-
—

4" INTERNATIONAL CONGRESS

NEW PERSPECTIVES AND CHALLENGES
OF SUSTAINABLE LIVESTOCK PRODUCTION

Belgrade, Serbia 7" - 9" October 2015




Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7-9, 2015

Editorial Council

Prof. Dr Milica Petrovi¢, president
Prof. Dr Lidija Peri¢, full prof.

Prof. Dr Vojislav Pavlovi¢, full prof.
Dr. Zoran Lugié¢, science advisor

Editor’ sOffice

Prof. Dr. Martin Wéhner, Germany
Dr. Milan P. Petrovi¢, Serbia

Dr. Zorica Tomi¢, Serbia

Dr. Maya Ignatova, Bulgaria

Dr. Milan M. Petrovi¢, Serbia
Prof. Dr. Kazutaka Umetsu, Japan
Prof. Dr. Dragan Glamoci¢, Serbia
Prof. Dr. Vigilijus Jukna, Lithuania
Dr. Elena Kistanova, Bulgaria

On behalf of publisher

Milan M. Petrovi¢, PhD, Principal Research Fellow,
Director of the Institute for Animal Husbandry,
Belgrade-Zemun, Serbia

Editor in Chief

Zdenka Skrbi¢, PhD, Senior Research Associate,
Institute for Animal Husbandry, Belgrade-Zemun, Serbia
Deputy Editor in Chief

Dragana Ruzi¢-Musli¢, PhD, Senior Research Associate,
Institute for Animal Husbandry, Belgrade-Zemun, Serbia

L anguage editor
Olga Devecerski, grad. prof.

Address of the Editor’s office

Dr Miroslav Blagojevi¢
Dr Branka Vidi¢, science advisor

Prof. Dr. Wladyslaw Migdal, Poland

Prof. Dr. Colin Whitehead, United Kingdom
Dr. Branislav Bobéek, Slovak Republic
Prof. Dr. Sandra Edwards, United Kingdom
Dr. Vojislav Mihailovi¢, Serbia

Prof. Dr. Giacomo Biagi, Italy

Prof. Dr. Stelios Deligeorgis, Greece

Prof. Dr. Hasan Ulker, Turkey

Dr. Catalin Dragomir, Romania

Section Editors

Geneticsand breeding

Cedomir Radovi¢, Ph.D, Research Associate
Reproduction and management

Vlada Panteli¢, Ph.D, Senior Research Associate
Nutrition and physiology of domestic animals
Dragana Ruzi¢-Musli¢, Ph.D, Senior Research
Associate

Food safety, technology and quality of animal
products

Nikola Stani$i¢, Ph.D, Research Associate
Sustainability of feed production and ecology
Zorica Bijeli¢, Ph.D, research fellow
Alternative production in livestock

Dusica Ostoji¢-Andri¢, Ph.D, Research Associate

Institute for Animal Husbandry, Autoput 16, P. Box 23, 11080

Belgrade-Zemun, Republic of Serbia

Tel. 381 11 2691 611,2670 121; Fax 381 11 2670 164; e-mail:

biotechnology.izs@gmail.com; www.istocar.bg.ac.rs
Circulation 200 copies.

The publication of this journal is sponsored by the Ministry of

Education and Science of the Republic of Serbia.

Printed: Institute for Animal Husbandry, Autoput 16, P. Box 23,

11080 Belgrade-Zemun, Republic of Serbia

ISBN 978-86-82431-71-8



ISBN 978-86-82431-71-8

o)

INSTITUTE FOR ANIMAL HUSBANDRY
BELGRADE - SERBIA

4" INTERNATIONAL CONGRESS

PROCEEDINGS

NEW PERSPECTIVES AND CHALLENGES
OF SUSTAINABLE LIVESTOCK PRODUCTION

Belgrade, Serbia 7" - 9" October 2015
www.istocar.bg.ac.rs

Number of copies - 200 electronic copies




)

PATRON

Ministry of Education, Science and Technological
Development of the Republic of Serbia

ORGANIZER

Institute for Animal Husbandry

Autoput 16, P. Box. 23, 11080, Belgrade-Zemun, Serbia

Tel: +381112691611; +381 11 2670 121; +381 11 2670 541;
Fax: + 381112670 164;

biotechnology.izs@gmail.com

www.istocar.bg.ac.rs

EDITOR INSTITUTE FOR ANIMAL HUSBANDRY
For Editor Milan M. PETROVIC, Ph.D
Editor in Chief Zdenka SKRBIC, Ph.D




INTERNATIONAL SCIENTIFIC COMMITTEE

CHAIRMAN Prof. Dr. Martin Waehner, Germany
SECRETARY Dr. Zorica Tomic, Serbia
MEMBERS Dr. Milan M. Petrovi¢, Serbia

Dr. Milan P. Petrovi¢, Serbia
Dr.Vlada Pantelic, Serbia
Prof. Dr. Milica Petrovic, Serbia
Prof. Dr. Dragan Glamocic, Serbia
Academician Vasily Andreevich Moroz, Russia
Prof. Dr. Marina I. Selionova, Russia
Prof. Dr. Giacomo Biag, Italy
Prof. Dr. Antonella Dalle-Zotte, Italy
Prof. Dr. Liu Di, China
Dr. Bucky Gwartney, USA
Prof. Dr. Ali M. Ahmed, Egypt
Dr. Giuseppe Bee, Switzerland
Dr. Rosa Nieto, Spain
Prof. Dr. Drago Kompan, Slovenia
Prof. Dr. Marjeta Candek-Potokar, Slovenia
Dr. Silvia Orosz, Hungary
Prof. Dr. Elena Kistanova, Bulgaria
Prof. Dr. Maria Ivanova, Bulgaria
Prof. Dr. Maia Ignatova, Bulgaria
Dr. Zoran Lukovic, Croatia
Prof. Dr. Vigilijus Jukna, Lithuania
Prof. Dr. Wladyslaw Migdal, Poland
Dr. Ivan Bahelka, Slovakia
Prof. Dr. Yalgin Bozkurt, Turkey
Prof. Dr. BoZidarka Markovi¢, Montenegro
Dr. Branka Vidic, Serbia
Dr. Snezana Trivunovi, Serbia
Dr. Zdenka Skrbi¢, Serbia
Dr. Dragana Ruzi¢-Musli¢, Serbia
Dr. Milo3 Luki¢, Serbia
Dr.Vesna S. Krnjaja, Serbia




)

ORGANIZING COMMITTEE

CHAIRMAN Dr. Milan M. Petrovi¢
SECRETARY Dr. Dusica Ostoji¢ Andri¢
Dr.Cedomir Radovi¢
MEMBERS Dr.Violeta Caro Petrovi¢
Dr. Zorica Bijeli¢
Dr.Violeta Mandi¢

Dr. Aleksandar Stanojkovi¢
Dr. Nikola Stanisi¢
Dr.Nevena Maksimovi¢
Dr.Veselin Petricevi¢

Prof. Dr. Slavca Hristov
Prof. Dr. Mirjana Duki¢-Stojci¢
Prof. Dr. Zoran lli¢

Dr. Dobrila Jaki¢-Dimi¢
Doc. Dr. Predrag Peridi¢
Doc. Dr. Aleksandar Simic
Dr. Slobodan Lili¢
Dr.TanjaVasi¢

Doc. Dr.Tanja Petrovi¢




CONGRESS SECRETARIAT

CHAIRMAN
MEMBERS

Dusica Ostoji¢ Andri¢

Nikola Deli¢
Dragan Niksi¢
Marina Lazarevi¢
Marija Gogic

Maja Petricevi¢
Nenad Mici¢

Olga Devecerski
Stanislav Marinkov
Slavko Maleti¢




CONTENTS

INVITED PAPERS

M.P. Petrovi¢, M.M. Petrovi¢, V. Panteli¢, V. Caro Petrovi¢, D.
Ruzié-Musli¢, M.1. Selionova, Z. 1li¢, N. Maksimovié

TREND AND CURRENT SITUATION IN ANIMAL
HUSBANDRY OF SERBIA (Serbia)..........ccoceeeeueieeiesenenns

M. Waehner
TRENDS FOR THE MANAGEMENT IN LIVESTOCK
FARMING (GEIMENY)....cciieiieieeseeseesee e e sreesseeseeeseeenees

V. Pantelic, S. Kosti¢, D. Ostoji¢ Andric, M.M. Petrovi¢, D.
Niksié, M. Lazarevié, N. Miéi¢, Z. Novakovié

THE IMPACT OF IMPORT OF BREEDING
SIMMENTAL COWS ON IMPROVEMENT OF
PRODUCTION PERFORMANCE IN DOMESTIC
POPULATION (Serbia)..........ccoiieiriieieieeiee e e e e e o

Y. Bozkurt, T. Aydogan, C.G. Tuzun, N. Mikail, S. Varban, C.
Dogan, M. Tatli

SOME APPLICATIONS OF ARTIFICIAL NEURAL
NETWORKS USED FOR BEEF CATTLE PRODUCTION
(TUFKEY) .. e et et et et et et et et e et e et e e e e e e e e

B. Vidi¢, S. Savié, S. Bobos, N. Prica, M. Radinovi¢, M. Paji¢
EMERGING DISEASES AND ZOONOSES: GLOBAL RISK
FOR ANIMAL AND HUMAN HEALTH (Serbia).................

S. Hristov, B. Stankovié, D. Ostoji¢ Andri¢, M. Cincovi¢, Z.
Zlatanovi¢, N. Maksimovié, M. Lazarevié

WELFARE AND BEHAVIOUR IN RELATION TO DISEASE
OF DAIRY COWS (Serbia) ... ... ... oo v veieeaeie e e e e e e

D. Ostoji¢ Andrié¢, S. Hristov, M.M. Petrovié, V. Pantelié, J.
Bojkovski, 7. Novakovié¢, M. Lazarevié, D. Nik§ié

HOUSING CONDITIONS AND WELFARE OF DAIRY COWS
IN SERBIA (Serbia).......cc.vvvieeiieier it e e et e e e e v v

M.1. Selionova, M.M. Aybazov, T.V. Mamontova, M.P. Petrovic
RESULTS OF FOLLICULOGENESIS INDUCTION AND
PRODUCTION OF EMBRIOS FROM SAANEN GOATS
(RUSSTIA) ... cov o et e et et et e et et e e e et e et et e e e et e e

1-7

8-19

20-29

30-36

37-45

46-61

62-73

74-82



D. Ruzié-Musli¢, Z. Bijelic, V. Caro Petrovi¢, Z. Skrbié, A.
Cividini, D. Bojkovski, M. Simci¢, D. Kompan

CONSERVATION OF AUTOCHTHONOUS SHEEP BREEDS
IN SERBIA AND SLOVENIA (Serbia).........ccccovuvieeeeenennnn.

