member of the Labiatae/Lamiaceae plant family, and easily grow in many areas
having ideal conditions (Bahtiyarca Bagdat et al., 2017). It is largely used in human nutrition due to its therapeutic
ability (Alekish et al., 2017), comprising phytochemical compounds, alkaloids, carbohydrates, fatty acids,
asparagine, glutamine, carotene, steroids, poly acetylenes, terpenes/terpenoids, phenolic substances (e.g.,
tannins, coumarins, flavonoids), glycosidic derivatives (saponins, cardiac glycosides, flavonoid glycosides,), and
waxes (Ghorbani and Esmaeilizadeh, 2017; Hrebien-Filisinska and Bartkowiak, 2021). The EO of sage mainly
includes the monoterpenes eucalyptol, alpha- and beta thujone, borneol (Landjev, 2010). These compounds
could provide pharmacological effects, as anti-inflammatory, anti-cancer and antioxidant, as well as a
neuroprotective and wound-healing effects (Fu et al., 2013). According to the potential beneficial effects of sage,
previous studies investigated the potential effects of sage leaves and/or extracts in poultry nutrition. Some
significant improvements were observed in sperm quality and productivity in roosters (Ommati et al., 2013),
average daily weight gain (Levkut et al., 2010), and blood biochemical parameters (Piesova et al., 2012) as well
as for reducing the total number of Enterobacteriacea (Rasouli et al., 2020; Galamatis et al., 2021).

Lavender (Lavandula angustifolia), is also known as Common Lavender, French lavender, English
Lavender, Garden Lavender, is one of the important aromatic and medicinal plants which is a flowering plant
from the Lamiaceae family. The roots, leaves and fruits of the lavender could be used as medicinal plant, as well
as essential oil could be produced by fresh flowers and/or the inflorescence stage. It has been highlighted that
lavender EO contains more than 100 components (Martucci et al., 2015); the main compound of lavender EO is
lavandula (1%—-3%) which is rich in linalyl acetate and linalool. The lavender EO also includes rosmarinic acid and
coumarin (Lis-Balchin, 2002; Marin et al., 2016). On the other hand, Bakhsha et al. (2014) reported the
components of lavender EO are mainly; carvacrol (26.2%), limonene (19.6%), 1,8-cineole (11.8%), and the minor
componenets are terpinen-4-ol (7.6%), spathulenol (4.9%), a-pinene (4.2%), p-cymene (4.2%), caryophyllene
oxide (2.7%) and terpinolene (2.6%). Lavender is largely used in food, drugs, cosmetics sectors (Danh et al., 2013).
It is well known that the lavender has strong antimicrobial properties as nematicidal, antifungal, anti-mite, and
antiviral activity (Adaszynska-Skwirzyriska et al., 2021). Depending on these effects, lavender could potentially
inhibit the proliferation of pathogenic bacteria’s, and stimulates the growth of the beneficial microbiota (Alali et
al., 2013; De Rapper et al., 2016). Besides it has therapeutic effects such as anti-oxidative, anti-depressant, anti-
inflammatory, analgesic, tranquilizing, hypnotic, and anti-carcinogenic activity and also antioxidant and immune-
stimulating effects (Carrasco et al., 2016; De Rapper et al., 2016; Adaszynska-Skwirzynska and Szczerbirnska,
2019).

According to available knowledge, the hypothesis of this study is the supplementation of sage (Salvia
officinalis) and lavender (Lavandula angustifolia) EO into drinking water would be effective for enhancement of
productive performance, egg quality parameters, and providing an inhibition of eggshell microbiota.
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MATERIAL and METHODS

A total of 300 Nick Brown genotype laying hens at 30 weeks of age were used in the experiment. This
study was carried out in research house of a commercial facility located in izmir, Turkey. Ten sub-groups were
created for each experimental group and each sub-group contained 10 laying chickens

The laying hens were divided into control group and two experimental groups with EO supplementation
including sage (Salvia officinalis) and lavender (Lavandula angustifolia) supplementation. The drinking water was
supplemented with sage and lavender EOs (Greenext Global Organic Chemistry, izmir, Turkey) at a concentration
of 0.3 mL/L between 30 and 38 weeks of age with daily basis. Each experimental group was equipped with 10
liter tanks that were connected with nipple drinkers. The active components of sage and lavender EOs, according
to the information given by the manufacture, are shown in the Table 1. A standard commercial layer diet (17.8%
CP and 2815 ME kcal/kg) was used. The basal ration was formulated mainly with soybean meal and maize
according to the National Research Council (NRC, 1994).

Table 1. The active compounds of sage (Salvia officinalis) and lavender (Lavandula angustifolia) EOs
Cizelge 1. Adacayi (Salvia officinalis) ve lavanta (Lavandula angustifolia) esansiyel yaglarinin aktif bilesenleri

EOs Compounds %
L-Linalool 37.42
Linalyl acetate 26.38

Lavender EO Terpinene 4.59
Caryophyllene 3.37
Lavandulyl acetate 2.90
1,8-Cineole 37.56
Camphor 24.26

Sage EO B-Caryophyllene 8.15
Borneol 8.14
Thymol 2.85

The nutrient content and content of the diet was expressed in Table 2. Feed and water were offered ad-
libitum during experimental period. All hens were provided with a constant lighting schedule applied as 16 hours
lighting period and 8 hours’ dark period.

Table 2. Composition and nutrient content of the basal diet
Cizelge 2. Rasyon bilesimi ve besin madde icerigi

Ingredients % Nutrient content
Corn 62.5 Metabolizable energy (kcal/kg™?) 2823
Soybean meal, 48% 22.8 Crude protein (%) 17.8
Soybean oil 2.0 Calcium (%) 4.15
Limestone 10.0 Available phosphorus (%) 0.55
NaCl 0.35
Di-calcium phosphate 16
L-Lysine-HCI 0.05
DL-methionine 0.20
Premix* 0.50

* Vitamin premix provided per kg of diet: Vitamin A: 2.40 mg; Vitamin D3: 75.00 pg; Vitamin E: 5.00 mg; Vitamin K3: 2.20 mg; Vitamin
B1: 1.50 mg; Vitamin B2: 4.00 mg; Vitamin B3: 8.00 mg; Vitamin B5: 35.00 mg; Vitamin B6: 2.50 mg; Vitamin B9: 0.50 mg; Vitamin B12:
10.00 pg; Vitamin H2: 0.15 mg; Choline: 468.70 mg; Mn: 80.00 mg; Fe: 75.00 mg; Zn: 64.00 mg; Cu: 6.00 mg; Se: 0.30 mg.

Laying Performance Parameters

The body weight of hens was individually weighed at 30 and 38 weeks of age. The number of eggs was
recorded as daily basis by collecting manually in each pen. The egg production was given as hen-day egg
production (HDEP), whereas daily feed intake and egg weight were monitored on weekly basis. Egg mass was
given as ratio between the egg weight with HDEP. Feed conversion ratio were calculated by rating between feed
intake and egg mass.
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Egg Quality Parameters

At 38 weeks of age, to determine the egg quality, 30 eggs per experimental group (randomly selected 3
eggs from each replicate) were subjected to exterior and interior quality analysis. The eggs were weighed with
$0.01 g precision, and then measured for the length and width by digital caliper (+0.01 mm precision, Mitutoyo,
300 mm, Neuss, Germany). These values were used for calculation of egg shape index according to the formula
given by Reddy et al. (1979):

Egg shape index (%) = (Egg width/Egg length) x 100

Eggshell breaking strength was measured by using an eggshell force reader machine (Egg Force Reader,
Orka Food Technology, Israel). Then, the eggs were broken on a glass table to measure interior egg quality
parameters. Egg yolk diameter, albumen width and length, were measured with digital caliper (Mitutoyo, 300
mm, Neuss, Germany), whereas the height of yolk and albumen were determined by using a tripod micrometer.
The formulas given at below were used to calculate yolk index, aloumen index, and Haugh unit (Heiman and
Carver, 1936; Haugh, 1937; Funk, 1948):

Yolk index = (Yolk height/Yolk diameter) x 100
Albumen index = (Albumen height/(Albumen length + Albumen width)/2) x 100
Haugh unit = 100 X log(Albumen height + 7.57 — 1.7 x Egg weight®37)

Then, egg yolk color was measured with DSM egg yolk color fan (Roche Ltd., Switzerland), ranging from
the lightest (score 1) to the darkest yolk color (score 15). The yolk weight was determined by weighing with £0.01
g precision. The eggshells were washed and exposed a drying process for 24 h at 105°C in an oven (Nuve FN-500,
Ankara, Turkey), and then weighed. Albumen weight was determined by subtracting the sum of yolk and shell
weights from the egg weight. The thickness of eggshell was determined of measuring the thickness of the upper,
middle, and lower end of the shell egg using a special caliper, and it was given as the average thickness of these
three parts of the shell.

Microbial analysis

The eggshell samples (n=5 samples from each experimental group) with an amount of 10 g were collected
and then out in a sterile containers containing 50 mL of phosphate buffered saline solution, and homogenized
for 2 minutes with a vortex. To numerate of bacteria in eggshell samples, the decimal dilutions were made in
sterile test tubes with containing 9 ml of phosphate buffered saline (0.1%).

For enumeration of total mesophilic aerobic bacteria and coliforms, Plate Count Agar and Violet Red Bile
Lactose Agar (Merck, Germany) were used. From each dilution, duplicate pour plates were created. For 24 to 48
hours, plates were incubated at 37 °C. Coliform bacteria were counted as pink-red colonies from the appropriate
dilution, and all colonies from the appropriate dilution were counted as mesophilic aerobic bacteria (Harrigan,
1998).

Potato Dextrose Agar with 10% tartaric acid added was used for mold and yeast counts, and duplicate
pour plates were created from each dilution. After five days of incubation at 22 °C, colonies with a soft mucoid
consistency with oval or rounded edges were classified as yeast, while colonies with a mycelium that resembled
"puffy cotton" were classified as mold (Andrew, 1992).

Statistical Analysis

Data obtained in the study was subjected to statistical analysis using the general linear model (GLM)
procedure in a completely randomized design in three treatments and ten replicates (ten birds per replicate,
Minitab 17).

The following statistical model was used to determine the effects of the treatment:
Yij = 1+ aij + eij
where | = general mean, eij = random error, ai = effect of EOs treatments, and Yij = response variable.

The means were given with the standard error of the mean (SEM). The differences among treatment
groups were analyzed by Duncan’s multiple range tests. Differences were considered significant at P<0.05.
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RESULTS and DISCUSSION

The effects of sage and lavender EO supplementation into drinking water on performance parameters
were presented on Table 3. Performance data indicated that there were no significant differences between feed
consumption, and body weight of laying hens in the experimental groups (P>0.05). During experimental period,
HDEP, egg weight, egg mass and feed conversion ratio were found to be improved in the sage EO
supplementation and control groups, compared to the lavender EO supplementation group (P<0.01).

Table 3. The effects of sage (Salvia officinalis) and lavender (Lavandula angustifolia) EO supplementation into
drinking water on performance parameters

Cizelge 3. icme suyuna adacay: (Salvia officinalis) ve lavanta (Lavandula angustifolia) esansiyel yadi ilavesinin
performans parametreleri lizerine etkileri

Experimental groups

Performance parameters Control Sage EO Lavender EO P-value
Hen-day egg production (%) 86.6 + 0.6 87.3+£0.6% 85.6 + 0.6 0.035
Egg weight (g) 63.9+2.7 63.6+2.7% 60.30+ 2.3° <0.001
Egg mass (g/hen/day) 544+1.4° 53.7+1.2* 51.0+1.0° <0.001
Feed consumption (g/hen/day) 121.7+12.2 117.8+£10.2 119.4 + 14.1 0217
Feed conversion ratio (feed/egg) 2.24+0.03° 2.19 £0.04° 2.34 £0.02° 0.002
Body weight at 30 wks of age (g) 1827.5+65.3 18403 +£79.7  1833.0£67.0 0.212
Body weight at 38 wks of age (g) 1771.8 £81.4  1817.5+94.6  1833.5+79.6 0.068

a, b—values in rows with different letters differ significantly (P < 0.01)

The supplementation of sage EO provided an increment in HDEP (87.3%), whereas the lavender EO
resulted in a lower of HDEP (85.6%), compared to the control group (86.6%). Current results agree with previous
studies performed by Saleh et al. (2021) and Todorava et al. (2024) who found an increment in egg production
with sage supplementation into feed. This stimulating effect was attributed to the content of phytoestrogens in
sage, which possibly affected the oviduct development and subsequently provided an increment in egg
productivity.

In the control and sage EO supplementation group, an increment in egg weight and egg mass was
observed and this increment possibly provided an improvement in feed conversion ratio. This hypothesis was
earlier confirmed by Nobakht et al. (2011), Sayedpiran et al. (2011). Despite no significant differences were
observed for feed consumption between experimental groups, a more efficient of feed conversion ratio was
observed in the control (2.24) and sage EO supplementation group (2.19) than the lavender EO supplementation
group (2.34; P<0.01). When compared to the control group, sage EO provided any beneficial effect for feed
conversion ratio, but lavender EO supplementation caused deterioration in feed conversion ratio, and also other
performance parameters including HDEP, egg weight and egg mass. In contrast, in a previous study dietary
supplementation of lavender EO with an amount of 350 mg/kg feed provided a significant improved in feed
conversion ratio in broilers (Nasiri-Moghaddam et al.,, 2012). On the other hand, the supplementation of
Lavender stoechas (200, 400 and 600 ppm) provided any improvement in feed conversion ratio in laying hens in
another study (Salari et al., 2014).

When compared to the control group, laying hens in sage and lavender EO supplementation groups
showed a tendency to gain more body weight, despite the non-significant differences between for body weight
at 38 weeks of age in the experimental groups. On the other hand, previous studies reported an increment in
body weight when the diet was supplemented with different essential oils (Hernandez et al., 2004; Traesel et al.,
2011). Hernandez et al. (2004) explained this effect by appetite stimulation and improvement in digestive
processes by sage supplementation.

These contradictions between the data reported in literature could be originated from the differences
origin, content, used amount of the essential oil, supplementation type (into feed or drinking water), genotype,
age, and health status of birds. Furthermore, some authors highlighted that the supplementation amount of
essential oils could cause some toxic effects, especially with higher amount of essential oils, or amount of active
compounds in essential oils (Krishan and Narang, 2014). Torki et al., (2021) claimed that a significant decline in
egg production was observed in supplementation of Lavandula angustifolia and Mentha spicata (250 mg/kg
lavender + 250 mg/kg mint) essential oil in laying hens due to possible toxicity of EOs. Therefore, more
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toxicological studies focused on essential oils should be carried out to understand the metabolic and
physiological pathways of essential oils. Our results clearly suggested that lavender EO possibly caused an
inhibiting effect on performance parameters in laying hens.

In this study, the differences observed in the weight of yolk and albumen could be attributed to the egg
weight. However, the percentage of yolk was found to be the lowest in lavender EO supplementation group
(32.4%), then the control (35.1%) and sage EO supplementation (34.4%) groups (P<0.01). These findings showed
a consistence with the negative effect of lavender EO on egg production performance, which might be originated
from a possible toxic effect of lavender. Eggshell breaking strength and eggshell thickness was found to be the
lowest in the lavender EO group (1.871 kg/cm2 and 0.539 mm respectively, P<0.05). As mentioned previously,
some of plant additives might be effective for regulation of calcium metabolism via stimulation of hormone
secretion, and thereby an improvement in eggshell quality (Esenbuga and Ekinci, 2023). Furthermore, eggs
obtained from laying hens in the sage EO group had darker color of yolk compared to the control and the lavender
EO groups. This could be an indicator for sage as its effect for increment in transition of the pigments to the yolk,
which previously suggested by Esenbuga and Ekinci, (2023).

7 -

5.52

3.4

o o
3 4

log,, cfu/ml

TAMB Coliform spp. Yeast-Mold

m Control mSage EO Lavender EO

Figure 1. Eggshell bacterial load by sage (Salvia officinalis) and lavender (Lavandula angustifolia) EO
supplementation groups into drinking water, Bars represent mean %SE. (P<0.05)

Sekil 1. icme suyuna adacayi (Salvia officinalis) ve lavanta (Lavandula angustifolia) esansiyel yagi ilave edilen
gruplarda yumurta kabugu bakteri yliki, Cubuklar ortalama #Standart hata’yi temsil etmektedir. (P<0.05)

As shown in Figure 1, total number of total mesophilic aerobic bacteria’s, Coliform spp., and yeast and
mold in eggshells were found to be lower in the sage and lavender EO supplementation groups than the control
group (P<0.01). This could be attributed to the antibacterial properties of both sage and lavender. A similar effect
was also reported by Galamatis et al. (2021) who found a reduction in the total number of Enterobacteriaceae in
eggshells by diet supplementation of 1.0% Salvia officinalis group compared to the control and supplementation
of 0.5% Salvia officinalis groups.

CONCLUSION

Based on the current findings, it could be concluded that the supplementation of sage EO into drinking
water (0.3 mL/L) might improve egg production, egg weight, feed conversion ratio and eggshell strength, and
indeed it is more effective than lavender EO supplementation. On the other hand, both of sage and lavender EO
could be used for providing eggshell hygiene by decreasing the microbial population of eggshell. However,
regarding the decline in performance and quality parameters in lavender EO group, sage EO could be potentially
recommended as phytobiotics additive in laying hens.
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ABSTRACT

Obijective: This research was conducted to determine the fattening performance of males from egg-type quails (Coturnix coturnix japonica) sorted as non-
breeding stocks after 35 days using three different finisher rations.

Material and Methods: Three different rations were used as finisher feed: cracked corn (CC), broiler chick feed (BCF), and cracked corn- broiler chick feed (1:1)
mixture (CC-BCF) for fattening 270 male quails. Quail fattening started with an average weight of 198 g and was carried out in cage pens with 3 replicates in
each group and 30 male quails in each replicate. Quails were weighed individually on the 5th and 10th (40 and 45 days of age) days of the experiment. When
the quails reached 45 days of age, some morphological traits were measured in a total of 135 quails, 15 randomly from each pen.

Results: The mean body weights of the CC, BCF, and CC-BCF groups at 40 and 45 days of age were determined 202.00, 227.21, and 222.81 g and 200.55,
231.79, and 229.04 g, respectively. While the CC group had the lowest fattening performance (P<0.01), the difference between the BCF and CC-BCF mixture
groups was insignificant (P>0.05). In terms of carcass ratio, the highest value (75.2%) was observed in the BCF group and the lowest value (73.6%) in the CC
group (P<0.05). The difference between the groups in terms of beak length, beak width, head length, head width, folding wing length, back length, tail length,
body length, shank length, shank width, and middle finger length was insignificant (P>0.05). The lowest mean in terms of breast width (32.9 mm) was observed
in the CC group, and the highest mean in terms of breast length (67.3 mm) was observed in the CC-BCF group (P<0.01). In terms of feed conversion ratio, the
CC group (9.24) had the lowest average (P<0.01), while the BCF (5.80) and CC-BCF groups (6.00) had higher average (P>0.05). According to the discriminant
analysis of morphological traitss, the average reclassification success of quails in different finishing feed groups was 79.1%.

Conclusion: The study results showed that a 5-day fattening period is sufficient for male quails from 35 days of age and that adding cracked corn as cheap
grain feed to expensive high-protein feeds during the finishing period can reduce feed costs by approximately 10-20% without causing any loss in fattening.

Keywords: Quail, fattening, corn, chick feed, morphology

Bitirme Doneminde Rasyona Kirik Misir llavesinin Erkek Bildircinlarda

Besi ve Moriolojik Ozellikler Uzerine Etkisi
0z
Amag: Bu arastirma, 35. gtinden sonra g farkl bitirme rasyonu kullanilarak damizlik disi olarak ayrilan yumurta tipi bildircin erkeklerinin (Coturnix coturnix
japonica) besi performanslarini belirlemek amaciyla yurittlmustar.

Materyal ve Metot: Bitirme yemi olarak kirik misir (CC), etlik civciv yemi (BCF) ve kirtk misir-civciv yemi (1:1) karigimi (CC-BCF) 270 erkek bildircinin besisi igin
ti¢ farkh rasyon kullaniimistir. Bildircin besisi, ortalama 198 g olarak baslatiimis ve her gruba ait 3 bélme ve her bélmede 30 hayvan tekerriir olacak sekilde
yuratilmastir. Denemenin 5. ve 10. (40 ve 45 glnlik yas) glinlerinde bildircinlar bireysel olarak tartilmistir. Bildircinlar 45 giinliik yasa eristiklerinde her
bolmeden rastgele 15 olmak lizere toplam 135 hayvanda bazi morfolojik 6zellikler belirlenmistir.

Bulgular: CC, BCF ve CC-BCF gruplarinda 40 ve 45 ginlik yasta canli agirliklar sirasiyla 202.00, 227.21 ve 222.81 g ve 200.55, 231.79 ve 229.04 g olarak
belirlenmistir. CC grubu en diistik besi performansina sahip olurken (P<0.01), BCF ve CC-BCF gruplari arasindaki fark 6nemsiz bulunmustur(P>0.05). Karkas
orani bakimindan en yiiksek deger (%75.2) BCF grubunda ve en disiik deger (%73.6) CC grubunda gozlenmistir. Gruplar arasinda gaga uzunlugu, gaga genisligi,
kafa uzunlugu, kafa genisligi, katlanir kanat uzunlugu, sirt uzunlugu, kuyruk uzunlugu, viicut uzunlugu, incik uzunlugu, incik genisligi ve orta parmak uzunlugu
ozelliklerinde farklar 6nemsiz bulunmustur (P>0.05). En dustik gégus genisligi (32.9 mm) CC grubunda ve en yiksek gogis uzunlugu (67.3 mm) CC-BCF grubunda
gozlenmistir (P<0.01). Yemden yararlanma orani bakimindan CC grubu (9.24) en dusiik orani alirken (P<0.01), BCF (5.80) ve CC-BCF (6.00) gruplari daha ylksek
ortalamaya sahip olmustur (P>0.05). Morfolojik 6zelliklerin diskriminant analizi sonuglarina gore bildircinlarin bitirme yemi gruplarina tekrar siniflandirma
basarisi %79.1 olmustur.

Sonug: Arastirma sonuglari, 35 giinden itibaren erkek bildircinlar igin 5 glinltk besi stresinin yeterli oldugunu ve bitirme déneminde pahali yliksek protein
icerikli yemlere kiyasla ucuz dane yem olarak kirilmis misir ilavesinin beside bir kayba neden olmaksizin yaklasik %10-20 kadar yem maliyetini diisiirebilecegini
gostermistir.

Anahtar Kelime: Bildircin, besi, misir, civciv yemi, morfoloji
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Fattening and Morphological Traits in Male Quails

INTRODUCTION

Since 2016, poultry meat has been the most consumed animal protein source in the world, with about
86% of it coming from chicken alone (Govoni et al. 2021). On the other hand, as the accessibility to food increases,
the demand for products obtained from alternative poultry species also increases (Boz et al. 2022). Quail, one of
the first alternative poultry species that comes to mind, has great potential for both egg and meat production
due to its traits such as requiring less space for rearing, resistance to diseases and adverse environmental
conditions, and reaching sexual maturity quickly (Ugar et al. 2020). Japanese quail (Coturnix coturnix japonica)
has a relatively fast growth rate compared to other alternative poultry species. Therefore, Japanese quails can
be used efficiently for meat production. Quail fattening usually takes 5-6 weeks. During this period, it is
recommended that quails be fed with high protein rations to promote rapid growth and weight gain (Serge-
Olivier et al. 2021).

Japanese quails show rapid body development from hatching and reach sexual maturity within 5-6 weeks.
It is critical to regularly monitor body weight and growth development and adjust feeding regimes according to
these parameters. The growth in Japanese quail is faster in the early stages of life. As quails approach sexual
maturity, their growth rate decreases, but they continue to gain live weight throughout fattening (Baumgartner,
1994; Naring et al. 2010). The excess males of quails reared for breeding or egg production are fattened and
reach slaughter age within 5-6 weeks (Alarslan, 2006). Quails are generally used as breeding stock in a ratio of
3:1 (female-male) and 2/3 of the male quails are separated as non-breeding stock (Erensayin et al. 2002; ipek et
al. 2004; Karousa et al. 2015). Fattening these males for meat production has the potential to provide significant
benefits in terms of reducing production costs, using resources efficiently, and generating additional income. In
quails, sexual dimorphism is unlike other farm poultry, the females have larger body than males. Male quails
remain at a lower in terms of live weight gain after the 4th week compared to female quails (Lukanov et al. 2021;
Ucar, 2024a). The fact that the differences in growth and development observed in male and female quails may
be due to muscle fibers, the structure of muscle bundles, and morphological differences (Kim et al. 2024) also
necessitates studies on morphological development in this species. The fact that almost all of the females are
reserved for egg production or breeding requires the fattening of the surplus males. Aiming to complete the
fattening process with the lowest cost and highest yield in the shortest time is important in terms of economic
efficiency. The feed ration used in fattening affects not only the live weight but also the morphology and carcass
yield (Van Der Ziel and Visser, 2001; Ozcan et al. 2021). On the other hand, the fattening capabilities of egg-type
quails are limited. In addition, sex determination based on feather color can be done at the earliest at 3-4 weeks
of age, which limits the remaining time for the fattening of male quails that are separated for breeding purposes.
The average body weight of egg-type quails at 35-45 days of age is 200-250 g and their feed conversion ratio is
3.5-4 (Lukanov and Genchev, 2018; Vargas-Sanchez et al. 2018; Abou-Kassem et al. 2019; Bayril, 2023). In Turkiye,
quails are generally raised for egg production rather than meat production (Ucar et al. 2020). Although it shows
relatively lower fattening performance compared to meat quail genotypes in meat production (Tavaniello, 2014),
the fact that excess males have to be separated as non-breeding stocks in egg-type quails requires questioning
the fattening performance capabilities of this group with cost-effective rations.

This research aims to determine whether there will be a negative effect on fattening by adding cracked
corn as a cheap grain feed to the ration at the end of the fattening period of male quail to reduce the costs. In
this research compared the fattening performance and some morphological traits of male quails, which were
separated as non-breeders after gender determination, at 35-45 days of age using 3 different finisher feeds.

MATERIAL and METHODS

A total of 270 male egg-type Japanese quail (Coturnix coturnix japonica) were used in the experiment. All
quails obtained from the incubation of eggs from the same batch were reared under the identical diet and
environmental conditions until 35 days of age. At the beginning of the experiment, the quails were weighed and
numbered individually, and randomly distributed into 3 groups, and fattening was started with similar weights.
In the study, 3 finisher feed groups were formed: cracked corn (CC), broiler chick feed (BCF), and a 1:1 mixture
of these two feeds (CC-BCF). Each finisher feed group had 3 replications and 30 quails in each replication. Quails
were fed with cracked corn (CC; 6% Crude Protein, 3100 ME kcal/kg, cost: 0.19 $/kg), broiler chick feed (BCF; 20%
Crude Protein, 2900 ME kcal/kg, cost: 0.34 $/kg), cracked corn broiler chick feed mixture (CC-BCF; 13% Crude
Protein, 3000 ME kcal/kg, cost: 0.26 $/kg).
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Feed and water were given to the quail’s ad-libitum. On the 5th and 10th days of the experiment (40th
and 45th days of age), individual live weights of quails were determined, and the remaining feed at the end of
the experiment was collected from the pens and weighed, thus calculating the feed conversion rate of each
group. The cost per unit live weight gain was calculated by multiplying the feed conversion ratio and the finishing
feed kg cost. When the quails reached 45 days of age, some morphological traits were measured in a total of 135
quails, 15 randomly selected from each pen. Within the scope of morphological traits, body length (cm), breast
width (mm), breast length (mm), beak length (mm), beak width (mm), head width (mm), head length (mm), back
length (mm), tail length (mm), shank length (mm), shank width (mm), middle finger length (mm) and folded wing
length (mm) were determined using a digital calliper. Morphological measurements were performed on the right
body parts of the quails by the same person, after the measurements were completed, the quails were
slaughtered, and carcass weight (g) and carcass ratio (%) were determined (Ugar, 2024b).

IBM-SPSS Statistics 20 package program was used for statistical analyses. One-way analysis of variance
(ANOVA) was used to compare live weight, carcass traits, feed conversion ratios, and morphological traits, and
the Duncan multiple range test was used to determine statistically significant group means (P<0.05). Discriminant
analysis was used in multivariate analyse.

RESULTS

Statistically significant differences (P<0.05) were found between the average live weights measured on
both the 5th day (40 days of age) and the 10th day (45 days of age) of quail fattening according to the finisher
feed groups (CC, BCF, and CC-BCF) (Table 1, Figure 1).

Table 1. Changes in live weight (g) of quails fed with different finisher feeds according to age*
Tablo 1. Farkl bitirme yemleri ile beslenen bildircinlarin yasa gére canli agirlik (g) degisimi*

Fattening Days (Quail Age Days)

Groups 0 5 10

(35) (40) (45)
Cracked Corn (CC) 197.31%%+ 2.79 202.00"+ 2.61 200.55* £ 2.54
Broiler Chick Feed (BCF) 198.71°+ 2.61 227.21°4+2.50 231.79°%4+2.43
Mixed (CC-BCF) 197.94°%+2.59 222.81°4+2.50 229.04°+2.45

*: Differences between means, shown with different lowercase letters in each column and different uppercase letters in each row, are statistically significant (P<0.05).

On the 5th and 10th days of feeding, the lowest live weight values were in the CC group (202.00 g and
200.55 g), and the highest values were in the BCF (227.21 g and 231.79 g) and CC-BCF (222.81 g and 229.04 g)
groups (Table 1). The difference between the CC-BCF and BCF groups within each age (5 and 10 days) was
insignificant (P>0.05), however the differences between the CC group and both groups were significant (P<0.05).

240,0
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Figure 1. Changes in live weight of quails fed with different finisher feeds
Sekil 1. Farkli bitirme yemleri beslenen bildircinlarda canli agirlik degisimi
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The differences between the average live weights determined on the 5th and 10th days of feeding in each
feed groups were insignificant (P>0.05), but significant (P<0.05) between feed groups. The BCF and CC-BCF
groups gained significant live weight compared to the initial weight of the study (P<0.05), no significant increase
was achieved in the CC group on days 5 and 10 compared to the initial weight (P>0.05, Table 1). In terms of feed
conversion ratio, at the end of the 10th day, the CC group (9.24) had the lowest mean, while the BCF (5.80) and
CC-BCF (6.00) groups were similar. The values determined in terms of cost-effectiveness in male quail fattening,
from best to worst, were observed in the CC-BCF (1.56 $/kg), CC (1.76 $/kg) and BCF (1.97 $/kg) groups,
respectively (Table 2).

Table 2. Values related to feed conversion ratio (FCR) and fattening costs*
Tablo 2. Yemden yararlanma orani (FCR) ve besi maliyetlerine iliskin degerler

CcC BCF CC-BCF
FCR 9.24 5.80 6.00
Feed Cost ($/kg) 0.19 0.34 0.26
Cost of 1 kg Live Weight ($)* 1.76 1.97 1.56

* Calculated by taking into account the performance of quail fattening between 35-45 days.

In terms of the effect of different finisher feeds on quail slaughter and carcass weight, the lowest values
were determined in the CC group (202.21 g and 150.28 g), and the highest values were determined in the BCF
(229.53 gand 172.58 g) and CC-BCF (233.26 g and 174.59 g) groups (Table 3). The difference between the groups
fed BCF and CC-BCF in terms of slaughter and carcass weight was not significant (P>0.05), but the difference
between both groups (BCF and CC-BCF) and the CC group was significant (P<0.05). In terms of carcass ratio, the
difference between the CC (73.62%) and BCF (75.20%) groups were significant (P<0.05), but the differences
between the CC-BCF (74.38%) group and other groups (CC and BCF) were statistically insignificant (P>0.05).

Table 3. Slaughter weight (g), carcass weight (g) and carcass ratios (%) of quails fed with different finisher feeds*
Tablo 3. Farkh bitirme yemleri ile beslenen bildircinlarin kesim (g), karkas agirhigi (g) ve karkas oranlari (%)*

Groups Slaughter weight (g) Carcass weight (g) Carcass Ratio (%)
Cracked Corn (CC) 202.21%+3.84 150.28°+ 3.08 73.62+0.38
Broiler Chick Feed (BCF) 229.532+3.59 172.58%+ 2.82 75.20°£0.35
Mixed (CC-BCF) 233.26%+ 3.89 174.59°+3.17 74.38%°+0.39

* Differences between means indicated with different letters in each column are statistically significant (P<0.05).

Beak length (mm), beak width (mm), head length (mm), head width (mm), folding wing length (mm), back
length (mm), tail length (mm), shank length (mm), shank width (mm), middle finger length (mm) and body length
(cm) of quails fed with different finisher feeds were not affected by the feed used (P>0.05). However, breast
width (mm) and breast length (mm) traits were significantly (P<0.05) affected by the feed used (Table 4). There
was no difference in the breast width between the BCF (35.37 mm) and CC-BCF (35.37 mm) groups (P>0.05), but
the mean of the CC (32.90 mm) group was found to be significantly lower than both groups (P<0.05). There was
no difference between CC (64.34 mm) and BCF (65.40 mm) in terms of breast length (P>0.05), while the CC-BCF
(67.30 mm) group had the highest mean (P<0.05).
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Table 4. Morphological traits of male quails fed with different finisher feeds*
Tablo 4. Farkli bitirme yemleri ile beslenen bildircinlarin morfolojik ézellikleri*

Cracked Corn (CC) Broiler Chick Feed (BCF) Mixed (CC-BCF) SEM P
Body Length (cm) 31.00 31.41 31.07 0.165 0.155
Breast Width (mm) 32.90° 35.37° 35.37° 0.409 0.001
Breast Length (mm) 64.34° 65.40° 67.30° 0.648 0.008
Beak Length (mm) 15.48 15.58 15.71 0.174 0.670
Beak Width (mm) 5.90 5.75 5.75 0.111 0.552
Head Width (mm) 14.92 15.28 15.01 0.175 0.302
Head Length (mm) 29.22 29.15 29.18 0.218 0.972
Back Length (mm) 87.61 88.91 89.99 0.988 0.253
Tail Length (mm) 47.55 49.50 48.45 0.759 0.182
Shank Length (mm) 26.70 26.08 26.31 0.286 0.302
Shank Width (mm) 4.34 4.39 4.41 0.570 0.681
Middle Finger Length (mm) 24.41 24.71 24.56 0.263 0.724
Fold Wing Length (mm) 106.38 107.33 108.18 0.684 0.195

* Differences between means shown with different letters in each row are statistically significant (P<0.05).