N. Maksimovié, N. Deli¢, B. Stankovié¢, S. Hristov, M.P. Petrovié,
V. Caro Petrovié, D. Ruzi¢-Musli¢, N. Mic¢i¢

OESTRUS SYNCHRONIZATION EFFICIENCY AND
FERTILITY IN EWES OF MIS SHEEP POPULATION
DURING ANOESTROUS AND BREEDING SEASON (Serbia)

V. Caro Petrovi¢, M.P. Petrovi¢, M.M. Petrovi¢, D. Ruzié-Muslic,
N. Maksimovié, Z. Bijeli¢, N. Mic¢i¢, D. Ostoji¢ Andri¢
ASSOCIATION BETWEEN BODY WEIGHT AND SOME
MORPHOMETRIC MEASUREMENT OF MATERNAL MIS
SHEEP (S€rbic) ... ... oo ov oo iercie e e et e e e e e e e e e e

B. Markovi¢, R. Mumovié, M. Markovié

MORPHOMETRIC CHARACTERIZATION OF THE
DOMESTIC HILLY HORSE POPULATION IN
MONTENEGRO (Montenegro) ... ..........c.oueveeceeeesveeceeee e

M. Waehner, H. Pingel, R. Mueller

HORMONAL REGULATION OF GROWTH OF DOWNS AND
FEATHERS OF DOMESTIC YOUNG GEESE UP TO THE
AGE OF 30 WEEKS AND THEIR QUALITY (Germany).......

M. Waehner, H. Pingel, S. Haidong

EFFECT OF PROLONGED STORAGE OF EGGS OF PEKING
DUCKS WITH PERIODICAL WARMING ON INTERNAL
EGG QUALITY AND HATCHABILITY (Germany).............

Z. Skrbi¢, M. Lukié, S. Bogosavljevié-Boskovié, S. Rakonjac, V.
Petricevié¢, V. Doskovié, A. Stanojkovic

IMPORTANCE OF FARM MANAGEMENT IN REDUCING
BROILERS SKIN LESIONS (Serbia).........ccovevivveeveseervvaen.

A. Dalle-Zotte, M. Cecchinato, G. Tasoniero, H. Remignon, E.
Catelli, M. Cullere, E. Puolanne

EFFECT OF “WOODEN BREAST” APPEARANCE ON
POULTRY MEAT QUALITY, HISTOLOGICAL TRAITS AND
LESIONS CHARACTERIZATION (Ttaly).......ccccvvvev e e

83-103

104-112

113-123

124-132

133-139

140-144

145-158

159-167



T. Popova, M. Ignatova, E. Petkov
LIPID COMPOSITION OF MEAT IN MALE LAYER-TYPE
CHICKENS AT DIFFERENT AGE (Bulgaria)......................

V. Petricevié, M. Lukié, Z. Skrbi¢, 7. Joki¢, D. Vitorovié, S.
Rakonjac, M. Petricevi¢, A. Stanojkovié

THE EFFECT OF RAW SOYBEAN IN THE FINAL
MIXTURES FOR BROILER CHICKENS ON THE
PERFORMANCE AND CARCASSYIELD (Serbia)...............

M. Luki¢, Z. Skrbi¢, C. Radovié, V. Krnjaja, N. Stanisi¢, V.
Petricevi¢c, M. Gogic

BIOMASS UTILIZATION SYSTEMS FOR SERBIAN
LIVESTOCK FARMERS — POTENTIALS AND REALITY
(SEFDIQA) ... ... oo ie e et et e e e e e e e e e e e e e e

1. Bahelka, O. Bucko, E. Hanusova, P. Demo

MEAT QUALITY AND SENSORY ACCEPTABILITY OF
PORK AND FAT FROM ENTIRE MALE, CASTRATED AND
FEMALE PIGS (Slovakia)................. oo coieee e e e e,

W. Migdal, M. Zajqc, E. Wesierska, J. Tkaczewska, P. Kulawik,
M. Walczycka, B. Prudel, £.. Migdal, A. Migdat

THE LEVEL OF POLYCYCLIC AROMATIC HYDRO
CARBONS IN FOOD - TRADITIONAL SMOKING OF MEAT
AND MEAT PRODUCTS (Poland)..............ccccceeeee e

N. Stanisié¢, D. Zivkovié, M. Petrovié, M. Petricevié, C. Radovié,
M. Gogic¢, A. Stanojkovié

THE EFFECTS OF FEEDING PIGS WITH CONJUGATED
LINOLEIC ACID ON MEAT QUALITY (Serbia)....................

T. Solevié-Knudsen, N. Stanisi¢

COMPARISON OF THE FATTY ACID COMPOSITION OF
FIVE DIFFERENT FAT TISSUES IN SWEDISH LANDRACE
PIG (Serbic) ... ... ..o oo oo e e et et et et et et e e e e e e e e

S. Lili¢, D. Vranié
SALT REDUCTION IN MEAT PRODUCTS — BETTER AND
HEALTHIER FUTURE (Serbia)..........cccovevveieee e e

V. Tomovié, M. Jokanovié, B. S'ojic', S. S‘kaljac
MINERAL LEVELSIN EDIBLE OFFAL FROM PIG (Serbia)..

168-175

176-184

185-195

196-206

207-223

224-235

236-245

246-262

263-272



C. Radovié, M. Petrovié, N. Brkié, N. Parunovié, D. Radojkovic, 1.
Radovié, R. Savié, M. Gogié.

RELIABILITY OF THE PIGLOG ASSESSMENT OF
MEATINESS AND CORRELATION OF CARCASS QUALITY
PROPERTIES (Serbia)...

N. Oksbjerg, U. Krogh, P. Kappel Theil
INTERVENTIONS TO PREVENT INTRAUTERINE GROWTH
RESTRICTION (Denmark)... ... ... ....c.ccoeeieiees e e

J.M. Garcia Casco, L. Silio, M.C. Rodriguez
THE IBERIAN PIG BREED: POPULATION, PRODUCTION
SYSTEMS AND BREEDING PROGRAMS (Spain)... ... .........

Z. Lukovié, D. §k0rput

CONNECTEDNESS BETWEEN MANAGEMENT UNITS AND
RELIABILITY OF ACROSS HERD EVALUATION IN
LANDRACE AND LARGE WHITE PIGS (Croatia)... ............

G. Bee
NUTRITIONAL CHALLENGES |IN ENTIRE MALE
PRODUCTION (Switzerland)..............ccccoovvueeceecienianianeannnn,

J.F. Aguilera, L. Lara, M. A. Aguinaga, R. Barea, J.A. Conde-
Aguilera, R. Garcia-Valverde, P. Palma-Granados, R. Nieto

AN OVERVIEW OF PROTEIN NUTRITION OF THE PURE
IBERIAN PIG (Spair) ... ... .. ccoee et et e et e et e et e e,

M. Candek-Potokar, N. Batorek-Luka¢, E. Labussiére
IMMUNOCASTRATION IN PIGS (Slovenia)... ..........cc..uc....

A. Stanojkovié, M.M. Petrovi¢, N. Stanisi¢, N. Deli¢, V. Mandic,
M. Petricevi¢, V. Petricevi¢, A. Stanojkovic-Sebic
STREPTOCOCCUS SUIS, MOST COMMON SEROTYPES
ISOLATED FROM DISEASED PIGLETSIN SOME FARMSIN
SERBIA (Serbia).......ccovvviee et iee e e et e e et e e

Sz. Orosz, D.R. Davies
STORAGE OF PERISHABLE WET BY-PRODUCTS FED BY
RUMINANTS (HURZATY) .. v ee e ettt e et e e e e e e

N. Dordevi¢, G. Grubié, A. Bozickovié, B. Stojanovié¢
ASPECTS OF LUCERNE PROTEIN VALUE |IN
CONTEMPORARY ANIMAL FEEDING (Serbia).................

273-283

284-287

288-295

296-302

303-312

313-323

324-335

336-343

344-362

363-380



A. Simic, S. Vuckovi¢, Z. Tomié, Z. Bijeli¢, V. Mandié, 1. Krga
MANAGEMENT OF PERMANENT GRASSLANDS IN
SERBIA: EVALUATION OF CURRENT FERTILIZER
PRACTICE (Serbi@) ... ... .. v oveiee et ee e e vt it vae ae et v vee aenes

Z. Bijeli¢, V. Mandi¢, D. Ruzi¢-Musli¢, Z. Tomié, V. Krnjaja, V.
Petricevié, M. Gogi¢, W. de Souza Filho

EFFECTS OF NITROGEN FERTILIZATION  AND
INOCULANT ON NUTRITIVE VALUE AND
FERMENTATION CHARACTERISTICS OF WHOLE CROP
MAIZE SILAGE (Serbia)..........c.ccocoeieeiee e e e e e e e e

V. Mandic¢, V. Krnjaja, Z. Tomié, Z. Bijeli¢, A. Simi¢, S. Pordevic,
A. Stanojkovié, M. Gogié

EFFECT OF WATER STRESS ON SOYBEAN PRODUCTION
(SEFDIQ) ... ... ..o oo e e e e e e e et et et et et s s e e e e e e e e

ORALLY PRESENTED PAPERS

B. Stankovi¢, S. Hristov, Z. Zlatanovié, J. Bojkovski, 1. MiloSevi¢-
Stankovi¢, N. Maksimovié

RESPIRATORY DISORDERS AND BIOSECURITY ON
DAIRY FARMS (Serbia) ..........ccoccviiueeeieiieiie e e e e

M. Paji¢, S. Bobos, M. Radinovi¢, B. Vidi¢
STAPHYLOCOCCUS AUREUS - IMPACT ON UDDER
HEALTH AND MILK SAFETY (Serbia).........cccoveeveuuvieennn.nn.

J. Bojkovski, B. Stankovi¢, D. Ostoji¢ Andri¢, D. Bojkovski, N.
Zdravkovié, A. Vasié, D. Milanov

HEALTH DISORDERS OF CALVES AND COWS IN TIE-
STALLSHOUSING SYSTEM (Serbia)..........coceeeeivinniee e

AM. Ahmed, M.1. Mohammady
APPLYING SYSTEM APPROACH TO DEVELOP MIXED
FARMING SYSTEM IN RECLAIMED DESERT LANDS IN

Sh. Bohlooli, S. Bozoglu, F. Cedden
THE BLOCK OF ZYGOTE DEVELOPMENT IS RELATED
WITH CULTURE CONDITION (Turkey) .........cecevvveeveeeeeen e

381-393

394-404

405-414

415-427

428-439

440-456

457-469

470-480



A. Cividini
INFLUENCE OF PrP GENOTYPE ON MILK PRODUCTION
TRAITSIN SLOVENIAN DAIRY SHEEP (Slovenia)...........

M. Kastelic, N. Siard, M. Fucko, D. Jordan
THE EFFECT OF WOLF AND BEAR ATTACKS ON
GROWTH IN LAMBS (Slovenia)...........cccc v eevesvecveee e e

1 Stojanov, A. Milovanovic, J. Prodanov Radulovié, R. Dosen, T.
Barna, J. Apic¢

FINDING PSEUDOMONAS AERUGINOSA IN SEEDS BOARS
AND POSSIBLE SOURCES OF INFECTION (Serbiaj............

POSTER SECTION |

N.M. Kosyachenko, A.V. Konovalov, E.A. Pivovarova, M.A.
Senchenko

THE INFLUENCE OF THE FACTOR «LIVE WEIGHT AT
THE FIRST CALVING» ON CONTROLLED SIGNS OF
PRODUCTIVITY AND DURATION OF ECONOMIC USE OF
COWS OF THE YAROSLAVL BREED AND ITS HYBRIDS
WITH HOLSTEIN (RUSSI@)....c.cievieieieiieeeveiveeeneeeaen

D. Niksi¢, V. Panteli¢, D. Ostoji¢ Andri¢, P. Perisic¢, N. Stanisic,
M. Lazarevié, N. Delié¢, M. Petricevié

VARIABILITY OF BODY DEVELOPMENT TRAITS IN
BUSHA COWS (Serbi@).......ocooeiiiiiiiiii i

M. Lazarevié, D. Niksi¢, D. Ostoji¢ Andri¢, V. Panteli¢, N.
Mabksimovié, N. Stanisié, D. Stanojevié, N. Mici¢

HERITABILITY AND REPEATABILITY OF FERTILITY
TRAITS OF HOLSTEIN-FRIESIAN BULLS MONITORED IN
PROGENY TESTING (Serbi@).......coovvvviie i,

R. Beskorovajni, R. Dedovic, Z. Novakovié¢, P. Stojié, D.
Stanojevic, Lj. Samolovac, N. Popovié, R. Zivkovié

IMPACT OF RELEVANT ENVIRONMENTAL FACTORS ON
THE PHENOTYPIC VARIABILITY OF MILK PRODUCTION
TRAITS OF BLACK-AND-WHITE DAIRY CATTLE IN THE
FIRST THREE LACTATIONS (Serbia@).......c.covviiieiaen .

481-487

488-494

495-503

504-512

513-519

520-529

530-539



D. Ivanovi¢, D. Jankovi¢, M. Radinovié, S. Trivunovic, Lj. Strbac,
D. Kucevi¢

ESTIMATION OF VARIANCE COMPONENTS AND
HERITABILITY FOR MILK TRAITS OF SSMMENTAL COWS
IN VOIVODINA (Serbid).......cccoeiiiieiie i i

1. Pavlovié, S. Ivanovi¢

THE INFLUENCE OF ENVIRONMENTAL FACTORS ON
THE OCCURRENCE OF GASTROINTESTINAL HELMINTHS
OF GOATSIN SERBIA (Serbi@)......ccoovvivvii i,

L. Peri¢, M. Pukicé-Stojcic, N. Milosevic, S. Bjedov
EFFECT OF DIFFERENT HOUSING SYSTEMS ON
QUALITY OF TABLE EGGS (Serhid).......covvvvevveiveiieeeennen

POSTER SECTION 11

S. Mitrovié, V. Permanovié, V. Peki¢, D. Zemcov, B. Vojnovic, T.
Pandurevi¢

INFLUENCE OF CAGE SYSTEM ON LAYING HEN
PRODUCTIVITY AND ON ECONOMY ASPECTS OF EGG
PRODUCTION (Serbi@).......ccovvvviiiii i e,

V. Doskovié, S. Bogosavljevié-Boskovié, Z. Paviovski, Z. Skrbic,
S. Rakonjac, V. Petricevi¢

EFFECT OF DIETARY PROTEASE SUPPLEMENTATION ON
CARCASS WEIGHT AND DRESSING PERCENTAGE OF
BROILERS (Serbia)........cooeieiiiii e

M. Pukicé-Stojcic, L. Perié, N. MiloSevi¢

EFFECTS OF DIFFERENT FORMS OF ZINC ON PLUMAGE
CONDITION AND FOOT PAD LESIONS OF BROILER
CHICKENS (Serbi@)......cov e e e

S. Popovié¢, Lj. Kostadinovi¢, N. Puvaca, J. Levi¢

GROWTH PERFORMANCE AND BLOOD BIOCHEMICAL
PARAMETERES OF BROILER CHICKENS FED DIET
INCLUDED MEDICAL HERBS MIXTURE (Serbia)..............

Z. Kanacki, S. Stojanovic, D. Ziki¢, G. Uséebrka
THE INFLUENCE OF EGGSHELL COLOR ON MEAT
COMPOSITION OF PHEASANTS (Phasianus colchicus)

540-548

549-557

558-564

565-573

574-581

582-587

588-597

598-604



S. Stoycheva, Ts. Hristova, P. Zunev, Y. Alexiev, Ts. Dimitrova
EVALUATION OF ADAPTIVE CAPACITY OF KIDSON THE
BASIS OF REALIZATION SPEED OF BEHAVIOURAL
REACTIONS DURING THE FIRST HOUR AFTER BIRTH
(BUIQANTA) ... et e e e e e e

M. Petricevic, S. Aleksi¢, N. Stanisi¢, D. Niksi¢, V. Petricevi¢, M.
Gogi¢, A. Stanojkovié, D. Ostoji¢ Andrié¢

IMPORTANT MEAT QUALITY TRAITS OF MALE
SIMMENTAL AND CHAROLAIS (Serbi@).........ccovveienn.es

S. Popovié¢, D. Colovié, P. Ikonié, T. Tasié, Lj. Kostadinovi¢

A COMPARATIVE STUDY ON THE FATTY ACID PROFILE
OF THREE SERBIAN TRADITIONAL DRY-FERMENTED
SAUSAGES (Serbi@).....c.ovviic e,

J. Dinovic-Stojanovi¢, M. Risti¢, K. Troeger, N. KneZevi¢, M.
Babi¢

SENSORY EVALUATION AND QUALITY OF
TRADITIONAL SMOKED MEAT PRODUCTS FROM
SERBIA AND MONTENEGRO - SIGNIFICANCE FOR
CONSUMERS (Serbia).......ccvvviiieiiie e e

POSTER SECTION 111

E. Krupa, E. Zakova, 7. Krupovd, R. Kasarda, A. Svitakova
EVALUATION OF GENETIC CONNECTEDNESS OF
LANDRACE HERDS IN CZECH REPUBLIC (Czech Republic)

M. Gogi¢, M. Petrovic, C. Radovié, N. Stanisié, V. Mandié, A.
Stanojkovié, M. Petricevié¢, R. Savi¢

IMPACT OF VARIOUS FACTORS ON PROPERTIES OF
FATTENING PIGS (Serbi@).......coovviiiie i

J. Bojkovski, B. Stankovi¢, M. Maleti¢, 1. Dobrosavijevi¢, N.
Zdravkovié, A. Vasié, N. Deli¢

DISEASE OF SUSCLING PIGLETS: HEALTH AND
REPRODUCTION PROBLEMS ON COMERCIAL FARM

J. Prodanov-Radulovié, R. DosSen, 1. Stojanov, VA Grgic, S. Savic,
D. Marci¢, V. Polacek

CONTROL AND DIAGNOSTICS OF PORCINE
RESPIRATORY DISEASE CAUSED BY ACTINOBACILLUS
PLEUROPNEUMONIAE (Serbia).......c.ocvviiiiiiiiii i,

605-613

614-622

623-629

630-636

637-643

644-655

656-669

670-676



J. Zuti¢, O. Radanovié, V. Radosavljevi¢, B. Kureljusi¢, D.
Maslié-Strizak, Lj. Spalevic

DETECTION OF METHICILLIN-RESISTANT
STAPHYLOCOCCUS AUREUS IN DUST SAMPLES IN PIG
FARMSIN SERBIA (Serbia).......ccoovviiiiiiiicc e,

D. Nikoli¢, N. Stanisi¢, C. Radovié, J. BPinovié-Stojanovié, S.
Jankovi¢, S. Stefanovi¢, M. Lausevic¢

COMPARISON OF ESSENTIAL METALS CONTENT IN
IMPORTED AND DOMESTIC PORK IN SERBIA (Serbia).....

N. Nedié, Lj. Stanisavljevi¢, G. Jevti¢, G. Mirjanié, B. Andelkovié
MORPHOLOGICAL CHARACTERIZATION OF THE HONEY

B. Beki¢, M. Mladenovié, M. Macukanovic-Jocié
QUALITY PARAMETERS AND AUTHENTICITY OF ROYAL
JELLY (Serbia)....c.cvniiiiiiiii e

Sz. Orosz, L. Dégen, O. Petrdk, Zs. Kovesdi
CORN SILAGE PROCESSING SCORE (CSPS) (Hungary).....

7. Novakovié, V. Krnjaja, D. Ostoji¢ Andri¢, V. Panteli¢, R.
Beskorovajni, A. Bocarov-Stanci¢, N. Popovi¢

QUALITY OF WHOLE-PLANT CORN SILAGE ON FAMILY
FARMS (Serbi@)......cccvveie e e e

M. Adamovi¢, D. Milivojcevic, C. Zivanovié, A. Bocarov-Standié,
P. Sori¢

THE QUALITY OF MAIZE PLANT SILAGES ENSILED IN
POLYETHYLENE FILMS (Serbi@).......coovovveiieiiiiiiieinenns

V. Krnjaja, Z. Bijelic, Z. Tomi¢, M. Lukié, V. Mandic¢, S.
Stankovi¢, T. Vasi¢, T. Petrovié

MOULDS AND MYCOTOXINS IN MAIZE AND GRASS
MIXTURES WITH LEGUME SILAGE (Serbi@)..................

A. Bocarov-Stanci¢, M. Bodroza-Solarov, S. Stankovié, S.
Jankovié, J. Pisalov, Z. Novakovi¢, M. Adamovi¢

MY COTOXINS IN CATTLE DIET — BIODEGRADATION IN
RUMEN, OCCURRENCE AND PREVENTION OF
MY COTOXICOSES (Serhi@)......ccooovvviiiiiiiiii e,

677-685

686-692

693-704

705-713

714-717

718-728

729-736

737-747

748-759



D. Grcéak, A. Nitovski, M.P. Petrovi¢, V. Caro Petrovi¢, B.
Milosevié, M. Gréak
USE OF SUNFLOWER MEAL WITH WEANED PIGLETS

S. Pedovié, J. Bojkovski, M. Vuksa, G. Jokié, T. S'éepovic'
PREREQUISITE PROGRAMMES AND HACCP FOR FOOD
SAFETY IN LIVESTOCK PRODUCTION (Serbia).................

M. Jaukovié, V. Krnjaja, S. Stankovi¢, T. Petrovic¢

NATURAL OCCURRENCE OF DEOXYNIVALENOL IN
WHEAT BRAN DURING 2013 AND 2014 IN SERBIAN
REGION SREM (Serbi@)........ovvvuieiiiiiiiieiie e e

V. Dragicevic, M. Simi¢, B. Kresovi¢c, M. Stojiljkovic, I
Spasojevi¢, M. Brankov

STATUS OF MINERAL NUTRIENTS IN MAIZE GRAIN
FROM MONOCULTURE (Serbi@)......ccoovviiiiiiiiiiiiiiiiennen,

J. Markovié, B. Dinié¢, M. Blagojevi¢, B. Andelkovié, S. Babié, M.
Petrovi¢, D. Terzi¢

EFFECTS OF ALFALFA AND RED CLOVER CULTIVARS
ON PROTEIN FRACTIONS BY CNCPS SYSTEM OF
ANALYZIS (Serbi@).....c.coove i

O. Stajkovic-Srbinovié, D. Deli¢, D. Kuzmanovi¢, N. Rasulié¢, Z.
Tomi¢

COMMON BEAN (Phaseolus vulgaris L.) GROWTH
PROMOTION AS AFFECTED BY CO-INOCULATION WITH
Rhizobium AND RHIZOBACTERIA (Serbi@).....................

S. Ciri¢, B. Milosevié, Z. 1li¢, Z. Spasi¢

PHYTOPLANKTON STRUCTURE IN THE DRINKING
WATER SOURCE DURING A CYANOBACTERIAL BLOOM
EPISODE (Serbid).......ccvveieieeeeeee e e e,

760-766

767-779

780-785

786-795

796-802

803-810

811-821



INVITED PAPERS



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7 -9, 2015

TREND AND CURRENT SITUATION IN ANIMAL
HUSBANDRY OF SERBIA

M.P. Petrovic!, M.M. Petrovic!, V.Pantelic', V. Caro Petrovic', D. Ruzic
Muslict, M.1I. Selionova?, Z. Ilic3, N. Maksimovic!