According to the discriminant analysis applied to the live weight and morphological traits of the quails
at 45 days of age, the reassignment success of the quails to their own group was 79.1% on average. The highest
correctly classification success was in the BCF and CC groups (82.2% and 82.2%), and the lowest classification
success was in the CC-BCF mixture group (71.1%). The first principal component explained 60% of the total
variation and the second principal component explained 30% of the total variation, and the highest
misclassification rate (Table 5) was observed the CC-BCF to BCF (26.7%) and BCF to CC-BCF (13.3%) groups.

Table 5. Live weight and morphological characteristics of quails fed with different finishing feeds
Tablo 5. Farkl Bitirme yemleri ile beslenen bildircinlarin canl agirlik ve morfolojik 6zellikleri

Estimated Group Distribution

Groups BCE CC-BCE cc Toplam
BCF 37 6 2 45
Number CC-BCF 12 32 1 45
CC 3 5 37 45
BCF 82.2 13.3 4.5 100.0
% CC-BCF 26.7 71.1 2.2 100.0
cC 6.7 11.1 82.2 100.0
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Figure 2. Scatter plots of quails fed with different finisher feeds according to their live weight and morphological traits.
Sekil 2. Farkli bitirme yemleri ile beslenen bildircinlarin canli agirlik ve morfolojik 6zelliklerine gére serpilme diyagrami

DISCUSSION and CONCLUSION

The live weight gain of fattened Japanese quail males after 28 days of age, feed consumption begins to
decrease after 35 days of age, the highest carcass yield is reached at 35 days of age, and the feed conversion rate
decreases rapidly after 42 days of age (Seker et al. 2007). In this study, the highest live weight gain was achieved
between 35-40 days, with increases in CC, BCF, and CC-BCF groups being 4.69, 28.50, and 24.87 g, respectively.
In the last five days, the CC group lost live weight (-1.45 g), while the BCF and CC-BCF groups gained only 4.58
and 6.23 g, respectively. The most appropriate slaughtering age for quails is 5-6 weeks, and quails slaughtered
during this period have higher carcass yields than quails slaughtered in the following weeks (Abou-Kassem et al.
2019). After this age, feeding costs also increase by approximately 75% (Walita et al. 2017; Pavlova et al. 2023).
The live weight gain in the 5th week of quail fattening corresponds to approximately one-fifth of the total live
weight. However, feed consumption in the 5th week is one-third of the total feed consumption (Alarslan, 2006;
Lukanov et al. 2021). Consistent with the above reports, the findings of this study showed that a short fattening
period of 5 days after 35 days of age is sufficient to produce male quail at the lowest cost.

Evaluating relatively cheap grain feed alternatives is important in reducing production costs (Baser and
Yetisir, 2007). In quail farming, as in other poultry animals, the biggest cost is feed, which constitutes
approximately 75-80% of the total cost (Cimrin and Tunca, 2012). Studies on the proportions of raw materials
that make up the ration to reduce this cost can yield positive results (Tufan and Bolacali, 2017; Abdel-Moneim et
al. 2020; Ozcan et al. 2021). In a fattening study conducted on quails with males and females together and males
and females separately (Kul et al. 2006), it was observed that keeping males with females increased sexual
activity, and this situation negatively affected live weight gain after 35 days of age. In this study, where male
quails were fattened separately from females, live weight increased in the first 5 days, and a decrease in live
weight gain was observed after 40 days of age. It can easily be thought that the main reason for this decrease in
live weight gain is the onset of sexual activity.

Morphological measurements performed in this study show that the development of the bone-skeletal
system in the egg-type quail males is largely completed by 35 days of age. Because at the end of the fattening
period (45 days of age), no significant differences were observed in other morphological traits related to skeletal
system except for the breast length and breast width, which were traits related to the amount of muscles in
quails fed with different finisher feeds. It can be said that after the age of 35 days, CC as a finisher feed is sufficient
to conserve bone and skeletal system when the Japanese quails are fed ad-libitum. However, as expected, it is
clear that higher protein finisher feeds (BCF and CC-BCF) than the CC group were needed for muscle increase
(meat production) at the end of the male quail feeding period.
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There is a limited number research in literature (Chimezie et al. 2022; Jubril et al. 2022; Tulobaev et al.
2012) used morphometric traits of quail focused on growth and development period. The evaluation of
morphological traits combined with multivariate analyses can provide new perspectives for a better
understanding parameters of growth and development. The discriminant analyses showed that there is a strong
effect on fattening and morphometric traits of male quails feeding by different rations at the finishing period.
Both of the ANOVA and discriminant analysis results show that for monitorization of the fattening period in quail
are sufficient as breast with and length traits.

In this study, it was determined that a 5-day-old quail fattening period was sufficient to provide live weight
gain from 35 days of age. In addition, it was determined that the groups fed with BCF and CC-BCF were similar to
each other in terms of live weight gain, carcass yield, and morphological development. On the other hand, the
fattening male quail after 35 days of age with a mixing of CC-BCF (1.56 $) instead of CC (1.76 $) and BCF (1.97 §)
in a short period of 5 days reduced feed costs by approximately 10-20%. When all the findings were evaluated
together, it is shown that there is no need to use relatively expensive high-protein contents in the fattening of
egg-type male quails after 35 days of age, and adding cheap grain feeds to the ration is a good alternative for
reducing feed cost in finishing period.
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ABSTRACT

Objective: This study aimed to investigate the growth, welfare and walking ability in broiler chickens from different genetic pure lines and hybrids.

Materials and Methods: A total of 112 broilers from each of the seven genotypes (A1, A2, A3, B1, B2, ANADOLU-T, ROSS-308) and both sexes were monitored
from 0 to 42 days. Weekly body weight (BW), body length, shank length and diameter, welfare traits (foot pad dermatitis (FPD), hock burn (HB), breast burn
(BB), finger crookedness (FC)), valgus-varus deformation (VVD), and gait score (GS) were measured.

Results: A1, A2, and A3 lines had lighter BW compared to the other genotypes, with ROSS-308 being heavier at 35 and 42 days. Welfare indicators showed
significant genotype and sex effects, with males exhibiting higher levels of HB, BB, and FC compared to females. VV angulation increased with age, with ROSS-
308 showing the highest angulation at 42 days. Gait scores were better in the Al line at 28 days and A3 line at 35 and 42 days.

Conclusion: ANADOLU-T sire lines and hybrids had higher BW than dam lines from 21 days onwards. Overall poorer welfare and impaired walking ability were
observed in sire lines and hybrids. On the other hand, VVD and gait score in ANADOLU-T sire lines could be used as selection criteria since they were not
associated with BW.

Keywords: Body weight, performance, valgus, varus, foot-pad dermatitis, walking ability

Genetik Olarak Farkli ANADOLU-T Etlik Pili¢ Sai Hatlan ve Hibritlerde Biiyiime, Reiah ve Bacak Saglamhig Ozellikleri

0z

Amag: Bu ¢alismada, genetik olarak farkli saf hat ve hibrit etlik piliclerde bliylime, refah ve ylriime yetenegi 6zelliklerinin ortaya koyulmasi amaglanmistir.
Materyal ve Metot: Calismada yedi genotipin (A1, A2, A3, B1, B2, ANADOLU-T, ROSS-308) her birinden toplam 112 pilig 42 giin boyunca yetistirilmistir. Haftalk
canli agirlik (CA), vicut uzunlugu, incik uzunlugu ve capi, refah ozellikleri (ayak tabani dermatiti (FPD), diz yanigi (DY), gogus yanigi (GY), parmak carpikhigi (PC)),
valgus-varus deformasyonu (VVD) ve yuriyus skoru (YS) 6zellikleri incelenmistir.

Bulgular: Kesim yasinda A1, A2 ve A3 hatlari diger genotiplere kiyasla daha diisiik CA'ya sahipken, ROSS-308 en agir olmugtur. Refah gostergeleri genotip ve
cinsiyetten 6nemli diizeyde etkilenmis, erkekler disilere kiyasla daha yiksek DY, GY ve PC'ye sahip olmustur. VVD yasla birlikte artmis, 42. glinde ROSS-308 en
yuksek angulasyonu géstermistir.

Yuryus skorlari Al hattinda 28. glinde, A3 hattinda ise 35 ve 42 glinlerde daha iyi bulunmustur.

Sonug: ANADOLU-T baba hatlari ve hibritler 21. gtinden itibaren ana hatlarindan daha yuiksek CA'ya sahip olmustur. Genel olarak baba hatlari ve hibritlerde
daha koti refah ve yurtime kabiliyeti gézlenmistir. Diger yandan, ANADOLU-T baba hatlarinda VVD ve yiriyts skoru CA ile iliskili olmadigindan seleksiyon
kriteri olarak kullanilabilir.

Anahtar Kelime: Canli agirlik, performans, valgus, varus, ayak tabani dermatiti, ylirime yetenegi
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INTRODUCTION

Genetic selection of broilers has led to significant improvements in production traits such as growth rate
and feed efficiency over the last few decades. However, intensive selection focused on growth performance has
resulted on several welfare issues, particularly related to leg health and general welfare (Knowles et al. 2008;
Kapell et al. 2012; Hartcher and Lum, 2019). Leg disorders such as tibial dyschondroplasia, valgus-varus deformity
(VVD), foot-pad dermatitis and hock burn are common in modern broilers and the presence of genetic variation
for these traits suggests that there is a genetic basis for these defects (Sanotra et al. 2001; Knowles et al. 2008;
Akbas et al. 2009; Kapell et al. 2012; Gonzalez-Cerdn et al. 2015). Studies have shown that the associations
between growth traits and leg health are commonly negative, suggesting that improvement in growth
performance often occurs at the expense of leg health (Kapell et al. 2012; Gonzalez-Cerdn et al. 2015; Averds
and Estevez, 2018). Faster growing broilers were more prone to valgus and tibial dyschondroplasia compared to
their slower growing counterparts (Shim et al. 2012). Risk factors for poor locomotor activity include bird age,
genotype, feeding practices, lighting regimes and stocking density (Knowles et al. 2008). Although genetic
improvement and management practices can potentially reduce leg problems, implementation of these changes
can reduce growth rates and production (Knowles et al. 2008; Gonzalez-Cerdn et al. 2015). These findings
emphasize the need for a balanced approach to address leg health issues in broiler production.

Fast-growing broilers generally exhibit less locomotor activity, spend more time sitting and less time
engaging in behaviors such as walking and standing. This inactivity is a major contributing factor to leg disorders
and poor overall physical condition. Studies have shown that slower growing broilers tend to be more active and
exhibit fewer leg problems, suggesting that reducing growth rates may improve welfare outcomes (Bessei, 2006;
Dixon, 2020; Dawson et al. 2021).

The VVD may occur unilaterally or bilaterally and valgus cases are more common than varus in broilers
(Leterrier and Nys, 1992; Shim et al. 2012; Gonzalez-Cerdn et al. 2015). The incidence of VVD varies significantly
across studies, ranging from 1.75% to 66.0% (Leterrier and Nys, 1992; Shim et al. 2012, Paz et al. 2013, Gonzalez-
Cerdn et al. 2015; Guo et al. 2019; Giz et al. 2019). Possible reasons for differences in the incidence of VVD
between studies may be related to differences in growth rate, genetics, production system, lighting program,
age, litter quality and diet composition (Bradshaw et al. 2002), but another important factor is the method of
measuring VVD (van den Brand et al. 2022).

Walking ability in broiler chickens is closely linked to hock burns and footpad dermatitis. These are forms
of contact dermatitis, often caused by poor litter quality, which can also lead to breast burns (de Jong et al., 2016;
Granquist et al., 2019). Contact dermatitis are important welfare issues as they affect the overall health and
productivity of poultry by causing pain and discomfort. The prevalence of these problems can vary depending on
factors such as litter quality, stocking density and genetic background, with some genotypes being more
susceptible to these conditions (Haslam et al., 2007; Saraiva et al., 2016; Kaukonen et al., 2016). Effective
management practices, including maintaining optimum litter conditions and monitoring broiler health, are
essential to reduce these welfare problems and improve broiler quality of life.

In fast-growing broiler chickens, lower activity levels are observed from the first week onwards, with a
particularly sharp decline in walking distances by the third week (Reiter and Bessei, 2009). In this study, it was
aimed to determine the changes in growth during 42 days, foot-leg problems and general welfare characteristics
starting from the 4th week in relation to different growth levels in both pure lines and hybrid genotypes.

MATERIAL and METHODS

This study was carried out at Ondokuz Mayis University, Faculty of Agriculture, Livestock Research and
Application Farm. The broiler house was 9x40 m in size, environmentally controlled and consisted of 28 pens of
1.8x2.2 min size. Seven different genotypes were used in the experiment. Five of them were ANADOLU-T pure
lines (3 dam lines: A1 (58.3 g/d), A2 (57.8 g/d), A3 (56.5 g/d); 2 sire lines: B1 (67.1 g/d), B2 (66.9 g/d)), ANADOLU-
T hybrid [(B2xB1)d'x(A2xA1)?] (65.3 g/d) and ROSS-308 hybrid (72.6 g/d). The ANADOLU-T pure lines used in the
study were obtained as the 8th generation (in 2022) progeny of elite flocks in Eskisehir Transitional Zone
Agricultural Research Institute.
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A total of 112 mixed sex chicks at day-old age of each genotype were tagged with a neck band and
randomly allocated to 4 different pens (7 birds/m2). Each individual bird was considered as a replicate. In the
pens, 8-10 cm wood shavings were used as litter and a feeder and 5 nipples were provided for each pen. All birds
were subjected to standard broiler rearing procedure. The temperature was 33-34 oC at the day-old age and this
was gradually reduced to 210C until 4 weeks of age and maintained until 42 days. The lighting schedule was 24
hours for the first 3 days and gradually decreased by 1 hour each week to 18 hours at 6 weeks of age. All birds
had free access to water and feed. The feeds were purchased from a commercial feed mill. All birds were fed
with chick starter crumbs (3,000 kcal/kg ME; 23.0% CP; 1.35% dig. Lys; 1.00% dig. Met; 1.00% Ca; 0.50% aP for
the first 10 days, and chick feed between 11 and 28 days (3,100 kcal/kg ME; 22.0% CP; 1.20% dig. Lys; 0.45% dig.
Met; 0.95% Ca; 0.50% aP) and chicken feed between 29 and 35 days (3,100 kcal/kg ME; 21.0% CP; 1.10% dig. Lys;
0.40% dig. Met; 0.80% Ca; 0.45% aP) and finisher diet between 36 and 42 days (3,100 kcal/kg ME; 78.0% CP;
1.00% dig. Lys; 0.40% dig. Met; 0.80% Ca; 0.60% aP). All birds were vaccinated against New Castle-Infectious
bronchitis and Gumboro diseases via drinking water at 10 and 16 days of the experiment, respectively.

Data collection. All chicks were individually weighed at day-old (using a 0.1 g scale, Shimadzu Corporation,
Tokyo, Japan) and each subsequent week (using a 1 g scale, Jadever, JWQ-6 Digital Precision Scale, Northspring
BizHub Industrial Building, Singapore). Shank length and diameter were measured at 28 and 42 days of age and
chicken length was measured at 42 days. As described by Pishnamazi et al. (2008) and Galal et al. (2007), shank
length (mm) was measured from the bottom of the foot pad to the top of the hock joint and shank diameter
(mm) was measured from the middle part of the metatarsus with a digital caliper. Chicken length (cm) was
measured with a tape meter as the length of the chicken from the tip of the beak to the tip of the middle finger
by stretching the chicken lengthwise on a table.

For valgus-varus deformity (VVD) and gait score (GS), 56 birds of each genotype were used at 28, 35 and
42 days. The angulation (in degrees) of the tibiotarsal-tarsometatarsal joint was measured separately in both legs
using a digital goniometer to determine VVD. One end of the goniometer was placed parallel along the tibio-
tarsus, while the other end was placed parallel along the tarso-metatarsus (van den Brand et al. 2022). All
measurements were performed by a single person. lllustrations of healthy leg and valgus and varus deformities
are shown in Figure 1.

Healthy legs Valgus deformity Varus deformity
Figure 1. Healthy leg, valgus and varus deformities in broilers
Sekil 1. Broylerlerde saghkli bacak, valgus ve varus deformiteleri

Gait scoring was carried out for each individual bird according to a 5-point scoring system as described by
Kestin et al. (1992) (0: normal gait with no abnormality, 1: slightly abnormal gait that is difficult to define, 2:
obvious and identifiable lameness that does not hinder the movement of the bird, 3: obvious lameness that
affects the speed and maneuverability of the birds, 4: severe lameness that makes the bird reluctant to walk, 5:
complete lameness in one or both legs, unable to walk).

Welfare traits were evaluated by the same observer in 56 birds of each genotype at 42 days of age
according to a 4-point scoring system. Foot pad dermatitis (FPD), hock burn (HB) and breast burn (BB) were
scored with the score 0 indicating no lesions and discoloration, 1 indicating mild lesions and discoloration, 2
indicating moderate lesions and discoloration, 3 indicating severe lesions and discoloration, and 4 indicating
excessive burns and discoloration. For finger crookedness (FC), a score of 0 indicated that all fingers were intact,
while scores of 1, 2, 3 and 4 indicated crookedness of 1-2, 3-4, 5-6 and 7-8 fingers, respectively (Sarica et al. 2022;
Erensoy and Sarica, 2023).

The litter moisture content was determined by collecting samples from 3 different places in each pen at
42 days. From the homogeneous mixture of these samples, 100 g of the content was dried at 60°C for 48 hours
and the moisture content (%) was calculated (Erensoy and Sarica, 2023).
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Statistical analysis. The study was designed according to a random plots experimental design. All statistical
analyses were performed using SPSS 21.0 software (SPSS Inc., Chicago, IL). Each individual bird was used as the
experimental unit. Weekly BW, chicken length, metatarsus traits and valgus-varus angulations were analyzed
using General Linear Model (GLM) by including the main effects of genotype and sex in the model for each week.
Litter moisture was also tested according to the one-way ANOVA procedure. Welfare traits (FPD, HB, BB, FC) and
GS were analyzed in the Generalized Linear Model using the multinomial logit-link function with binomial
distribution in a model including genotype and sex main effects. In addition, in the analysis of GS, BW for each
week was included as a covariate in the model. When the significance value of the effects was P<0.05, the means
were compared using Tukey’s HSD test. Pearson correlation test was used for the relationships between
continuous characteristics and Spearman Rank correlation test for discrete or scored data. For the ease of
discussion, the following identifiers were used to describe the relative strength of the correlations among
observed traits: very weak (r < 0.20), weak (r = 0.20-0.39), moderate (r = 0.40-0.59), strong (r = 0.60-0.79), and
very strong (r = 0.80-0.99) (Ith, 2014).

RESULTS

The weekly BW of broiler chicks from day 0 to day 42 are given in Table 1. At day-old age, A3 line and
ROSS-308 chicks were the heaviest (P<0.001), however ANADOLU-T and B2 line were heavier at 7 and 14 days
(P<0.01). The A1, A2 and A3 dam lines had lighter BW than the other genotypes from day 21 onwards (P<0.001).
The ROSS-308 hybrid was also heavier than the others at 35 and 42 days of age (P<0.001). Male broilers were
heavier than females in all weeks except day-old age (P<0.01).

Table 1. Weekly body weight of broilers (g)
Tablo 1. Piliglerin haftalik canli agirligi (g)

Genotype Sex 0-d 7-d 14-d 21-d 28-d 35-d 42-d
AL F 41.8 139.6 375.3 745.4 1199.6 1693.7 2197.9
M 41.8 144.9 405.4 835.6 1402.3 2058.3 2738.7
A2 F 37.1 128.8 347.5 701.0 1166.0 1686.0 2205.2
M 37.9 131.0 366.8 745.7 1284.8 1941.1 2642.1
A3 F 433 123.5 332.6 671.8 1118.3 1596.5 2084.3
M 42.7 132.2 364.4 762.4 1318.7 1949.5 2609.1
B1 F 40.8 145.1 403.0 814.0 1352.5 1963.8 2577.6
M 41.1 146.1 416.4 893.0 1545.9 2362.6 3140.1
B> F 42.3 155.1 417.0 849.1 1396.4 2022.6 2589.0
M 42.4 154.1 432.5 891.6 1568.3 2307.7 3067.7
F 40.9 155.4 418.5 828.9 1365.8 1935.0 2499.3
ANADOLU-T M 41.3 159.9 444.0 922.9 1575.8 2316.8 3029.6
ROSS-308 F 42.1 125.8 363.1 787.1 1366.2 2077.5 2760.8
M 43.6 140.7 433.9 927.3 1614.0 2524.1 3411.1
SEM 0.119 0.533 1.515 2.766 5.074 7.506 10.239

Effects

Genotype <0.001 0.006 <0.001 <0.001 <0.001 <0.001 <0.001
Al 41.8%b¢ 142.1° 389.2¢ 787.1° 1293.3° 1862.3¢ 2448.0°
A2 37.5¢ 129.9¢ 357.2¢ 723.6° 1226.1° 1815.0¢ 2426.1°
A3 43.0° 128.3¢ 350.1¢ 721.6° 1228.4° 1790.5¢ 2372.7¢
B1 40.9¢ 145.5° 408.7°¢ 847.8° 1435.4? 2134.7° 2818.7°
B2 42.32b 154.62 424.1%° 868.6° 1475.32 2153.4° 2808.7°
ANADOLU-T 41.1%¢ 157.42 430.2? 872.0° 1462.2° 2110.2° 2742.6°
ROSS-308 42.7° 132.5¢ 394.6° 849.6° 1476.7° 2276.5° 3050.6°
Sex 0.383 0.002 0.005 <0.001 <0.001 <0.001 <0.001
Female 41.2 139.2 380.0 772.7 1283.8 1859.4 2424.4
Male 41.5 143.3 406.4 847.8 1461.6 2190.1 2925.5

F: Female, M: Male.

a-c: The differences between the means shown with different letters in the same column differ significantly according to Tukey’s test (P < 0.05).
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The length of broilers, shank length and diameter are given in Table 2. At 42 days, broiler length was not
different among genotypes, but male broilers were longer than females (P<0.001). The shank length and
diameter were significantly different among genotypes at 28 and 42 days (P<0.001). The B1 and ROSS-308
genotypes had the longest shank at 28 days, while ANADOLU-T and ROSS-308 had the longest shank at 42 days
(P<0.001). ROSS-308 genotype had thicker shank at 28 and 42 days (P<0.001).

Table 2. Chicken length, shank length and diameter
Tablo 2. Tavuk boyu, incik uzunlugu ve ¢capi

Genotype Sex Chicken length at | Shank length (mm) Shank diameter (mm)
42-d (cm) 28-d 42-d 28-d 42-d
AL F 57.1 66.0 76.9 9.9 11.6
M 60.1 69.7 81.9 10.8 12.9
" F 58.0 65.6 75.5 9.5 10.7
M 60.7 68.3 80.7 10.3 12.1
A3 F 57.1 63.5 76.2 10.1 11.1
M 60.8 66.8 80.8 11.4 12.9
B1 F 53.6 68.5 78.5 10.3 11.3
M 61.5 72.7 84.2 11.5 13.1
B> F 58.5 66.1 78.4 10.3 11.1
M 61.9 70.3 84.9 11.5 12.9
F 54.8 68.3 79.6 10.3 11.3
ANADOLU-T M 58.9 72.6 88.4 11.6 12.9
F 56.3 69.5 80.4 10.9 12.2
ROSS-308 M 61.3 71.2 85.2 11.9 13.7
SEM 0.509 0.204 0.227 0.046 0.039
Effects

Genotype 0.677 <0.001 <0.001 <0.001 <0.001
Al 58.5 67.8°< 79.3b¢ 10.3¢ 12.2°
A2 59.2 66.8 78.0° 9.9¢ 11.4¢
A3 59.7 65.8¢ 79.45¢ 11.0%° 12.4°
B1 56.8 70.8? 80.7%° 10.9% 12.0°
B2 60.1 68.0°¢ 81.5%° 10.9° 12.0°
ANADOLU-T 56.3 69.9% 83.0° 10.8%¢ 11.9°
ROSS-308 59.1 70.4° 83.1° 11.4° 13.1°
Sex <0.001 0.007 <0.001 <0.001 <0.001
Female 56.4 66.8 78.0 10.2 11.3
Male 60.8 69.8 83.4 11.3 12.9

F: Female, M: Male.

a-d: The differences between the means shown with different letters in the same column differ significantly according to Tukey’s test (P < 0.05).

Welfare characteristics of broiler chickens are given in Table 3. Neither genotype nor sex had a significant
effect on FPD, but genotype and sex effects were significant for HB, BB and FC (P<0.001). HB, BB and FC were
higher in B2, B1 and ANADOLU-T lines, respectively (P<0.001). Males also had higher HB, BB and FC values than
females (P<0.001). Litter moisture content differed significantly among genotypes and the litter of ANADOLU-T
hybrids had higher moisture content than the others (P<0.001, Figure 2).
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Table 3. Welfare traits of broilers
Tablo 3. Broylerlerin refah 6zellikleri

Genotype Sex FPD Hock burn Breast burn Finger crookedness
Al F 0.00 0.54 0.50 0.00
M 0.00 0.88 0.77 0.00

A2 F 0.00 0.59 0.61 0.00
M 0.00 1.00 1.07 0.00

A3 F 0.00 0.78 0.61 0.00
M 0.00 1.06 0.80 0.00

Bl F 0.00 1.21 0.96 0.00
M 0.00 1.85 1.12 0.00

B2 F 0.07 1.15 0.78 0.04
M 0.13 1.90 0.95 0.21

ANADOLU-T F 0.09 0.94 0.63 0.04
M 0.03 1.56 0.72 0.28

ROSS-308 F 0.00 0.84 0.80 0.00
M 0.00 1.10 0.88 0.07

SEM 0.006 0.024 0.025 0.009

Effects

Genotype 0.994 <0,001 <0,001 <0,001
Al 0.00 0.70c 0.62b 0.00c
A2 0.00 0.80c 0.84ab 0.00c
A3 0.00 0.93c 0.71b 0.00c
Bl 0.00 1.48ab 1.03a 0.00c
B2 0.10 1.49a 0.86ab 0.12ab
ANADOLU-T 0.06 1.22b 0.67b 0.15a
ROSS-308 0.00 0.96¢ 0.84ab 0.03bc
Sex 0,984 <0,001 <0,001 <0,001
Female 0.02 0.86 0.70 0.01
Male 0.02 1.30 0.89 0.08

F: Female, M: Male.

a-c: The differences between the means shown with different letters in the same column differ significantly according to Tukey’s test (P < 0.05).

Valgus-varus angulation of the tibiotarsal-tarsometatarsal joint in broilers at different ages is given in
Table 4. Valgus-varus angulation at 28 days was higher in ANADOLU-T hybrid (41.30) and A3 line (41.10)
(P<0.001). Sum of the angulation at 35 days was similar among genotypes. ROSS-308 hybrid had the highest
angulation at 42 days (56.60) (P<0.001). Male broilers had more valgus-varus angulation for both leg than female
at 28, 35 and 42 day (P<0.001). Valgus-vars angulation in broilers increased with advancing age (Figure 3).
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Figure 3. Changes in the valgus-varus angulation (in degrees) in left (A), right (B) and sum of both leg (C) in broilers
with advancing age

Sekil 3. Broylerlerde yas ilerledikge sol (A), sag (B) ve her iki bacagin toplaminda (C) valgus-varus agilanmasinin
(derece cinsinden) degisimi
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Table 4. Sum of the valgus-varus angulation (in degrees) of the tibiotarsal-tarsometatarsal joint in broilers at

different ages

Tablo 4. Farkl yaslardaki piliclerde tibiotarsal-tarsometatarsal eklemin valgus-varus agilanmasinin (derece

cinsinden) toplami

Genotype Sex 28-d 35-d 42-d
Al F 26.3 26.3 46.3
M 37.3 40.3 50.6
A2 F 23.1 35.8 46.9
M 22.4 43.1 48.8
A3 F 38.7 32.6 45.2
M 42.2 39.8 49.2
Bl F 37.0 35.0 53.6
M 38.2 36.9 53.5
B2 F 33.1 32.6 49.0
M 36.3 36.5 55.2
ANADOLU-T F 35.8 35.6 52.3
M 50.5 40.0 59.6
ROSS-308 F 31.3 34.7 49.6
M 39.5 45.3 62.2
SEM 0.722 0.719 0.678
Effects
Genotype <0.001 0.095 <0.001
Al 31.5° 33.0 48.4°
A2 22.8° 39.2 47.8°
A3 41.1° 37.6 48.0°
B1 37.5% 35.8 53.6%°
B2 34.6% 34.4 52.0%°
ANADOLU-T 41.32 37.3 55.12b
ROSS-308 35.9% 40.7 56.6°
Sex <0.001 <0.001 <0.001
Female 31.8 33.2 49.2
Male 37.9 40.5 53.9

F: Female, M: Male.

a-c: The differences between the means shown with different letters in the same column differ significantly according to Tukey’s test (P < 0.05).

The gait scores of broiler chickens are given in Table 5. The Al line at 28 days and A3 line at 35 and 42
days showed the better walking ability than other genotypes (P<0.001). Male broilers had lower walking ability
than females at all ages.

The correlations between VVD deformity and body and production characteristics of broiler chickens at
different ages are given in Table 6. There was a positive correlation between VVD and BW ranging from 0.43-
0.57 at 28 and 35 days and a correlation with gait score at 0.30, 0.66 and 0.32 at 28, 35 and 42 days, respectively.
The VDD at 35 days was positively correlated with BW (0.39) and GS (0.43) in the A2 line. In the A3 line, there
was a significant but weak correlation between VVD and GS at 35 days. There were no significant correlations
between VVD and other traits in line B1. In B2 line, VVD and shank length were correlated at 0.38. In ANADOLU-
T hybrid, VVD was weakly positively correlated with BW and chicken length (0.34 to 0.39) and moderately
positively correlated with shank diameter (0.46). ROSS-308 was moderate to weak associated with BW at 35 and
42 days and shank length at 28 and 42 days.
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Table 5. Gait scores of broilers at different ages
Tablo 5. Farkli yaslardaki piliclerin yliriiyiis puanlari

Genotype Sex 28-d 35-d 42-d
Al F 1.50 2.08 2.54
M 1.59 2.50 2.96
A2 F 1.84 2.08 2.65
M 2.67 2.81 2.76
A3 F 1.31 1.46 2.15
M 2.23 2.30 2.66
B1 F 1.96 2.77 2.91
M 2.19 2.88 3.15
B2 F 1.63 2.54 2.91
M 2.57 3.10 3.19
ANADOLU-T F 211 2.38 3.00
M 2.31 2.53 3.13
ROSS-308 F 1.75 2.58 2.85
M 2.12 2.88 3.04
SEM 0.043 0.036 0.034
Effects
Genotype <0.001 <0.001 <0.001
Al 1.54b 2.28d 2.74%
A2 2.222 2.42bcd 2.71%
A3 1.952b 2.054 2.50°
B1 2.052 2.822 3.00°
B2 2.072 2.802b 3.052
ANADOLU-T 2.192 2.44abc 3.052
ROSS-308 1.9620 2.752 2.96°
Sex 0.016 0.002 0.001
Female 1.76 2.31 2.75
Male 2.23 2.69 2.95

Table 6. Relotionships between foot-leg health, welfare and body traits in broilers

Tablo 6. Etlik piliclerde ayak-bacak saglidi, refahi ve viicut ézellikleri arasindaki iliskiler

Valgus-varus deformity

Genotypes Traits 28d 35.d 22-d
Body weight 0.432* 0.574* 0.282
Chicken length 0.196
Al Shank length 0.313* 0.033
Shank diameter 0.255 0.270
Gait score 0.302* 0.659* 0.317*
Body weight -0.112 0.391* 0.079
Chicken length 0.114
A2 Shank length -0.053 0.089
Shank diameter -0.235 -0.031
Gait score -0.097 0.430* 0.219
Body weight -0.049 0.297 0.181
Chicken length 0.005
A3 Shank length -0.103 0.143
Shank diameter 0.074 0.135
Gait score -0.018 0.326* 0.056
Body weight 0.135 0.252 0.087
Chicken length -0.122
B1 Shank length 0.385 0.006
Shank diameter 0.303 0.164
Gait score -0.042 0.097 0.029
Body weight -0.007 -0.008 0.140
Chicken length 0.210
B2 Shank length -0.104 0.381*
Shank diameter 0.252 0.278
Gait score 0.190 0.196 0.102
Body weight 0.386* -0.119 0.185
Chicken length 0.342*
ANADOLU-T Shank length 0.328 0.134
Shank diameter 0.464* 0.106
Gait score 0.204 0.256 0.277
Body weight 0.283 0.301* 0.401*
Chicken length 0.207
ROSS-308 Shank length 0.456* 0.316*
Shank diameter 0.198 0.420*
Gait score 0.132 0.125 0.080

R i
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DISCUSSION

Genetic selection in broilers has primarily focussed on improving production traits such as growth rate
and feed efficiency. This intensive selection has resulted in significant improvements in body weight and overall
productivity. When comparing the 1991 and 1957 broiler lines, a 420% increase in body weight was observed at
42 days of age and 85-90% of this improvement was attributed to genetic selection (Zuidhof et al. 2014).
However, this fast growth has led to some unfavourable effects, especially in terms of foot-leg health and overall
welfare of broilers (Bessei, 2006).