YInstitute for Animal Husbandry, Belgrade-Zemun

2 All-Russian Scientific Research Institute of Sheep and Goat Breeding, Stavropol, Russia
®Faculty for Agriculture, Lesak

Corresponding author- milanppet@yahoo.com

Invited paper

Abstract: Despite the very favorable natural conditions, animal breeding
in Serbia are still looking for a way to stabilize production. In the last decade of the
20th century, livestock in Serbia almost halved. It reduced the number of animals
and total production of all types of meat. The small farms were dominant in
Serbian agriculture with an average area between 3 and 4 ha. At the end of 2014,
compared to 2006 the number of animals in Serbia reduced by 16.81% in cattle,
19.09% in pigs, and 26.75% in goats. Compared to 2006, we see that the fund
sheep in 2014 increased by 10.98%. production of cow's milk at the end of 2014
decreased compared to 2006 by 5.98%. Unlike cattle, in sheep is an evident trend
of increase in milk production by as much as 25% in the period. Goat milk from
2006 to 2014, varied and we can say that in 2014 we produced less milk 7.31%,
however, shows that the quantity of milk per animal increased, as a result of
selection and better growing conditions. The amount of wool decreased by 2,52%
in 2014, however, due to the low interest for wool farmers is not recorded, so that
the statistical indicators are not entirely realistic. Egg production increased by
21.7%, in line with the growing number of of poultry. Serbia produces 452.000
tons of meat. From that number 73,000 tons of beef, 27,000 tons of sheep meat,
258,000 tons of pork, and 94,000 tons of poultry meat. Total meat production in
our country has a tendency of stagnation or slight decline.

Keywords: animal breeding trend, cattle, sheep, pig, poltry, meat, milk,
wool, egg

Introduction

In the Republic of Serbia, According to the Statistical Office of country
there are 631.122 farms constituting of 2.567 holdings of legal entities and
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entrepreneurs and 628.555 family farms/agricultural holdings. The agricultural area
covers around 5.100.000 ha, out of which 83% - that is around 4.250.000 ha - is
cultivable. In Serbia, farmers comprised 17.3% of the total population. The
distributions of the population working in farms in Serbia were as follows: animal
production 43%, crop production 42%, production of vine and grapevine 12%, and
other crops 3% (Bogdanovic et al., 2005; Petrovic et al., 2012; 2013. Republic of
Serbia has significant natural resources (agricultural land, air, water, etc.) and very
significant capacity and resources (agricultural population, livestock population,
manufacturing and processing facilities and techniques, developed educational
scientific activities, etc.). The current level of livestock production in Serbia does
not provide cost-effectiveness, therefore it is necessary to work more efficiently
and to change the same organization to enhance capacity building in qualitative and
guantitative term (4leksié et al., 2007; 2009; Petrovic et al, 2012).

Despite the very favorable natural conditions, cattle breeding in Serbia are

still looking for a way to stabilize production. In the last decade of the 20th
century, livestock in Serbia almost halved. It reduced the number of animals and
total production of all types of meat. The small farms were dominant in Serbian
agriculture with an average area between 3 and 4 ha. Process of increasing the
efficiency of livestock production may also contribute to the linking of stage of
production and processing in a single production cycle, which requires forming of
the association of producers.
Bearing in mind that Serbia has potential livestock production, special attention
should be given and its share in the total increase agriculture as is the case in
developed countries. The aim of this study was to assess the trend intensity changes
and the current situation in livestock production.

Table 1. The number of heads of all species of domestic animals (000 heads)

Species | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014

Cattle 1106 | 1087 | 1057 | 1002 938 937 921 913 920

Swine 3999 | 3832 | 3594 | 3631 | 3489 | 3287 | 3139 | 3144 | 3236

Sheep 1556 | 1606 | 1605 | 1504 | 1475 | 1460 | 1635 | 1616 | 1748

Goat 299 275 284 263 237 239 232 225 219

Poultry | 16595 | 16422 | 17188 | 22821 | 20156 | 19103 | 18234 | 17860 | 17167
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From the above table we can see that at the end of 2014, compared to 2006
the number of animals in Serbia reduced by 16.81% in cattle, 19.09% in pigs, and
26.75% in goats. It can view that in recent years in cattle and pigs led to a small
increase in the number of animals, which is a good sign. Looking at the same table,
we can notice that the number of sheep on the rise. Compared to 2006, we see that
the fund sheep in 2014 increased by 10.98%. This increase began from 2012 and
the measures are the result of governmental stimulation. In poultry, production has
also registered an increase of 3.33%. Changes in the breed structure in cattle
population raised in Serbia over the past decade have been intense. Breeds that are
more intensive have suppressed the extensive breeds and breeds with poor
production, so that they had numerically reduced. Now Simmental and Domestic
Spotted in Simmental type make up to about 75% of total population, the group of
Black-and-White and Red-and-White Holstein- Friesian cattle around 20%, while
the primitive races and crosses make up about 5% of the total number of cattle in
the Republic of Serbia (Petrovic et al.,2013).

In terms of breed structure various strains of Pramenka make up about half
of the total number of sheep, various types of crosses - about 25%, Tsigai breed
about 5% and about 20% imported pure breeds used as improvement breeds. In the
territory of the Republic of Serbia, the following sheep strains reared are: Sjenica,
Svrljig, Pirot, Lipska, Krivovir etc., Tsigai breed sheep, various more or less well-
established crosses of different strains of Pramenka sheep and Merino breed. For
improvement of sheep breeds in Serbia Merinolandshaf sheep flocks are reared
(Wurttemberg breed) as a general improver breed of domestic pramenka strains, lle
de France and Suffolk, as domestic sheep breed improvers to increase the yield and
quality of meat (Petrovic, 2007., Petrovic et al.,2013) .

Piggery farms in Serbia are reared meat pig breeds and crossbreds. In our
swine herds, Landrace breeds (Swedish, Dutch, German, Belgian, Danish), Large
White/Yorkshire, Duroc and Pietrain are reared. The most numerous are the breeds
Swedish Landrace and Large White/Yorkshire. The share of meat breeds used as
the terminal breeds in crossing (Belgian Landrace, German Landrace, Pietrain,
Hampshire, Duroc) is low (less than 1% per individual breed). In addition to pure
breeds, crosses are produced which make up more than 60% of the total number of
SOWS (Petrovic et al., 2006).

The poultry are represented light and heavy hybrids from imports, and only
a small number of poultry belonging to indigenous populations.
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Table 2. Milk production (million liters), wool (tons) and eggs (million pcs.) per specie
SPecies | 1006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Cow’s
Sl | 1587 | 1571 | 1561 | 1505 | 1485 | 1462 | 1465 | 1451 | 1492
Sheep | o |y 14| 10 | 10 11 12 | 18 20
milk
Goat
iy 4| 36 36 | 28 | 27 29 33 34 38
Wool

1941 | 1870 | 1726 | 1711 | 1705 | 1760 | 1794 | 1755 | 1892
B90S | 1941 | 1870 | 1726 | 1711 | 1705 | 1760 | 1794 | 1755 | 1892

Table 2 shows that the production of cow's milk at the end of 2014
decreased compared to 2006 by 5.98%.The reason for this is reduced the number of
cows. Unlike cattle, in sheep is an evident trend of increase in milk production by
as much as 25% in the period. Here is also the main reason for changes in the
number of animals, namely the increased number of sheep. When the amount of
Goat milk from 2006 to 2014, varied and we can say that in 2014 we produced less
milk 7.31%, however, shows that the quantity of milk per animal increased, as a
result of selection and better growing conditions. The amount of wool decreased by
2,52% in 2014, however, due to the low interest for wool farmers is not recorded,
so that the statistical indicators are not entirely realistic. Egg production decreased
by 2.52%, in line with the growing number of of poultry, but it must be emphasized
effect of favorable breeding conditions.

Table 3. Meat production (thousand tons)

Species 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Beef 83 95 99 100 96 81 82 70 73
Mutton 20 20 23 24 23 24 22 30 27
Pork 255 289 266 252 269 271 252 249 258
Chicken 70 75 76 80 84 103 94 92 94
Total 428 - - - - - - - 452

From table 3 we can observe that Serbia produces 452.000 tons of meat.
From that number 73,000 tons of beef, 27,000 tons of sheep meat, 258,000 tons of
pork, and 94,000 tons of poultry meat. Total meat production in our country has a
tendency of stagnation or slight decline. Table 3 also showed that dominated pork
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meat production with the participation of 57.07% of total production, beef takes
16.15 %, poultry 20.79 % and sheep 5.97 %.

The total average annual production of beef for the past years in Serbia
was about 86,000 tones, with a tendency of decline, especially in recent years, and
the latest data show that it is about 73,000 tons. Exports of cattle for slaughter and
beef dropped drastically to meet less than 20% of its quota to the EU (8700tonnes).
Production of this type of meat in the Republic of Serbia has varied from 156,000
in year 1985 to 73,000 t in 2014. This quantity is sufficient meat for the domestic
market, as the average consumption per capita is about 12 kg. Lower production of
beef compared to Serbia have some Scandinavian countries, Portugal, Bulgaria,
Greece, etc. (Petrovic et al., 2013).

Conclusion

Despite the great importance and favorable natural conditions in livestock
production on the basis of available data, it could estimate as unsatisfactory. In
recent years, the number of heads of important species of domestic animals is
continuously decreasing. Serbia has granted a candidate status in the European
Union (EU). This means that livestock production should prepare for competition
on unique developed market, without any state trade barriers. Serbia's membership
in international organizations, liberalization of trade in livestock products, low
possibility for import protection reduced levels of domestic support, elimination of
export subsidies, the great competition on the international market, are still
additional challenges faced or will face Serbia livestock breeding. Based on these
circumstances, it is necessary to build the principles for the efficient development
of livestock production, which may provide greater export opportunities and
contributes to the growth of agriculture and national income. The most important
partners of Agriculture and Food Industry of Serbia may, in addition to the EU and
CEFTA countries, the Russian Federation and the market of the Middle East.

Trend i trenutna situacija u sto¢arstvu Srbije

M.P. Petrovic, M.M. Petrovic, V. Pantelic, V. Caro Petrovic, D. Ruzic Muslic , M.1.
Selionova, Z. llic, N. Maksimovic

Rezime

Uprkos veoma povoljnim prirodnim uslovima, sto¢arstvo u Srbiji i dalje
trazi nacin da stabilizuje proizvodnju. U poslednjoj deceniji 20. veka, stocsrstvo u
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Srbiji je skoro prepolovljeno. Smanjen je broj Zivotinja i ukupna proizvodnije svih
vrsta mesa. Krajem 2014. godine, u odnosu na 2006. godinu broj Zivotinja u Srbiji
smanjen za 16,81% kod goveda, svinja za 19.09% i 26.75% koza. U odnosu na
2006. godinu, fond ovaca u 2014. povecan za 10.98%. Proizvodnja kravljeg mleka
na kraju 2014. godine smanjen u odnosu na 2006. godinu za 5,98%. Za razliku od
goveda, kod ovaca je evidentan trend povecanja proizvodnje mleka od ¢ak 25% u
istom periodu. Kozje mleko od 2006. do 2014. godine, varira, pa je u 2014. godini
proizvedeno manje za 7.31%, medutim, pokazuje se da je koli¢ina mleka po
Zivotinji porasla, kao rezultat selekcije i boljih uslova gajenja. Prinos vune smanjen
je za 2,52% u 2014. godini. Proizvodnja jaja porasla je za 21,7%, u skladu sa
rastu¢im brojem Zzivine. Srbija proizvodi 452.000 tona mesa. Od tog broja 73.000
tona june¢eg mesa, 27.000 tona ovéijeg mesa, 258.000 tona svinjskog mesa, i
94.000 tona zivinskog mesa. Ukupna proizvodnja mesa u naSoj zemlji ima
tendenciju stagnacije ili blagog pada.
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Abstract: In near future global production of food with farm animals
increases. Three reasons are responsible:

- Increase the population on earth from 6 to 8 billion in 2013 and more than
10 billion in 2070.

- Reducing of the available area and all resources per person,

- Higher living standard for people is associated with higher consumption of
food of animal origin.

Especially in Europe with higher metabolism in animals, with higher performances
of them “Animal welfare” becomes the focus in public discussion.
Global three systems for dairy production emerge.

- High Input — High Output. The aim is highest milk yield more than 10.000
kg/ cow and year by using of high technical equipment and high level of
breeding and feeding.

- Low Input — Medium Output: Minimizing costs to realize medium milk
yield by about 7.500 kg /cow and year.

- Milk production based on pasture exclusively. Costs are very low.

In Germany the number of dairy farms decrease and the number of cows per farm
increase more and more. The proportion of automatic milking systems (robots)
rises strongly. Pig production rises, especially finishing farms. Piglet production is
based on group farrowing system. Zootechnical methods for reproduction
management are special and refined, so that biotechnical methods become less
necessary. More than 12 Mio piglets are imported to Germany annually from EU-
countries. The increase in reproduction performance in sows will continue to be in
next time. Various methods to improve the rearing performance of sows are
applied. In Denmark natural nurses are used mostly, in Germany cups for
additional milk supply are used successfully.

Key words: animal production, development trends, animal welfare
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Introduction

Current and future development of global population is one of the most
important challenge for agriculture. Thus further themes connect, among other
things like energy, industry, natural resources, environmental protection and other
ones. About 800 Mio people are undernourished. About 75% of world livestock in
tropics and subtropics produce less than 50% of edible protein of animal origin.

Compared with other sectors of economy and industry, agriculture has the
highest growth. Agriculture is livelihood for 1.3 billion people. Livestock
production accounts for 40% of agricultural production.

Generally the global importance of farm animal production rises. This
situation is justified by three aspects:

- Increase the population on earth from about 6 to 8 billion in 1930 and more
than 10 billion in 2070.

- Reducing of the available area and all resources per person, for example
water, energy sources, minerals like phosphorus and other ones.

- Higher living standard and higher incomes for people are associated with
higher consumption of food of animal origin - “Welfare indicator” with
high hedonic value.

The global meat and milk production will increase by about 100% between 2000
and 2050 (tab. 1).

Table 1. Development of global meat and milk production

Sector / year 2000 2050
Meat production 229 Mio t 465 Mio t
Milk production 580 Mio t 1.04 Mrd.t

Intensification is necessary. But this is limited. A replacement low
powerful animals by high performance animals would be interesting, but not
realizable generally. It affects people, families with their characteristics in
climatically, culturally different areas with long traditions, religions and
worldviews. It is known that the level of milk production in cows is in direct
relations with the demand and expense for energy and methane excretion (fig. 1).
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Figure 1. Influence of milk yield on energy requirements, energy expenditure and distribution
of methane (Flachowsky, 2012)

Of course in front of this background for agriculture in most of European
countries other specific tasks drive. Environmentally sound and sustainable
intensification is in focus.

“The efficiency of systems for research and knowledge transfer in
agriculture and ecology is the increasingly decisive location factors in situation
with scarce agricultural land and scarce water resources.

Therefore it is in terms of a long-term global food policy also an ethical
obligation of the European countries do not reduce their capacity to produce
knowledge in agricultural sector and systems for knowledge transfer but provide
long-term for the World Food” (Braun, 2001).

With higher metabolism in animals, with higher performances of cows and
sows “Animal Welfare” becomes the focus in public discussion. Hoy (2102)
divides the development into three phases:

Phase |: Phase is finished. In laws and regulations (Tierschutz-
Nutztierhaltungsverordnung) basic requirements are prescribed, for example tying
of sow in box.
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Phase II: This phase is in present time. There is an intensive public
discussion about surgical interventions in animals, like grind teeth in newborn
piglets, castration of male piglets, tail docking in newborn piglets or dehorning of
calves.

Phase IlIl: This phase has begun. There is the public discussion about
following question: “Are high performances in farm animals to animal welfare
compatible generally?”

For a description of trends for management in livestock farming examples
of dairy farming and piglet production from Germany are given.

Milk production

The biggest milk producers in the world are European Union (annually 161
Mio tons), India (annually 145 Mio tons) and USA (annually 94 Mio tons).
Globally, the following systems for dairy production emerge (SWALVE, 1999):

a) High Input / High Output: It includes intense management with particularly
intense feeding. The aim is highest milk yield, more than
10.000kg/cow/year. Often it needs higher frequency for milking.

b) Low Input / Medium Output: It focuses minimizing the costs for building
and feed. Expected milk yield is about 7.500 kg /cow/year. More than 50%
of basic forage is on pasture (Weigel et al. 1999).

c) Milk production based on pasture: Production exclusively based on grazing
(e.g. New Zealand). Costs are very low. Performance optimizing mainly on
number of animals /ha (stocking density).

Generally for system a) and b) the same type of cow may be used as no
substantial genotype by environmental interaction between these two systems can
be detected. For system c) a different type of cattle is necessary.

A further increase of dairy production by means of breeding is possible
(Swalve, 1999). A selection plateau has not yet been reached. The current growth
of knowledge of genome and molecular genetics is high and the estimation of
breeding value by genomic selection will be more effective, especially for
functional traits.

A higher metabolic rate requires higher demands on the environment.
Irrespective of this, changes occur in the structures of German dairy husbandry
(tab. 2).

The number of cows per farm increase continuously. In present time in
East Germany 16.5% of dairy farms have more than 500 cows. In West Germany
are only 0.2% farms of this size. Following in East Germany 48.2% of cows are in
farms with more than 500 animals, in West Germany only 1.4%.
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Table 2. Development of the structure of recorded dairy herds in Germany (ADR)

2000 2005 2010 2014

Cows/farm Germany 441 37,7 457 56,2
East 192,4 1717 156,1 182,2

West 30,1 31,8 39,6 48,7
Milk yield /cow & year (German Holstein) 6.110 8.282 8.766 8.994

The investments indicate the future development of management systems
in dairy industry. In following years about 15.2% of dairy farmers (100 — 200
cows/farm) want to buy new milking systems. A lot of them want to invest in
automatic milking systems (robots). About 40% of these farmers are interested for
robots than in traditional equipment. Until now in farms with more than 200 cows
traditional milking systems are preferred. However, it is a growing interest in
automatic milking system recognizable. These systems are based mostly on
multiple robots (about 50 cows /robot). Since 2 years in Germany first Automatic
Milking systems Rotation (AMR) are used. The main reason of this development is
a higher productivity with reduction of staff and higher level of Animal Welfare.

Pig production

In German pig production a strong progressive development is observed. In
January to June of 2015 in Germany 30 Mio were slaughtered, so many like never
before. Especially pig finishing has a very progressive development in Germany.
More than 12 Mio piglets are imported to Germany annually, especially from
Denmark and Netherland. In some regions of Germany, like North-West and South
Germany, the stocking density of animals reaches the upper limit now. For future
following facts are important:

- Farms and stocks enlarge,

- Number of pig farms will be reduced,

- In large stocks with colleagues a specialization effect is effective and leads
positive results. Colleagues are working only in stable with the same kind
of animals. That is good for high quality of work.

- Performance in reproduction and growth of animals increase. This situation
needs more modern stables with good housing and feeding conditions.

- Generally, this complex process is combined with continuous improvement
of animal welfare.

The successfully tested production systems in piglet production are applied
nationwide (fig. 2). These system include group farrowing and weaning in 7 day-
rhythm for bigger farms and in 21-day-rhythm for farms with midsize stocks.
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Figure 2. Scheme for piglet production with group farrowing system in 7-day-rhythm (22
groups of sows, 5 pigsties for farrowing)

In management programs for piglet production intensive zootechnical
stimulation of puberty and heat in gilts and sows is one of the most important facts
for high reproduction performance. The methods are very special and refined. They
differ from farm to farm. Often hormonal stimulation of estrus and ovulation is no
longer necessary generally. Biotechnical methods are often used temporary, depend
on season or parity of sows.

In the past 6 years the number of weaned piglets per sow and year has been
increased in the average 1 piglet per year. This strong progress is the result of
breeding, nutrition and husband-dry management and of better animal health (fig.
3).
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Figure 3. Development of reproduction performance in sows and number of weaned piglets per
sow and year (ZDS 2012)

This process is not yet completed. Hortmann-Scholten (2014) warns
against limiting reproduction performance. The breeding success in reproduction
performance is necessary for positive economical situation in farms. If there is a
better litter size, economies of scale is acting. If there are 32 sold piglets per sow
and year, author realized lower costs by 20% /piglet compared only 24 sold piglets.
Breeding companies have created good genetic conditions for high fertility in sows.

In present time breeding organizations and companies are more active for
better vitality of piglets. That is important for sustainability in farms and in
animals. One of the aims of activities are sows with high quality in udder and high
level in uniform litters with stable reproduction performance. Generally, with
increased litter size the input of man power, technical systems, feed quality,
financial expenses a.s.e., is increasing too. That is necessary to keep piglet losses in
low level in future. That is an important ethically justified. Different management
measures are used for these aim (Tab. 3).
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Table 3. Management measures in piglet production

Before and during parturition After parturition and others:
- Synchronization of parturitions in - Litter balance /cross forstering
group of sows after timed Al
- Birth care - Supplementation of additional milk
- Split Nursing - In time and enough feeding of piglets
- Desinfection of udder (prestarter for suckling piglets)
- Replacement of colostrum - System of nurses: natural nurses

artificial nurses

- Housing system in farrowing barn

- Box for early weaned piglets

- Climate - Climate

- Hygiene - Hygiene

Everywhere a lot of farm-special activities to reduce piglet losses can
observed. One important goal is to keep the costs. No all management measures are
sustainable enough. Not all management measures are tested by scientific
researches. Often you can find special experiences of colleagues for animal
welfare. Often effectiveness and success vary between farms. The perceived
success is not equal to a measured success generally. The pig production has
moved increasingly into the focus of public interest in recent years.
The proper management of large litters with the aim to reduce the suckling piglet
losses, to improve the breeding results is one of the aspects in the context of cross-
industry initiative animal welfare. The interest of farmers to actively participate
here is great.

In different regions of Germany you can observe a sustained progress in
reproduction performance but with constant animal losses (fig. 4).
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Figure 4. Development in litter size and piglet losses during suckling

When litter size increase continuously, the quality of sow, quality of their
udder must come into focus more. Often more piglets were born than teats in udder
of sow. Own investigations show, a good help is the application of usage of cups
for additional milk supply for suckling piglets. Table 4 shows the positive results in

piglet rearing of sows depend on milk-cups.