The breeding of fast growing broiler chickens started in Turkey in 2015 and the selection of 5 pure lines is
currently in progress at Eskisehir Transitional Zone Agricultural Research Institute. While a balanced selection
has been implemented for reproductive traits and BW in the dam lines (A1, A2, A3 lines), the sire lines (B1 and
B2 lines) have focused on body weight and feed efficiency (Erensoy et al. 2020; Sarica et al. 2021a; Erensoy and
Sarica, 2022; Erensoy and Sarica, 2023). Crossbreeding studies in ANADOLU-T pure lines showed the possibility
of over 10% heterosis for growth traits in their 4-way hybrids (Erensoy and Sarica, 2023). In previous studies, BW
at 42 days for Al, A2, A3, B1 and B2 lines, ANADOLU-T and ROSS-308 hybrids were 2557.8-2624.4 g, 2474.6-
2538.6 g, 2390.7-2444.5 g, 2795.1-2828.8 g, 2724.1-2753.6 g, 2777.3 g and 3083.2 g, respectively (Sarica et al.
2021b; Erensoy and Sarica, 2023). In our study, 42-days BW values were consistent with the previous studies.
The differences in BW between dam and sire lines are due to line-specific selection strategies (Erensoy and Sarica,
2023). Selection for BW and feed efficiency in sire lines made them superior to dam lines. On the other hand, the
fact that ROSS-308 is superior to both ANADOLU-T hybrid and pure lines in terms of BW is due to its very effective
selection history for fast growth over long generations (Siegel, 2014; Zuidhof et al. 2014; Tallentire et al. 2018;
Hartcher and Lum, 2020).

The main objective in the selection of broilers for BW and feed efficiency is to enhance the amount of
breast meat (Zuidhof et al., 2014). The chicken lengths at 42 days were not different among the genotypes,
indicating that the increase in the amount of breast meat causes enlargement in the breast area rather than the
length of the bird. Erensoy et al. (2019) reported that ANADOLU-T pure sire lines had longer and thicker shank
than the dam lines, but two-way hybrids were superior to both dam and sire lines with respect to shank
characteristics. In our study, ROSS-308 and ANADOLU-T hybrids and sire lines had longer and thicker shank
lengths than the dam lines. Since it is known that there are strong phenotypic and genetic associations between
6-week BW and shank length and diameter in broiler chickens (Singh and Jilani, 2008), this was probably related
to more resilient shank traits developing in parallel with higher BW. Shank length and girth are two important
traits for skeletal development in broilers (Gao et al. 2010; Guo et al. 2019), so they may be directly or indirectly
related to VVD (Guo et al. 2022). Although shank length and diameter were lower in the A2 line, this was not
directly related to the change in VVD at 28 and 42 days. Furthermore, in all genotypes except ROSS-308 hybrid,
shank traits at 28 and 42 days were also not strongly correlated with VVD and were often negligible. This indicates
that the shank traits of ANADOLU-T pure lines and their hybrids develop in harmony with BW without any
increase in VVD with advancing age.

It is well known that the development of contact dermatitis is linked to genetics (Haslam et al. 2007; Kapell
et al. 2012), body weight (Santos et al. 2022; Erensoy and Sarica, 2023) and litter moisture level (over 30%)
(Erensoy et al. 2021; Sarica et al. 2022). In our study, neither genetic differences nor sex caused any difference
on FPD. However, HB and BB were affected by both genetic background and sex. The higher levels of HB and BB
in ANADOLU-T and sire lines (B1 and B2) were probably due to the fact that these birds were reared in pens with
higher moisture content. Although all pens had the same litter characteristics (litter material, thickness and
management), the reasons for the differences in moisture levels between the pens were not clear. On the other
hand, as reported by Erensoy and Sarica (2023), weak to moderate relationships between BW, HB and BB for
ANADOLU-T pure lines and hybrids and ROSS-308 may also have contributed to this situation.

In broiler chickens, fast growth significantly affects the incidence and severity of VVD deformity, which is
more common in fast-growing broilers than in slow-growing ones (Shim et al. 2012). The VVD was higher in male
birds than in females, in agreement with Leterrier and Nys (1992). In our study, although VV angulation did not
evolve in parallel with the growth rate of the genotypes at 28 days, it was higher in sire lines and hybrids than in
dam lines due to heavier BW at 42 days. However, BW contributed moderately to VVD development only in Al
and ANADOLU-T hybrid at 28 days and ROSS-308 at 42 days, and the variation in VV angulation in other genotypes
was independent of BW. The B1 and B2 lines have been selected for heavier BW, breast yield and feed efficiency
in each generation (Sarica et al. 2016; Erensoy et al. 2020; Erensoy and Sarica, 2022; Erensoy and Sarica, 2023).
In these lines, the BW was not phenotypically associated with VVD at any age, which means that an increase in
BW would not be accompanied by VVD and favor the sustainability of body robustness in the breeding process.
We may also suggest that ANADOLU-T hybrids produced by 4-way crossing from pure lines would allow the
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production of more robust birds despite increased BW, as BW is not associated with VVD at 35 and 42 days.
However, these phenotypic relationships are also influenced by the environment. As a point of emphasis,
previous studies have shown that leg problems are heritable. However, while genetic correlations between leg
problems and growth are contradictory, the magnitude of the association is very low and ranges from slightly
negative to slightly positive (Le Bihan-Duval et al. 1997; Kapell et al. 2012; Rekaya et al. 2013). In this respect, we
underline the importance of exploring the genetic determinism of BW and foot-leg traits in ANADOLU-T pure
lines. This would allow the monitoring of the genetic evolution trend and the degree of correlation with other
traits, and contribute to the success of selection.

GS is a trait that indicates the overall fitness of the overall locomotion system and walking ability of the
bird (Kapell et al. 2017), and the phenotypic expression of this trait may be the result of the complex effect of
BW, VVD, FPD, HB and shank traits. Walking ability deteriorated with advancing age in all genotypes, and males
were worse than females at all ages, in line with Sgrensen et al. (2000) and Rasmussen et al. (2022). The higher
GS at day 28 in the A2 line implies that other factors than BW are involved in the phenotypic expression of GS at
earlier ages. However, the effect of increased BW on GS with advancing age seems to have become more
pronounced (van der Eijk et al. 2023). This is because sire lines and hybrids that were heavier at 42 days also had
higher GS. At 35 days of age, the high (r=0.66), medium (r=0.430) and low (r=0.326) correlations between GS and
VVD in lines A1, A2 and A3, respectively, indicate that improvement in the phenotype of GS would contribute to
reduce VV angulation. However, there was no significant correlation between VVD and GS at any age in sire lines
and hybrids.

CONCLUSIONS

This study revealed the age-related changes in growth, welfare and leg soundness in ANADOLU-T pure
lines and hybrid and ROSS-308 genotype and the correlations between some traits. As expected, sire lines and
hybrids had higher body weight than dam lines from 21 days onwards. Overall poorer welfare and impaired
walking ability were observed in sire lines and hybrids, probably due to their increased BW. On the other hand,
the leg soundness traits, valgus-varus deformity and gait score in ANADOLU-T sire lines could be used as selection
criteria since they were not associated with BW. However, this could be confirmed by further studies to identify
the genetic determinism of the traits and the correlations between them in pure sire lines.
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ABSTRACT

Objective: In this study it was investigated the structural, social and economic situations of the livestock activities of the nomads who use Diyarbakir as a
winter shelter.

Materials and methods: The research group of this study consisted of 80 nomadic breeders engaged in nomadic livestock in the province of Diyarbakir. The
places where the nomadic families stayed as winter quarters were visited, their lifestyles were observed, livestock activities were observed and surveys were
made in the enterprises face to face.

Results: The presence of animal in the flocks evaluated were 560+12.73 for sheep; 36+0.77 for ram, 140+2.96 for female; 90+3.06 for male and 182+4.48 for
lamb. The responses regarding twinning rate (%), two lambings per year (%), daily milk yield (1), lactation milk yield, and lamb market weight were 3.48+0.43,
1.7410.24, 1.36+0.06, 210.38+11.02 and 39.86+0.82 respectively. In the research, especially the costs related to feed, market and animal health, and the
problems related to their social life such as electricity, water and housing (88%), transportation (63%), education and health (30%) and market (14%) problems
were prioritized. This brings with it many problems during migration. In addition, since nomads have not a marketing system, they have difficulties in marketing
the animal products they obtain at a reasonable price.

Conclusion: Nomads encounter greater problems day by day while carrying out their livestock activities, existing production systems are ignored, and nomads
have difficulty adapting to settled life. Thus, it becomes impossible for the social, cultural and economic characteristics of this branch of animal production,
which is basically characterized by a lifestyle, to continue its existence

Keywords: Diyarbakir city, nomadic sheep breeding, nomadic routs, pasture, highland.

Gocer Koyunculuk Isletmelerinin Teknik ve Yapisal Ozellikleri Uzerine Bir alisma:
Diyarbakir Ili Ornegi #

0z

Amag: Bu calismada Diyarbakir ilini kislak olarak kullanan gégerlerin hayvancilik faaliyetlerinin yapisal, sosyal ve ekonomik durumlari arastiriimistir.

Materyal ve Metot: Arastirmanin ¢alisma grubunu Diyarbakir ilinde géger hayvancilik yapan 80 goger (Koger) yetistirici olusturmustur. Goger ailelerin kislak
olarak kaldiklari yerlere gidilmis, yasam tarzlari ve hayvancilik faaliyetleri gozlenmis ve yiiz ylze anket yapilmistir.

Bulgular: Degerlendirmeye alinan surlerdeki koyun varligi anag koyun igin 560+12.73; kog 36+0.77, disi toklu 140+2.96; erkek toklu 90+3.06 ve kuzu 182+4.48
olarak belirlenmistir. Koyunlarda ikizlik orani (%), yilda iki kuzulama (%), gtinlik stit verimi (1), laktasyon sit verimi ve kuzu pazarlama agirligi (kg) iligkin yanitlar
siraslyla 3.48+0.43, 1.74+0.24, 1.3610.06, 210.38+11.02 ve 39.86+0.82 olmustur. Arastirmada go¢ nedeniyle yasanan sikintilarda ekonomik kosullara yonelik
yem, pazarlama ve hayvan sagligi 6ne gikarken elektrik, su ve barinma (%88), ulasim (%63), egitim-saglik (%30) ve pazar (%14) gibi problemlerine yénelik
yanitlari 6ncelikli olmustur. Bu da gog sirasinda bir¢ok sorunu beraberinde getirmektedir. Ayrica gogerler bir pazarlama sistemine sahip olmadiklarindan elde
ettikleri hayvansal Urtinleri deger fiyatta pazarlamakta giiclik yagamaktadir.

Sonug: Gogerler hayvancilik faaliyetlerini yuriturken her gegen giin daha buylk sorunlarla karsilasmakta, mevcut Uretim sistemleri gérmezden gelinmekte,
yerlesik hayata uyumda zorlanmakta. Béylece 6zgiin yapisiyla bu hayvansal tGretim kolunun sosyal, kiiltiirel ve ekonomik 6zelliklerinin varligini devam ettirmesi
imkansiz hale gelmektedir.

Anahtar Kelime: Diyarbakir ili, gocer koyunculuk, gog yollari, mera, yayla.
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GIRiS

Gogebelik insanlik tarihinde 6nemli bir donemectir. Ayni zamanda dogada hayatta kalma miicadelesinde
kesfedilen 6nemli yasam stratejilerinden biridir. Basit bir sekilde ifade edilirse, gocebelikte dogal sartlarin yeterli
gelmedigi zamanlarda insanlar toplumsal kiimeler halinde yer degistirmis, daha uygun cografyalar aramis,
mevsimsel yer degistirmeler yapmistir. Boylece dogal sartlarin yeterli gelmemesi ve yasami zorlastirmasina,
insanlar go¢ ederek karsilik vermislerdir. Bu, olagan bir davranis olarak belirmistir; dogal sartlarin ortaya ¢ikardig
bir yasam tarzidir. Ayni zamanda gécebelik, bireysel degil, toplumsal gruplarin/kiimelerin gerceklestirdigi bir
eylem olmasiyla karakterizedir (Gultekin ve Tan, 2017; Yilmaz ve Aktug, 2022). Tirkiye’nin gliney sinirlarinda
gerceklestirilen bu faaliyet alani rastgele gerceklestirilen bir faaliyet degildir (Tasdelen, 1997). Gog yollari ve
yerleri belirlenmis ve gog, bir plan icerisinde gergeklestirilmektedir. Bati, Orta, Glineydogu Toros siradaglari,
Suphan dagi, Bingol ve Karacadag daglari baslica gocebe hayvancilik sahalaridir (Beysanoglu, 1992; Alagdz, 1993;
Bazin, 1994; Kilig, 2014). Gineydogu Toroslarin soguk hava kiitlelerini durdurup bir set gérevi yapmasi nedeniyle
Tilrkiye—Suriye siniri boyunca genis alanlar ve Dicle vadisinin kar tutmayan kesimleri gocebeler icin ideal kislak
degeri tasir. Yaylak ve Kiglak arasinda gegen bu gdgebe yasam dizeni; sosyal, kilturel ve ekonomik olarak biyiik
etkiler olusturmaktadir (Gliney, 1993).

Guney Dogu Anadolu Bolgesinde gogebe hayvancilik temelde kiiglikbas hayvan yetistiriciligine dayahdir.
Bolgenin cografik yapisi ve cayir mera olanaklari bu Gretim yapisina uygundur. Baska bir deyisle bitkisel Gretim
yapilacak yer sekillerinin sinirli olmasi bakimindan Giineydogu Anadolu Bolgesi’nde hayvansal tretim baskin bir
sektor olarak ortaya ¢ikmakta ve 6nemli bir istihdam ve ge¢im kaynagi olmaktadir (Tasdelen, 1997; Savas ve ark.,
2019).

Goger kuglikbas hayvan yetistiriciligi, otlatma ve kiglatma bakimindan biyuk koyun siirllerinin gesitli
mevsimlerde bolgeden bolgeye veya bolge icinde gog etmesi seklidir. Tiirkiye koyunculuk tGretim sistemleri igcinde
onemli olan bu Uretim sistemi, yerlesik kdy sirileri ve yayla koyunculugu tretim bicimiyle birlikte, Dogu ve
Guneydogu Anadolu Bolgelerinin gesitlenen cografik ve iklimsel yapisi icinde uygulanan bir koyunculuk sistemidir.
Bu Uretim biciminde degisen iklim 6zelliklerine gore hayvanlarin beslenme durumuna bir yer degistirme gelenegi
olusmustur. Buna gore kig aylarinda hava sicakliginin nispeten yiiksek oldugu bdlgelerde; havalarin isinmaya ve
otlak alanlarin kurumaya baslandigi bu bolgelerden bu sefer Dogu Anadolu Bolgesinin yiiksek, serin ve bol otlu
meralarina dogru bir hareketlilik gergeklestiriimektedir. iklimsel degisikliklerle &zgiinlesen bu déngii geleneksel
olarak devam ettirilmekte ve sosyal, kiilturel bir olguyla karakterize edilmektedir. Bu go¢lin ve Uretim bigiminin
onemli bir 6zelligi de, bireysel bir eylem olmaktan ziyade, sosyal gruplar halinde gergeklestirilmesidir (Kutlu,
1987; Biyukcan Sayilir, 2012; Aksoy, 2020). Géger hayvancilik ayni zamanda Dogu ve Gineydogu Anadolu
Bolgesinin asiret yapisi tizerinden temellendirilen bir yasam bigimidir (Yilmaz ve ark., 2014).

Gegmis donemlerde bu topraklarda yasayanlar igin énemli bir ekonomik faaliyet ve gecim kaynagi olan
gocebe hayvancilik 6nemini giderek yitirmektedir. Gogebe hayvancilik yapilan alanlar daralirken, gogebelerin
sayisi da azalmaktadir. Araglarla hayvan tasimada yasanan giglikler, resmi makamlarca gocer ailelerin yaya
olarak hayvanlarini gétiirmelerine izin verilmemesi, yayla kiralamada yasanan problemler, coban bulamama, bazi
yaylalara zaman zaman yasak konmasi, merada su ihtiyacinin karsilanamamasi, mera ve yayla yollarinin olmamasi
veya dogal nedenlerle siklikla bozulmasi, Uretilen Uriinlerin degerinde pazarlanamamasi, aile bireylerinin
yeterince egitim ve saglk hizmeti alamamalari seklinde siralanabilmektedir (Tozlu Celik ve Tifekgi, 2024).
Kuskusuz Ulkemizde goger hayvancilikla ilgili yasanmakta olan problemleri Tirkiye hayvanciliginin genel
sorunlarindan ayirarak degerlendirmek miimkiin gérinmemektedir (Koyuncu ve ark., 2006; Bilginturan ve Ayhan,
2009).

Bu arastirmanin amaci Diyarbakir ilini kislak olarak kullanan gocgerlerin hayvancilik faaliyetlerinin yapisal,
sosyal ve ekonomik durumlarini belirlemektir. Boylece giderek 6nemini kaybetmeye baslayan, sayilari azalan
gocebelerin karsilastiklari sorunlari belirlemek ve olasi hayvancilik uygulamalarinda bu Gretim kolunu dikkate alan
yaklasimlarin gelistirilmesine katki saglamaktir.
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MATERYAL ve YONTEM

Diyarbakir ili Tiirkiye’nin Glineydogusunda 37°30° ve 38°43’ kuzey enlemleri ile 40°37’ ve 41°20” 183
boylamlari arasinda yer almaktadir. ilin tarim ve sanayi sektérleri bakimindan gelismislik derecesi ilcelere gére
degismektedir. Ortalama yillik sicaklik 15.8 °C olarak gergeklesirken, en yiksek sicakhgin 46.2 °C ve en dislik
sicakhk ise —24.2 °C olarak belirlenmistir. Karla értili gin sayisi 12.4 ve ortalama yagisli glin sayisi 88.5 tir. Yillik
yagis ortalamasi 496 mm olup bazi yillar yagis miktari 200 mm’ye kadar diismekte, bazi yillarda ise 730 mm’ye
kadar yikselmektedir. Glineydogu Toroslarinin daha ¢ok yagis aldigi ve ilin glineyine inildikce yagis miktarinin
azaldigi belirtiimektedir (DTiM, 2013).

Bu ¢alismanin arastirma grubunu Diyarbakir ilinde gocer hayvancilik yapan 80 gocer (koger) yetistirici
olusturmus olup Diyarbakir'in Hani-Hazro-Kulp ilgeleri ile ¢evre kdylerinde yurutlilmustiir. Arastirmada goger
ailelerin kislak olarak kaldiklari yerlere gidilmis, yasam tarzlari ve hayvancilik faaliyetleri gézlenmis ve bu amacgla
isletmelere anket uygulanmistir (Sekil 1). Arastirmanin yurituldagu kislak alanlarindaki butiin goger yetistiricilere
ulasiimistir. Anket sorularinin hazirlanmasinda Yilmaz ve ark. (2014) tarafindan yapilan arastirmadan
yararlaniimistir. Anket sorulari katilimcilarla yliz yuze gérusilerek uygulanmistir..

Sekil 1. Kogerlerde ¢adir hayati ve anket uygulamasi
Figure 1. Tent life of nomads and survey application

Elde edilen verilerin analizi SPSS v27 paket programinda yapilmistir (SPSS, 2020). Arastirmada evrenin
tamamina ulasiimistir. Bu nedenle herhangi bir istatistik 6érnekleme islemi yapilmamistir. Anket sorulari hem
yapilandiriimis hem de yari yapilandirilmis soru gruplarindan olusturulmustur. Arastirma sonucunda elde edilen
veriler daha anlasilir ve sentezlenebilir formlara dondstirilerek istatistiksel degerlendirmeler ile basit
ortalamalara ve oranlara dayandiriimigtir.

BULGULAR
Coban tutma, gog yollari ve gé¢ etme nedenleri

Yetistiricilere ¢oban durumu, go¢ etme sebepleri ve gog yollarina iliskin olarak birbirini takip eden sorular
yoneltilmistir. Strtlerin %45'inin disaridan ¢oban tuttugu, %55'i ise aile icinden karsiladigini ifade etmistir. Arazi
varhgina iliskin olarak %90-95’i arazilerinin olmadigini, geri kalan %5-10’luk kismi ise tapulu araziye sahip
olduklarini ifade etmislerdir. Gogerlerin gég yollarinin belirlenmesine yonelik soruya, kislak olarak Diyarbakir ilini
kullananlarin ilkbahar sonu ve yaz baslangicinda Diyarbakir-Mus-Bing6l-Erzincan giizergahlarindan ilerleyerek bir
goc hareketi gerceklestirdikleri ifade edilmistir (Sekil 2).
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Sekil 2. Go¢ yolu glizergahi
Figure 2. Migration path route

Arastirmada goger vyetistiricilerin gé¢ etme sebeplerinin neler olduguna dair acgik uglu sorulara verilen
yanitlar; mera alanlarinin yetersizligi (%69), sicaklik, kuraklk, su yetersizligi ve iklim sartlari (%61), issizlik (%32,5)
ve aliskanlik (%14,0) olarak siralanmaktadir. Yetistiricilere go¢ etme sebeplerine yonelik yéneltilen agik uglu
soruya yanitlari; gogunlukla mera ve iklim sartlarina gore yer degistirme ihtiyaci duyduklarini, baska bir ifadeyle,
hayvanlarin beslenme durumlarina goére gog ettiklerini ifade etmislerdir. Yetistiricilerin anilan soruya iliskin
yanitlarinda goé¢ etme sebebi olarak “aliskanlik” ifadesine yer vermis olmalari dikkat cekicidir. Dolayisiyla
belirtilen go¢ nedenlerinin yaninda gog nedeniyle 6nemli zorluklarla karsilasmalarina ragmen bu gelenegi devam
ettirme aliskanhgina sahip olduklarini belirtmislerdir. Kisacasi, bunu bir yasam bicimine donlstiirmis olmalaridir.
GO¢ zamanina iliskin soruda yetistiricilerin biyik ¢ogunlugu Mayis-Haziran aylarinda gége basladiklarini, serin
bolgelere intikal ettiklerini, Kasim ayindan itibaren ise sicak bolgelere déndiiklerini ifade etmislerdir.

Gog giizergahini belirleme ve konaklama

Yetistiricilere “Gog¢ edilecek yerler ve arazi ihtiyaci nasil belirleniyor?” sorusuna yonelik yanitlari
degerlendirildiginde, gocerler goc edilecek yerleri dnceden gidip gezdiklerini ve kiraladiklarini ifade etmislerdir.
Baz yetistiriciler go¢ edilecek yerlerin belirlenmesine yonelik yanitlari degerlendirildiginde oncelikle bir arazi
kiralama yoluna gittikleri anlasilmaktadir. Gogerlerin biyik ¢ogunlugu (%61) 6nceden kesif yaptiklarini ve
kiralama yoluna gittiklerini belirtmislerdir. Gogerlerin ayni agik uglu soruya yénelik yanitlarinda yer belirleme
konusunda kéy muhtarlari, mandiracilar ve birlikler gibi bazi iletisim kanallarini kullanmak suretiyle gég yerlerini
belirlediklerini ifade etmislerdir. Asagida gocerlerin anilan soruya iliskin kendi yanitlari verilmektedir:

K1: Onceden kesif yapilarak kiralama yéntemiyle belirleniyor,

K5: Daha énceden anlasmis oldugumuz kéy sahipleri ve mandiracilar araciligiyla kiraliyoruz
K9: K6y muhtarindan mera kiralama ydntemiyle

K13: Birlik sayesinde g6g yerlerimizi gidip gériiyoruz ve kiraliyoruz.

K16: Hayvan sayisina gére ve mera sahipleriyle pazarlik yapilarak belirleniyor.

Yetistiricilerin dnemli bir kismi konaklamaya iliskin yoneltilen soruya “Cadirlarda, kdye yakin meralarda”,
“cadirlarda”, “brandalarla kapatip ¢adirlar kurarak konakhyoruz”, “Kendi hazirladigimiz derme ¢atma yapilarda
veya cadirlarda konakliyoruz”, “Su kaynagina yakin yerlerde cadir kuruyoruz” seklinde cevap vermislerdir.
Yetistiricilerin %89’u ¢adirlarda ve %11’i kendi hazirladiklari derme ¢atma yapilarda kaldiklarini ifade etmislerdir.
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Yilmaz ve ark. (2014) Deniz ve Isparta illerinde go¢ edilecek yerleri kdy muhtarlari araciligiyla kiraladiklarini
barinmayi ise kiraladiklari meralarda ¢adir kurmak suretiyle (%93.55) sagladiklarini ifade etmislerdir. Gog
esnasinda esgyalar traktorle tasimakta, yol boyunca konaklama problemi yasadiklari igin, birka¢ giin sliren
yolculuklari sirasinda bir kez konaklayabilmektedirler ve gog¢ sirasinda sagim yapamamaktadirlar. Bu durum ise
gocerler icin buyuk bir sorun arz etmektedir. Konargogerlerin bir diger sorunu ise i1sinmak icin yakacak odun
bulamama problemidir. Yiiksekligi fazla olan yerlerde yaz aylarinda bile geceleri soguk oldugu icin yakacak odun
icin kuru agaglarin kesimine izin verilmesini istemektedirler.

“Gog¢ sebebi ile yasanan sikintilar nelerdir?” acgik uglu soruya elektrik, su ve barinma (%88), ulasim (%63),
egitim ve saglik (%30) ve pazar (%14) problemlerine yonelik yanitlari 6ne ¢ikmaktadir. Bu soruya yonelik
yanitlarda yetistiricilerin %19’u yore halki tarafindan kabul edilmediklerini belirtmislerdir:

K1: Pazara ulasim konusunda sikinti yasiyoruz.
K14: Hastaneye ulasmakta sikinti yasiyoruz.
K45: Cocuklarimiz egitimde geri kaliyorlar.

K49: Ulasim, elektrik, su sikintisi var.

K74: Barinma sikintimiz var.

K70: Temizlik, ulasim ve saghk sikintilarimiz var.

K12: Yére halki tarafindan kabul gériilmeyisimiz.

Siirii mevcudu ve yonetimi

Surulerdeki koyunlarin yas ve cinsiyet durumuna yonelik yetistiricilerin yanitlar Cizelge 1; yetistiricilerin
siiri yonetimine iliskin yanitlari ise Cizelge 2'de verilmektedir.

Cizelge 1. Yetistiricilerin siirllerdeki havan varligina iliskin yanitlari
Table 1. Responses of breeders regarding the presence of animal in their herds

Hayvan varligi n X+ S)‘( En az En ¢ok
Anag koyun 80 560+12.73 90 650
Kog 80 3610.77 4 40
Disi toklu 80 140+2.96 0 140
Erkek toklu 80 90+3.06 0 90
Kuzu 80 182+4.48 18 200

Ayrica yilda iki kuzulama istiyor musunuz sorusuna yetistiricilerin %32’si evet; %68'i “hayir” diye yanitini
vermistir. Yetistiricilerin kuzularini ne zaman pazarladiklarina yénelik soruya ¢ogunlukla Mart-Mayis olmustur.
Yine agim mevsiminin baslangici ve bitisine iliskin soruya ise hepsi Mayis-Haziran aylarini kog katim mevsimi
baslangici; bitisi ise Agustos-Eylil ayi olarak ifade etmislerdir. Yilmaz ve ark. (2014) Denizli ve Isparta illerinde
yaptiklari calismada goger isletmelerde hayvancilik isletmelerinde asim mevsimi araligini Denizli igin Haziran Eylil
Isparta ili icin ise Temmuz-Agustos aylarinda gergeklestigini bildirmislerdir.

Cizelge 2. Yetistiricilerin stri yonetimine iliskin yanitlari
Table 2. Breeders’ responses regarding herd management

Soru maddesi n X+ S)‘( En az En ¢ok
ikizlik (%) 80 3.48+0.43 0 15
Yilda iki dogum (%) 80 1.74+0.24 0 10
Gunlak sat verimi (1) 80 1.36+0.06 0.3 3
Laktasyon sut verimi (l) 80 210.38+11.02 95 850
Kuzu Pazar agirhgi 80 39.86+0.82 22 65

Hayvanlarin beslenmesi

Yetistiricilerin hayvanlarin beslenmesine iliskin yanitlari Cizelge 3’de verilmektedir. Kaba yem olarak ne
kullandiklarina iliskin soruya beyaz saman, kirmizi saman, arpa, fig gibi yemler kullandiklarini ifade etmislerdir.
Asim mevsiminde ek yemlemeye iliskin yanitlarinda %90’1 asim mevsiminde ek yemleme yapmadiklarini ifade
etmislerdir. S6z konusu soruya yanitlarinda asim mevsimi icin 6ngorilen aylarda hayvanlarin yaylada olduklar
duslintldiginde ek yemlemeye ihtiya¢ duyulmadigi anlasilmaktadir. Nitekim hayvanlarin kislak alanlara
dondldiginde kuzulara ek yemleme yapildigi anlasiimaktadir (%85). Kuzulara ne zaman yem verilmeye
baslaniyor sorusuna Mart ayi cevabi verilmistir. Kuzulara ne kadar yem veriliyor sorusuna ise 0.5-1.5 kg olarak
yanitlanmistir.
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Cizelge 3. Yetistiricilerin hayvanlarin beslenmesine iliskin yanitlari
Table 3. Responses from breeders about feeding their sheep
Besleme y6netimi
Kullanilan kaba yemler Beyaz Saman, Kirmizi Saman, Arpa, Fig...

Ciftlesme dénemi ek yemleme yapiliyor mu?
Evet 10
Hayir 90

Ciftlesme dénemi ek yemleme siiresi? -
Kuzulara ek yemleme yapiliyor mu?

Evet %85
Hayir %15
Kuzulara ne zaman/ne kadar yem verilmeye baslaniyor? 0.5-1.5 kg

Uriinlerin degerlendirilmesi ve pazarlama

Yetistiricilere “koyunculuktan elde edilen Grinleri nasil degerlendiriyorsunuz” sorusuna yonelik yanitlari
degerlendirildiginde ¢ogunlukla sut, yogurt, peynir, tereyag gibi sut Urinleri, yapagl ve hayvan derisi elde
ettiklerini ifade etmislerdir. Sut ve sit Urinlerinden kendi ihtiyaglarini karsilarken hayvanin yiiniinden yatak,
yorgan, yastik ve hali gibi Grinler elde ettiklerini belirtmislerdir. Yetistiricilere “koyunculuktan elde edilen
Grlnlerin pazarlama sekilleri nasil belirleniyor” sorusuna; cogunlukla kendi ihtiyaglarini karsiladiktan sonra kalan
Urlnleri pazara inip sit ve sit Griinlerini mandiracilara ulastirdiklari veya mandiracilarin konargégerlerin oldugu
yerlere giderek onlardan belirli bir ticret karsiliginda satin aldiklari seklinde olmustur. Hayvanin yapagi ve derisinin
ise ham madde olarak pazarlara satilarak fabrikalarda islenmesi saglanmaktadir. Yetistiricilerin biyik ¢cogunlugu
(%76) koyunculuktan elde edilen sit ve stt Grlnlerini 6ncelikle kendi ihtiyaglarini karsilamak geriye kalanini ise
mandiracilara satmak suretiyle degerlendirdiklerini ifade etmislerdir.

Yetistiricilerin koyunculuktan elde edilen Urtinler ve pazarlama sekillerine yénelik soruya yanitlari “peynir,
yogurt, tereyagl”, “kuzular besi sonu kesime gonderiliyor”, “genelde peynir olarak mandiraciya veriliyor”,
“kuzular cambazlara satiliyor”, “mandiraciya satiyoruz bununla birlikte derisi ve postu vs. pazara sunuluyor”
“kuzular simsar araciligiyla satiliyor”, “mandiraci ve kendi imkanlarimizla satiyoruz hem gida Urinleri olarak hem
de derisi, postunu” “kuzular ise hayvan pazarlarina veya simsarlara satiliyor” “peynir sit, tereyagi vb.
mandiracilara ¢ok ucuz maliyetlerde satiliyor”, “kismen derisi, postu tiiccarlara, pazara oradan da fabrikalara
dolayli olarak isletmelere satis yapilmis oluyor” seklinde olmustur. S6z konusu sorulara yanitlarinda dikkat ¢ekici
hususlar degerlendirildiginde ve 6zetlendiginde koyunculuktan elde edilen Griinlerin Ureticiyi koruyacak bir fiyat
degerinde degerlendirilmedigi ve gocerlerin bir pazarlama bigimine ve agina sahip olmadiklari anlasilmaktadir.
Nitekim birgok katihmci (K36, K40, K47, K70, K74, K78) koyunculuktan elde edilen peynir, sit, tereyagi Grlinlerinin

ucuz fiyatlarla mandiracilara sattiklarini belirtmislerdir.

Yetistiricilerin “hayvanlarinda goérilen hastaliklar ve yapilan asilar nelerdir” sorusuna iliskin yanitlari
degerlendirildiginde temelde brusella, gicek, sap, sarilik gibi hastaliklarin strilerinde géraldigini belirtmislerdir.
Belirtilen hastaliklardan brusella, sap ve gicek asilarini ise rutin olarak yaptiklarini belirtmislerdir.

Genel sorunlar ve beklentiler

Arastirmada “genel sorunlar ve beklentiler nelerdir” agik uglu sorusuna yonelik yetistiricilerin gorisleri
degerlendirildiginde bliylik cogunlugu (%58) yem, ilag ve asi fiyatlarinin pahaliligini 6nemli bir sorun olarak ifade
etmislerdir. Yetistiriciler verilen yanitlarinda ayni zamanda elektrik, su ve ulasim (%43), mera alanlarinin
yetersizligi (%28) ve hayvan desteklerinin yetersizligini (%21) 6nemli sorunlar arasindadir.