One more piglet could weaned after 4 week suckling, when milk cups were
used for additional milk supply for piglets. The effect was in week one and two of
suckling. Animal losses in this time was reduced significantly.

15,5
15
14,5
14
13,5
13
12,5

Piglet losses(%)

11,5
11
10,5

Table 4. Rearing performance in lactating sows in piglet depend on milk-cups

Experimental group Control group
Number of litters 43 (40) 42
Age (no.of litter in sows) 2,7 £2,0 27+ 19
Born total 146 + 3,7 15,7+ 3,3
Born alive 144+ 35 15,3 +3,3
Weaned piglets 135%+ 15 125°+ 15
Body weight of weaned piglet 6,76 £ 1,5 6,7 £ 15

a,b ...significant (p<0,05)
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Conclusion

More ground and resources are not available on earth. The utilization of
production factors are necessary. Increasing agricultural production must be
realized through more intensity.

Change process in agriculture is proceeding rapidly. The number of
livestock farms will decrease and the number of animals per farm will increase
generally.

The performance trends of cattle and sows subject to a process by adjusting
the breeding goals with increased focus on health and stability. It means functional
traits.

Animal welfare regulations are based on the resources made available to
the animal, for cattle and pigs.

In milk production different systems are used: intensive methods and
extensive methods. It depends on available of pasture and economic framework.

German dairy farms realize more intensity by modern equipment for
milking systems. The tasks of the farmer change towards animal Observation and
system controller.

In pig production known production systems (group farrowing) are applied.
Biotechnical control of reproduction get a limited importance.

Reproduction performance is increased. A sow has to wean 26 — 30 salable
piglets/year. In piglet production numerous activities to improve piglet rearing can
be observed.

Trendovi u upravljanju proizvodnjom u sto¢arstvu

M. Waehner

Rezime

U bliskoj buduénosti se ocekuje povecanje svetske proizvodnje hrane od
domacih Zivotinja. Tri razloga su odgovorna:

e Povecanje broja stanovnika sa 6 na 8 milijardi u 2013. godini, a vise od 10
milijardi do 2070.
e Smanjenje raspoloZivog prostora i svih resursa po osobi
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e Visi zivotni standard za ljude je povezan sa veCom potroSnjom hrane

Zivotinjskog porekla.

Posebno u Evropi sa brzim metabolizmom Zivotinja, sa o¢ekivanim vi§im
proizvodnim performansama od njih, "Dobrobit Zivotinja" postaje fokus za javnu
raspravu.

Globalno postoje tri sistema u proizvodnji mleka:

e Visoki ulaz - visoki izlaz: cilj je najve¢i prinos mleka vise od 10.000
kg/kravi i godini pomocu visoke tehnicke opreme i visokog nivoa uzgoja i
ishrane

o Niski ulaz - srednji izlaz: minimiziranje troSkova za realizaciju srednjeg
prinosa mleka od oko 7.500 kg/kravi i godini.

e Proizvodnja mleka na osnovu pasnjaka isklju¢ivo. Troskovi su veoma
niski.

U Nemackoj se broj farmi za proizvodnju mleka smanjuje i broj krava po
farmi povecava sve viSe 1 viSe. Procenat automatskih sistema za muzu (roboti)
pokazuje izraziti porast.

Proizvodnja svinja je u porastu, posebno farmi za tov. Proizvodnja prasadi
se bazira na sistemu grupnih praSenja. Zootehnicke metode za upravljanje
reprodukcijom su specificne i precizno definisane, tako da biotehnicke metode
postaju sve manje potrebne. Vise od 12 miliona prasadi se uveze u Nemacku
godisnje iz zemalja EU. PoboljSanje reproduktivnih performansi krmaca ¢e i dalje
biti prisutno u narednom periodu. Razne metode se primenjuju za poboljSanje
proizvodnih performansi u odgoju krmaca.
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Abstract: The aim of this study was to obtain relevant data pertaining to
the basic indicators of milk and fertility Simmental cows, in the production
conditions on individual farms, using appropriate modern methodologies, and to
determine the effect of import of breeding cows on implementation of the breeding
programs and improvement of production performance in domestic population on
the territory of Sumadija district. Imported animals have realized in all three
lactations higher milk production (449.08 kg, 568.52 kg and 488.73 kg), milk fat
(19.87 kg, 22.66 kg and 18.52 kg) and 4% fat corrected milk (477.64 kg, 567.26 kg
and 473.36 kg), in the first, second and third lactations, respectively. Domestic
cows had lower milk fat content in the first lactation by 0.05%, but higher in the
second and third by 0.01%. Domestic cows first calved earlier by 79.13 days, the
second time by 89.51, and the third time by 88.62 days, and all differences were
statistically highly relevant. They also showed statistically significant differences
(p <0.01) in the duration of service period where domestic cows had shorter service
periods by 10.19 (Il lactation) to 15.94 days (Il lactation). Based on the results
obtained in this study it can be concluded that the imports of high-quality heifers of
Simmental breed from Germany significantly influenced the improvement of milk
and fertility performance of domestic cow population in the Sumadija district.

Key words: milk performance, fertility, Simmental breed.
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Introduction

In regard to the breed structure of cattle in Serbia, it is estimated that the
Simmental breed makes up about 80%, a group of Black and White Holstein-
Friesian cattle, about 10%, while the indigenous breeds and crossbreds make up
about 10% of the total number of cattle. Simmental breed is primarily present in
Central Serbia with 115.000 breeding animals, while the number in Vojvodina is
much smaller - about 6.000 registrated animals. A similar situation is in the region
of Sumadija, where over 90% of cows belong to Simmental breed. The main
reason for the above mentioned share of Simmental cattle lies primarily in very
good acclimatization abilities, and the ability to adapt to different rearing
conditions.

In the last two decades there has been a decline in the number of heads of
Simmental breed in Serbia, but also the increase the number of registered cows,
and the trend is still present. In order to increase the number and quality of
breeding animals, to improve the genetic composition and increase milk production
in the Sumadija district, 150 heifers of Simmental breed were imported from
Germany.

Perkovi¢ et al. (2003) have examined the influence of Montbeliard bulls to
improve milk production traits and meat production in domestic spotted cattle.
Daughters of Montbeliard bulls, compared with daughters of bulls domestic spotted
breed, had by 299 kg more milk and 0.54% less fat.

Comparative examination of results achieved in 2 groups of daughters F1
generation, Kucevi¢ et al. (2005) have concluded that primiparous animals tested in
Germany achieved a significantly greater yield of milk, milk fat and fat content
(1.057 kg, 41 kg, 0.22%, respectively).

Results of comparative tests of first calving heifers of domestic Simmental
and Austrian provenience in the same growing conditions (Medié et al. 2006)
showed that in imported heads realized higher production of milk by significant
1.171 kg and 0.49% fat.

Examining the production potential of Simmental heifers calved in the
period 2007-2010, on individual sector in Serbia, Niksi¢ et al. (2011) have
e3stablished their average milk yield of 4.348 kg of milk with 3.93% milk fat and a
yield of 171.1 kg milk fat.

Analyzing the phenotypic variability of Simmental bull dams Pantelic¢ et
al. (2013) have determined milk production of 5754.49kg, with 3.98% and 230.24
kg milk fat or 5755.47kg 4% FCM.

Problems with fertility have become one of the most expensive factors in
dairy cattle. Selection on maternal fertility is becoming increasingly important, and
requires its greater involvement in the overall breeding value. If there are serious
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problems in reproduction, in addition to direct consequences on the milk
production and milk fat, difficulties arise in the normal implementation of the
renewel of the herd, which is reflected in the economy of production (Panteli¢ et
al. 2009).

Material and methods

During the last ten years, a significant number of pregnant heifers, mainly
from Germany and Austria have been imported to Serbia. Majority< of imported
heifers are Simmental breed followed by the Holstein Friesian breed, while other
breeds were imported in much smaller numbers.

Investigation of differences in milk production of domestic and imported
cattle and contribution of import of as pregnant heifers as well as frozen bull
semen, to the improvement of breed structure and milk production was tested on a
total of 303 cows in first three lactations. Heifers and cows were reared on
numerous individual farms, but we can say generally in very similar conditions of
keeping and feeding. Cows were kept in stalls with tied system, on long and
medium places for lying down with straw bedding. Nutrition was based on hay and
alfalfa haylage, rarely grass, corn silage and principally mixture of concentrate.
Milking was done with machines, mostly into cans, and milk was stored in lacto-
freezes until delivery. Control of productivity was done according to the principles
of AT4 productivity control by breeding organizations. The following milk
production traits in the first three standard lactation were studied:

- Milk yield, kg;

- Milk fat content, %;

- Milk fat yield, kg

- Yield of 4% fat corrected milk, kg.

In addition to milk production traits, for each cow age at calving and the
service period in each lactation were determined.

Average values and variability of all studied traits was determined using
standard statistical methods, and the significance of the impact of order of
lactation, heifers origin and provenience of their bull-sires by applying the t and F
test.

Results and Discussion

Milk production in Serbia is still carried out on relatively small farms,
often with less than 10 cows, but it is not negligible, nor in terms of the total
quantity of milk produced, nor in terms of the number of people engaged in it. In
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conditions of social transition, milk production, even for farmers with smaller
number of cows, is an important source of livelihood. By importing pregnant
heifers farmers want primarily to increase the strength of their herds, and improve
production and genetic potential on their farms, because the Serbian market for
quality heifers is still underdeveloped.

Table 1. Average values and variability of investigated milk production traits of domestic cattle
(n=245)

Indicator X SD Ccv Min. Max.
First lactation
Milk yield, kg 4385.97 366.30 8.35 3166 5831
Content of milk fat, % 3.91 0.08 2.00 3.37 4.18
Yield of milk fat, kg 171.65 14.93 8.70 116.83 233.24
Yield of 4%FCM, kg 4329.10 367.88 8.50 3019 5831
Second lactation
Milk yield, kg 4970.89 378.80 7.62 3836 6021
Content of milk fat, % 3.93 0.06 1.65 3.71 413
Yield of milk fat, kg 195.51 15.14 7.74 148.07 237.08
Yield of 4%FCM, kg 4921.03 376.55 7.65 3755 5931
Third lactation
Milk yield, kg 5351.98 398.45 7.44 4129 6690
Content of milk fat, % 3.95 0.07 1.83 3.35 4.14
Yield of milk fat, kg 211.35 16.06 7.60 165.16 267.60
Yield of 4%FCM, kg 5311.12 397.43 7.48 4129 6690

Cows from domestic rearing/breeding, as primiparous, achieved in
standard lactation yield of 4385.97 kg of milk with 3.91% fat, and milk fat yield
was 171.65 kg, and the yield of 4% fat corrected milk 4329.10 kg. The values of
investigated indicator of milk performance, respectively, in the second standard
lactation were: 4970.89 kg; 3.93%; 195.51 and 4921.03 kg. In the third lactation
cows achieved the highest yield of milk (5351,98kg), milk fat (211.35 kg) and 4%
fat corrected milk, as well as the highest milk fat content (3.95%).

Lower production results for the first calving Simmental cows reared in
our conditions, were recorded in the research of Purdevié et al. (1994), Miscevié
et al.(1995) and Petrovi¢ M. (2000), and approximately the same Perisi¢ (1998),
and Gutic et al. (2002).

Results of milk production in the first three standard lactations of imported
heifers are shown in Table 2.



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
24 October 7 -9, 2015.

Table 2. Average values and variability of investigated milk production traits of imported cattle

(n=58)

Indicator X SD CcVv Min. Max.
First lactation

Milk yield, kg 4835.05 497.68 10.29 3780 5844

Content of milk fat, % 3.96 0.04 1.06 3.89 4.07

Yield of milk fat, kg 191.51 19.83 10.35 151.20 233.60

Yield of 4%FCM, kg 4806.74 495,90 10.32 3780 5828
Second lactation

Milk yield, kg 5539.41 527.16 9.52 4416 7430

Content of milk fat, % 3.94 0.07 1.78 3.72 4.10

Yield of milk fat, kg 218.17 21.91 10.04 177.08 294.97

Yield of 4%FCM, kg 5488.29 537.68 9.80 4423 7397
Third lactation

Milk yield, kg 5840.71 604.50 10.35 4454 8480

Content of milk fat, % 3.94 0.08 1.96 3.67 4.20

Yield of milk fat, kg 229.88 23.76 10.34 176.82 336.66

Yield of 4%FCM, kg 5784.47 595.72 10.30 4434 8442

Imported animals, in all three lactations realized higher yield of milk
(449.08 kg in the first, 568.52 kg in the second and 488.73 in the third lactation),
milk fat (19.87 kg, 22.66 kg and 18.52 kg, respectively) and 4% fat corrected milk
(477.64 kg, 567.26 kg and 473.36 kg, respectively). When it comes to milk fat
from domestic cows, they had lower milk fat content in the first lactation by
0.05%, but higher in the second and third by 0.01%. Differences (Tab. 3) in yield
of milk and milk fat, 4% fat corrected milk in favour of imported cattle were
highly significant (p<0.01), as well as differences in the content of fat in the first
lactation, while the differences in the content of fat in the second and third lactation
were statistically insignificant (p> 0.05).

Lower values of milk yield for imported animals from Germany are
reported by Perisi¢ (1998). Romcevi¢ et al. (1990) found a highly significant
difference in milk production, milk fat and milk fat in cows progeny of the same
bulls in German population in relation to the production performance of the
population in Serbia.
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Table 3. Differences in studied milk performance traits between domestic and imported cattle
I lact. 1l lact. 111 lact.
difference texp difference texp difference texp
Milk yield, kg -449.08  -7.795** -568.52  -9.472** -488.73  -7.524**
Content of milk fat, % -0.05  -4.502** 0.01 -0.409"™ 0.01 1.174™
Yield of milk fat, kg -19.87  -8.519** -22.66  -9.326** -1852  -7.136**
Yield of 4%FCM, kg -477.64  -8.274** -567.26  -9.431** -473.36  -7.336**

* - p<0.05; ** - p<0.01; "™ -p>0.05

Average values and variability of fertility traits in domestic and imported

cattle are shown in Tables 4 and 5.

Table 4. Average values and variability of studied fertility traits in domestic cattle (n=245)

Indicator X SD CcVv Min. Max.
First lactation
Age at calving, days 765.03 78.68 10.28 652 1129
Duration of service period, days 98.18 50.29 51.22 27 320
Second lactation
Age at calving, days 1154.73 100.36 8.69 979 1518
Duration of service period, days 93.48 49.49 52.94 30 341
Third lactation
Age at calving, days 1535.34 113.71 7.41 1283 1930
Duration of service period, days 88.07 33.29 37.79 39 202

Table 5. Average values and variability of studied fertility traits in imported cattle (n=58)

Indicator X SD Ccv Min. Max.
First lactation
Age at calving, days 844.16 102.16 12.10 684 1311
Duration of service period, days 111.47 59.53 53.40 40 277
Second lactation
Age at calving, days 124424 118.50 9.52 1023 1701
Duration of service period, days 103.67 59.37 57.26 38 317
Third lactation
Age at calving, days 1623.97 153.44 9.45 1194 2062
Duration of service period, days 104.02 36.02 34.63 41 244
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Domestic cows first calved earlier by 79.13 days, the second time by 89.51
and third time by 88.62 days, and all differences were statistically highly relevant
(p<0.01). In Table 6, statistically significant differences (p<0.01) in the duration of
service period can be seen and that the cows from domestic breeding/rearing had a
shorter service period by 10.19 (Il lactation) and 15.94 days (Il lactation).
Croatian Livestock Selection Centre (2003) in its annual report cites certain
reproduction indicators for Simmental cattle population. The average age of
registered cows in first lactation was 28 months, in second lactation 39 and the
third 53 months. Average duration of service period was 120 days.

By analysing production and reproductive performance of Simmental bull
dams in our country, Panteli¢ et al. (2005) have found the average age at first
conception of 517.61 days, as well as the service period of 108.98 days.

Table 6. Differences in studied fertility traits between domestic and imported cows

. I lact. Il lact. 1 lact.
Indicator
difference terp difference terp difference texp
Age at calving, days -79.13 | -6.479** -89.51 | -5.892** -88.62 | -4.965**
Duration of service period, ) - _ ns } o
days -13.28 1.744 -10.19 1.355 -15.94 3.228

* - P<0.05; ** - P<0.01; ™ - P>0.05

The results indicate that even though there were statistically significant
differences in age at calving and duration of service period between domestic and
imported cows in first lactation, these differences did not significantly increase in
the second and third lactation. This can mean that the imported heifers were
fertilized later, or that they needed some time to adapt and prepare for insemination
for the second calving.

Conclusion

Based on the results concerning the effect of import of breeding cattle of
Simmental breed on improvement of production traits of domestic cattle population
on the territory of Sumadija district, the following can be concluded:

Imported animals, in all three lactations realized higher yield of milk
(449.08 kg in the first, 568.52 kg in the second and 488.73 in the third lactation),
milk fat (19.87 kg, 22.66 kg and 18.52 kg, respectively) and 4% fat corrected milk
(477.64 kg, 567.26 kg and 473.36 kg, respectively). When it comes to milk fat
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from domestic cows, they had lower milk fat content in the first lactation by
0.05%, but higher in the second and third by 0.01%.

Differences in yield of milk and milk fat, 4% fat corrected milk in favour
of imported cattle were highly significant (p<0.01), as well as differences in the
content of fat in the first lactation, while the differences in the content of fat in the
second and third lactation were statistically insignificant (p> 0.05).

All studied cows on average calved the first time at the age of 780.17 days,
the second time on 1171.86, and third 1552.31 days, the average service time
decreased with the subsequent lactations from 100.73 days to 95.43 days and 91.13
days.

Domestic cows first calved earlier by 79.13 days, the second time by 89.51
and third time by 88.62 days, and all differences were statistically highly relevant
(p<0.01). Statistically significant differences (p<0.01) were established in the
duration of service period and it can be concluded that the cows from domestic
breeding/rearing had a shorter service period by 10.19 (I lactation) and 15.94 days
(111 lactation).

From the results obtained in the study it can be concluded that the imports
of high-quality heifers of Simmental breed from Germany significantly influenced
the improvement of milk and fertility traits in cow population in the Sumadija
district.

Efekat uvoza priplodnih krava simentalske rase na
poboljsanje proizvodnih osobina domace
populacije

V. Panteli¢, S. Kosti¢, D. Ostojic-Andri¢, M. M. Petrovi¢, D. Niksi¢, M. Lazarevic,
N. Mici¢é, Z. Novakovi¢

Rezime

Na osnovu rezultatata ispitivanja efekta uvoza prilpodnih grla simentalske
rase na poboljSanje proizvodnih osobina domace populacije krava na teritoriji
Sumadijskog okruga, mogu se izvesti sledeéi zakljuéci:

Grla iz uvoza su u sve tri laktacije ostvarile vecu proizvodnju mleka
(449,08 kg u I, 568,52 kg u 11 i1 488,73 u Ill), mlecne masti (19,87 kg; 22,66 kg i
18,52 kg) i 4% mast korigovanog mleka (477,64 kg; 567,26 kg i 473,36 kg). Krave
iz domaceg odgoja imale su nizi sadrzaj mle¢ne masti u prvoj laktaciji za 0,05%,
ali 1 visi u drugoj i tre¢oj za po 0,01%.
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Razlike u ostvarenim prinosima mleka, mleéne masti 1 4% mast
korigovanog mleka u korist uvoznih krava bile su visoko signifikantne (p<0,01),
kao i razlika u sadrzaju mle¢ne masti u prvoj laktaciji, dok su razlike u sadrZaju
mlecne masti u drugoj i tre¢oj laktaciji bile statisticki neznacajne (p>0,05).

Sve ispitane krave su se u proseku prvi put telile u uzrastu od 780,17 dana,
drugi put 1171,86 dana, i tre¢i put 1552,31 dana, prosecan servis period je opadao
sa porastom laktacije po redu od 100,73 dana, preko 95,43 dana do 91,13 dana.

Krave iz domaceg odgoja su se prvi put telile ranije za 79,13 dana, drugi
put za 89,51 dan i tre¢i put za 88,62 dana, i sve razlike su bile statisticki visoko
znacajne. Takode su ustanovljene statisticki znacajne razlike (p<0,01) i u trajanju
servis perioda gde su krave iz domaceg odgoja imale kracée servis periode od 10,19
(11 laktacija) do 15,94 dana (111 laktacija).

Na osnovu iznetog u zakljucku moze se konstatovati da je uvoz kvalitetnih
priplodnih junica simentalske rase iz Nemacke znaCajno uticao na poboljSanje
osobina mle&nosti i plodnosti populacije krava u Sumadijskom okrugu.
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Invited paper

Abstract: An artificial neural network is a system based on the operation
of biological neural networks, in other words, is an emulation of biological neural
system. It has the capacity to learn, remember, and forget. This is advantageous
because the system based on ANNs can update its own efficiency for prediction of
the desired output. It is a system based on the operation of biological neural
networks and emulation of biological neural system. It is also an adaptive, most
often nonlinear system that learns to perform a function from data. Adaptive means
that the parameters are changed during operation, called the training phase. After
the training phase the ANN parameters are fixed and the system is deployed to
solve the problem. The studies were dealing with the application of various
methods, such as ultrasound and X-ray methods, digital image analysis, optical
probes and magnetic resonance imaging. However, due to high costs, all these
methods are not recommended for breeding and production practice. Recent
research activities have shown that they are used for mastitis prediction, milk fat
and protein prediction, estimation of somatic cell count and fat and protein content
in milk, evaluation of a physiological status of cows (estrus, calving and health
status) and analysis of in vitro embryo development. ANN models were also
developed for predicting and determination of an objective measurement of
slaughter value in beef cattle using pre-slaughter information. Therefore, in this
reviewed study, some applications of ANN for carcass evaluation are discussed.

Key words: Modelling, Forecasting, Artificial Neural Networks, Animal
Production, Carcass
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Introduction

Acrtificial neural networks (ANNSs) have been developed that have the
capacity to analyze and sort large inputs of data. Because the function of the neural
network was patterned after the human brain. The possibilities of accurate
predicting cattle slaughter value based on live animal evaluation have been
investigated since many years in all over the world. The studies were dealing with
the application of various methods, from among the most important are: ultrasound
and X-ray methods, digital image analysis, optical probes and magnetic resonance
imaging. However, due to high costs, all these methods, besides the ultrasound one,
are not recommended for breeding and production practice (Brethour, 1994).