Yetistiriciler yukarida belirtilen egitim, saglik, ulasim, barinmaya iliskin sorunlarin yani sira, hayvancilik
faaliyetlerine donik beklentilerini dile getirmislerdir. Hayvancilik desteklemelerinin arttirilmasi, yem
fiyatlarindaki yiksekligin 6niine gegilmesi, mera alanlarinin korunmasi ve islah edilmesi, meralarin licretsiz tahsis
edilmesini, mera yollarinin ve kosullarinin iyilestirilmesini, mera alanlarinin tarim arazisi olarak kullaniimamasi,
hayvan sagligini korumaya yonelik desteklemelerin saglanmasi, gog¢ ettikleri yerlerde dislanmalarinin 6niine
gecilmesi gerektigini belirtmislerdir. Asagida bazi cevaplarina yer verilmektedir:
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K64: Yakit lcretleri ¢ok pahali oldugundan ulasimda da ciddi sikinti ¢ekiyoruz devletten, birliklerden vb.
kuruluslardan yardim bekliyoruz; devlet ve birlikler bu konularda bizlere yardimci olmalilar.

K1: Yem destegi saglanmasi,

K 11: Mera alanlarinin yetersiz olusu.

K 10: Yem fiyatlarinin pahaliligindan yemleme yapamiyoruz.

K 7: Devletten beklentimiz kapali olan meralarin (ireticilere bedelsiz veya diisiik bedellerle tahsis edilmesi ve mera
yollarini ve sartlarinin iyilestiriimesi; meralarin (icretsiz tahsis edilmesini talep ediyoruz.

K14: Devletin arazi konaklama konusunda yardimci olmasi gerekiyor bizlere ¢iinkii konaklama sikintisi ¢ok
yasiyoruz.

K18: Meralarin islah.

K20, K54: Asi ve yem fiyatlari ¢cok pahali; veteriner hekim ¢agiramiyoruz bu yiizden bazen hayvanlarimiz éliyor;
hayvanlarimiz veya biz hastalaninca ilag, doktor vs. bulmakta zorluk yasiyoruz.

TARTISMA ve SONUC
Coban tutma, gog yollari ve gé¢ etme nedenleri

Mevcut arastirmada arastirma grubu gocerlerin gé¢ zamani, coban istihdam etme durumu, gog yollari ile
goc etme nedenlerine yonelik verilen yanitlarda Mayis-Haziran aylar itibariyle go¢ hareketinin basladigi,
yetistiricilerin yarisinin ¢oban istihdam ettigi, Diyarbakir-Mus-Bingdl-Erzincan glizergahlarini kullandiklari
gozlenmistir. Go¢ etme nedenleri sorusuna yanitlari ise; mera alanlarinin yetersizligi (%69), sicaklik, kurakhk, su
yetersizligi ve iklim sartlar (%61), issizlik (%32,5) ve aliskanlk (%14,0) olarak siralanmaktadir. Igdir ilinde yapilan
bir arastirmada da (Savas ve ark., 2019) go¢ hareketlerinin Haziran ayindan itibaren basladigi, Eylil ayinda ise
donuslerin basladigl, mera ve yaylalarin kiralanmak suretiyle kullanildigi, goglin yaya ve araglarla gergeklestirildigi
ve yetistiricilerin blylUk ¢ogunlugunun ¢oban istihdam ettigi bildirilmektedir. Kilig (2014) Sanhurfa ve Diyarbakir
il sinirlariiginde uzunca yillara dayanan bu tretim kolunda mera alanlarinin azalmasi, sosyal ve ekonomik diizende
meydana gelen degisimlerin gbcebelerin yasamlarini gliclestirdigini bildirmektedir.

Siirii mevcudu ve yonetimi ile hayvanlarin beslenmesi

Arastirmada yetistiricilerin sirilerindeki koyun varliginin ortalama 500 basin (izerinde oldugu
anlasiimaktadir. Asiretlerle butunlesik bu Uretim faaliyetinde ve goc hareketinde g¢ok biiylik hayvan varliginin
hareketliligi s6z konusu oldugu aciktir (Gultekin ve Tan, 2017). Yilmaz ve ark. (2014) Bati Anadolu goger
koyunculugu igin strl blyiklGgini Denizli ve Ispartailleri igin sirasiyla 257-284 bas olarak bildirmektedir. Kasikgi
ve ark (2021) Bati Akdeniz Bolgesi'ndeki gocebe olarak yasayan topluluklarin sosyal yapilarini belirlemeye yonelik
arastirmalarinda yetistiricilerin blylk cogunlugunun 40 yas Ustlinde ve egitim olarak ilkokul mezunu olduklarini
genellikle 200-600 arasinda bir hayvan varligina sahip olduklari bildirmislerdir. Mevcut arastirmada yetistiricilerin
kaba yem olarak beyaz saman, kirmizi Saman, Arpa, Fig kullandiklarini bildirmislerdir. Yilmaz ve ark. (2014) Denizli
ve Isparta illerinde yaptiklari galismada gogerlerin kiraladiklari mera alanlarinda hayvanlari icin fig, yonca, misir,
arpa yetistirdiklerini bildirmektedir. Arastiricilar Denizli ilinde hayvan beslemede arpa, pelet yem ve nohut
samani; Isparta ilinde ise saman, arpa ve pelet yem kullanildigini bildirmislerdir.

Yetistiricilerin hayvan beslemeye yonelik sorulari degerlendirildiginde cogunlukla ciftlestirme mevsimi
oncesinde ve iginde ek yemleme yapmadiklarini (%90), kuzulara (%85) ise pazarlama Oncesi ek yemleme
yaptiklarini bildirmiglerdir. Asim mevsiminde 6ncesinde ve sirasinda yaylalarda bulunduklari igin ek yemlemeye
gerek duyulmadigi anlasilmaktadir. Buna karsilik gé¢ donlstinde kuzulara ek yemleme yapildigi ifade edilmistir.
Yilmaz ve ark. (2014) Denizli ve Isparta illerinde yaptiklari calismada goger hayvancilik isletmelerinde ciftlestirme
mevsimi oncesi ek yemleme yapildigini ve kuzulara pazarlama dénemi oncesinde ek yemleme yapildigini
bildirmektedir. Arastiricilar kuzularda pazar yasini 4 ay agirhgini ise 37.5 kg olarak saptamislardir.

Uriinlerin degerlendirilmesi ve pazarlama

Arastirmada vyetistiricilerin blylUk ¢ogunlugu (%76) koyunculuktan elde edilen siit ve sut Grinlerini
oncelikle kendi ihtiyaglarini karsilamak geriye kalanini ise mandiracilara satmak suretiyle degerlendirdiklerini
ifade etmislerdir. S6z konusu sorulara yanitlarinda dikkat ¢ekici hususlar degerlendirildiginde ve 6zetlendiginde
koyunculuktan elde edilen Grtnlerin Ureticiyi koruyacak bir fiyat degerinde degerlendirilmedigi ve gogerlerin bir
pazarlama bicimine ve agina sahip olmadiklari anlasiimaktadir (K36, K40, K47, K70, K74, K78). Yilmaz ve ark.
(2014) Denizli ve Isparta illerinde yaptiklari ¢alismada gocer isletmelerde hayvancilik isletmelerinde elde edilen
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sitiin cogunlukla peynir yapiminda kullandiklarini bildirmislerdir. Bununla birlikte Savas ve ark. (2019) Igdir ilinde
yaptiklari arastirmada yetistiricilerin bliyiik ¢ogunlugunun sagim yaptigl ve Uretilen sitl pazarladiklarini
bildirmektedir.

Genel sorunlar ve beklentiler

Arastirmada genel sorunlar ve beklentiler boliminde go¢ nedeniyle yasanan sikintilarda ekonomik
kosullara yonelik yem, pazarlama ve hayvan sagligi 6ne cikarken elektrik, su ve barinma, ulasim, egitim-saghk ve
pazar gibi problemlerine yonelik yanitlari dncelikli olmustur. Gégerler temelde olasi tarim politikalarinda yerlesik
olanlardan ayrn distnilmektedir. Besik¢i (2005) Cumhuriyet’in ilanindan itibaren gogebelerin yeni hayat
diizenine alismada sorunlar yasadiklarini, gegis yollarinin kisitlandigini ve engellendigini, yasal diizlemde gogerleri
kapsayan yaklasimlarin ortaya konulamadigini ifade etmistir. Aygiin ve Sezgin (2009) Bitlis ili gbcer hayvancilik
faaliyetlerine yonelik arastirmalarinda bu lretim yapisinin gegmisten glinlimiize siyasal amaclar dogrultusunda
tanimlamalara yer verildigini dile getirerek Bitlis iline saglanacak ekonomik yarar bakimindan gocer kigikbas
hayvancilik yapan ailelerin mevcut sorunlarinin ¢éziilmesi gerektigini ifade etmislerdir. Somuncu ve ark. (2005)
gocebelik ve yaylacilik faaliyetlerinin yapisinin bilinmedigini, bolgesel farkhliklarinin ortaya konulmadigini
bildirmistir. Yilmaz ve ark. (2014) Denizli ve Isparta illerinde goger kiigiikbas hayvancilik yapan ailelerin hayvancilik
faaliyetleri hakkinda ayrintili bilgilerin elde edilmesine yonelik arastirmalarinda goéger hayvancilik Gretim
sisteminin yapisini ve sorunlarini belirlemeyi amaglamislardir. Arastirmada bu Gretim yapisinin sorunlari dile
getirilerek bu Uretim yapisini ve sistemini iyilestirmeye donik politikalarin gelistirilmesine ihtiyag¢ oldugu ifade
edilmistir. Ceyhan ve ark. (2020) Akdeniz ve Dogu Anadolu bdlgesinde varliklarini siirdiiren Yoriklerin sosyal ve
ekonomik 6zelliklerini belirlemeye yonelik arastirmasinda gogerlerin sorunlarini egitim, dusik gelir, artan yem
fiyatlari, devlet desteginin yeterli olmamasi, konaklama yerlerinde yasadiklari elektrik sorunlari, telefon ve
internet gibi iletisim araglarinda yasadiklari problemler olarak bildirmistir.

Arastirmada yetistiricilerin gé¢ etme sebebi olarak “aliskanlik” ifadesine yer vermis olmalari dikkat
cekicidir. Ekiz ve Yazici (2014) tarafindan Yoriklere yonelik arastirmalarinda gbcer hayvanciligin sadece
hayvanlarin beslenmesi durumuna gére gergeklestirilen bir yer degistirme faaliyeti olmadigi ayni zamanda bir
yasam tarzi oldugunun altini gizerek gdger hayvanciligin kiltiirel boyutlari vurgulanmaktadir. Arastiricilar bu
Uretim kolunda faaliyet gosteren gogerlerin ekonomik yasamlariyla bitinlesik konargdcer yasami
benimsediklerini belirtmislerdir. Arastiricilara gére dogayla siirekli etkilesim halinde olan gégerler yer degistirerek
hem kendileri hem de hayvanlari icin 6zgiin bir yasam tarzi gelistirmislerdir. Tapur (2009), son yillarda yaylalarin
baska amaclarla degerlendirilmesine yonelik girisimlerin biyik ekolojik sorunlara yol actigini dile getirmistir.
Abanoz yaylasi 6rneginden hareketle arastirici, hayvanciliga dayali yaylalarin baska amaglarla kullaniimasinin
ekolojik sorunlara yol agtigini bildirmistir. Bu tir donlisimlerin 6ngoriilemeyen sonuglari olabilmektedir. Cosgun
ve Yilmaz (2018) her gecgen yil sayilari azalan gogebelerin varliklarinin devam ettirilmesinin sadece ekonomik
faaliyetler bakimindan degil, ayni zamanda kiltirel devamhligin saglanmasi icin zorunlu bir durum oldugunu ifade
etmislerdir.

Mevcut arastirmada gocerlerin hayvancilik faaliyetlerinin geleneksel yapisiyla devam ettirildigi acik bir
sekilde anlasiimaktadir. Sorunlar baglaminda mera kullanimina iliskin giderek artan sorunlari bulunmaktadir.
Gogerler hayvancilikla ilgili dizenlemelerde ayri tutulmakta ve yerlesik gibi distiniilmektedir. Mera alanlarinin
yetersiz olmasi, mera kiralama bedellerinin yiiksek olmasi, mera kullanimina iliskin olarak gocgerlerin hak sahibi
olmamasi, hayvan sagligi ve pazarlamaya iliskin sorunlar cok temel sorunlar olarak ortaya ¢ikmaktadir. Belirtilen
sorunlara yonelik bazi 6neriler ortaya konulmustur:

1.Tlrkiye ve Anadolu, gocer hayvancilik bakimindan énemli bir cografyadir. Gegmisten glinlimiize devam
ettirilen bu Gretim aliskanligi giin gectikge terk edilmeye ve 6nemini yitirmeye baslamistir. Dolayisiyla cografyasi
ve topografyasi ile bu Uretim sistemini ¢agiran yikseltiler ve yaylalara artik gocerler ugrayamamaktadir.
Giineydogu Anadolu Bolgesi ve Diyarbakir ili gbgerler icin dnemli bir kislaktir. Bulgular, gogerlerin éncelikle sosyal
yasamlarina iliskin sorunlarina dikkat cekilmesini gerektirmektedir: (1) konaklanacak yer sikintisi, (2 )ulasim
sikintisi, (3) elektrik, (4) su bulma sikintisi, (5) egitim,(6) koy halki ile yasanan sorunlardir.

2.Gerek devlet hazinesindeki topraklarin gerekse sahsi toprak kiralamalarinda gogerleri koruyacak
onlemler alinmalidir. Sadece yaylak olarak degil ayni zamanda kiglak yerler icin ¢ok yiiksek kira bedelleri
gerceklestiriimektedir. Bunun igin de 6nlem alinmal ve kislak alanlar igin ylksek kira bedellerinin oniine
gecilmelidir.
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3.Gogerler kislak olarak kullandiklari  yerlerde hayvan beslemeye iliskin blylk sorunlarla
karsilasmaktadirlar. Tarim ve Orman Bakanhg bu konuda yardimci olmali ve &denek ayirmahdir. Mevcut
arastirmada da ifade edildigi GUzere gogerlerin yem destegine ihtiyaclari bulunmaktadir. Ayrica yerlesik hayvancilik
destekleri disinda gocerler igin bir yem destegi distintlmelidir.

4.Hayvan hastaliklarinin 6niine gecilmesinde devlet gocerlere destek saglamalidir. Gogerler buyik bir
cogunlukla ilag fiyatlarinin yliksek olmasindan sikayetci olmuslardir.

5.Gogebeler maalesef kanunlar arasinda bogulmus ve orman kanunu, mera kanunu, hayvan kayit sistemi
ve hayvan hareketleri usul ve esaslari arasinda kaybedilmis ve gériinmez kilinmistir. Gogerler gé¢ hareketlerinden
bu kanunlarin ve yonetmeliklerin magdurlari haline gelmektedir. Bunun igin belirtilen ilgili kanun ve
yonetmeliklerde gogerlere yer verilmeli ve onlarin hayatlarini kolaylastiran énlemler alinmalidir.

6.0tlak alanlarinin tarima acilmasi ya da ormanlk alana dénustirilmesiyle birlikte meralarin yetersiz
kalmasi gocerler icin bilylk problem olusturmaktadir. Hayvanlari icin yeterince otlatacak alanlara sahip
olunmamasi, otlatmada gogerler arasinda sorunlarin gikmasina sebep olmaktadir. Ayrica yaylaya ¢ikilan donemde
kurt saldirilari sonucu hayvan siirileri telef olabilmektedir.

7.Gogerlerin Mayis ayi itibariyle yaylaya ¢ikmaya baslamasiyla hayvanlariyla birlikte yiiriiyerek hareket
halinde olduklari icin go¢ esnasinda trafikte yasanan sikisiklik problem olusturmakta ve trafik sorunu
yasamaktadirlar. Gogerler birkag¢ glin siiren gog sirasinda hayvanlarinin ormana zarar verecekleri dislincesi ile
goc rotalarini degistirmek zorunda birakilmaktadirlar. Fakat bu rota degisikligi 6zellikle ormanlik alanlarin
kullanilmasi nedeniyle sorunlara yol agmaktadir. Tersine gogerler hayvanlarinin ormandaki kuru otlari
yediklerinden dolayi ormani temizlediklerini bu sayede de orman yanginlarini durdurdugunu diisinmektedirler.

Tesekkiirler: -

Veri kullanilabilirligi: Veriler makul talep lGzerine saglanabilmektedir.

Yazar Katkilari: Makalenin hazirlanmasinda tiim yazarlar esit katkida bulunmustur.
Cikar ¢atigsmasi: Bu calismada yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur

Etik Beyan: Yazarlar, bu arastirma makalesi i¢in hayvan deneyi etik kuruluna ihtiyag olmadigini beyan
ederler.

Finansal destek: -

Makale Aciklamasi: Bu makale Editdr Cagri KANDEMIR tarafindan diizenlenmistir.
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ABSTRACT

Objective: The aim of this study is to determine the incidence of blood and meat spots in organic chicken eggs, to investigate the factors influencing the
occurrence of these spots using multinomial logistic regression analysis, and to identify the phenotypic relationships among various egg quality traits.

Materials and Methods: The experimental material consisted of organic eggs produced in different regions of Turkey. For this purpose, quality analyses were
performed on a total of 188 brown-shelled eggs from 9 different producers, and meat and/or blood spots were identified.

Results: It was found that a significant percentage of the evaluated eggs (63.043%) had meat and blood spots, with varying intensities of spotting. The results
of the regression analysis indicated that egg weight and sharp end thickness had a significant effect on the formation of meat spots, with the likelihood of
severe spotting decreasing as weight increased. In blood-spotted eggs, the only significant difference was found in the “slightly spotted and heavily spotted”
group for egg weight. Additionally, significant phenotypic relationships among egg quality characteristics were identified.

Conclusion: It has been determined that egg weight and sharp end thickness may influence spot intensity, particularly with an observed tendency for increased
egg weight to reduce the occurrence of blood and meat spots.

Keywords: Organic egg, meat and/or blood spot, quality, regression, correlation.

oOrganik Sofralik Yamurtalarda Baz Kalite Ozellikleri ile Et ve Kan Lekesi Olusumu Arasindaki iliskiler #
oz
Amag: Bu galismanin amaci, organik tavuk yumurtalarinda et ve kan lekesi goriilme sikligini belirlemek, multinomial lojistik regresyon analizi kullanarak bu

lekelerin olusumuna etki eden faktorleri incelemek ve gesitli yumurta kalite 6zellikleri arasindaki fenotipik iligkileri saptamaktir.

Materyal ve Metot: Deneme materyalini, Turkiye’nin farkl bélgelerinde tretilen organik yumurtalar olusturmustur. Bu amagla, 9 farkli Ureticiye ait toplam
188 adet kahverengi kabuklu yumurtada, kalite analizleri yapilmis ve et ve/veya kan lekeleri belirlenmistir.

Bulgular: Calismada degerlendirilen yumurtalarin 6nemli bir kisminda (%63.043) et ve kan lekesi bulundugu ve leke yogunlugunun gesitlilik gosterdigi
saptanmistir. Regresyon analiz sonuglarinda, yumurta agirlig ve sivri ug kalinliginin et lekesi olusumu tizerinde anlamli bir etkisi oldugu gorilmus ve agirlik
arttikga yogun leke goriilme olasihginin azaldigi belirlenmistir. Kan lekeli yumurtalarda tek anlamli farklilik yumurta agirligi igin “az lekeli ve yogun lekeli”
grubunda saptanmistir. Ayrica, yumurta kalite 6zellikleri arasinda 6nemli fenotipik iliskiler belirlenmistir.

Sonug: Yumurta agirligi ve sivri ug kalinhginin leke yogunlugunu etkileyebilecegi, 6zellikle yumurta agirligindaki artisin et ve kan lekesi olusumunu azaltma
egiliminde oldugu saptanmistir.

Anahtar Kelime: Organik yumurta, et ve/veya kan lekesi, kalite, regresyon, korelasyon.
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Relationships between quality and meat-blood spots in eggs

GIRiS

Kanatlh eti ve yumurtasi, erisim kolayligi, makul fiyati ve dini inancglara bakilmaksizin hemen hemen tim
toplumlarin tercih ettigi 6nemli protein kaynaklaridir. Bu 6zellikleri nedeniyle, hayvansal gidaya yonelik artan
talebi karsilamada hayati bir rol oynarlar (Stadelman and Cotterill, 2001; Istiak et al., 2022). GUnumuzde 8.16
milyar olan dinya nifusunun 2037’de 9 milyara, 2061 yilinda ise 10 milyara ulagsmasi beklenmektedir
(Worldometer, 2024). Bu baglamda, énimuzdeki 25-30 yil icerisinde kiiresel insan niifusunun yaklasik %70’inin
kentsel alanlarda yasayacagi ve gelirlerin de yillik %2 artacagi dngorilmektedir (Mottet and Tempio, 2017). Ayni
donemde en yuksek buyime oranina %121 ile kanath etinin sahip olacagi, yumurtaya olan talebin ise %65
oraninda artacagi bildirilmistir (Alexandratos and Bruinsma, 2012). Kanatl sektor, 6zellikle de yumurta Gretimi,
dinya nifusuna yeterli gida saglanmasinda, sirdirilebilirligi de gdz o6ninde bulundurarak, kilit bir rol
oynayacaktir (Sz6ll6si, 2021).

Tirkiye, yemeklik yumurta tGretiminde 6nemli bir paya sahiptir ve slrekli gelisme gostermektedir. Son 10
yillik stireg incelendiginde, 2013 yilinda 16 milyar 497 milyon adet olan yumurta tretimi, 2014 yilinda 17 milyar
144 milyon adete, 2023 yilina gelindiginde ise 20 milyar 637 milyon adete yikselmistir (TUIK, 2024). Turkiye
yumurta Gretimi, 10 yillik (2013-2023 yillari arasi) zaman diliminde %25.1 gibi énemli bir artis sergilemistir (TUIK,
2024). Benzer artis tiiketim dizeyinde de goriilmekte olup, 2010 yilinda 168 adet olan kisi basi tiiketilen yumurta
sayisi sadece 10 yilda 32 adet artarak 2020 yilinda 200 adete ulasmistir (YUM-BIR, 2012; 2021). Bu artis trendinin
devam edecegi beklentisi nedeniyle Turkiye’nin éniimuzdeki yillarda da Diinya pazarinda énemli bir paya sahip
olacagi acgiktir. Yumurta, insanlar i¢in gerekli tiim amino asitleri, cesitli mineralleri (kalsiyum, demir, potasyum ve
fosfor) ve vitaminleri (A vitamini, B2, B9, B6, B12 ve kolin) sagladigi gibi ayni zamanda bu maddeler igin en diuisiik
maliyetli hayvansal kaynak olarak tanimlanmistir (Nys and Sauveur, 2004; Drewnowski, 2010; Mine, 2023).

Yumurta kalitesi, bir yumurtanin tiketici kabullini ve tercihini etkileyen 6zelliklerini tanimlar (Stadelman,
1977; Hisasaga et al., 2020) ve tiiketiciler icin oldugu gibi Ureticiler icin de 6nemlidir (Peric et al., 2017).
Yumurtada kalite hem i¢ hem de dis kaliteyi tanimlayan genel standartlari ifade eden bir terimdir. Yumurtalarin
dis kalite 6zellikleri Ureticiler icin 6n plandayken, yumurtalarin i¢ kalitesi tiiketiciler ve endustri igin kritik 6Gneme
sahiptir (Roberts, 2004). Dis kalite, yumurtanin agirligi, sekli ve temizligi ile kabugun dokusuna odaklanirken, ig
kalite yumurtanin sarisi ve aki ile ilgili 6zellikleri kapsar (Fajemilehin, 2008; Guni et al.,2021). Yumurta kalitesinin,
gida guivenligi, tuketici tercihleri ve Urtin degeri ile iliskili oldugu bilinir (Hisasaga et al., 2020). Yumurtada kalite
yetistirme, genetik yapi, sicaklik, nem, tasima, depolama kosullari ve siresi ile tavugun yasi dahil olmak Gzere
cesitli faktorlerden etkilenir. Ayrica, yumurtanin kalite 6zelliklerinin belirlenebilmesi icin bazi i¢ ve dis kalite
kriterleri arasindaki iliskilere de bakilmaktadir. Bu nedenle yumurtanin agirligi, uzunlugu ve genisligi, sekil indeksi
ve kabuk agirhgi gibi 6zellikler yiksek diizeyde birbiriyle iliskilidir ve yumurta sarisi ile ak agirligi gibi 6zelliklerinin
tahmininde kullanilabilir. Bu sayede, yumurtayi kirmaya gerek kalmadan degerlendirme yapilabilir (Fajemilehin,
2008; Aboonajmi and Mostafaei, 2022).

Yumurtanin i¢ kalite 6zelliklerinden yumurta aki, yumurta sarisi, hava boslugu boyutu gibi parametrelerin
yaninda, et ve kan lekelerinin varligi da énemli kalite sorunlarina yol acar (Duman ve ark., 2016). Tavuk
yumurtalarinda bulunan et ve kan lekeleri, yumurtalarin pazarlanmasini olumsuz etkileyebilir (Boateng et al.,
2019). Belirli bir oranin Gzerinde et ve/veya kan lekesi iceren yumurtalar yenilemez olarak siniflandiriidigindan
enddstri icin Gnemli bir kayip olusturur. Yumurtada ¢ok az miktarda kan lekesinin varligi bile tiiketicilerin olumsuz
psikolojik tepki vermelerine ve yumurta tiketimini birakmalarina neden olabilir (Nalbandov and Card, 1944).

Kan lekelerinin olusumundan genetik ve gevresel faktorler sorumludur (Bearse et al., 1960) ve daha ¢ok
yumurta sarisinda gorilir (Nalbandov and Card, 1944). Yumurtada bulunan kan lekelerinin, ovulasyondan dnce
herhangi bir zamanda meydana gelebilen intrafollikiiler kanamadan kaynaklandigi, ayrica yapilan ¢ok sayida
gozleme bagli olarak, kanamanin ovulasyon sirasinda degil aslinda folikll icinde oldugu ve yumurta sarisinin
serbest birakilmasindan birkag giin 6nce de gergeklesebilecegi aktarilmistir (Nalbandov and Card, 1944). Benzer
sekilde, Seremet ve Giler (2024) kan lekelerinin ovulasyon sirasinda sari folikiil zarinin yumurtaliga baglandigi
stigma disindaki bir bélgeden yirtilmasi sonucu veya albiimin olusumundan 6nce meydana gelen bir kanama
neticesinde meydana geldigini belirtmislerdir. Ayrica, ylksek ¢evre sicakliklari ile yumurta aki pH’sinin degismesi
sonucunda kan lekelerinin renginin degiserek et lekesi gibi gorlinebilecegi de bildirilmistir (Card and Nalbandov,
1944).

173



51
52
53
54
55

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

82
83
84
85
86
87
88
89

90
91
92
93
%4
95
96

97

98
99
100
101

Seremet and Gller

Et lekeleri yumurta aki (albiimin) ile iliskilidir ve ¢ok kiiclik boyutlardan parcal, blylk lekelere kadar
degisebilir. Renk koyu kahverengiden agik kahverengiye, bronzdan agik bronza ve neredeyse beyaza kadar
cesitlilik gosterir (Nalbandov and Card, 1944). Et lekeleri genellikle yumurtaya dahil olan yumurta kanali dokusu
parcalari olarak agiklansa da mikroskobik incelemelerde et lekelerinin cogunun bozulmaya ugramis kirmizi kan
hicrelerinden olustugu gortlmustiir (Nalbandov and Card, 1944).

Dis kalite 6zelliklerinden kabuk rengi, yumurta kalitesi ve besin degeri bakimindan fark yaratmaz. Yumurta
tebliginde kabuk rengi ile ilgili bir siniflandirma olmamakla birlikte kimi tiketiciler beyaz kabuklu yumurtalari
tercih ederken kimileri kahverengi kabuklu yumurtanin daha dogal oldugu algisi ile koyu kabuk rengine sahip
yumurtalari satin almaktadirlar (Seremet ve Giiler, 2024). Avrupa’da kahverengi kabuklu yumurtalar tercih
edilirken, ABD ve Tirkiye’de beyaz kabuklu yumurtalar daha ¢ok tuketilmektedir (Flock et al., 2007). Yumurta
kabuk rengi tavugun genetik yapisi ile iliskilidir. Bu genetik 6zellikler, pigmentlerin tiri ile yogunlugunu belirler
ve farkh irklar arasinda farkli yumurta kabugu renklerinin gériilmesine neden olur (Anonim, 2024). Bununla
birlikte, yumurta kabuk rengi ve genotipin et ve kan lekeleri olusumu U(zerinde 6nemli etkileri oldugu
bilinmektedir. Yapilan galismalarda, kahverengi kabuklu yumurtalarin beyaz kabuklu yumurtalara gore genel
olarak daha yiiksek oranda kan ve et lekesi insidansina sahip oldugu bildirilmistir (Brade et al., 2008). Sauter et
al. (1952), New Hamspsire (kahverengi kabuklu) ve Leghorn (beyaz kabuklu) irki tavuklarda kan lekesi olusumu
Gzerine yuruttikleri calismada, genetik yapinin 6nemli etkileri oldugunu aktarmislar, benzer sekilde Nolte et al.
(2021) yerel irklar olan Vorwerkhuhn (VH) ve Bresse Gauloise (BG) ile ticari White Rock (WR) tavuklari arasinda
et ve kan lekesi insidansinda 6nemli farkliliklar meydana geldigini bildirmislerdir. Arastiricilar, kahverengi kabuklu
yumurta veren WR tavuklarin %52’sinde kan lekesi goriliirken, beyaz ve sari kabuklu yumurta treten VH ve BG
tavuklarinin sirasi ile %7 ve %15 oraninda kan lekesi gosterdigini, 6te yandan et lekelerinin gorilme sikliginin
genotipten etkilenmedigini belirtmislerdir. Bu bildirislerden farkli olarak, Hocking et al. (2003) ticari ve yerli irklar
arasinda kan ve et lekeleri gorilme sikliginda énemli bir fark bulunmadigini aktarmistir. Lordelo et al. (2020) da
kahverengi ticari hibritler ile Portekize 6zgil 4 farkli lokal irk arasinda, yumurta sarisi kan lekesi veya yumurta aki
et lekesi olusma sikliginda istatistiksel olarak bir farklihk olmadigini, fakat hibrit irka ait yumurtalarda et lekesi
oraninin (%4.17), diger irklara ait yumurtalardan (%18.8 ile %31.3 arasinda) belirgin sekilde daha dusuk
bulundugunu bildirmisledir. Polonya’da bir yerel irk, Rhode Island Red ve ticari hibrit (Hy-line Brown) tavuklar
Gzerinde yurutilen bir calismanin sonuglari ise genotipin et ve kan lekesi miktarini etkiledigini, yerel irk tavuklarin
Rhode Island Red tavuklarina kiyasla daha fazla et-kan lekeli yumurta drettiklerini gostermistir. Bir baska
calismada farkli kabuk rengine sahip genotipler arasinda en fazla et-kan lekesinin kahverengi kabuklu
yumurtalarda saptandigi bildirilmistir (Sokolowicz et al., 2018).

Organik ve serbest gezen tavuk Uretimi, artan tiiketici talebi ve ¢evreye duyarli Gretim yontemlerinin
tercih edilmesiyle yayginlasmaktadir. Tiketiciler, daha saglikh ve hayvan refahi kurallarina uygun uretilen gida
Grlnlerine yonelmektedir. Bu durum, birgok tlkede serbest gezen ve organik tavuk Gretiminin artmasina neden
olmustur (Patterson et al., 2001; Berg, 2002; Hammershgj et al., 2022). Benzer sekilde Hammershgj et al. (2022),
organik yumurta Uretiminde kombine verim yonli tavuklar (genotip A ve C), yerel irk (B) ve ticari yumurtaci (D)
tavuklarda yumurta kalite parametrelerini incelemisler, A, B ve C genotipleri ile D arasinda yumurta kalite
ozellikleri bakimindan biiylik bir varyasyon oldugunu bildirmislerdir. Ayrica, ticari genotipten elde edilen
yumurtalarda et ve kan lekesi oraninin en duslik diizeyde (sirasiyla %5.2 ve %0.7) oldugunu saptamisladir.

Kahverengi yumurtalarda et ve kan lekeleri daha fazla goriilmekle birlikte bu yumurtalar tiiketicilerde
dogal-kéy yumurtasi algisi olusturdugu icin organik ve serbest gezinmeli Uretim sistemlerinde kahverengi
yumurtacilar agirlikh olarak tercih edilmektedir. Bu ¢calismada organik sistemde yetistirilen kahverengi yumurtaci
tavuklarin yumurtalarinda et ve kan lekeleri ile yumurta dis kalite 6zellikleri arasindaki iliskilerin incelenmesi
amaglanmistir. Multinomial lojistik regresyon analizi kullanilarak, et ve kan lekesi olusumunu etkileyen gesitli
biyofiziksel faktorler incelenmis, ayrica bu kalite Ozellikleri arasinda bulunan fenotipik korelasyonlar
tahminlenerek, yumurta kalite 6zellikleri arasindaki iliskilerin daha iyi anlasilmasi hedeflenmistir.

MATERYAL ve METOT

Deneme materyalini, Tlrkiye'nin farkl bolgelerinde (Ege, Dogu Anadolu ve Marmara Bolgeleri) Uretilen
organik yumurtalar olusturmustur. Bu amagcla, izmir ilinden 3, istanbul ile Elzig illerinden 2’ser ve Tekirdag ile
Afyonkarahisar illerinden 1’er isletme olacak sekilde toplam 9 farkli Gireticiye ait giftlikten, 30-55 haftalik yastaki
tavuklardan, 188 adet kahverengi kabuklu organik yumurta temin edilmistir (Tiim isletmeler, “5262 Sayili Organik
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Tarim Kanunu ve Organik Tarimin Esaslari ve Uygulanmasina iliskin Yonetmelik” kapsaminda, “Organik Tarim
Sertifikasina” sahiptir). Calisma materyalini olusturan yumurtalar ATAK-S (AS), Dekalb Brown (DB) ve Lohmann
Brown (LB) olmak (lizere 3 farklh genotipten saglanmistir. Her bir genotipe ait yumurta sayilari esit olarak
belirlenmistir (AS, DB ve LB icin sirasiile; 63, 63 ve 62 adet). Kalite analizleri yapiimak Gizere laboratuvara getirilen
yumurtalarda, kirllmadan 6nce dis kalite analizleri ve kirildiktan sonra alblimin ve yumurta sarisi izerinde et ve
kan lekelerinin varligi saptanmistir. Bu amagla; yumurta agirligi (YA), yumurta genisligi (YG), yumurta uzunlugu
(YU), kabuk mukavemeti (KM), kabuk agirhgi (KA), kit ug kalinhigr (KUK), sivri ug kalinhgi (SUK), ekvatoral bolge
kalinligi (EK), ortalama kabuk kalinligi (OKK) ve sekil indeksi (SI) belirlenmistir.

Dis kalite parametrelerinden YA 0.01g hassasiyetindeki terazi ile tartilarak saptanmistir. YU ve YG dijital
kumpas kullanilarak o6l¢lilmis ve (yumurta genisligi/yumurta uzunlugu*100) formulinden yumurta SI
hesaplanmistir. Kabuk mukavemetini 6lgmek amaciyla instron cihazindan yararlanilmistir (kg/cm2). Daha sonra
cam bir sehpa Uzerine kirllan yumurtalarin albiimin ve sarilarinda gézlem yolu ile et ve kan lekelerinin varlig
(0O=leke yok) degerlendirilmis ve yogunluklarina gore (1=az lekeli; 2=yogun lekeli) puanlama yapilmistir. Kirilan
yumurtalarin kabuklari su ile yikanarak alblimin materyalinden temizlendikten sonra 105 °C etiv sicakliginda 24
saat kurumalari saglanmistir. Ardindan yine hassas terazi ile KA belirlenmistir. Kabugun 3 farkl bolgesinden (KUK,
SUK ve EK) érnek alinarak zarlari ¢ikarildiktan sonra mikrometre ile kabuk kalinliklari (KK) 8lgilmustir. Olcim
yapilan érneklerde 3 farkli bélgenin ortalamasi alinarak OKK hesaplanmistir.

istatistik Analizler

Calisma verilerinin degerlendirilmesinde JMP (Version 8) paket programi kullaniimistir (SAS Institute Inc.,
2009). Verilerdeki leke tiri (et ve kan lekesi) ve yogunluk duzeylerinin (leke yok, az lekeli ve yogun lekeli)
incelenmesi icin frekans ve ylzdesel dagihm analizleri yapilmistir. Et ve kan lekelerinin genotipler arasindaki
dagihmini degerlendirmek igin ki-kare uygunluk testi kullaniimistir. Leke tiirleri ve yogunluk seviyelerinin gruplar
arasindaki oranlari karsilastirilarak analizler gerceklestirilmistir. Et ve kan lekesi bulunan veya bulunmayan
yumurtalarda, yumurta kalite 6zelliklerinin (YA, YG, YU, KM, KA, KUK, SUK, EK, OKK ve Sl) et ve kan lekesi
olusumunu nasil etkiledigini ortaya koymak amaciyla multinomial (¢oklu) lojistik regresyon analizi kullaniimistir.
Ayrica, ¢alismada estimate (logit) degerleri log-odds (logaritmik olasilik) olarak da ifade edilmistir. Bu degeri daha
anlasilir hale getirmek igin exponential (e*estimate) alarak odds oranina gevrilmistir. Bu amagla log-odds degerini
normal odds oranina gevirmek icin e tabanina gore Ustel fonksiyon (e“estimate) alinmistir. Ayrica, yumurta kalite
ozellikleri arasindaki iliskilerin yoniina ve glicinil ortaya koymak icin fenotipik korelasyonlar tahminlenmistir.

BULGULAR ve TARTISMA

Kiresel pazarda insanlarin saglikh ve nitelikli gidalar ile beslenme istekleri hem yumurta tiketimini
tetiklemekte hem de yumurtada kalite kavramini her gegen giin daha da 6nemli hale getirmektedir. Amerika
Birlesik Devletleri Tarim Bakanhgi'nin yumurta siniflandirma standardi, AA ve A sinifi yumurtalardaki kan lekesi
capinin 1/8 in¢'i (yaklasik 3.2 mm) gecemeyecegini sart kosar. Benzer sekilde, Cin Ticaret Bakanhg, nitelikli
yumurtalarin kan lekeleri veya diger yabanci maddeler igermemesini zorunlu tutmaktadir (Chen et al., 2015).
Ulkemizde, Avrupa Birligi'nin mevzuatina gére “A kalite — Ekstra taze”, “A kalite — Taze” ve “B kalite — Gida
sanayiine yonelik yumurtalar” olarak siniflandiriimaktadir (Seremet ve Giler, 2024). Bu standartta A sinifi
yumurtalar i¢in “yumurtalarin sayica %1’den fazla olmamak (izere ¢ok kiicik kan ve et lekeleri bulunabilir”; B
sinift yumurtalar icin ise “yumurtalarin sayica % 3’ten fazla olmamak (zere ¢ok kiclik kan ve et lekeleri
bulunabilir” ibareleri ge¢mektedir. Et-kan lekesi %3’Gn Uzerinde ise yumurtalar yenmez olarak
siniflandirildigindan yumurta endstrisi igcin Gnemli bir ekonomik kayip olusturmaktadir (Seremet ve Giiler, 2024).

Bu calismada, genotipin et ve kan lekesi diizeyleri (izerinde istatistiksel olarak anlaml bir etkisinin
bulunmadigi tespit edilmistir (et lekesi icin x2= 3.597, P= 0.4633; kan lekesi i¢in x?>= 6.396, P= 0.1715) (sonuglar
tabloda sunulmamistir). Bu sonuglar dogrultusunda, et ve kan lekelerine yonelik yapilan analizlerde genotip
degiskeni istatistiksel modele dahil edilmeden degerlendirmeler gerceklestirilmistir. Calismadan elde edilen
sonuglarda, et lekesi bulunmayan yumurta oranlari AS, DB ve LB genotipleriigin sirasiile %51.6, %59.32 ve %65.12
olarak saptanmigstir. Az ve yogun et lekeli yumurta oranlari ise sirasi ile AS igin %29.03 ve %19.35; DB igin %30.51
ve %10.17 ve LB igin ise %25.58 ile %9.30 seklinde gergeklesmistir. Kan lekesi i¢in incelendiginde ise lekesiz
yumurta orani AS, DB ve LB genotipleri igin sirasi ile %67.74, %74.58 ve %74.42; az ve yogun et lekeli yumurtalar
icin ise sirasi ile %20.97 ile %11.29; %23.73 ile %1.69 ve %23.26 ile %2.33 olarak belirlenmistir (sonuglar tabloda
sunulmamustir).
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Brant et al. (1953), tavuk yumurtalarindaki en yaygin kusurlarin kan ve et lekeleri oldugunu bildirmistir.
Rastgele secilen tavuk yumurtalarinin yaklasik %2 ila %4’intiin kan veya et lekesi icerdigi (Nalbandov and Card,
1944), yumurta kalitesi hakkindaki tiim tiiketici sikayetlerinin ise %7’sinin kan ve et lekelerinden kaynaklandigi
belirtilmistir (Stadelman, 1950). Bu bildirislerden farkli olarak, simdiki ¢calismada degerlendirmeye alinan 184
yumurtanin (toplam 188 yumurtanin 184 tanesi incelemeye uygun niteliktedir) %37.5’'inde et lekesi,
%25.543'inde ise kan lekesi olmak lzere toplam %63.043’inde leke belirlenmistir. Et ve kan lekesi dizeyleri
(leke yok, az lekeli ve yogun lekeli) i¢in yumurtalar degerlendirildiginde, toplam 184 adet yumurtanin
%25.543’inde et lekesi, %11.957’sinde ise yogun et lekesi, buna karsin %20.652’sinde az kan lekesi, %4.891’inde
yogun kan lekesi saptanmistir (sonuglar tabloda sunulmamistir). Calismamiz sonuglarina benzer sekilde, Boateng
etal. (2022), yumurtalarin %32’sinde kan lekesi ve %31’inde et lekesi olmak (izere toplam lekeli yumurta oraninin
%63 oldugunu aktarmistir. Ayrica, arastiricilar et ve kan lekesi olusumu ile yumurta agirhgi, sicakhk degisimi ve
tavuklarin stres etmenine (jenerator sesine bagh korku) maruz kalmalari arasinda bir iliski gézlemlememistir. Rizzi
et al. (2020), et ve kan lekesi goriilme oraninin %42 ile %70 arasinda degistigini belirtmistir. Sokotowicz et al.
(2018), genotipin (yerli, Rhode Island Red ve Hy-line Brown) yumurta igerigi 6zelliklerini (albimin yuksekligi, HU
degerleri ve et-kan lekelerinin varligi) etkiledigini, en yiiksek kan lekesinin (%40) 56 hf’lik yasta yerli irkta, en
yuksek et lekesi oraninin (%46.7) ise Hy-line Brown genotipinde belirlendigini bildirmistir. Altlikhi yer sistemi,
organik ve serbest gezinmeli yetistirme sistemleri karsilastirildiginda; serbest gezinmeli sistemden elde edilen
yumurtalarda et lekelerinin daha distk bir insidans gosterdigi (sirasi ile kafes, althkli yer sistemi, organik ve
serbest gezinmeli sistem tavuklarin % et lekeleri; 9, 8, 11 ve 3) ancak yetistirme sisteminin kan lekeleri izerinde
bir etkisinin olmadig saptanmistir (Hidalgo et al., 2008). Lordelo et al. (2020), 4 farkh yerli irk ile ticari (hibrit)
tavuk irkini karsilastirdiklari calismalarinda, yumurta sarisi kan lekesi oraninin %8.2 ile %23.88 arasinda; alblimin
et lekesi oranlarinin ise %4.17 ile %31.3 araliginda degistigini ve kan lekesi icin hibrit tavuklar ile yerli irklar
arasinda fark bulunmazken, et lekesinin ticari hibritlerde yerli irklara kiyasla oldukc¢a diisiik oldugunu bildirmistir.

Calisma bulgularindan anlasilacagi tizere, analiz edilen yumurtalarin biylk bir kisminda et ve/veya kan
lekesi (%63.043) bulunmasi, sorunun giincel ve sektdr icin 6nemli problemlere neden olabilecegini
gostermektedir. Bununla birlikte gerek tiketici tercihini olumsuz etkilemesi gerek ihracat ve i¢ pazara sunulan
lekeli yumurtalarin varligi, konunun hassasiyetini gostermektedir. Ayrica, ¢alismamizda et veya kan lekeli
yumurta oraninin yiiksek diizeyde belirlenmis olmasi yasal zorunluluklar agisindan da sorunun giderilmesi ya da
azaltilmasini gerekli kilmaktadir.

YA, YG, YU, KM, KA, KUK, SUK, EK, OKK ve SI'nin yumurtadaki et lekesi diizeyleri (leke yok, az lekeli ve
yogun lekeli) Gizerine etkileri igcin hesaplanan multinomial lojistik regresyon sonuglari Tablo 1a-b’de sunulmustur.
Tablo 1a’da, tim model testi (Whole Model Test) i¢in, ki-kare degeri 35.183, P 6nemlilik degerinin ise 0.0090
olarak belirlenmesi, modelin genel olarak istatistiksel agidan anlamli oldugunu géstermektedir. Modelde yer alan
bagimsiz degiskenler (yumurta agirligi, genisligi, uzunlugu vb.) et lekesi dizeylerini agiklamakta anlamlidir
(P<0.05). Bu sonugtan hareketle, bagimsiz degiskenlerin topluca anlaml bir etkisi oldugu belirlenmistir. Ayrica,
uyumlu model (Fitted) test sonuglari incelendiginde de (ki-kare: 7.304, P-degeri: 0.9873) p-degerinin 0.05’den
blyuk olmasi, modelin veriyi iyi agiklayabildigini, yani bagimli degisken olan et lekesi ile bagimsiz degiskenler
arasindaki iliskinin model tarafindan yeterince temsil edildigini géstermektedir (Tablo 1a).

Etkilerin olasilik orani (Effect Likelihood Ratio Test, ELR) testi, modeldeki her bir bagimsiz degiskenin genel
anlamhligini test etmekte ve o degiskenin modele ne kadar katkida bulundugunu géstermektedir. Tablo 1a’da
yumurta ve kabuk agirliginin, et lekesi diizeyleri tizerinde istatiksel olarak anlamh oldugu gorilmektedir (sirasi ile
YA ve KA icin P-degerleri; 0.0279 ve 0.0294). Bu sonuclar, YA ve KA degistikce, et lekesi diizeylerinde 6nemli
farkhlklar meydana gelebilecegini gostermektedir. Buna ek olarak, SUK igin sinirda bir P-degeri (P=0.0525)
saptanmis, ancak istatistiki agidan 6nemsiz oldugu gorilmustir. Benzer sekilde, ELR test sonuglariincelendiginde,
diger kalite 6zelliklerinin de et lekesi olusumu lizerinde 6nemli bir etkisinin olmadigi (P>0.05) saptanmistir (Tablo
1a).

Parametre tahminleri (Parameters Estimate) test sonuglari Tablo 1b’de sunulmustur. Bu sonuglar, her bir
bagimsiz degiskenin (yumurta kalite 6zellikleri) bagimh degisken (et lekesi) Gzerindeki spesifik etkisini ve bu
etkinin yonuni gostermektedir. Parametre tahminleri test sonuglari, hangi kalite 6zelliginin et lekesi olusumunu
ne yonde (pozitif/negatif) ve ne kadar (estimate= logit katsayisi ya da buytkluk) etkiledigini gbstermesi agisindan
onemlidir. Calismanin sonuglarinda; YA ve SUK'nin et lekesi olusumu Uzerinde anlamh bir etkisinin oldugu,
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bununla birlikte YG, YU, KM, KA, KUK, EK, OKK ve SI 6zelliklerinin et lekesi olusumunda istatistiksel olarak bir
etkisinin olmadigi saptanmistir (Tablo 1b). “Leke Yok ve Yogun Lekeli” gruplari igin logit katsayisi -0.3846786, P
degeri ise 0.0169 olarak belirlenmistir. Bu sonug, yumurta agiri§indaki artisla, yumurtanin yogun lekeli olma
olasiliginin anlamli bir sekilde azaldigini gostermektedir (P<0.05). Ayrica, yukaridaki sonuglari desteklemek
amaclyla hesaplanan Odds oraninin “Leke Yok ve Yogun Lekeli” grubu icin 0.681 olarak belirlenmesi, yumurta
agirhigindaki bir birim artisin, yumurtada yogun et lekesi olusma olasiligini yaklasik %32 ((0.681-1)*100= -31.9)
azaltugini géstermektedir (veri tabloda sunulmamistir). Benzer sekilde “Az Lekeli ve Yogun Lekeli” gruplari igin
de logit katsayisi negatif yonli ve P-degeri onemli bulunmustur (sirasiile logit katsayisi ve P-degerleri; -0.4882606
ve 0.0118). Bu sonuglardan YA arttikga yogun lekeli (et lekesi) olma olasiliginin diistigli gorilmektedir.
Hesaplanan Odds oranindan (0.614), YA’ndaki bir birim artisin, yogun et lekesi olusma olasiligini yaklasik %39
((0.614-1)*100= -38.6) oraninda azalttig1 sdylenebilir. Her iki karsilastirmada da (“Leke Yok ve Yogun Lekeli” ile
“Az Lekeli ve Yogun Lekeli”) YA’ndaki her bir birimlik artisin, yogun lekeli olma riskini azalttig saptanmistir. Bu
sonuglardan hareketle, YA'nin et lekesi olusumu tzerinde dogrudan bir etkisinin oldugu ve daha agir yumurtalarin
yogun lekelenme agisindan daha dusiik risk tasidigi soylenebilir.

Tablo 1.a-b. Yumurta agirligi, genisligi, uzunlugu, kabuk mukavemeti, kabuk agirhigi, yumurtanin kit, sivri ve
ekvatoral bolge kalinhklari ile sekil indeksi ve ortalama kabuk kalinliginin yumurtadaki et lekesi diizeyleri (leke
yok, az lekeli ve yogun lekeli) tizerindeki etkilerine ait ¢oklu lojistik regresyon (multinomial logistic regression)
sonuglari. Cok degiskenli lojistik regresyon

Table 1.a-b. Multinomial logistic regression results on the effects of egg weight, width, length, shell strength, shell
weight, thickness of the blunt, sharp, and equatorial regions of the egg, as well as shape index and average shell
thickness, on the levels of meat spots in eggs (no spots, few spots, and many spots)

1a)

Testler/Parametreler DF Ki-kare P-degeri
Whole Model Test (TiUm model testi) 18 35.183 0.0090
Fitted (Uyumlu model) 18 7.304 0.9873

Effect Likelihood Ratio (Etkilerin Olasilik Orani)

Yumurta Agirhgi (g) 2 7.15987677 0.0279

Yumurta Genisligi (mm) 2 1.88467419 0.3897

Yumurta Uzunlugu (mm) 2 0.9903965 0.6095

Kabuk Mukavemeti (kg/cm?) 2 2.45571328 0.2929

Kabuk Agirligi (g) 2 7.05572342 0.0294

Kut Ug Kalinligi (mm) 2 0.81333303 0.6659

Sivri Ug Kalinhgr (mm) 2 5.89242197 0.0525

Ekvatoral Bolge Kalinhigi (mm) 2 2.27611889 0.3204

Sekil indeksi (%) 2 1.26531862 0.5312

Ortalama Kabuk Kalinligi (mm) 2 2.48606812 0.2885

1b)

Parameters Estimate Leke Yok ve Yogun Lekeli Az Lekeli ve Yogun Lekeli
(Parametre Tahminleri) Estimate Ki-kare  P-degeri Estimate Ki-kare  P-degeri
Yumurta Agirligi (g)  -0.3846786 571  0.0169 -0.4882606 6.34  0.0118
Yumurta Genigligi (mm) 3.66407081 1.13 0.2882 5.8354231 1.97 0.1604
Yumurta Uzunlugu (mm) -1.5310939 0.36 0.5508 -3.0543225 0.97 0.3258
Kabuk Mukavemeti (kg/cm?) -0.1563975 0.19 0.6638 -0.5133833 1.62 0.2032
Kabuk Agirligi (g) 0.17016893 0.15 0.6944 0.95975531 3.65 0.0560
Kat Ug Kalinligi (mm)  7.04900453 0.55 0.4592 2.44752398 0.05 0.8152
Sivri Ug Kalinligi (mm)  -26.729287 5.48 0.0193 -25.6264 4.49 0.0342
Ekvatoral Bolge Kalinhigi (mm) 16.2308263 2.22 0.1366 12.9242605 1.23 0.2667
Sekil indeksi (%) -1.5820526 0.70 0.4032 -2.6129694 1.31 0.2527
Ortalama Kabuk Kalinhgi (mm)  -2.2709971 0.12 0.7290 -9.2713253 1.54 0.2139
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Sivri u¢ kalinhginin et lekesi olusumunda, her iki karsilastirma (“Leke Yok ve Yogun Lekeli” grubu igin -
26.729287, P=0.0193 ve “Az Lekeli ve Yogun Lekeli” grubu igin -25.6264, P= 0.0342) grubu i¢in istatiksel agidan
o6nemli oldugu gorilmektedir (Tablo 1 b). Her iki gruptan elde edilen bulgular, SUK’nin et lekesi olusumunda
onemli bir etken oldugunu ve SUK artik¢a, yogun lekeli yumurtalarin sayisinin azaldigini géstermektedir. Bu
sonug, yumurtanin sekil ve kabuk yapisinin et lekesi olusumu tzerinde belirgin bir etkisi oldugunu isaret
etmektedir. Her iki grupta, SUK icin hesaplanan Odds oranlar olduk¢a disik bulunmus olmakla birlikte, P
degerlerinin anlamhhgi (P<0.05), bu bulgularin dikkate alinmasi gerektigini ve SUK'nin et lekesi olusumunu
azaltmada 6nemli bir faktor olabilecegi sonucunu dogurmaktadir.

Kabuk agirhginin et lekesi tizerindeki etkisi istatiksel olarak 6nemli bulunmasa da (P= 0.0560), “Az Lekeli
ve Yogun Lekeli” gruplar arasinda sinirda bir deger sergiledigi goriilmektedir (Tablo 1 b). Ayrica, hesaplanan Odds
orani ((2.61-1)*100= 161), KA'nin ilgili grup igin et lekesi olusma olasiligini yaklasik 2.5 kat arttirabilecegini
gostermektedir. Bu sonuglardan hareketle, KA'nin et lekesi olusumu (izerine etkisi olabilecegi disiinilmektedir.

YA, YG, YU, KM, KA, KUK, SUK, EK, OKK ve SI'nin yumurtadaki kan lekesi diizeyleri Gizerine etkileri igin
hesaplanan multinomial lojistik regresyon sonuglari Tablo 2a-b’de sunulmustur. Tablo 2a’da, tim model testi igin
Ki-kare degeri 19.77117, P 6nemlilik degeri ise 0.3458 olarak belirlenmis olmakla birlikte (P>0.05), uyumlu model
test sonuglarinda (ki-kare: 8.448, P-degeri: 0.9712) p-degerinin 0.05’ten biliyik olmasi, modelin veriyi iyi
aciklayabildigini, yani kan lekesi ile yumurta kalite 6zellikleri arasindaki iliskinin model tarafindan yeterince temsil
edildigini gostermektedir.

Tablo 2.a-b. Yumurta agirligi, genisligi, uzunlugu, kabuk mukavemeti, kabuk agirhgi, yumurtanin kit, sivri ve
ekvatoral bolge kalinliklari ile sekil indeksi ve ortalama kabuk kalinliginin yumurtadaki kan lekesi diizeyleri (leke
yok, az lekeli ve yogun lekeli) Gzerindeki etkilerine ait ¢oklu lojistik regresyon (multinomial logistic regression)
sonuglari

Table 2.a-b. Multinomial logistic regression results on the effects of eqgg weight, width, length, shell strength, shell
weight, thickness of the blunt, sharp, and equatorial regions of the egg, as well as shape index and average shell
thickness, on the levels of blood spots in eggs (no spots, few spots, and many spots)

2a)
Testler/Parametreler DF Ki-kare P-degeri
Whole Model Test (Tim model testi) 18 19.77117 0.3458
Fitted (Uyumlu model) 18 8.448 0.9712

Effect Likelihood Ratio (Etkilerin Olasilik Orani)

Yumurta Agirligi (g) 2 4.77479007 0.0919

Yumurta Genisligi (mm) 2 3.06736373 0.2157

Yumurta Uzunlugu (mm) 2 4,03991406 0.1327

Kabuk Mukavemeti (kg/cm?) 2 1.48203513 0.4766

Kabuk Agirligi (g) 2 0.82319215 0.6626

Kat Ug Kalinhigl (mm) 2 1.0649231 0.5872

Sivri U¢ Kalinhgi (mm) 2 0.04247782 0.9790

Ekvatoral Bolge Kalinligi (mm) 2 0.63311883 0.7287

Sekil indeksi (%) 2 3.89139195 0.1429

Ortalama Kabuk Kalinhgi (mm) 2 0.6601976 0.7189

2b)

Parameters Estimate Leke Yok ve Yogun Lekeli Az Lekeli ve Yogun Lekeli
(Parametre Tahminleri) Estimate Ki-kare ~ P-degeri Estimate Ki-kare ~ P-degeri
Yumurta Agirhgi (g) -0.3143546 2.02 0.1554 -0.5801508 4.47 0.0345
Yumurta Genigligi (mm) 6.79796596 2.54 0.1107 3.86431653 0.71 0.3986
Yumurta Uzunlugu (mm) -4.1861806 1.85 0.1739 -0.7041584 0.04 0.8336
Kabuk Mukavemeti (kg/cm?) -0.2912587 0.34 0.5616 -0.5453622 1.02 0.3116
Kabuk Agirhigi (g) 0.55011715 0.79 0.3748 0.46473073 0.48 0.4878
Kat Ug Kalinligi (mm)  -5.2987081 0.15 0.6944 1.97500472 0.02 0.8913
Sivri Ug Kahinhgr (mm)  3.20521063 0.04 0.8491 2.43322696 0.02 0.8925
Ekvatoral Bolge Kalinhgl (mm) -5.0712777 0.11 0.7393 -9.9636051 0.38 0.5371
Sekil indeksi (%) -3.2679076 1.95 0.1625 -0.8289662 0.11 0.7429
Ortalama Kabuk Kahnhgi (mm)  -7.546502 0.62 0.4294 -5.9799674 0.33 0.5663
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Tablo 2b’de bazi kalite 6zelliklerinin yumurtada kan lekesi dizeyleri Uzerindeki spesifik etkileri
sunulmugtur. Tek 6nemli sonug, kan lekesi diizeyi ve YA icin “Az Lekeli ile Yogun Lekeli” grubunda belirlenmis
olup istatistiksel olarak anlamli (P= 0.0345, logit degeri= -0.5801508) bulunmustur. Bu sonug, YA arttik¢a yogun
lekeli olma olasiliginin azaldigini, yani YA arttikga kan lekesi oraninin azaldigini gostermektedir. Bununla birlikte
“Leke Yok ve Yogun Lekeli” grubunda kan lekesi-yumurta agirligi icin fark bulunmamistir (P= 0.1554). Benzer
sekilde diger yumurta kalite 6zellikleri de 6nemsiz olarak belirlenmistir (P> 0.05). Bu durum, YA harig, kalite
ozelliklerinin kan lekesi diizeyleri tGzerinde anlamh bir etki gostermedigini ortaya koymaktadir (Tablo 2b).
Yumurta agirligi icin “Az Lekeli ve Yogun Lekeli” grubuna ait Odds orani 0.56 olarak hesaplanmistir. Bu sonug, YA
artmasiyla “Az Lekeli ve Yogun Lekeli” grupta kan lekesi goriilme olasiliginin azaldigini, yani YA’daki her bir birim
artisin, kan lekesi goriilme olasiligini %44 ((0.56-1)*100= -44) oraninda azaltabilecegini géstermektedir (veri
tabloda sunulmamistir).

Et veya kan lekesi bulunmayan ve lekeli yumurtalara ait kalite 6zellikleri (YA, YG, YU, KM, KA, KUK, SUK,
EK, OKK ve Sl) arasinda tahminlenen fenotipik korelasyonlar (rp), 6nemlilik dizeyleri (P-degeri) ve 6rnek sayilari
(n) Tablo 3 ve 4’te sunulmustur. Et lekesi bulunmayan yumurtalarda (Tablo 3, diyagonal Gsti), YA ile YG (rp=
0.68), YU (rp=0.71) ve KA (rp= 0.65) arasinda pozitif ve kuvvetli fenotipik iliskiler belirlenmistir. Benzer bulgular,
kan lekesi bulunmayan (Tablo 3, diyagonal alti) yumurtalarda da saptanmis olup, YA ile YG, YU ve KA icin pozitif
yonli ve gligli iligkiler belirlenmistir (sirasi ile YG, YU ve KA igin yaklasik rp degerleri; 0.68, 0.71 ve 0.63). Et lekesi
bulunmayan yumurtalarda, KM’nin KA ve OKK ile arasindaki iliskinin dnemli oldugu (P<0.05), bununla birlikte YA,
YG, YU ve Sl arasinda hesaplanan korelasyonlarin anlamli olmadigi (P>0.05) belirlenmistir. Kabuk mukavemeti
icin benzer iliskiler kan lekesi bulunmayan yumurtalarda da saptanmistir (Tablo 3). Et ve kan lekesi bulunmayan
yumurtalarda KA'nin YA, YG, YU, KM ve OKK ile 6nemli iliskiler sergiledigi, ancak Sl ile arasindaki iliskinin 6nemsiz
oldugu belirlenmistir. Yumurtalarin Sl’leri icin hesaplanan korelasyonlarda ise sadece YG ve YU’'nun anlamli
oldugu (P<0.05), buna karsin OKK igin saptanan sonuglarda yalnizca KM ve KA arasinda énemli korelasyonlar
belirlendigi gorilmistir (P<0.05) (Tablo 3).

Lekeli yumurtalara ait tahminlenen fenotipik korelasyonlar Tablo 4’te sunulmustur. Yumurta agirhgi icin
et ve kan lekesi gruplarinda benzer iliskiler saptanmis olup, her iki grupta da YA’nin YG, YU ve KA ile 6nemli
(P<0.05); KM, OKK ve Sl ile 6nemsiz (P>0.05) fenotipik iliskiler sergiledigi belirlenmistir. Calismamiz bulgularinda
hem lekeli hem de leke bulunmayan YA’lari, KK (simdiki ¢calismada KUK, SUK, EK ve OKK ile sunulmustur) tizerinde
anlamli bir etki (P>0.05) meydana getirmemistir. Bu sonuglardan farkli olarak, Ketta et al. (2018) yerde yetistirme
ve zenginlestirilmis kafeste Uretilen yumurtalarda, yumurta KK ile diger kabuk 6zellikleri arasindaki iliskileri
belirlemeye yonelik ylrattikleri ¢alismada, her iki barinma sisteminde de yumurta kabugu parametreleri ile
yumurta KK arasinda pozitif korelasyonlar belirlendigini, ayrica KK ve KM arasinda belirlenen korelasyonlarin,
yerde yetistirilen grupta (rp= 0.64, P<0.001) kafeste yetistirilenlerden (rp= 0.48, P<0.001) daha yiiksek oldugunu
bildirmistir. Ayrica, arastiricilar YA’'ndaki artisin, yumurta KK’yla birlikte daha yiiksek yumurta KA ile iliskili
olabilecegini ve aradaki bu iliskinin, YA ve KA arasindaki korelasyonlar ile agiklanabilecegini aktarmaktadir
(zenginlestirilmis kafeslerde rp= 0.64 ve althk sisteminde rp= 0.56) (Ketta et al., 2018). Bu sonuglar, simdiki
¢alismanin bulgulari ile uyum igerisinde olup hem lekeli hem de leke bulunmayan yumurtalarda, YA’ndaki artisin
KA’nda artisa neden oldugunu ve aradaki iliskinin onemli ve pozitif yonli olarak tahminlenmesini
dogrulamaktadir.

Et lekesi bulunan yumurtalarda OKK ile KM, KA ve SI arasinda pozitif yonli orta diizeyde iliskiler
saptanmistir. Kan lekesi goriilen yumurtalarda ise OKK ile higbir 6zellik arasinda (KUK, SUK ve EK harig) 6nemli
korelasyon saptanmamistir (Tablo 4). Bu durum, et lekesi bulunan yumurtalarda OKK’ndaki artisa bagli olarak
KM’nin, KA'nin ve SI’'nin artacagini, buna karsin kan lekeli yumurtalarda ise OKK’ndaki degisikligin diger kalite
ozellikleri Gizerinde 6nemli bir etkisin olmayacagini gostermektedir. Calismamiz bulgularindan farkli olarak, Alkan
ve ark. (2014) keklik yumurtalarinin i¢ ve dis kalite 6zellikleri arasindaki iliskileri inceledikleri ¢alismalarinda,
YA’nin yumurta KK’ni (rp=-0.425, P<0.01) 6nemli 6l¢lide etkiledigini bildirmistir. Ayrica, yumurta KK’'nin sivri ucta
en yiksek kit ucta ise en disik olmasinin, mineralizasyonun sivri ucta daha yiksek gerceklesmesinden
kaynaklandigi belirtilmistir. Fathi et al. (2019) yumurta agirhgi ile yumurta KA arasinda 6nemli, pozitif ve gigli
korelasyonlar (rp=0.81, P= 0.01) oldugunu saptamistir. Benzer sonuglar, Ketta et al. (2018) tarafindan da
bildirilmistir (sirasi ile kafeste ve yerde yetistirme icin YA ile KA arasi rp ve P-degerleri; 0.064, P<0.001 ve 0.056,
P<0.001). Bu sonuglar dogrular nitelikte, Zhang et al. (2005) YA ile KA arasindaki iliskinin 6nemli olarak
belirlendigini ve hesaplanan genetik korelasyonun 0.67 oldugunu aktarmaktadir. Onceki calismalara ait bu
sonuclar calisma bulgularimizi destekler niteliktedir.
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Tablo 3. Et (diyagonalin Gsti) ve kan lekesi (diyagonalin alti) bulunmayan yumurtalarin (leke yok) kalite 6zellikleri arasindaki Pearson korelasyon katsayisi (r), P-degeri ve 6rnek
(n) sayilari.

Table 3. Pearson correlation coefficient (r), P-value and sample size (n) between the quality traits of eggs without meat spots (above the diagonal) and without blood spots
(below the diagonal)

YA (g) YG (mm) YU (mm) KM (kg/cm?) KA (g) KUK (mm) SUK (mm) EK (mm) SI (%) OKK (mm)
YA (g) 1.0000 0.6769 0.7136 0.0705 0.6541 0.0280 0.0487 0.0533 0.0877 0.0475
<.0001 <.0001 0.4729 <.0001 0.7900 0.6431 0.6121 0.3512 0.6509
S (115) (115) (106) (94) (93) (93) (93) (115) (93)
YG (mm) 0.6804\\\\ 1.0000 0.4791 0.1540 0.6185 -0.0206 -0.0208 0.0041 0.6177 -0.0140
<.0001 RN <.0001 0.1149 <.0001 0.8447 0.8434 0.9687 <.0001 0.8938
(137) N (115) (106) (94) (93) (93) (93) (115) (93)
YU (mm) 0.7086 0.4930 \\\\ 1.0000 0.0404 0.3773 0.0458 0.0445 0.0054 -0.3922 0.0360
<.0001 <.0001 \\\\ 0.6807 0.0002 0.6626 0.6722 0.9587 <.0001 0.7318
(137) (137) \\\ (106) (94) (93) (93) (93) (115) (93)
KM (kg/cm?) 0.0141 0.1012 0.0075 \\\\ 1.0000 0.4288 0.3976 0.4324 0.3913 0.0843 0.4531
0.8752 0.2578 0.9333 \\\\ <.0001 0.0001 <.0001 0.0002 0.3903 <.0001
(127) (127) (127) \\\ (87) (87) (87) (87) (106) (87)
KA (g) 0.6273 0.6144 0.4111 0.2870 ~~._ 1.0000 0.2630 0.2616 0.2351 0.1258 0.2838
<.0001 <.0001 <.0001 0.0024 NG 0.0109 0.0113 0.0233 0.2270 0.0058
(118) (118) (118) (110) N (93) (93) (93) (94) (93)
KUK (mm) 0.0851 0.0699 0.0121 0.4126 0.3249\\\\ 1.0000 0.7244 0.6643 -0.0604 0.9047
0.3617 0.4541 0.8966 <.0001 0.0004 \\\\ <.0001 <.0001 0.5650 <.0001
(117) (117) (117)) (110) (117) N (93) (93) (93) (93)
SUK (mm) 0.1064 0.0902 -0.0104 0.4170 0.3328 0.7070~ _ 1.0000 0.6976 -0.0573 0.8933
0.2537 0.3333 0.9118 <.0001 0.0002 <.0001 \\\\ <.0001 0.5856 <.0001
(117) (117) (117) (110) (117) (117) N (93) (93) (93)
EK (mm) 0.1301 0.1131 0.0227 0.4115 0.3023 0.7043 0.740\6\\ 1.0000 0.0001 0.8787
0.1621 0.2247 0.8083 <.0001 0.0009 <.0001 <0001 > 0.9994 <.0001
(117) (117) (117) (110) (117) (117) (117) N (93) (93)
SI (%) 0.1094 0.6245 -0.3697 0.0811 0.1149 0.0460 0.0846 0.0764\ 1.0000 -0.0444
0.2032 <.0001 <.0001 0.3645 0.2153 0.6222 0.3646 0.4131 \\\\ 0.6728
(137) (137) (137) (127) (118) (117) (117) (117) N (93)
OKK (mm) 0.1185 0.1006 0.0089 0.4576 0.3555 0.8952 0.9061 0.9012 0.0763 1.0000
0.2032 0.2804 0.9245 <.0001 <.0001 <.0001 <.0001 <.0001 0.4135\\\\
(117) (117) (117) (110) (117) (117) (117) (117) (117) T~

YA: Yumurta Agirhigi (g), YG: Yumurta Genisligi (mm), YB: Yumurta Uzunlugu (mm), KM: Kabuk Mukavemeti (kg/cm?), KA: Kabuk Agirligi (g), KUK: Kiit Ug Kalinhgi (mm), SUK: Sivri Ug Kalinhigi (mm), EK: Ekvatoral Bélge Kalinhigi (mm), SI: Sekil
indeksi (%), OKK: Ortalama Kabuk Kalinhigi (mm). Onemli korelasyonlar (r,) kalin yazilmigtir. Ornek sayilari (n) parantez iginde verilmistir.

YA: Egg Weight (g), YG: Egg Width (mm), YBU Egg Length (mm), KM: Shell Strength (kg/cm?), KA: Shell Weight (g), KUK: Blunt End Thickness (mm), SUK: Sharp End Thickness (mm), EK: Equatorial Region Thickness (mm), SI: Shape Index (%),
OKK: Average Shell Thickness (mm). Significant correlations (r,) are indicated in bold. Sample sizes (n) are given in parentheses.
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Tablo 4. Et (diyagonalin Ustl) ve kan lekesi (diyagonalin alt1) olan yumurtalarin (az ve/veya yogun lekeli) kalite 6zellikleri arasindaki Pearson korelasyon katsayisi (rp), P-degeri
ve ornek (n) sayilar

Table 4. Pearson correlation coefficient (r), P-value and sample size (n) between the quality traits of eggs with few and many meat spots (above the diagonal) and blood spots
(below the diagonal)

YA (g) YG (mm) YU (mm) KM (kg/cm?) KA (g) KUK (mm) SUK (mm) EK (mm) SI (%) OKK (mm)
YA (g) 1.0000 0.8074 0.7270 -0.1194 0.5829 0.0695 0.0357 0.0443 -0.0547 0.0528
<.0001 <.0001 0.3554 <.0001 0.5795 0.7762 0.7241 0.6550 0.6736
~ (69) (69) (62) (66) (66) (66) (66) (69) (66)
YG (mm) 0.7980 \\\\\ 1.0000 0.3935 0.0144 0.6226 0.2006 0.1366 0.1535 0.4293 0.1751
<.0001 NG 0.0008 0.9113 <.0001 0.1063 0.2743 0.2185 0.0002 0.1597
(47) RN (69) (62) (66) (66) (66) (66) (69) (66)
YU (mm) 0.7340 0.3233 \\\\ 1.0000 -0.2765 0.3512 -0.2194 -0.1957 -0.1642 -0.6606 -0.2092
<.0001 0.0267 \\\\\ 0.0296 0.0038 0.0767 0.1154 0.1877 <.0001 0.0918
(47) (47) RN (62) (66) (66) (66) (66) (69) (66)
KM (kg/cm?) -0.0280 0.1032 -0.2307 >~_ 1.0000 0.0631 0.2756 0.3154 0.3109 0.2866 0.3280
0.8621 0.5208 0.1468 \\\\\ 0.6351 0.0346 0.0150 0.0165 0.0239 0.0112
(41) (41) (41) Y (59) (59) (59) (59) (62) (59)
KA (g) 0.5911 0.6277 0.2054 0.2442 \\\\ 1.0000 0.3260 0.3323 0.3070 0.1622 0.3496
<.0001 <.0001 0.1920 0.1512 \\\\ 0.0076 0.0064 0.0122 0.1932 0.0040
(42) (42) (42) (36) AN (66) (66) (66) (66) (66)
KUK (mm) -0.1253 -0.0631 -0.1651 0.1706 0.1447 \\\\ 1.0000 0.7458 0.7478 0.3656 0.8935
0.4293 0.6914 0.2960 0.3199 0.3604 \\\\ <.0001 <.0001 0.0025 <.0001
(42) (42) (42) (36) (42) \\\ (66) (66) (66) (66)
SUK (mm) -0.2064 -0.1521 -0.1789 0.2361 0.1665 0.7449\\\ 1.0000 0.8243 0.2883 0.9398
0.1897 0.3363 0.2571 0.1657 0.2921 <.0001 \\\\ <.0001 0.0189 <.0001
(42) (42) (42) (36) (42) (42) \\\ (66) (66) (66)
EK (mm) -0.2398 -0.1686 -0.2468 0.1968 0.1330 0.6572 0.7823\\\\ 1.0000 0.2763 0.9289
0.1261 0.2859 0.1151 0.2501 0.4012 <.0001 <.0001 \\\\ 0.0247 <.0001
(42) (42) (42) (36) (42) (42) (42) \\\ (66) (66)
Sl (%) -0.1880 0.3572 -0.7668 0.2991 0.2118 0.1224 0.0763 0.1255~ 1.0000 0.3341
0.2057 0.0137 <.0001 0.0575 0.1780 0.4401 0.6309 0.4283 \\\\ 0.0061
(47) (47) (47) (41) (42) (42) (42) (42) RN (66)
OKK (mm) -0.2086 -0.1394 -0.2168 0.2238 0.1636 0.8918 0.9280 0.8945 0.1509\ 1.0000
0.1850 0.3788 0.1678 0.1894 0.3007 <.0001 <.0001 <.0001 0.4489 \\\
(42) (42) (42) (36) (42) (42) (42) (42) (42) >

YA: Yumurta Agirhg (g), YG: Yumurta Genisligi (mm), YU: Yumurta Uzunlugu (mm), KM: Kabuk Mukavemeti (kg/cm?), KA: Kabuk Agirligi (g), KUK: Kiit U¢ Kalinhg (mm), SUK: Sivri Ug Kalinligi (mm), EK: Ekvatoral Bélge Kalinligi {mm), Sl: Sekil
indeksi (%), OKK: Ortalama Kabuk Kalinhgi (mm). Onemli korelasyonlar (r,) kalin yazilmigtir. Ornek sayilari (n) parantez iginde verilmistir.

YA: Egg Weight (g), YG: Egg Width (mm), YU: Egg Length (mm), KM: Shell Strength (kg/cm?), KA: Shell Weight (g), KUK: Blunt End Thickness (mm), SUK: Sharp End Thickness (mm), EK: Equatorial Region Thickness (mm), Si: Shape Index (%), OKK:
Average Shell Thickness (mm). Significant correlations (r,) are indicated in bold. Sample sizes (n) are given in parentheses.
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Calismamizda lekeli yumurtalarin genisligi YA, YU, KA ve Sl ile pozitif ve glicli korelasyonlar gostermistir.
Sonuglarimizi dogrular sekilde, Alkan ve ark. (2014) YA'ndaki artisa bagh olarak YU ve YG’nin arttigini bildirmistir
(sirasiile YA ile YU ve YG arasi korelasyonlar; 0.494 ve 0.802). Arastiricilar, daha uzun yumurtalarin YA (izerinde
olumlu bir etki yarattigini (anlamli ve pozitif korelasyonlar), ayrica YG ile YA arasindaki iliskinin de anlamh
olmasinin muhtemelen yumurta sarisinin yumurta genisligi alanini kaplamasindan kaynaklandigini ve dolayisiyla
daha agir yumurtalar elde edildigini bildirmislerdir. Naring ve ark. (2015), YA ile YG ve YU arasinda yiksek genetik
iliskiler (sirasi ile YG ve YU igin rg; 0.87 ve 0.81) saptandigini, dahasi YA ile YG ve YU igin hesaplanan fenotipik
korelasyonlarin da 6nemli (P<0.01), pozitif yonli ve yiksek oldugunu bildirmistir (sirasi ile YG ve YU igin rp; 0.56
ve 0.63).

Sekil indeksi (SI) igin et lekeli yumurtalara ait sonuglar incelendiginde YA ve KA arasindaki iliskinin 6nemsiz
(P>0.05); kan lekesi sonuglarinda ise YG ile YU arasindaki korelasyonun énemli (P<0.05) oldugu bulunmustur
(Tablo 4). Calismamiz bulgularina benzer sekilde, Alkan ve ark. (2014), Sl ile YA arasindaki fenotipik korelasyonlari
onemsiz belirlemistir (rp=-0.062, P>0.05). Dahasi, simdiki ¢alisma sonuglariyla uyumlu olarak, YA ile YG ve YU
arasinda belirlenen pozitif-onemli ve gicla iliskiler nedeniyle, YA'n1 tahminlemede SI'ne gore YU ve YG'nin
(hesaplanan korelasyonlara dayanarak) daha iyi tahminleyiciler oldugu sonucuna varmistir (Alkan ve ark., 2014).
Yine ¢alisma bulgularimizi destekler nitelikte; Ketta et al. (2018) ile Yan et al. (2014), SI ve YA arasinda énemli
korelasyonlar olmadigini, Naring ve ark. (2015) ise Sl ile YA arasinda dislik genetik (rg= -0.08) ve fenotipik (rp= -
0.16, p<0.01) iliskiler belirlendigini bildirmislerdir. Ote yandan, calismamiz sonuglarindan farkli olarak, Sl ile YA
arasinda 6nemli iliskiler oldugunu aktaran ¢alismalar da mevcuttur. Fathi et al. (2019), SI'nin YA ile negatif, zayif
fakat 6nemli (rp= -0.22, P<0.05) buna karsin, Ketta et al. (2018) ise pozitif, oldukca zayif fakat onemli iliskiler
oldugunu belirtmislerdir (yerde yetistirme grubu i¢in rp= 0.09, P<0.05).

Simdiki calismada, kabuk agirligi (KA), et lekesi bulunan yumurtalarda YA, YG, YU ve OKK ile pozitif yonli
ve orta veya glicl(; kan lekeli yumurtalarda ise yalnizca YA ve YG ile 6nemli fenotipik korelasyonlar géstermistir.
Kan lekesi bulunmayan yumurtalarda KM ile KA ve OKK arasinda énemli iliskiler belirlenirken, lekeli yumurtalarda
sadece et lekesi bulunan grupta KM ile YU, OKK ve Sl arasinda anlamli iliskiler saptanmistir. Kan lekesi bulunan
yumurtalarda ise higbir 6zellik arasinda 6nemli iliski olmadigi belirlenmistir (Tablo 4). Benzer bulgular, Fathi et al.
(2019) ile Ketta et al. (2018) tarafindan da aktariimis olup, KM ile KA arasindaki iliskilerin anlamli, pozitif ve glgli
oldugu bildirilmistir. Bununla birlikte, Yan et al. (2014), KM ile KA arasindaki iliskinin énemsiz oldugunu
gostermistir (rp= -0.021, P>0.05). Calismamizda lekeli ve leke bulunmayan yumurtalarda KM ile YA arasinda
hesaplanan fenotipik korelasyonlar 6nemsiz bulunmustur (P>0.05) (Tablo 3 ve 4). Benzer sonuglar, Zhang et al.
(2005) tarafindan da saptanmis, KM ile YA arasinda hesaplanan genetik ve fenotipik korelasyonlarin zayif oldugu
bildirilmistir. Bu sonuglara gore, kabuk mukavemetinin yumurta agirhgindan bagimsiz sekillendigi aktariimistir.

Calismamizda, KM ile SI arasinda hesaplanan iliskiler yalnizca et lekesi olan yumurtalarda 6nemli
bulunmustur (rp= 0.2866, P<0.0239). Duman ve ark. (2016) ile Yan et al. (2014), yumurta SI'nin KM’ni
etkilemedigini ve Sl ile KM arasinda anlaml bir korelasyon bulunmadigini saptamislardir (P> 0,05). Buna karsin,
onceki bazi calismalarin sonuclari daha biyik ve yuvarlak sekilli yumurtalarin kirilma kuvvetine karsi daha yiiksek
bir direng gosterdigini bildirmektedir (Ketta et al., 2018). Arastiricilar, yerde ve kafeste barindirmanin her ikisinde
de yumurta Sl ile KM arasinda anlamh (P<0.01) ve pozitif bir korelasyon oldugunu (sirasi ile yerde ve kafeste rp;
0.18 ve 0.13) gostermistir. Bu nedenle, daha dayanikl yumurta kabuklari igin optimal bir sekli korumak amaciyla,
yumurta seklinin stirekli izlenmesi gerektigi vurgulanmaktadir (Ketta et al., 2018).

Calismamiz sonuglarina gore et lekesi bulunan yumurtalarda KM’nin OKK (KK) ile 6nemli 6l¢lide arttig
(0.3280, P=<.0112), bununla birlikte kan lekesi olan yumurtalarin OKK ile KM arasinda bir iliski belirlenmedigi
goriilmektedir (Tablo 4). Onceki calismalar, KM ile KK arasinda 6nemli pozitif genetik korelasyonlarin (rg= 0.69 ile
0.94 arasinda degismektedir) varligini saptamistir (Kibala et al., 2015). Bu sonuglar, et lekesi bulunan
yumurtalardan elde edilen bulgulari destekler niteliktedir. Bununla birlikte, Reis et al. (2019), KM ile KK arasinda
hesaplanan korelasyonun onemsiz oldugunu bildirmistir. Calismamiz bulgularinda da kan lekeli gruba ait
yumurtalar icin aradaki iliski 6nemsiz belirlenmistir. Ayrica, 6nceki ¢alismalarin sonuglarinda KM’nin, yumurta
kabugu ylzdesi (%) ile ylksek bir korelasyon gosterdigi (rp= 0.6154), ancak KK ile aradaki iliskinin 6nemsiz oldugu
aktarilmistir (Reis et al., 2019). Arastiricilar bu nedenle, kirilma dayanikliligi analizinin, kabuk kalinligindan ziyade,
yumurtanin diger bilesenlerinden (sari ve ak) daha fazla etkilendigini bildirmislerdir. Ayrica, KK’nin mekanik
dayanikliliga katkida bulunan ana faktor olarak kabul edilmesine karsin, daha kalin kabuklarin her zaman daha
sert veya giicli yumurtalar olacagi anlamini tasimadigi da belirtilmistir (Bain, 2005). Bu sonuglardan farkl olarak,
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Fathi et al. (2019) KM’nin hem KK’ndan (rp= 0.73) hem de kabuk oranindan (%) (rp= 0.0.64) énemli sekilde
etkilendigini, aradaki iliskinin pozitif yénlii ve giicli oldugunu saptamistir. Ote yandan calismamiz sonuglari ile
uyumsuz olarak, KM ve KK arasinda negatif korelasyon (rp= -0.50, P<0.05) oldugunu bildiren galismalar da
bulunmaktadir (Tatara ve ark., 2015). Arastiricilar bulgularini, yumurta kabugunun mekanik dayanikhhginin
yalnizca kalinliga bagh olmadigi, mineral madde yogunlugu, mineral madde igerigi ve mikro yapisal diizenlemeler
gibi diger faktorlerden de etkilendigi seklinde yorumlamislardir (Tatara et al., 2015).

SONUC

Galisma sonucunda, incelenen 184 adet yumurtanin 6nemli bir kisminda et ve kan lekesi bulundugu ve
leke yogunluklarinin gesitlilik gosterdigi ortaya ¢ikmistir. Yumurtalarin %63.043’linde farkli seviyelerde leke tespit
edilmis; bunlarin %37.5i et lekesi, %25.543’U kan lekesi olarak belirlenmistir. Genotip farkhligi, kahverengi
organik yumurtalarda et ve kan lekesi gorilme sikligini etkilememistir. Regresyon analiz sonuglarinda, YA ve
SUK’nin et lekesi olusumu lizerinde anlaml bir etkisi oldugu gorilmastlr. Yumurta agirlig, hem “Leke Yok ve
Yogun Lekeli” grubunda (P=0.0169) hem de “Az Lekeli ve Yogun Lekeli” grubunda (P= 0.0118) negatif bir iliski
sergilemis, agirlik arttikga yogun leke goriulme olasihigl azalmistir. Benzer sekilde, SUK da “Leke Yok ve Yogun
Lekeli” (P= 0.0193) ile “Az Lekeli ve Yogun Lekeli” gruplarinda (P= 0.0342) negatif etki gostermistir. Bu sonuglar
kahnhk arttik¢a et lekesi olusumunun azaldigina isaret etmektedir. Kan lekeli yumurtalarda tek anlamli farkhlik
YA icin, “Az Lekeli ve Yogun Lekeli” grubunda belirlenmis (estimate: -0.5801508, P= 0.0345) ve YA'nin kan lekesi
yogunlugunu etkileyen bir faktor oldugunu ortaya koymustur. Calisma bulgularinda, yumurta kalite 6zellikleri
arasinda 6nemli fenotipik iliskiler belirlenmistir. Lekeli yumurtalarda 6zellikle sekil, kabuk kalinligi ve mukavemet
gibi ozelliklerin fenotipik korelasyonlarinin lekesiz yumurtalara gore degismesi, et ve/veya kan lekesi
bulunmasinin yumurtanin genel kalitesini etkileyebilecegini gdstermektedir. Ayrica, lekeli ve lekesiz yumurtalara
ait kalite 6zellikleri arasindaki korelasyonlar, bazi 6zellikler arasi fenotipik iligkilerin leke durumuna gore degisiklik
gosterdigini aciklamaktadir. Calismadan elde edilen bulgular, leke olusumunu etkileyen kalite faktorlerinin
tanimlanmasi ve yumurta kalitesinin iyilestiriimesine yonelik bilgi saglamasi agisindan 6nemlidir. Tlrkiye'de
Uretilen kahverengi kabuklu organik yumurtalarda et ve kan lekesi varliginin daha net anlasilmasi icin ¢alisma
sonuglarinin daha genis bir 6rneklem lzerinde denenmesi faydali olacaktir.

Tesekkiirler: -

Veri kullanilabilirligi: Veriler makul talep Gzerine saglanabilmektedir.

Yazar Katkilari: Makalenin hazirlanmasinda tiim yazarlar esit katkida bulunmustur.
Cikar catismasi: Bu calismada yazarlar arasinda herhangi bir ¢ikar ¢catismasi yoktur

Etik Beyan: Yazarlar, bu arastirma makalesi icin hayvan deneyi etik kuruluna ihtiya¢ olmadigini beyan
ederler.

Finansal destek: -
Makale Agiklamasi: Bu makale Editér Cagri KANDEMIR tarafindan diizenlenmistir.
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ABSTRACT

Chitosan, a naturally occurring linear cationic polysaccharide, is a partially deacetylated polymer of acetylglucosamine obtained by alkaline deacetylation of
chitin. It is a combination of glucosamine and N-acetylglucosamine. It is widely used in many fields such as medicine, tissue engineering, agriculture and animal
husbandry due to its biocompatibility, biodegradability, immunogenicity, antibacterial properties, non-toxicity, high water permeability, sensitivity to chemical
modification and cost effectiveness. In animal production, many studies have been conducted in both monogastric and ruminant animals to demonstrate the
effects of chitosan and chitosan-based compounds as feed additives. This review discusses the use of chitosan and chitosan oligosaccharides in ruminant
nutrition.
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Kitosan ve KitosanoligosakKkaritlerinin Ruminant Hayvan Beslemede Kullanim

oz

Dogal olarak olusan dogrusal bir katyonik polisakkarit olan kitosan, kitinin alkalin deasetilasyonu yoluyla elde edilen asetil glukozaminin kismen deasetillenmis
polimeridir. Glukozamin ve N-asetil glukozaminin bir bilesigidir. Biyouyumlulugu, biyobozunurlugu, imminojenik ve antibakteriyel 6zellikleri, toksik olmamasi,
suya karsi yuksek gecirgenligi, kimyasal modifikasyonlara duyarlihigi ve maliyet etkinligi nedeniyle ilag, doku miihendisligi, tarim ve hayvancilik gibi pekgok
alanda yaygin olarak kullaniimaktadir. Hayvansal Uretimde, kitosan ve kitosan bazl bilesiklerin yem katki maddesi olarak etkilerini ortaya koymak igin hem tek
mideli hem de ruminant hayvanlarda pek ¢ok arastirma yapilmistir. Bu derlemede amag, kitosan ve kitosan oligosakkaritlerin ruminant hayvan beslemede
kullanimini irdelemektir.

Anahtar Kelimeler: Kitosan, oligosakkarit, ruminant, besi, stit kompozisyonu

J. Anim. Prod., 2024, 65 (1) : 186-195

How to cite:

Soycan Onenc §, EKsi T. (2024). Ten years with the red mite (Dermanyssus gallinae). Journal o Animal Production, Vol: 65 (1):
186-195, hitps://dol.org/10.29185/hayuretim.1501192

BY N ND

* Correspondence: ssonenc@nku.edu.tr
ULAKBiM Open Access Journal Systems ©

doi: 10.29185/hayuretim.1501192


http://www.journalofanimalproduction.com/
https://doi.org/10.29185/hayuretim.1501192
https://doi.org/10.29185/hayuretim.1501192
mailto:ssonenc@nku.edu.tr
https://orcid.org/0000-0001-9452-4435
https://orcid.org/0000-0003-3424-8576

Use of Chitosan in Ruminant Nutrition

GIRIS

Hayvansal uretimde, yem katki maddeleri hayvan saghgini ve verimliligini iyilestirmek igin yaygin olarak
kullanilmaktadir. Son 20 yildir yem katki maddesi olarak kullanilan antibiyotiklerin insan ve hayvan sagligi icin
genis ¢aph kullanimi, hayvansal Grlnler ve atiklar Gzerinde kalinti birakmasi, patojenik mikroorganizmalara
direncli suslarin gelisimi ve gevresel kirlenme nedeniyle tavsiye edilmemektedir (Uyanga ve ark., 2023). Yirminci
yuzyilin sonlarinda, antibiyotiklere direngli bakteri tiirlerinin ortaya ¢ikmasi nedeniyle, geleneksel antibiyotiklerin
tedavi amagh kullanildiginda etkisi azalmaya baslamistir. Dolayisiyla, bakteriyel enfeksiyonlarla miicadele igin
yeni antibiyotiklerin ve tedavilerin gelistiriimesine yonelik arastirmalar glinUmuzde biyik énem tagimaktadir
(Haldorai ve Shim, 2013). Bununla birlikte, tiiketicilerin protein talebini ve Ureticilerin de protein arzini
karsilamak, baska bir ifadeyle sirdirilebilir gida gilivencesinin temini igin hayvansal lretimde geleneksel
olmayan, dogal ve ucuz rasyon bilesenlerinin gelistirilmesi gerekmektedir. Bu durum, hastaliklara karsi direnci
artirabilecek, verimliligi yiikseltebilecek ve hayvan sagligini koruyabilecek antibiyotiklere alternatif arayisini
artirmistir (Uyanga ve ark., 2023). Hayvan beslemede genellikle kullanilan yem katki maddeleri organik asitler,
yem enzimleri, prebiyotikler ve bitki ekstraktlaridir (Soycan Oneng ve Acikgdz, 2005). Oysa kitosan yeni ve
hayvanlarin beslenmesinde daha az kullanilan bir katki maddesi olarak karsimiza ¢cikmaktadir (Shah ve ark., 2022).

Dogal olarak olusan bir polisakkarit olan kitosan, kitinin alkali deasetilasyonu yoluyla elde edilen asetil
glukozaminin kismen deasetillenmis polimeridir. Glukozamin ve N-asetil glukozaminin bir bilesigidir. Kitosan, pH
degistirilerek geri dontsimli olarak ayarlanabilen bir ¢oziinlrlige sahip, uyariya duyarh bir polimerdir.
Biyouyumlulugu, biyobozunurlugu, immiinojenik ve antibakteriyel 6zellikleri, toksik olmamasi, suya karsi yiiksek
gecirgenligi, kimyasal modifikasyonlara duyarliligi ve maliyet etkinligi nedeniyle ilag, doku mihendisligi, tarim ve
hayvancilik gibi pekcok alanda yaygin olarak kullaniimaktadir. Ayrica biyomedikal arastirmalarda, genetik
mihendisliginde, gida sektoriinde, kirlilik kontroliinde, su aritmada, kagit Gretiminde ve fotografcilikta da
kullaniimaktadir (Anggraeni ve ark., 2022; Uyanga ve ark., 2023). Organik antimikrobiyal ajanlar genellikle daha
az kararlidir ve bu nedenle inorganik metal oksit ile kompozit olusumu, kararliligini ve antibakteriyel aktivitesini
arttirir (Haldorai ve Shim, 2013). Hayvansal liretimde, kitosan ve kitosan bazli bilesikler prebiyotik olarak kabul
edilir (Tufan ve ark., 2015). Yem katki maddesi olarak etkilerini ortaya koymak i¢in hem tek mideli (Tufan ve ark.,
2015; Chang ve ark., 2020) hem de ruminant hayvanlarda pek ¢ok arastirma yapilmistir (Goiri ve ark., 2009; Dias
ve ark., 2017; Uyanga ve ark., 2023). Bu derlemede kitosan ve kitosan oligosakkaritinin ruminantlarda etki
mekanizmasi ile ruminant beslemede yem katki maddesi olarak kullanilabilirligi irdelenecektir.

Kimyasal Yapisi ve Antimikrobiyal Etki Mekanizmasi

Kitin, -N-asetil-D-glukozamin polimeri olan seliiloz gibi yapisal bir homopolisakkarittir (Anggraeni ve ark.,
2022). Dilinya’da yillik kitin Uretimi 1010-1012 ton olarak gergeklesmektedir (Shah ve ark., 2022). Kitinin
molekiler agirhiginin ve viskozitesinin ylksek, ¢oztnurliginin disuk ve allerjik olmasi, hayvan beslemede yem
katki maddesi olarak kullanimini sinirlandirmaktadir (Tufan ve ark., 2015). En kullanislh kitin tiirevi, serbest bir
amino grubuna sahip olan kitosandir. Kitosan ve sellloz arasindaki fark, kitosanin C-2 pozisyonunda bir amin (-
NH2) grubunun, seltlozun ise bir hidroksil (-OH) grubunun bulunmasidir (Anggraeni ve ark., 2022). Yapisal olarak
kitosan, B-(1-4) glikozidik baglarla baglanmis N-asetil-2-amino-2-D glukopiranoz ve 2-amino-2-deoksi-D-
glukopiranozdan olusur (Uyanga ve ark., 2023). Kitinin deasetilasyon siireci, N-asetil-D-glukozamin veya kitosan
polimerinin olusumuyla sonuglanir (Pereira ve ark., 2022; Uyanga ve ark., 2023). Ayrica, kitosan toksik degildir ve
biyolojik olarak da parcalanabilir. ABD Gida ve ila¢ Dairesi tarafindan gidalarda kullanim icin giivenli olarak
tanimlanmistir (Dias ve ark., 2017). Anilan bilesikler, tip ve gidalarin korunmasinda genis uygulama potansiyeline
sahip olmasindan dolayi buytik ilgi gérmistir (Goiri ve ark., 2009; Uyanga ve ark., 2023). Kitin ve kitosan
arasindaki fark deasetilasyon derecesine bagldir (Dias ve ark., 2017). Deasetilasyon, tiire bagli olarak %44.1 ile
%98.0 arasinda degismektedir (Anggraeni ve ark., 2022). Ornegin, tim yengeg tiirlerinin kabuklarindan elde
edilen kitosan, yengeclerin bacaklarindan elde edilenlerden daha fazla ¢6zindrliik géstermektedir (Byun ve ark.,
2013). Bununla birlikte, sivi veya kati gidalara eklendiginde antibakteriyel 6zelliklerinin 6nemli dlgtide ylikseldigi
belirtiimektedir (Uyanga ve ark., 2023). Kitosan iskeletine yeni fonksiyonel gruplar ekleme ve islevselligini
gelistirmeye yonelik gesitli modifikasyonlar (kitosan glutamat, karboksimetil kitosan ve hidroksipropil trimetil
amonyum klorir kitosan vb.) yapilabilir (Deng ve ark., 2021; Chen ve ark., 2019). Kimyasal ve enzimatik hidroliz
ile kitosandan kitosan oligosakkariti (KOS) elde edilmektedir. KOS ise disik polimerizasyon derecesine sahip
toksik olmayan dogrusal bir polisakkarittir (Zou ve ark., 2016; Ayman ve ark., 2022). Kitosan oligomeri olan
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KOS’un, molekiler agirlig ve viskozitesi kitosandan daha diislik, suda ¢ozunirlGgl ve biyolojik aktivitesi ise cok
daha yiksek olmasindan dolayi hayvansal liretimde antibiyotik alternatifi olarak énerilmektedir (Zhou ve ark.,
2009; Li ve ark., 2019). KOS bagirsak fonksiyonlarini diizenlemek, biiyimeyi desteklemek ve hayvansal tiretimde
verimliligi arttirmak, stres ve oksidasyonun olumsuz etkilerini énlemek, bagisiklik sistemini giglendirmek,
enflamasyonu azaltmak igin yem katki maddesi olarak yaygin sekilde kullaniimaktadir (Chang ve ark., 2020;
Ayman ve ark., 2022; Pereira ve ark., 2022; Uyanga ve ark., 2023).

Bakteri ve mantarlara kargi kitosanin etki mekanizmalari arastiriimis, antimikrobiyal 6zellikleri, C-3 ve C-6
pozisyonlarindaki reaktif hidroksil gruplarinin disinda; kitosanin yapisi, fizikokimyasal oOzellikleri ve cevre
kosullariyla biyik 6lgtide iliskilendirilmistir. Kitosanin etki mekanizmasi etki gosterdigi bolgeye gore; hiicre disi,
hicre ici veya hem hiicre disi hem de hiicre i¢i olarak siniflandiriimaktadir (Ke ve ark., 2021). Ancak,
antimikrobiyal etki mekanizmasi karmasiktir (Rey ve ark., 2023) ve tam olarak aydinlatilamamistir. Hiicre igi sizinti
mekanizmasi bilimsel olarak en ¢ok kabul géren teori olmustur (Helander ve ark., 2001; Kong ve ark., 2010). Bu
teoriye gore; pozitif yukli kitosanin bakterilerin negatif yikli ¢ift katmanl fosfolipid membranina baglanarak
membran gecirgenligini degistirmesiyle (peptidoglikanlarin hidrolizi) hiicre membranin bariyer gérevi kaybolur.
Bu durum da hiicre ici bilesenler kolayca hiicre disina geger ve hiicrenin 6limiine neden olur (Helander ve ark.,
2001; Kong ve ark., 2010; Ardean ve ark., 2021).

Yiksek molekiiler agirliktaki kitosan genellikle hiicre duvarina ve hiicre membranina nifuz
edemediginden, potansiyel antimikrobiyal etkileri esansiyel metallerle selat olusturmayi, besin maddelerinin
hiicre igine alinmasini 6nlemeyi ve hiicre gegirgenligini degistirmeyi icermektedir. Bununla birlikte, dusik
molekiler agirliktaki kitosan sadece hiicre disi antimikrobiyal aktiviteye degil, ayni zamanda hiicre igi
antimikrobiyal aktiviteye de sahiptir. Hiicre ici antimikrobiyal aktivitesi RNA olusumunu (transkripsiyon), protein
sentezini ve mitokondrilerin fonksiyonlarini degistirerek ortaya cikmaktadir. Ayrica, kitosanin antimikrobiyal
etkisi buyuk 6lgide hedef mikroorganizmanin tiirine bagh olarak degismektedir (Ke ve ark., 2021). Ancak, bazi
kitosan oligomerlerinin (<5 kDa) hicre duvarina niifuz ettigi ve DNA/RNA veya protein sentezini etkiledigi,
bazilarinin ise (<50 kDa) hiicre duvarindan gegebildigini ve DNA’nin RNA’ya transkripsiyonunu inhibe edebildigi
bildirilmistir (Kravanja ve ark., 2019). Bu nedenle, kitosanin molekiler boyutu hedeflemede 6nemli rol
oynamasina ragmen, kitosanin molekiiler agirligindan ¢ok yapisi; hiicre disi, hicre i¢i veya hem hiicre disi hem de
hicre ici antibakteriyel aktivitesini belirler (Ke ve ark., 2021).

Kitosan ve Kos Kullaniminin Etkileri

Yem katki maddesi olarak kullanilan kitosan yem tiiketimini, yemden yararlanmayi, besin maddelerinin
sindirimi ile emilimini, rumen fermantasyonu ve enterik metan olusumunu etkilemektedir (Henry ve ark., 2015;
Harahap ve ark. 2020). Ayrica, rasyona kitosan ilavesi bagirsak mikrobiyal dengesini diizenler, ince bagirsaklarda
kalsiyum ve fosforun sindirilebilirligini arttirir. Bunlarin yani sira antibiyotik uygulamasini sinirlandirarak ilaglara
olan direnci azaltir (Uyanga ve ark., 2023).

Orta laktasyondaki ineklere kitosan verildiginde, kuru madde (KM) ve ham protein sindirilebilirligi artmis,
azot ve enerjinin etkin kullanimini saglamig, bunlarin yani sira sitte ¢oklu doymamis yag asitleri
konsantrasyonunu artirmistir (Del Valle ve ark., 2017). Basak bir ¢alismada, kaba yem agirlikli rasyon verilen
divelerde kitosan ilavesiyle notr deterjan lif (NDF), asit deterjan lif (ADF) ve KM sindirilebilirliginde iyilesmeler
oldugu bildirilmistir (Henry ve ark., 2015). Koyunlarda %50 kaba yem ve %50 yogun yem igeren rasyona kitosan
(136 mg/kg CA) ilavesi, rumen fermentasyonunu olumlu yénde etkilemis, organik madde sindirilebilirligini
dustrmeden enerjinin etkin kullaniimasini saglamistir (Goiri ve ark., 2010). Soysal (2019)’un galismasinda, karma
yeme farkli diizeylerde (100 mg/kg, 200 mg/kg) katilan kitosanin oglaklarda; besi performansi, bazi kan ve rumen
parametreleri izerinde 6nemli bir fark yaratmadigi belirlenmistir. Kegilerde KOS ilavesiyle yapilan baska bir
calismada; canli agirlik, yemden yararlanma, total protein ve lenfosit sayisinda artis, trigliserit ve I16kosit sayisinda
azalma oldugu bulunmustur. Arastiricilar kegi rasyonlarina KOS ilave edilmesinin sindirim sistemi mikrobiyal
populasyonunu olumlu etkiledigini belirtmislerdir (Nakthong ve ark., 2012). Aradjo ve ark., (2015) ineklerde farkli
oranlarda (50, 100, 150 mg/kg) kitosan ilavesinin besin madde sindirimini, kuru madde tiiketimini, rumende
sindirilebilirligi 6nemli 6lgude arttirdigini, asetat/propiyonat oraninin azaldigini, toplam ugucu yag asitlerinin
(UYA)'nin ise etkilenmedigini bildirmistir. Ayrica, plazma glikoz diizeyi artmis, ancak toplam protein ve lre
duzeyleri kitosandan etkilenmemistir.

188



Use of Chitosan in Ruminant Nutrition

Kitosanin sit ineklerinde besin madde sindirimi, kan parametreleri, siit verimi kompozisyonuna etkilerini
belirlemek icin Mingoti ve ark., (2016); orta laktasyondaki Holstein ineklerin yemlerine sirasiyla 0, 50, 100, 150
mg/kg kitosan ilave etmislerdir (Cizelge 1).

Table 1. Effects of chitosan on nutrient digestion, blood parameters, milk yield and milk composition in cows.

Tablo 1. Kitosanin ineklerde besin madde sindirimi, kan parametreleri, siit verimi ve kompozisyonuna etkileri

Parametre Kitosan mg/kg CA SEM P-degeri

0 50 100 150 LIN QUA
KMT kg/gtin 24.49 24.82 24.26 24.07 0.44 0.34 0.55
KMS,% 67.22 70.91 69.51 69.35 0.70 0.28 0.05
OMS, % 67.99 71.88 70.61 70.06 0.81 0.25 0.03
HPS, % 78.79 80.92 81.29 81.53 0.57 0.01 0.18
NDFS, % 56.44 62.13 60.28 58.84 0.93 0.36 0.01
Azot dengesi
Azot tiiketimi, g/giin 645.33 655.07 639.83 638.45 10.8 0.47 0.61
idrar azotu, g/glin 283.73 300.28 289.03 290.40 5.48 0.76 0.24
Glibre azotu, g/gilin 137.36 126.37 120.39 120.48 4.52 0.02 0.31
Siit azotu, g/giin 142.23 141.20 141.59 147.44 2.21 0.24 0.26
Azot dengesi, g/glin 82.14 87.55 88.55 80.00 84.5 0.82 0.21
Siit azotu/ Azot tiiketimi 22.30 21.70 22.40 23.40 0.39 0.03 0.04
BUN, mg/dl 38.59 40.16 41.94 44.35 1.05 0.01 0.79
Mikrobiyal protein g/giin 1818.6 1860.1 1776.6 1766.2 36.2 0.33 0.64
St verimi, kg/giin 29.71 29.38 29.46 29.85 0.51 0.73 0.27
%3.5 FCM, kg/glin 26.11 26.23 27.00 27.31 0.55 0.12 0.88
Yag, kg/giin 0.82 0.83 0.87 0.89 0.02 0.16 0.91
Protein, kg/giin 0.90 0.89 0.90 0.94 0.01 0.28 0.25
Yag, % 2.75 2.86 2.98 2.97 0.08 0.19 0.65
Protein, % 3.07 3.08 3.06 3.16 0.02 0.25 0.35
MUN, mg/dl 8.20 8.59 8.63 10.33 0.25 <0.01 0.15
CA, kg 616 632 604 614 7.26 0.29 0.70
VKP (1-5) 2.7 2.7 2.7 2.7 0.05 0.69 0.24
SYA g/100 g TYA
TUSFA 29.28 28.67 28.79 27.04 0.46 0.06 0.46
TSFA 65.15 65.55 65.66 66.61 0.52 0.30 0.72
TUSFA/TSFA 0.45 0.44 0.44 0.40 0.01 0.09 0.46
USFA, C18 27.52 26.90 27.08 25.28 0.45 0.06 0.45
SFA, C18 13.50 13.97 14.72 13.47 0.33 0.79 0.13
USFA/SFA, C18 2.06 1.96 1.89 2.00 0.04 0.48 0.21

Mingoti ve ark., 2016

KMT: Kuru madde tiiketimi, KMS: Kuru madde sindirilebilirligi, OMS: Organik madde sindirilebilirligi, HPS:Ham protein sindirilebilirligi;NDFS:Notral deterjan lif

sindirilebilirligi, BUN:Kan lre azotu, MUN:Siit iire azotu, FCM:Yaga gére diizeltilmis siit, VKP:Viicut kondiisyon puani, SYA:Siit yag asitleri, TYA:Toplam yag asitleri,

TUSFA:Toplam doymamis yag asitleri, TSFA:Toplam doymus yag asitleri, USFA:Doymamis yag asitleri, SFA: Doymus yag asitleri.

Kitosan KM tiiketimini etkilememis (Cizelge 1) ancak KM, organik madde, ham protein ve NDF sindirimini
arttirmistir. Rasyona kitosan ilavesiyle kan lire azotu (BUN) konsantrasyonu artmistir. Kitosanin sit yagi, st
verimi ve slit kompozisyonuna olumlu bir etkisi olmamistir. Orta laktasyondaki siit ineklerinde kitosan, verim
performansini ve sit yag asidi profilini degistirmeden besin maddelerinin sindirilebilirligini iyilestirmistir.
Sonuglar, kitosan ilavesinin en iyi diizeylerinin 100 ila 150 mg/kg CA arasinda oldugunu géstermektedir (Mingoti
ve ark., 2016).

Ayni calismada, kitosanin BUN ve st tre azotunu (MUN) artirdig1, azot dengesini ve mikrobiyal protein
sentezini etkilemeden diski ile azot atilimini azalttigi bildirilmistir. Bu durum, idrar ve fekal atilimla birlikte azot
bilesiklerinin karaciger metabolizmasiyla iliskili olarak protein sindirilebilirligindeki artisla iliskilendirilmistir
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(Mingoti ve ark., 2016). Ayrica, kitosan ilavesiyle diski ile N atiliminin azalmasi, kitosanin rumen fermantasyonunu
degistirmesi ve ince bagirsaklardan amino asit azotunun daha iyi emilimesinden kaynaklanmis olabilir. Bu da
protein sindirilebilirligindeki iyilesme ile iliskilidir. Ruminantlarda, yemden gelen protein sindirilebilirliginin
mikrobiyal kaynakli protein sindirilebilirliginden yiksek olmasi, ince bagirsak tarafindan amino asit emilimini
arttirabilir (Ruiz ve ark., 2001).

de Paiva ve ark. (2016) kitosanin slt verimini arttirdigini bu etkinin besin madde sindirilebilirligi ve ruminal
fermantasyondaki iyilesmelerle, 6zellikle de sut Uretimi i¢in daha fazla enerji saglayan ruminal propiyonatin
artmasiyla iliskili oldugunu belirtmistir. Baska bir calismada (Zeng ve ark., 2021), rasyona kitosan eklenmesi sit
Uretimini, sut protein Uretimini ve kan Ure azotunu artirmis, bu sonuglarin da artan KM tiketiminden
kaynaklandigi belirtilmistir.

Kitosan ve KOS’un rumen fermantasyonu lizerine etkileri

Rumende metan (CH%) olusumu yemin bakteri, protozoa ve mantarlar tarafindan parcalanarak
fermantasyonu ile gergeklesir. Fermantasyonun sonucu olarak da, rumende UYA olusur ve hayvana enerji
saglarken hidrojen agiga ¢ikarir. Rumende metanogenez igin bakteriyel fermantasyonun son driinlerinden asetik
asit, formik asit ve metil bilesikler substrat olarak kullanilsa da temelde, hidrojen (H?) ve karbondioksit (CO?) 6n
planda yer alir. Dolayisiyla, rumende mikrobiyal fermantasyon siireci, bunlarin H? {retimi ve rumendeki
metanojenik bakteriler tarafindan CH* olusumu arasinda giicli bir iliski vardir (Janssen, 2010). Kitosanin, rumen
fermantasyonunu modifiye etme potansiyeli bulunmaktadir. Bu durum enerji (Belanche ve ark., 2016) ve protein
(Dias ve ark., 2017) kullanim etkinligini arttirir. Ruminant rasyonlarina kitosan eklenmesi, NH3 ve CH*(in ruminal
konsantrasyonlarinin azaltiimasini tesvik eder, boylece propiyonik asit tiretimini artirir (Aradjo ve ark., 2015; de
Paiva ve ark., 2017). in vivo denemelerde, ruminal fermantasyondaki degisikliklerden, ézellikle de propiyonik asit
oraninin artmasi ve asetik-propiyonik asit oraninin azalmasindan kaynaklanan olumlu etkiler bildirilmistir (Pereira
ve ark., 2022). Ayrica, metabolik hidrojen lretimindeki teorik azalma (Belanche ve ark., 2016), enerjinin etkin
kullanilmasini saglayabilir. Bu nedenle de, sit koyunlarinda (Garcia-Rodriguez ve ark., 2015) ve ineklerde (Del
Valle ve ark., 2017; Zanferari ve ark., 2018) kitosan ilavesi ile yemden yararlanmanin arttigi bildirilmistir. Kitosanin
enterik CH4 emisyonlari tizerindeki etkisiyle ilgili ¢eliskili sonuglar bildirilmistir. Bu baglamda, in vitro ¢alismalar
(Belanche ve ark., 2016; Goiri ve ark., 2009) ile CH* emisyonlarinda dnemli bir azalma (%42- 43) ortaya cikarken,
Henry ve ark. (2015) kitosanin sigirlarda enterik CH* tiretimi (izerinde hicbir etkisi olmadigini bildirmistir. Benzer
sekilde Cizelge 2’den de kitosanin CH4 Uretiminde azalmaya etkisinin 6nemsiz oldugu gorilmektedir (Rey ve ark.,
2023).

Table 2. Effect of chitosan supplementation on the yield and composition of milk and methane production.
Tablo 2. Kitosan ilavesinin siit verimi ve bilesimi ile metan (retimi lizerine etkisi

Parametre Holstein Frisian Brown Swiss SEM P-degeri
Kontrol Kitosan Kontrol Kitosan Irk Kitosan
Verim kg/giin

Sut 25.8 26.2 26.0 27.3 1.52 0.718 0.562
Enerjiye gore dizeltilmis st 26.7 24.0 28.3 29.3 2.25 0.160 0.709
Yag 1.22 0.757 1.13 1.16 0.1536 0.355 0.167
Protein 1.05 0.912 0.944 0.993 0.1048 0.921 0.664
Laktoz 1.49 1.32 1.29 1.34 0.1233 0.539 0.627
Kompozisyon,%
Yag 4.68 3.61 4.09 4.00 0.306 0.742 0.080
Protein 3.54 3.54 3.65 3.62 0.094 0.882 0.358
Laktoz 4.83 4.73 4.73 4.90 0.069 0.588 0.640
CH4
ppm 1605 1770 2325 1924 329.2 0.271 0.727
g/gin 214 206 290 234 45.3 0.337 0.498
g/kg sut 9.54 9.14 10.85 9.51 2.242 0.740 0.694

Rey ve ark., 2023

SEM: Ortalamanin standart hatasi
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Kitosanin rumen UYA profiline etkisi degisiklik gostermektedir. Genellikle (Cizelge 2) propiyonik asit
oraninda artis oldugu (Rey ve ark., 2023), sit ineklerinde (de Paiva ve ark., 2017; Rey ve ark., 2023), besi
sigirlarinda (Dias ve ark., 2017) ve koyunlarda yapilan (Goiri ve ark., 2009) ¢alismalarda ortak sonug olarak
bildirilmistir. Buna karsilik, asetik asit oraninda azalma oldugunu bildiren galismalar da (Araujo ve ark., 2015;
Vendramini ve ark., 2016; Zanferari ve ark., 2018) bulunmaktadir. Rumen UYA oranindaki degisiklige bagh olarak;
asetik-propiyonik ve asetik/butirik-propiyonik asit oranlar digsmustir. Kitosan ilavesiyle, artan propiyonik asit ve
azalan asetik asit ile ortaya ¢ikan UYA oranlarindaki bu degisim, hem in vitro hem de in vivo g¢alismalarda en
glvenilir ve tekrarlanabilir sonuglardan biri olmustur (Harahap ve ark., 2020; Shah ve ark., 2022). Bunun nedeni
kitosanin gram-pozitif bakterilere (selilolitik ve hemiselilolitik bakteriler) karsi daha belirgin bir antimikrobiyal
etki gostermesi ve amilolitik bakterilerin baskin olmasiyla agiklanabilir (Belanche ve ark., 2016; Del Valle ve ark.,
2017). Ayrica Belanche ve ark., (2016), kitosan ilavesiyle rumende amilaz aktivitesinin arttigini, ortaya ¢ikan
substratlarin bazi bakteriler tarafindan karbon kaynagi olarak kullanilabilecegini ve bunun da propiyonik asit
Uretimindeki artisi agiklayabilecegini belirtmislerdir.

Gandra ve ark., (2016), kitosanin rumende mikrobiyal protein sentezini azattigini belirtmisler, bu etkiyi
yogun yem orani yiksek rasyonlarin rumen pH'sini disirmesine bagh olarak mikrobiyal protein sentez
etkinliginin dismesiyle ilisiklendirmislerdir. Bununla birlikte, kitosan katkisinin laktasyondaki st ineklerinde,
nikleik asitlerin yapi tasi olan pirin tirevleri veya mikrobiyal sentez lzerinde etki gdstermedigini bildiren
calismalarda (de Paiva ve ark., 2017; Del Valle ve ark., 2017; Seankamsorn ve ark., 2021; Rey ve ark., 2023)
bulunmaktadir. Ayrica, Rey ve ark. (2023)'nin arastirmasinin kosullarinda kitosan ilavesi, laktasyondaki st
inekleri icin mikrobiyal protein sentezi Gizerinde herhangi bir olumsuz etki gostermemistir.

Zanferari ve ark. (2018) doymamis yag asitleri bakimindan zengin bir rasyona kitosan eklendiginde st
Uretiminde bir disls oldugunu bildirmis, ancak kitosanin doymamis yag asitleri icermeyen bir rasyona
eklendiginde sit verimi tGizerinde herhangi bir etki gézlenmemistir. Aksine, Zheng ve ark. (2021) kitosan ilavesinin,
sut Gretimini ve dizeltilmis stt yagini dogrusal olarak artirdigini bildirmistir. Her iki arastirici da, artan Uretimi
daha yuksek yem tliketim miktari ile iliskili oldugunu belirtmistir. Bazi arastiricilar (Del Valle ve ark.,2017;
Seankamsorn ve ark., 2021; Rey ve ark., 2023) ise kitosan ilavesinin siit verimini veya bilesimini etkilemedigini
bildirmistir (Cizelge 2).

Sut ineklerinin rasyonlarinda, herhangi bir besin maddesinin eksikligi stit verimini azaltabilir. Ancak, besin
maddeleri arasindan enerji ve protein miktari sinirlayici olmasi bakimindan 6n planda yer almaktadir.

Table 3. Effect on ruminal volatile fatty acid ratios of chitosan supplementation

Tablo 3. Kitosan ilavesinin ruminal ugucu yad asidi oranlari iizerine etkisi

UYA Holstein Frisian Brown Swiss SEM P-degeri
Kontrol Kitosan Kontrol Kitosan Irk Kitosan
Toplam UYA, mM 62.9 66.6 69.8 68.4 5.04 0.418 0.823
Asetik asit, mol/100mol 65.0 62.5 64.3 64.1 0.60 0.444 0.046
Propionik asit, 16.7 18.8 16.6 18.2 0.57 0.533 0.008
Butirik asit 14.2 14.3 15.2 14.1 0.52 0.493 0.376
izobutirik asit 0.956 0.832 0.872 0.784 0.0775 0.430 0.210
Valerik asit 1.28 1.25 1.29 1.26 0.054 0.877 0.635
izovalerik asit 1.87 2.25 1.69 1.56 0.161  0.022 0.477
Dalli zincirli UYA 2.83 3.08 2.56 2.34 0.220 0.046 0.945
c?/c? 3.93 3.34 3.92 3.54 0.159  0.569 0.013
c2+c/C® 4.84 4.15 4.89 4.36 0.195 0.522 0.011

Rey ve ark., 2023

SEM: ortalamanin standart hatasi; UYA: Ugucu yag asitleri; C2/C3: Asetik asit/ Propiyonik asit orani, C2 + C4/C3: Asetik +Biitirik asit/ Propiyonik asit orani

Cizelge 3’'den de goruldigu gibi, kitosan ilavesi, propiyonik asit oranini %11.2 arttirmis ve
asetik/propiyonik asit oranini %12.2 oraninda azaltarak rumen fermantasyonu Gzerinde olumlu etki géstermistir
(Rey ve ark., 2023). Ancak calismada (Rey ve ark., 2023), CH* emisyonunu diisirmemesinden dolay! eneriji
kayiplarini 6nlemede etkili olmamistir.
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Pekcok arastirmada, kitosan mikrobiyal N akisini artirmamistir. ince bagirsaklardan absorbe edilen
proteinler, karacigerde insiilin benzeri blylime faktori -1'in (IGF-1) transkripsiyonu ve ekspresyonunu
(sekresyonunu) diizenlemek icin 6nemli bir besleme faktoridir (Wan ve ark. 2017). Plazma IGF-1 ise, amino
asitlerin ve glikozun hiicre membranlarindan gegisini uyararak stt tretimini saglamaktadir (Cohick ve ark., 1998).
Bu nedenle, kitosan ilavesi fermantasyon etkinligini artirsa da, hayvanlarin performansinda bir iyilesme
saglayamamistir.

Kitosan ilavesinin farkh etkiler géstermesini; kitosanin deasetilasyon derecesi ve molekiler agirligi (Mima
ve ark., 1983; Ke ve ark., 2021), kitosan dizeyi ve fizikokimyasal 6zellikleri, rasyonun bilesimi ve doymamis yag
icerigi (Goiri ve ark., 2009) ile agiklanmaktadir. Konuyla ilgili calismalar irdelendiginde; bir grup arastiricinin
(Mingoti ve ark., 2016; Del Valle ve ark., 2017; Zanferari ve ark., 2018) %87 deasetilasyon derecesine sahip ticari
kitosani 50-150 mg/kg CA duzeylerinde kullanildigi gérilmustir. Bagka bir arastiricinin (Seankamsorn ve ark.,
2021) ise %98 deasetilasyonlu kitosan bazl ekstrakt ve %90 deasetilasyonlu ticari bir kitosanin %2 KM miktarinin
(651 mg/kg CA) etkisini incelerken, Pereira ve ark. (2022)'nin %85'in lizerinde deasetilasyon derecesine sahip
kitosanin 136-272 mg /kg CA dlzeyini incelemistir. Rey ve ark., (2023)’'nin ¢alismasinda, %95 deasetilasyon
derecesine sahip kitosanin 135 mg/kg CA miktarinin etkisini arastirmistir.

Zanferari ve ark., (2018) kitosan ilavesinin sit ineklerinde yag asitlerinin rumen biyohidrojenasyonu ile
ilgili olarak Butyrivibrio grubu ve B. proteoclasticus gibi bakteri tirlerinde bir azalmaya neden oldugunu
bildirmistir. Ruminal ortamdaki degisikliklerin et kalitesi tizerinde 6nemli sonuglari vardir (Pereira ve ark., 2022).

SONUC

Hayvan beslemede, hayvan saghgini ve verimliligini iyilestirmek icin yem katki maddeleri yaygin olarak
kullanilmaktadir. Kitosan yeni ve hayvan beslemede daha az kullanilan bir katki maddesidir. Ulkemizin denizlerle
cevrili olmasi nedeniyle kitosan ve kitosan iceren yem katki maddelerinin tretimi icin gereken hammaddeye sahip
olmak biiyiik avantaj saglamaktadir. Bu nedenle hem in vitro hem de in vivo arastirmalarla konunun daha ayrintih
arastirilmasi yerinde olacaktir.

Tesekkiirler: -

Veri kullanilabilirligi: Veriler makul talep lzerine saglanabilmektedir.

Yazar Katkilari: Makalenin hazirlanmasinda tim yazarlar esit katkida bulunmustur.
Cikar ¢atismasi: Bu ¢alismada yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur

Etik Beyan: Yazarlar, bu derleme makalesi igin etik kurula ihtiya¢ olmadigini beyan eder.
Finansal destek: -

Makale Agiklamasi: Bu makale Editér Cagri KANDEMIR tarafindan diizenlenmistir.
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ABSTRACT

Royal jelly (RJ) has a rich nutrient content and valued natural bee product which has been mainly used in traditional medicines to protects and strengthens
the health. It is a yellowish-white and acidic secretion of hypopharyngeal and mandibular glands of nurse bees used to feed young worker larvae during the
first three days and the entire life of queen bees. Because of its functional properties, RJ is very effective in accelerating the protection of health and healing
process in many diseases. The high quality and scientific standardization of RJ is very important for using it in prevention of health and medical use in treatment
disease in complimentary medicine. This review explains the effects of RJ on medical use for human health.
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Ar Siitii; Biyokimyasal Ozellikleri, Aktivitesi ve Tibbi Kullanimi
6z

Ari siiti zengin bir besin igerigine sahip olan ve geleneksel ilaglarda saghgi korumak ve giigclendirmek igin kullanilan degerli bir dogal ari trinadur. Ar sitd,
bakici isci arilarin hipofaringeal ve mandibular bezlerinden salgilanan, geng is¢i larvalarini ilk ti¢ glin boyunca ve ana ariyi tim yasami boyunca beslemek igin
kullanilan sarimsi beyaz renge sahip asidik bir salgidir. Sahip oldugu fonksiyonel 6zellikler nedeniyle ari sutd, birgok hastalikta saghgin korunmasi ve iyilesme
surecinin hizlandiriimasinda oldukga etkilidir. Ari stttintin yiiksek kalitesi ve bilimsel standardizasyonunun saglanmasi, hem saglgin korunmasinda hem de
tamamlayici tip alaninda hastaliklarin tedavisinde kullanilabilmesi icin ¢ok 6nemlidir. Bu derlemede ari stiiniin insan saghg icin tibbi kullanimdaki etkileri
aciklanmaktadir.
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INTRODUCTION

Since royal jelly (RJ) contains a high concentration of nutrients from the beehive, which supports and
protects health, it has a greater potential and impact than other bee products (Strant et al., 2019). Honeybees
produce RJ, a nutritious material with antibacterial, antioxidant, and anti-inflammatory effects that is suitable
for use as an ingredient in pharmaceutical and medical products (Uthaibutra et al., 2023). RJ, which feeds drone
and young worker larvae and sustains queen bees throughout their lives, is secreted by nurse worker bees from
their mandibular and hypopharyngeal glands (Ahmad et al., 2020). RJ is a sour, white-yellowish gelatinous fluid
rich in vitamins, minerals, proteins, lipids, carbohydrates, and peptides (Uversky et al., 2021). The high biological
value and nutritional value of RJ can be explained by the properties of the substances it contains. Proteins, fatty
acids, phenols, and flavonoids are the primary active components of RJ. These substances have biological
functions that both support and promote human health (Guo et al., 2021). In addition to these, there are all
vitamins, very important minerals, enzymes and biologically active substances required for the development of
larvae. The composition of RJ deteriorates rapidly at temperatures above 250C and under light. Studies have
reported that RJ can be stored at 4°C for up to one year without any change in its structure, although the best
storage method for RJ is to freeze it at -18°C or lyophilize it as soon as it is harvested (Li et al., 2007; Sabatini et
al., 2009). Fresh RJ is very rich in protein and its protein ratio varies between 9% and 18% (Ramanathan et al.,
2018). Essential and non-essential amino acids such as arginine, cystine, histidine, lysine, valine, leucine,
isoleucine, threonine, serine, methionine, glutamic acid, tryptophan, proline were determined in RJ. Its structure
contains vitamins A, C, D and E, especially B vitamins, choline esterase, digestive system ferments, hormones and
many biologically active substances as well as pollen and beeswax mixtures. Due to the healing and restorative
properties of RJ, it is used in the treatment of numerous diseases. RJ has been consumed as human food for
many years. Today, RJ is used in the pharmaceutical, cosmetic and food industry, especially for its beneficial
effects on human health. RJ has strong cell regenerating properties. In addition, there are many scientific studies
on the antibacterial, antifungal, antiviral, antidiabetic, nervous system supportive and musculoskeletal protective
properties of RJ, so it has an important place especially in Apitherapy applications (Kolayl and Keskin, 2020;
Nazarzadeh et al., 2022; Botezan et al., 2023; Orsoli¢ and Jembrek, 2024). Unlike other bee products, RJ contains
Coenzyme Q-10 Hryniewicka et al., 2016). Coenzyme Q-10 plays an important role in protecting cardiovascular
health and regulating the circulatory system. In apitherapy applications, RJ provides beneficial results in reducing
cholesterol, lipid, triglyceride levels, supporting the immune system and protecting the body against general
disease factors, healing ulcerative diseases related to stomach and intestines, adjusting low and high blood
pressure due to its blood pressure regulating effect, anaemia, sexual problems, reproductive problems,
preventing weakness and many other ailments. In cosmetics, it is used for cell renewal and skin imperfections
(Hryniewicka et al., 2016; Spanidi et al., 2020; Ahmad et al., 2020). RJ can be sold in different forms and packages
such as powder, cream, injection, tablet and capsule. R} is frequently used as a supplement for a variety of
illnesses due to its antibacterial, antioxidant, anti-aging, immunomodulatory, and its diverse therapeutic
properties.

Chemical Composition of Royal Jelly

The water content of RJ is an important criterion in assessing the quality of the fresh product. Various
methods have been used to determine the water content of RJ. It has been found that the refractive index
depends directly on the water content of RJ (Sesta, 2006). The major content of RJ is water (60-70%) which helps
in dissolving and distributing the other bioactive components (Sabatini et al., 2009). The chemical composition
of lyophilized RJ is presented in Table 1.
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Table 1. Water content, dry matter, proteins, lipids, ash, fructose, glucose, sucrose, total sugars, pH, total acidity
and electrical conductivity of lyophilized royal jelly samples (Balkanska and Kashamov, 2011).

Tablo 1. Liyofilize ari stitli 6rneklerinin su igerigi, kuru madde, proteinler, lipitler, kil, fruktoz, glikoz, sakkaroz,
toplam sekerler, pH, toplam asitlik ve elektriksel iletkenlik (Balkanska ve Kashamov, 2011).

Contents MeanstS. E. Min. Max

Water content, % 3.99+0.18 3.49 4.76
Dry matter, % 96.0210.18 95.24 96.51
Proteins, % 38.11+1.23 34.09 41.80
Lipids, % 6.22+0.72 3.09 8.56
Ash, % 2.75+0.08 2.50 3.03
Fructose, % 11.85+0.45 10.37 13.64
Glucose, % 9.9+0.94 6.82 12.78
Sucrose, % 7.65+1.11 4.19 11.62
Total Sugars, % 29.4+1.16 24.27 32.67
pH 3.87+0.03 3.80 4.00
Total acidity, ml 0,1 N NaOH/g 11.66%0.3 10.67 12.88
Electrical conductivity, uS/cm 451.334+9.03 421.00 481.00

Proteins make up 1/3 to 1/2 of the dry matter of RJ. From a quantitative point of view, proteins represent
the largest part of RJ dry matter (27-41%) (Sabatini et al., 2009). Major Royal Jelly Proteins (MRJPs) are a group
of proteins, of which MRJP1 is the most abundant (Fang et al., 2023). MRJPs constitute 82% to 90% of the total
amount of proteins in RJ and contain a relatively high amount of essential amino acids (Schmitzova et al., 1998).
These proteins play important roles in growth, development and reproduction. MRIPs also have
immunomodulatory and antimicrobial effects. RJ contains several enzymes, such as glucose oxidase and a-
glucosidase, which contribute to its biological activities. MRJPs can modulate the immune response in a number
of ways, helping to regulate the activity of immune cells, the production of cytokines and the pathways of
inflammation (Wang et al., 2023). The study conducted by Bouamama et al. (2021) demonstrated that RJ
significantly enhanced the proliferation of human peripheral blood mononuclear cells, accompanied by an
increase in nitric oxide (NO) (p=0.001) and the release of interleukin 2 (IL-2), interleukin 4 (IL-4) and interleukin
6 (IL-6) cytokines. Additionally, RJ elevated the intracellular glutathione (p =0.001) and malondialdehyde (p
=0.001). The water-soluble proteins of RJ were fractionated, resulting in the identification of a fraction that
induced both proliferative and migratory effects on a human epidermal keratinocyte cell line. Lin et al. (2019)
reported that a protein fraction, primarily comprising MRJP2, MRJP3 and MRJP7, elicited proliferative and
migratory responses in human keratinocyte cell line (HaCaT) without evident cytotoxicity. The same authors
postulated that major RJ proteins may possess potential wound-healing bioactivity. Glucose and fructose
constitute over 90% of the total sugar content of RJ. Other sugars have been identified in minor quantities,
including sucrose, maltose, trehalose, melibiose, ribose and erlose (Xue et al., 2017). These sugars provide a
source of quick energy, but they also have roles in modulating immune responses. The lipid fraction constitutes
around 7% to 18% of the total composition of RJ. Of these lipids, 90% are short hydroxy fatty acids with 8-12
carbon atoms in the chain and dicarboxylic acids. The most important fatty acid is 10-hydroxydecanoic acid (10-
HDA) (Kunugi and Ali, 2019). The RJ contains eight of the nine important amino acids, only the compound lacks
tryptophan (Strant et al., 2019). AMP-N1 Oxide stands for Adenosine monophosphate N1 oxide and is a unique
compound, found only in RJ. It is connected with the effects on centrally nervous system. It stimulates
differentiations, promotes generation of all 3 types of cells: neurons, astrocytes and oligodendrocytes, against
neuronal damage. Adenosine is a biomolecule in RJ with many physiological effects. It produces inhibition in
vascular smooth muscle cells of coronary arteries and neurons in the brain, by its hyperpolarising effect on the
membrane potential of excitable cells. R} contains 5.9 to 2057.4 mg/kg adenosine. Acetylcholine is a nerve
transmitter, with a number of hormone-like effects in the central and vegetative nervous system. There is 1 mg
of it at every gram of dry weight of RJ. Testosterone, progesterone, prolactine, estradiol hormones help increase
the fertility of both male and female and also increase male power and endurance. The polyphenols present in
RJ have been associated with its an oxidant effects (Mateescu, 2016). RJ also contains minor components, such
as minerals (Fe, Na, Ca, K, Zn, Mg, Mn, and Cu), amino acids (eight essential amino acids Val, Leu, lle, Thr, Met,
Phe, Lys, and Trp), vitamins (A, B complex, C, and E), enzymes, hormones, polyphenols, nucleotides, and minor
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heterocyclic compounds (Ahmad et al., 2020). The quality of the RJ is evaluated by 10-hydroxy-2-decenoic acid
(10-HDA) level in its content and the level of the matter is expected to be found among 1.4% and 1.8 % levels.
This value can differ due to the vegetation where RJ is obtained from and the implementation techniques in
harvesting RJ (Yicel et al., 2017).

Medical Use of Royal Jelly

RJ is a unique natural bee product with a multitude of possible pharmaceutical properties and health-
promoting benefits. With its anti-inflammatory and antioxidant qualities, as well as its function in boosting
immunity, controlling cholesterol, and enhancing skin health, RJ has proven its worth as a natural health
supplement. There are various scientific studies investigating the effects of RJ on human health.

Antioxidant, Antimicrobial and Anti-Inflammatory Effects

RJ is renowned for its potent antioxidant properties. In order to prevent cellular damage and chronic
diseases like cancer and cardiovascular disorders, antioxidants are essential in combating free radicals. Studies
have shown that the antioxidant compounds in RJ can help reduce oxidative stress, thereby protecting the body
against various health issues. RJ is known for its potent antimicrobial and antioxidant activities. Studies have
shown that RJ can effectively inhibit the growth of various bacterial strains and reduce oxidative stress, making
it beneficial for preventing infections and maintaining cellular health (Bagameri et al., 2022). While inflammation
is the body's normal reaction to damage or infection, prolonged inflammation can cause a number of health
issues, such as autoimmune disorders, arthritis, and heart disease. RJ has demonstrated significant anti-
inflammatory properties in various studies. These properties help reduce inflammation and may alleviate
symptoms of conditions such as rheumatoid arthritis. Studies have demonstrated that components like royalisin
and 10-hydroxy-2-decenoic acid (10-HDA) contribute to its potent antimicrobial activity (Fratini et al., 2016). The
mixture of RJ and honey showed enhanced antimicrobial effects, particularly against Gram-positive bacteria. The
combination was effective in inhibiting the growth of pathogens like Staphylococcus epidermidis and
Enterococcus faecalis (Mazeliené et al., 2022).

Effects on Cardiovascular Diseases

RJ has been shown to positively influence cardiovascular health. It lowers serum levels of low-density
lipoprotein and total cholesterol, which lowers the risk of cardiovascular diseases. The hypocholesterolemic
effects are primarily due to its ability to decrease small very-low-density lipoprotein (VLDL) levels (Guo et al.,
2007). Meta-analysis of RJ human studies to reduce hyperlipidaemia has shown that there is a significant
reduction in total serum lipids and cholesterol levels and that normalization of HDL and LDL is determined
without decreasing B / a lipoproteins. The best dose obtained shows that about 50 to 100 mg of RJ per day
reduced total serum cholesterol levels by about 14% and total serum lipids by about 10% in the studied group of
patients (Strant et al., 2019). Recent research suggests that RJ can improve cardiovascular health by augmenting
vascular endothelial function and reducing markers of liver damage. This has been shown in clinical trials where
RJ supplementation led to significant improvements in vascular function and reductions in liver enzyme levels
(Fujisue et al., 2022). R]'s possible insulin-like action was demonstrated in a different study where it dramatically
lowered serum glucose levels in healthy participants following an oral glucose tolerance test (Miinstedt et al.,
2009).

Effects on Immune System

The immune-boosting effects of RJ have been a subject of interest in recent research. It has been found
to enhance the body’s immune response, making it more effective in fighting off infections and diseases. The
presence of specific proteins and fatty acids in R} helps modulate the immune system, potentially offering
protection against various pathogens. Additionally, RJ improves immunological function by encouraging immune
cell proliferation and raising cytokine production. This immunomodulatory effect helps in maintaining a robust
immune system, particularly in aging populations (Bouamama et al., 2021). RJ and its enzyme-treated variant
showed anti-inflammatory and immune-enhancing properties in mice (Gu et al., 2018). Besides, by modifying
immune response-related gene expression, RJ prevented tumor growth in mice, indicating its potential for use
in cancer immunotherapy (Zhang et al.,, 2017). RJ has immunomodulatory properties, stimulating antibody
production and immunocompetent cell proliferation in mice (Sver et al., 1996).
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Effects on Gut Microbiota

RJ has been observed to modulate gut microbiota composition, enhancing overall health. It increases
beneficial bacteria and improves antioxidant activities in the liver and kidneys, indicating a positive correlation
between gut health and systemic health benefits (Chi et al., 2021). RJ additionally fosters the growth of
advantageous gut flora like Bacteroides fragilis and Bacteroides thetaiotaomicron, improving gut health and
possibly providing therapeutic advantages for disorders related to the gut (Kazemi et al., 2019). Additionally, RJ
prevents colitis by modifying the gut microbiota and strengthening the colonic mucosal barrier (Guo et al., 2022).

Anti-Tumor and Anti-Cancer Effects

Research indicates that RJ possesses anti-tumor properties, which can inhibit the growth of cancer cells.
This effect is attributed to its bioactive compounds that modulate cell proliferation and apoptosis (Viuda-Martos
et al., 2008). In a study on dimethylhydrazine-induced colorectal cancer in rats, RJ significantly reduced oxidative
stress and tumor markers, demonstrating its potential as an anticancer agent. Royal jelly-treated rats showed
less necrosis, inflammation, and cell proliferation compared to untreated rats (Khoob et al., 2022). RJ stimulated
human mononuclear cells to secrete cytokines that inhibited the growth of leukemic U937 cells and induced their
differentiation. This indicates its potential in treating leukemia by modulating immune responses (Wang et al.,
2019).

Neuroprotective Effects

The anti-inflammatory and antioxidant qualities of RJ are vital in preventing damage to neuronal cells (Sig
et al., 2019). RJ has shown promise in improving memory and exhibiting neuroprotective effects in a rodent
model of sporadic Alzheimer's disease. It reduced neurodegeneration and oxidative stress while enhancing the
proliferation of new neurons (Silva et al., 2020). Additionally, when given for two weeks, RJ increased
consciousness in traumatic brain injury patients (Shafiee et al., 2022). RJ was shown to protect cortical neurons
from cadmium-induced damage in mice by reducing oxidative stress and inflammation (Almeer et al., 2018).

Effects on Diabetes

RJ has shown potential in managing diabetes by improving glucose tolerance and lowering serum glucose
levels. Its insulin-like activity helps in reducing blood sugar levels, making it beneficial for diabetic patients
(Minstedt et al., 2009). A systematic review confirmed that RJ could improve glycemic status and reduce fasting
blood sugar levels in diabetes mellitus patients (Maleki et al., 2019). In type 2 diabetic females, RJ
supplementation significantly lowered fasting blood glucose levels and HbA1lc, indicating improved glycemic
control (Pourmoradian et al., 2014).

Anti-Aging Effects

RJ promotes healthy aging and longevity, potentially leading to the development of anti-aging drugs.
Components like royalactin and 10-HDA enhance antioxidative capacity and signalling pathways (Bagameri et al.,
2022). Human dermal microvascular endothelial cells are preserved by RJ, which also lessens the effects of UV
exposure on vessel aging, thereby preventing skin aging (Kawano et al., 2019).

Effects on Hormonal Balance and Reproductive Health

RJ has demonstrated effectiveness in relieving menopausal symptoms and aging-related pathologies. It
exhibits estrogen-like effects, which help mitigate symptoms such as hot flashes and mood swings. Additionally,
RJ's antibacterial, anti-inflammatory, and antioxidant properties support overall health in postmenopausal
women (Balan et al., 2020). RJ has been recommended for alleviating menopausal symptoms due to its estrogen-
like effects. Studies suggest that it can improve overall menopausal symptoms and promote healthy aging (Balan
et al., 2020; Minstedt and Mannle, 2020). It activates estrogen receptors and enhances gene expression related
to estrogen response (Mishima et al., 2005). Oral consumption of RJ was found to significantly reduce
premenstrual syndrome (PMS) symptoms in a randomized controlled trial among Iranian medical students. This
suggests its potential as a non-pharmacological treatment for PMS (Taavoni et al., 2014). RJ has been observed
to have estrogenic effects in both in vitro and in vivo studies. It stimulates the expression of genes that are
responsive to estrogen by binding to estrogen receptors, suggesting its potential in managing menopausal
symptoms and other estrogen-deficient conditions (Mishima et al., 2005). RJ in treatment of sexual and urinary
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problems of postmenopausal women is related to its estrogenic properties and could be suitable in promotion
of life quality in postmenopausal women (Seyyedi et al., 2016). In addition, RJ has been shown to improve male
fertility in various animal studies. Oral administration of RJ enhanced sperm quality and sexual behavior in male
rabbits, and it protected against heat-induced infertility (Abdelnour et al., 2020). RJ-based apitherapy can
mitigate nicotine-induced testicular damage by acting as an antioxidant and scavenger of reactive oxygen species
(Nazarzadeh et al., 2022).

Effects on Skin diseases

The anti-aging qualities of RJ can lessen the visibility of wrinkles and fine lines while also improving wound
healing and hydrating the skin. Its antimicrobial properties also contribute to its effectiveness in treating acne
and other skin conditions. It has been demonstrated that applying RJ topically reduces pruritus in a mouse model
of allergic contact dermatitis (Yamaura et al., 2013). RJ reduces melanin synthesis by downregulating tyrosinase
expression, suggesting its potential use as a skin-whitening agent (Han et al.,, 2011). The wound-healing
capabilities of RJ are attributed to its anti-inflammatory and antimicrobial properties. Studies have shown that
RJ can accelerate the healing process by promoting tissue regeneration and reducing infection risks. This makes
it a valuable natural remedy for cuts, burns, and other skin injuries. A study highlighted the distinct wound-
healing properties of RJ derived from different floral sources, demonstrating its potential in accelerating wound
closure and promoting skin repair (Lin et al., 2020). RJ protects the skin against oxidative stress and promotes
healthy skin by upregulating the expression of NAD(P)H quinone dehydrogenase 1 (NQO1), which plays a role in
antioxidation and detoxification (Okumura et al., 2021).

Effects on Memory and Mental health

Emerging research suggests that RJ may have a positive impact on cognitive function and memory. Its
antioxidant properties, combined with its ability to reduce inflammation, can protect the brain from oxidative
stress and improve neural function. Some studies have indicated that regular consumption of RJ may enhance
learning abilities and memory retention, although more research is needed to confirm these effects. Major royal
jelly proteins (MRJPs) have been shown to improve spatial memory in aged rats by 48.5% compared to controls.
This improvement is linked to alterations in metabolism pathways like nicotinate and nicotinamide metabolism
(Chen et al., 2017). A study conducted by Morita et al. (2021) demonstrated that long-term ingestion of RJ
significantly improved mental health scores in healthy volunteers. The study found that after six months,
participants who consumed RJ showed a notable improvement in their mental health as measured by the The
Short-Form 36 (SF-36) Health Survey subscale score. Research by legaki et al. (2019) on a murine model indicated
that RJ could reduce depression-like behaviour through its effects on adrenal steroidogenesis. The study found
that RJ suppressed stress-induced depression-like behaviour by regulating the synthesis and transport of
cholesterol, which is crucial for adrenal steroidogenesis. Asama et al. (2018) conducted a placebo-controlled
study on postmenopausal Japanese women and found that RJ supplementation significantly alleviated anxiety
and back pain which highlights the potential of RJ in managing anxiety symptoms in specific populations.

Effects on Stem Cell Function and Regeneration

RJ has shown promise in influencing stem cell functions. A recent randomized trial demonstrated that RJ
administration increased the count of hematopoietic stem cells in the peripheral blood of healthy subjects,
indicating its potential role in promoting regenerative processes (Okamoto et al., 2023). It also enhances the
oxidants superoxide and glutathione and is rich in nucleic acids, RNA, and DNA (Mateescu, 2016).

Recommended Royal Jelly for Human Diet

A common dosage for general health benefits is about 1000 mg of RJ daily. The use of RJ above the
specified dose must be under the supervision of a physician. Rl is generally considered safe for most people when
used appropriately. Nonetheless, some people may experience allergic reactions to it, especially those who have
asthma or allergies to bee products. High doses might lead to gastrointestinal discomfort or other mild side
effects. When adjusting to the recommended dosage, it is advisable to begin with a lower dose to determine
tolerance (Strant et al., 2019).
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CONCLUSION

RJ's importance in apitherapy applications lies in its rich nutritional composition and its wide range of
potential health benefits. Its anti-inflammatory, antioxidant, immune-boosting, and antimicrobial properties
make it a valuable natural remedy for various health conditions. Additionally, RJ's ability to support skin health,
balance hormones, improve neurological function, and enhance cardiovascular health underscores its
therapeutic potential. The impact of bee products on health protection is much more important than treatment.
Bee products, which can prevent and cure such a large number and variety of health problems, can be used as
complementary applications in both preventive medicine and modern medicine, if they are Used under the
supervision of a doctor at the appropriate dose and period. RJ appears to be a good and useful agent that can be
used in these applications. It is important to consult a professional doctor or Apitherapist for advice on the use
of RJ, especially regarding product validation, specific and appropriate dosage and method of administration for
each disease. RJ can be used as a preventive treatment in the form of a cure as well as in treatment, depending
on the health status of the person and the progress of the disease, it must be applied under professional
evaluation. While more detailed in vitro and in vivo scientific research is needed to fully validate and understand
these benefits, RJ remains a promising component of apitherapy and human health.
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b. Abstracts should be written in English apart from manuscript and length is limited to a maximum of 200 words.

¢. Avoid from using author details, diagrams, references, and abbreviations except from commonly used ones in the manuscript.

d. Provide relevant keywords to a maximum 4-6 words leaving a linespacing after the abstract. Do not simply repeat words from the
abstract title only.

The full specific name; genus plus species, is italicized. Dots are used in the expression of decimals.

. "Figure" description contains graphs, photos, maps, pictures etc. while the other presentations of numbers in columns and

rows are described as "Table". Tables and figures should not be embedded in the text, but should be included as separate

pages. Color pictures or images should be submitted as separate files after adding a placeholder note in the running text

Any citation in your articles to at least one article among the previous papers published in our journal has great importance

for contribution to the application of Journal of Animal Production SCIENCE CITATION INDEX (SCI).

Style;

a.Manuscripts must be submitted in Word. All parts of the manuscript must be typewritten, single column, double-spaced,
with margins of at least one inch on all sides. The author must use a normal, plain font (e.g., 12-point Times Roman) for text and save the
paper in docx format (Word 2007 or higher). Number manuscript pages consecutively through-out the paper and not to exceed 20 pages in
total.

b. Text lines should also be numbered (continuously) to facilitate the review process.

c. The title of the article should be written size 14 point, bold, centered. Only the first letter of each words should be a capital and the rest in
lower case letters.

d. The names of the authors should be written in lower case letters; bold letters, point 12, centered and separated from the title by one line
space. The name(s) of the author(s) should be written with the surname in full and capital letters. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Specify by asterisk the corresponding author. Leave one line space and write the e-
mail author only, centered, point 10 characters.

e. A maximum number of three levels of headings are recommended. First-level headings should start in the left margin with the first letter of

each major word capitalized, bold, Times New Roman 12 pt font. Second-level headings should be bold, left margin, with only the first

letter of the first word capitalized. Third-level headings are discouraged, but, if required, should begin on the left margin, only the first
letter of the word should be a capital and the rest in lower case letters.

The main body of the manuscript should be double-spaced Times New Roman 12 pt font. All paragraphs should start at the left margin.

The text should be fully justified. There should be no hyphenation (cutting words). The authors are discouraged from highlighting text

with the use of bold or underlined fonts.

—h
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g. Academic and/or other professional institutions of the authors should be mentioned with 10 pt font using superscript on the number.

13. The system of “author and year” should be used for references in the manuscript except special cases. If there is more than
one reference, then the references should be given in chronological order. References in the text consist of the author(s) name
and publication year in parentheses, for example: Surnamel (2007), Surnamel and Surname2 (2005), Surnamel et al. (2003).
If several references are cited collectively, they are enclosed in parentheses with no additional parentheses around dates, and
separated by semicolons (SurnameA, 2002; SurnameB et al., 2008; SurnameC, 2008; SurnameD1 and SurnameD2, 2012).
Multiple entries for one author or one group of authors should be ordered chronologically, and multiple entries for the same
year should be distinguished by appending sequential lower-case letters to the year, even if the author groups are not
identical: e.g., Sonmez, R., Kandemir, C., and Taskin, T. 1999a; Sénmez, R., Kandemir, C., and Taskin, T. 1999b; S6nmez,
R., Kandemir, C., and Taskin, T 1999c. (because all will appear as " Sénmez et al., 1999" in the text).

14. References should appear together at the end of the paper, listed alphabetically by the last name of the first author. All
references cited in the text should be listed in the References section. If two or more references by the same author are listed,
the earliest dated work appears first. First letter of each word for the titles of the books and book chapters should be in
capital. Publishing number for Institutional publishing or publisher's name and address should be given. First line of the
reference should be at the beginning of paragraph and following lines must be drawn in of 0.5 cm. Journal titles must be
written in full.

Examples are given below of the layout and punctuation to be used in the references:

Article (all authors must be mentioned)

Foulley JL, Jaffrezic F, Robert-Granié C. 2000. EM-REML estimation of covariance parameters in Gaussian mixed
models for longitudinal data analysis. Genetics Selection Evolution 32:129-141.

Book

Lynch M, Walsh B. 1998. Genetics and analysis of quantitative traits, 1st edn., Sinauer Associates, Sunderland.

Chapter in a book

Somes RG. 1990. Mutations and major variants of muscles and skeleton in chickens. In: Crawford R. (Editor)
Poultry breeding and genetics, Elsevier, Amsterdam, pp. 209-237.

Symposium or congress paper

Villanueva B, Wooliams JA, Simm G. 1998. Evaluation of embryo sexing and cloning in dairy cattle nucleus
schemes under restricted inbreeding, in: Proceedings of the 6th world congress on genetics applied to
livestock production, 11-16 January 1998, Vol. 25, University of New England, Armidale, pp. 451-454.

Web sources (Authors, date and article name if available. Full URL address. Date of access)

Rayens B. Practical nonparametric statistics http://www.ms.uky.edu/~rayens/teaching/sta673/sta673.html (15 April
2004).

Efe E, Bek Y, Sahin M. 2000. SPSS’te ¢6ziimleri ile istatistik yontemler. http://www.ksu.edu.tr/kisisel/eefe/spss.pdf
(15 April 2004).

The corresponding author must submit the manuscript electronically to http://dergipark.gov.tr/hayuretim/ with additional
attachment files as:

a) Application Letter

b) Copyright Release Form

After two referees’ evaluations of the article, result sent to the corresponding author. Accepted articles are edited again and page
proofs (as PDF files) sent by e-mail to the corresponding author. Authors will be charged to cover partially the costs of
publication. The cost for publication; research articles sent from the other countries are free. One copy of the published journal

sent to the corresponding author.

Dog Dr Cagri KANDEMIR (Journal of Animal Production Editor in Chief)

Ege Universty, Faculty of Agriculture, Deperment of Animal Science
35100 Bornova, izmir-TURKEY
e-mail: cagri.kandemir@ege.edu.tr ; Tel: (232) 311 2917; Faks: (232) 388 18 67
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&

Hayvansal Uretim Yazim Kurallari

Hayvansal Uretim Dergisinde hayvancilik ile ilgili orijinal arastirmalar ve yeni bilgileri kapsayan, bircok kaynaga dayali belirli

bir sentez iceren oOzgiin derlemeler yaymlanir. Calisma Tiirkce veya Ingilizce yazilmis ve daha once higbir dergide

yaymlanmamis veya yayma gonderilmemis olmalidir.

1.
2.

10.

11.

12.

13.

Dergi Haziran ve Aralik aylarinda olmak iizere yilda iki say1 olarak yayimlanir.

Dergide Zootekni Biliminin tiim alanlarinda (temel bilimler, hayvan yetistiriciligi, hayvan refahi, genetik, biometri, hayvan
besleme ve beslenme hastaliklari, gida hijyeni ve teknolojisi vb) hazirlanan, daha 6nce yayimlanmamis 6zgiin arastirma
makaleleri ve kongre kitaplarinda 6zet metni basilmig olan arastirma makaleleri ve derlemeler yayimlanir. Kisa notlar ve
editore mektup kabul edilmez

Ayni sayida bir yazarin ilk isim oldugu en fazla iki makalesine yer verilir.

Yazarlara telif licreti ddenmez. Basima kabul edilen makalelerden web sayfasinda belirtilen
(http://dergipark.gov.tr/hayuretim ) basim ticreti alinir.

Makalelerin bilimsel sorumluluklar1 yazarlarina aittir.

Makale bagvurular1 http://dergipark.gov.tr/hayuretim adresinden yapilir.

Arastirma makaleleri Tiirkge veya Ingilizce dillerinden birisi ile genel olarak; Baslik, Ozet, Abstract, Ingilizce ve Tiirkce

Anahtar Sozciikler, Girig, Materyal ve Yontem, Arastirma Bulgulari, Tartisma, Sonug, Kaynaklar ana basliklar1 altinda

hazirlanmalidir. Istenirse Arastirma Bulgulari ve Tartisma béliimleri tek baslik altinda yazilabilir.

“Ozet” ve “Abstract” caligmanin kisa amaci, materyal ve metod, énemli arastirma bulgulari ile sonucu igeren yapilandirilmig

diizende olmalidir.

a. Yurt disindan gelecek makalelerde bulunan “Abstract”larin Tiirkge “Ozet” gevirisi editér kurulu tarafindan yapilacaktir.

b. “Ozet” ve “Abstract” en ok 200 sozciik olmalidir ve ana metinden ayr1 olarak konumlandiriimahdir.

c. Kisaltmalar, diyagramlar ve literatiirler “Ozet” ve “Abstract” da yer almaz.

d. “Ozet” ve “Abstract’dan bir satir bosluk birakildiktan sonra 4 - 6 szciik olmak iizere “Anahtar Kelimeler” ve “Key Words” yer almali
ve baslikta gegen kelimelerden farkli olmalidir.

Makalede yer alan tiirlerin bilimsel isimleri italik karakterde olmali ve ondalik sayilar nokta isareti ile ayrilmalidir.

Grafik, harita, fotograf, resim ve benzeri sunuglar "Sekil", sayisal degerlerin verilisi "Cizelge" olarak isimlendirilmelidir.

Sekil ve Cizelgelere ait Tiirkce isimlendirmelerin altinda Ingilizce isimlendirmeler de yer almalidir. Verilen tiim ¢izelge ve

resimlere metin igerisinde atif yapilmali ve sekil ve ¢izelgeler makale sonunda ayri ayri sayfalarda verilmelidir.

Hayvansal Uretim’ de yayimlanacak arastirma ve derleme makalelerinde derginin daha onceki sayilarinda yayimlanan en az

bir yayma atif yapilmasi 6nem arz etmektedir.

Makale diizeni;

a. Microsoft Word yazilimiyla (docx format; Word 2007 ve iistii) Times New Roman yazi karakterinde ve tek siitun halinde toplam 20
sayfay1 gecmeyecek sekilde, A4 kagidina kenarlarda 2.5 cm bosluk olacak sekilde ¢ift satir aralikli yazilmalidir.

b. Makalede her sayfaya numara verilmeli ve satirlar siirekli sekilde satir numaralari igermelidir.

c. Makalenin Tiirkge ve Ingilizce bashigi koyu, 14 punto, ortali ve ilk harfleri biiyiik olacak sekilde kiiciik harflerle yazilmahdr.

d. En fazla 3. diizeyde boliim bagliklar1 kullanilmalidir. Birinci diizey basliklar sola yasli, koyu, 12 punto ve her kelimenin ilk harfi bityiik
olmalidir. ikinci diizey bashiklar koyu, sola yasl ve yalniz ilk kelimenin ilk harfi biiyiik olmahdir. Ugiincii diizey bagliklar her ne kadar
Onerilmese de eger gerekli ise kullanilabilir ve sola yasl ve sadece ilk kelimenin ilk harfi bilyiik sekilde yazilmalidir.

e. Metnin ana govdesi ¢ift aralikli, Times New Roman, 12 punto ve iki yana yasl yazilmalidir. Tiim paragraflar sol kenardan baslamalidir.
Metin tiimiiyle iki yana yasli hizalanmalidir. Higbir heceleme olmamahidir. Kalin veya alt1 ¢izili yazi kullanimi ile metin vurgulama
onerilmez.

f. Yazar/yazarlarin isimleri, makale bagliginin altinda bir satir bosluktan sonra iinvan belirtilmeden koyu 12 punto ile 6n ismi agik ve kiigiik
harfle, soyadi biiyiik harfle ve sekme (tab) ile bosluk birakilarak yazilmalidir.

g. Yazarlarla ilgili akademik ve/veya diger profesyonel kurumlari rakam iist simgesi kullanilarak 10 punto ile belirtilmelidir.
Ayrica sorumlu yazarin elektronik posta adresi ayr bir satirda yildiz isareti ile gosterilmelidir.

Makale i¢indeki atiflarda 6zel durumlar diginda “yazar ve tarih” sistemi kullanilmalidir. Birden ¢ok kaynaga ayni anda atif

yapilacaksa yaymlar noktal virgiil ile ayrilmalh ve kronolojik sira ile verilmelidir. Ornegin: (SoyadiA, 2002; SoyadiB ve
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ark., 2008; SoyadiC, 2008; SoyadiD1 ve SoyadiD2, 2012). iki yazarli eserlerde yazar isimleri “ve” ile ayrilmali, cok yazarli
eserlerde “ve ark.” (yabanci dildeki kaynaklarda ise “et al.”) kullamlmahdir. Ormegin: Soyadil (2007), Soyadil ve Soyadi2
(2005), Soyadil ve ark. (2003). Birden fazla yazarli veya tek yazarli yaymlarin ¢oklu kullaniglarinda tarihsel siralanmali,
ayni yilda bir ¢ok yaymin kullanilmasinda (yazar gruplari aym olmasa bile) ise kiiciik harf ile ayrilmalidir. Ornegin:
Sonmez, R.,Kandemir, C., and Taskin, T. 1999a; S6nmez, R.,Kandemir, C., and Taskin, T. 1999b; Sonmez, R., Kandemir,
C., and Tagkim, T 1999c¢ (¢linkii metin i¢inde hepsi " Sonmez ve ark., 1999" olarak gececektir).

14. Metin i¢inde anilan biitiin literatiir, “Kaynaklar Listesi” nde yer almalidir. Kaynaklar listesi alfabetik sirada ve yazar-tarih
sistemine gore verilmelidir. Aynt yazarin iki veya daha fazla yaymi kullanilmis ise Kaynaklar Listesinde eski tarihli yaymn
once verilmelidir. Kitap ve kitap boliimiiniin adinin her kelimesinin ilk harfi biiyiik harf olmalidir. Bir kurulusun yayinlar
ise yaym numarastyla verilmeli, degilse basildig1 matbaa ad1 ve sehri belirtilmelidir. Literatiiriin yayimlandig1 dergi adi
kisaltma yapilmadan agik olarak yazilmalidir. Kaynaklarin yazilisinda ilk satir sola yaslanmali, izleyen satirlar 0.5 cm igeri

cekilmelidir. Literatiir yazim sekli i¢in rnekler asagida verilmistir.

Kaynak makale ise:

Altan O, Oguz 1, Akbas Y. 1998. Japon bildircinlarinda (Coturnix coturnix japonica) canli agirlik ydniinde yapilan
seleksiyonun ve yasin yumurta ozelliklerine etkileri. Turkish Journal of Veterinary and Animal Sciences
22(6):467-473.

Kaynak kitap ise:
Diizgiines O, Eligin A, Akman N. 1991. Hayvan 1slah1. 2. Bask1, Ankara Universitesi Ziraat Fakiiltesi Bask1 Unitesi,
Ankara.

Kaynak bir kitaptan boliim ise:
Karaca O. 1997. Kegilerde yetistirme isleri. Editor: Kaymak¢i M, Askm Y. Kegi yetistirme. Baran Ofset, Ankara,
5.102-114.

Kaynak sempozyum veya kongre makalelerinden ise:
Akbulut O, Bayram B. 1999. Buzagilarda yas-agirlik-yem tiiketimi iliskisinin fonksiyonel analizi. Uluslararasi
Hayvancilik’99 Kongresi, 21-24 Eyliil 1999, Ege Universitesi Ziraat Fakiiltesi, [zmir, s.52-58.

Kaynak Web sitesi ise (varsa yazarlar, yayimin tarihi ve belgenin adi. Tam URL adresi ve Erigim tarihi):

Rayens B. 2004. Practical nonparametric statistics http://www.ms.uky.edu/~rayens/teaching/sta673/sta673.html (15
Nisan 2004).

Efe E, Bek Y, Sahin M. 2000. SPSS’te ¢6ziimleri ile istatistik yontemler. http://www.ksu.edu.tr/kisisel/eefe/spss.pdf
(15 Nisan 2004).

Makaleler, DergiPark (http://dergipark.gov.tr/hayuretim) iizerinden isleme alinir ve konusunda uzman iki hakem tarafindan
degerlendirilir. Calismalarin bilimsel etik agidan her tiirlii sorumlulugu yazarlara aittir. Hakem goriislerine {i¢ ay icinde cevap

verilmeyen caligmalar, degerlendirme dis1 birakilir.

Hayvansal Uretim dergisinin zamaninda ve diizenli olarak yayinlanabilmesi icin derginin basim masraflar1 yazarlardan talep

edilmektedir. Hakem degerlendirmeleri sonucu kabul edilen ¢aligmalar, bu asamadan sonra geri ¢ekilemez. Basim gekline gore
yeniden diizenlenen ¢alisma, son kontrol i¢in sorumlu yazara gonderilir. Basim iicreti 400 TL’ dir ve basim 6ncesi yazar(lar)a
bildirilerek talep edilir. Basim masrafi 6denmeyen ¢alisma yayinlanmaz. Basima kabul edilen makalelerin yaymlandig dergi,

Dog Dr Cagri KANDEMIR (Hayvansal Uretim Dergisi Bag Editérii)

Ege Universitesi Ziraat Fakiiltesi Zootekni Boliimii 35100 Bornova-iZMiR
e-posta: cagri.kandemir@ege.edu.tr ; Tel: (232) 311 2917; Faks: (232) 388 18 67

yazar sayis1 kadar yazisma yapilan yazara gonderilir.
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COPYRIGHT RELEASE FORM
Ege Animal Science Association
Journal of Animal Production

The undersigned authors warrant that the article submitted to the Journal of Animal Production is original, is not
under consideration by another journal, has not been previously published or that if it has been published in whole or
in part, any permission necessary to publish it in Journal of Animal Production has been obtained and provided to
the editor of Journal of Animal Production together with the original copyright notice. We sign for and accept
responsibility for releasing this material.

Copyright to the above article is hereby transferred to Turkish Animal Science Association, effective upon
acceptance for publication. However, the following rights are reserved by the authors:

1. All proprietary rights other than copyright, such as patent rights,

2. The right to use, free of charge, all or part of this article in future works of their own, such as books or lectures,
and

3. The right to reproduce the article for their own purposes provided the copies are not offered for sale.

In all of the above cases, the article's publication the Journal of Animal Production must be appropriately stated as a
complete reference.

To be signed by all authors:

NaME: ..o Signature:...........cocoveiiinnin. Date
Name:.....oiiii Signature:...........cocoveiinnin. Date
NaAME: ..ot Signature:............ooeeiiiinn.n. Date
NaAME: ..o Signature:..........c.coeeiiinann... Date
NaAME: ..ot Signature:............oooeeiiinn... Date
NaAME: ..o Signature:..........coeeviiian.n. Date

Telephone: ..., FaX & e e-mail ©cooii,

Note: Please complete and sign this form and send it with your manuscript to the Editor of Journal of Animal
Production, Ege University Faculty of Agriculture, Department of Animal Science, Bornova, 35100 Izmir,
TURKEY.
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TELIF HAKKI DEVIR FORMU
Ege Zootekni Dernegi
“Hayvansal Uretim”

(Makale Adi):

Biz asagida imzalar1 bulunan yazarlar, sundugumuz yukarida ayrintilar1 yazili makalenin orijinal oldugunu, daha
once yaymlanmadigini, baska herhangi bir dergiye yaynlanmak {izere gonderilmedigini, eger tiimiiyle veya bir
boliimii yaymnland1 ise Hayvansal Uretim dergisinde yayinlanabilmesi igin gerekli her tiirlii iznin alidigm ve
orijinal telif hakki devri formu ile birlikte Hayvansal Uretim dergisi editorliigii’ne gonderildigini garanti ederiz.

Bu belge ile makalenin telif hakki Zootekni Dernegi’ne devredilmis, Hayvansal Uretim dergisi editorliigii makalenin
yaymlanabilesi konusunda yetkili kilinmistir. Bununla birlikte yazarlarin asagidaki haklar1 saklidir.

1. Telif Hakki disinda kalan patent v.b. biitiin tescil edilmis haklar,

2. Yazarin gelecekte yazacaklari kitap ve ders notu gibi caligmalarinda makalenin tiimii ya da bir boliimiinii iicret

6demeksizin kullanma hakki,
3. Makaleyi satmamak kosulu ile kendi amaglari i¢in ¢ogaltma hakki,

Fakat biitiin bu durumlarda makalenin Hayvansal Uretim dergisinde yaymlandigimni gosteren tam referans mutlaka

verilmelidir.

Biitiin yazarlar tarafindan imzalanmak tizere:

Adive Soyadi .......ooeiiiiii Imza:................. Tarih:..........ooooiiinl.
Adive Soyadii......oooviiiiiiiii Imza:..............oooeei, Tarih:...........cooooinials
Adive Soyadii......ooiiiiiii Imza:..............ooeil Tarih:..........ooeeeinnl.
Adive Soyadii......oooiiiiiiiiii Imza:................. Tarih:..........ooooeiiial,
Adive Soyadii......oooviiiiiiiii Imza:..............oooeei, Tarih:...........cooooinials
Adive Soyadii....cooiiiiiii Imza:..............ool. Tarih:..........ooeeeinnl.
Adive Soyadii......oiiiiiiiii Imza:..............ooil. Tarih:..........oooeiial,

Not: Bu formu doldurup, imzalayarak ilk bagvuru sirasinda makale ile birlikte dergi editdriine gonderiniz.
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