Artificial neural networks (ANN), which contains the information about
classification and interpretation are used to solve very different problems. ANN
modeling technique has been used widely today in many areas. A simple way to
mimic the operation of the human brain, ANN has an important place in artificial
intelligence studies. "Universal approximation of functions learning method as
defined ANN methodology of data, to make generalizations, to operate an
unlimited number of variables and it is similar in many important features. These
features provide significant advantages in development of prediction models (Hu et
al., 2003).

Acrtificial neural networks have been developed that have the capacity to
analyze and sort large inputs of data. Because the function of the neural network
was patterned after the human brain, it has the capacity to learn, remember, and
forget. This is advantageous because the system can constantly update its own
efficiency for prediction of the desired output.

Inputs

Figure 1. Artificial neuron

Recent research activities in artificial neural net-works (ANNS) have
shown that ANNs have powerful pattern classification and pattern recognition
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capabilities. Inspired by biological systems, particularly by research into the human
brain, ANNs are able to learn from and generalize from experience. Currently,
ANNs are being used for a wide variety of tasks in many different fields of
business, industry and science (Bozkurt et al., 2007; Bozkurt et al., 2009).

In recent years Artificial Neural Networks (ANN) method, together with
the non-traditional programming methods is used quite successfully for the solution
of difficult or impossible problems in estimating and analyzing the variable. ANN
can be applied in various fields such as education and scientific research on
livestock feed and transferred to practical, research is still continuing to open up
new dimensions (Arbib, 2003; Hu et al., 2003).

Many research results, have shown that the marketable value of pre-
slaughtered animals can be predicted by using ANN effectively. (Brethour, 1994;
Li etal., 1999; Hill et al., 2000; Adamczyk et al., 2005).

Some researchers demonstrated that ANN were used effectively in animal
husbandry. Some ANN models in estimate the mastitis cases (Nielen, 1995; Yang
et al., 1999; Yang et al., 2000), in milk composition, estimation of fat and protein
yield as well (Lacroix et al., 1995; et al Wade et al., 1995; Salehi et al., 1998 ), the
evaluation of the physiological condition of cows (oestrus, calving and health
status) (Vassileva et al., 2001) and in the analysis of in vitro embryo development
(Wilkinson et al., 1996).

Materials and Methods

Acrtificial neural networks, originally developed to mimic basic biological
neural systems— the human brain particularly, are composed of a number of
interconnected simple processing elements called neurons or nodes. Each node
receives an input signal which is the total ‘‘information’” from other nodes or
external stimuli, processes it locally through an activation or transfer function and
produces a transformed output signal to other nodes or external outputs. Although
each individual neuron implements its function rather slowly and imperfectly,
collectively a network can perform a surprising number of tasks quite efficiently
(Torrecilla, 2005).
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Figure 2. Architecture for 3-layer neural network showing different neurons in each layer

Generally the whole data are turned into sub-groups in Matlab software
program and 10% of the data is left as an external validation set 80% / 20% of the
remaining 90% data is allocated to the training and test data set of internal
network. The data that is allocated for training neural network models and improve
internal test data set was used to set the parameters automatically during training
the neural network.

The stages of development of an ANN are as follows;

1. General description of the artificial neural network model

2. Validation (validation), training and selection of the test data set
3. The transformation and analysis of data

4. The selection of variables

5. Network formation and training

6. Testing the validity of the model with external data sets

ANN softwares (Predict v2, ImagePro v6, Matlab v7) are used to simulate
research, develop and apply artificial neural networks, A typical ANN consists of
layers. The first layer is known as inputs layer (sex, age, breed, LW at slaughter
etc.) and the last one is called output layer (Model output for predicted values for
carcass quality) (Bozkurt et al., 2009). All the other layers are called hidden layers.
The ANN training then is necessary for model prediction ability. For this purpose,
all input and output values are normalized to have a zero mean and a unified
standard deviation (using MATLAB’s prestd function), and finally outputs are
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transferred back to the same units as the original outputs (using MATLAB’s
poststd function). After confirming the input and target of the network, then
network optimization is conducted in order to increase prediction accuracy
(Fausett, 1994).

Implications

Many authors found a high effectiveness of ANNs application in cattle
breeding. They have been used for mastitis prediction, milk, fat and protein yield
prediction, estimation of somatic cell count and fat and protein content in milk,
evaluation of a physiological status of cows (oestrus, calving and health status) and
analysis of in vitro embryo development. Neural network models were also
developed for predicting and determination of an objective measurement of
slaughter value in beef cattle using pre-slaughter information.

Conclusion

In the evaluation of the results obtained from a research based on
determination of carcass quality the data are expose to image processing and neural
network modeling. The relationship between body and carcass measurement
parameters can be examined by obtained correlation coefficients; prediction
equations by the regression analysis. Both live animals as well as carcass
measurements predictions can be obtained through digital image analysis and
artificial neural network. The live weight and hot carcass weight are used to
estimate performances of the animals. The estimated live weight and carcass
weight can be determined by regression analysis. The results then are compared
with those obtained by ANN applications.

In conclusion ANN applications will certainly open up new dimensions in
animal production practices.
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Neke aplikacije veStackih neuronskih mreZa u govedarstvu
Y. Bozkurt, T. Aydogan, C.G. Tuzun, N. Mikail, S. Varban, C. Dogan, M. Tatli

Rezime

Vestacke neuronske mreze predstavljaju sistem zasnovan na radu bioloskih
neuronskih mreza, drugim rec¢ima, predstavljaju emulaciju bioloskog nervnog
sistema. Imaju sposobnost da uce, zapamte i zaborave. To je prednost, jer sistem
zasnovan na ANN (veStacke neuronske mreze) moze da azurira svoju efikasnost za
predvidanje Zeljenog izlaza. To je sistem zasnovan na radu bioloskih neuronskih
mreza i emulaciji bioloSkog nervnog sistema. Takode je prilagodljiv, najcesce
nelinearni sistem koji u¢i da obavlja funkciju na osnovu podataka. Adaptivan —
prilagodljiv znaci da se parametri menjaju tokom rada, koja se zove faza obuke.
Nakon faze obuke ANN parametri se fiksiraju i sistem je upotrebljen odn. stavljen
u rad da resi problem. Studije su se bavile primenom razli¢itih metoda, kao Sto je
ultrazvuk i rendgen-metoda, digitalna obrada slike, opti¢ke sonde i magnetne
rezonance. Medutim, zbog visokih tro§kova, sve ove metode se ne preporucuju za
uzgoj i proizvodnu praksu. Skorasnje istrazivacke aktivnosti su pokazale da se oni
koriste za predvidanje/procenu mastitisa, mleCne masti i proteina, procenu broja
somatskih celija i sadrZaja masti i proteina u mleku, procenu fizioloskog stanja
krava (estrusa, telenja i zdravstveno stanje) i analize in vitro razvoju embriona.
ANN modeli su takode razvijeni za predvidanje i odredivanje objektivnog merenja
klani¢ne vrednosti kod tovnih goveda koriste¢i podatke pre klanja. Dakle, u ovom
preglednom radu, razmatraju se neke aplikacije ANN za ocenu trupova.
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Abstract: The emergence of new infectious diseases in the 20" is linked to
increasing contact between humans, animals, and intensification and integration of
food production. Animals are the dominant factor implicated in the occurrence of
infection and development of the diseases. Globalisation and climate changes have
a huge impact in the world on the occurrence and development of infectious
diseases in humans and animals. Furthermore, changes in demography, people’s
behavior, technology progress, international transportation and trade, but also
changes and adaptation of microorganisms, are all important factors for the
occurrence of infectious diseases. These diseases are a consequence of emerging
new pathogens or changed ones that have already existed before. Intensive
communication and trade with animals and agricultural products provided
conditions for rapid transmission of the disease throughout the world. Infectious
diseases arise as a consequence of mutual contact between humans and domestic
and wild animals, as well as of environmental changes. To the purpose of
preventing disease transmission and potential negative outcomes, comprehensive
research and adequate actions are of vital importance. Multidisciplinary approach
and mutual acting of veterinarians, physicians, biologists, agronomists and
ecologists, is the prerequisite for successful addressing this issue. Veterinary
medicine should play crucial role in the future of the One Health concept. The
professionals and expert in this field must follow global trends affecting animal
health and diseases and improve their knowledge and expertise to effectively
address future challenges.

Key words: emerging diseases, zoonoses, animal health, one health
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Introduction

Globalization and climatic changes have a wide range of impacts on the
occurrence and development of infectious diseases, both human and animal ones.
Moreover, the changes in human interactions and demography, technology
advancement, international transport and trade as well as changes and adaptability
of microorganisms are important factors for the occurrence of infectious diseases
resulting from the emergence of new pathogens, alterations of known pathogens as
well as changes in the distribution and prevalence of known pathogens among new
host population or territories.

Infectious diseases profoundly influence the health status of a population
and economy in every country, affecting both humans and animals; however, the
poorest (developing) countries commonly suffer the most severe consequences.
The rate of disease emergence and spread is difficult to predict, having in mind a
wide range of important factors implicated in the mechanism of the disease. In that
respect, records and analyses of previous epidemics as well as monitoring and
updating of control and disease surveillance programmes using advanced
technologies (satellite measurements) and new scientific accomplishments are
highly relevant, as well as preparing of some potential intervention strategies in
case of disease emergence. Human and veterinary service institutions should take
effective steps and adequate measures for the prevention and control of infectious
diseases and the development of new methods for early, rapid and accurate
diagnosing (nanotechnologies, biosensors, etc.)

According to the World Health Organization (WHO), "Health is a state of
complete physical, mental and social well-being and not merely an absence of
disease or infirmity. Good health is the fundamental right of all people on Earth.

“One Health” has been defined as "the collaborative effort of multiple
disciplines — working locally, nationally, and globally — to attain optimal health
for people, animals and the environment™. One Health is an interdisciplinary model
integrating diverse disciplines such as medicine, veterinary medicine, public health,
environment protection, wildlife protection, ecology, and food safety aimed at
forming unified solutions applicable for the improvement of the health of humans,
animals and the environment. Such an approach proved the best policy for health
protection at global level.

Emerging infectious diseases

The emergence of new infectious diseases in the 20" is linked to increasing
contact between humans and animals, intensification and integration of food
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production, and the expansion of international travel (Atlas 2003), as well as
intensive climatic changes. Animals are the dominant factor implicated in the
occurrence of infection and development of the diseases, thus, of the 1,415
microbes that are known to infect humans, 61 percent come from animals (Taylor
et al, 2001). Consequently, and in light of some previous incidents a group of
health professionals at Rockefeller University in New York developed the slogan
"One World - One Health" with an aim of promoting and recognizing the
association of animals and environmental factors and their effects on human health.

The avian influenza (HPAI H5N1) epidemic that began in Hong Kong in
1997, forced the global community to recognize that animal health and human
health are closely linked. The HPAI H5N1 virus resurfaced in isolated outbreaks,
and in late 2003, severe epidemic of highly pathogenic avian influenza was
registered in South Korea. Delays in international reporting and poor public
reaction in the region resulted in extensive virus spread across the region of
Southeast Asia. As a response to the global threat posed by this pathogen, the Food
and Agriculture Organization (FAO), World Health Organization (WHO), and
World Organization for Animal Health (OIE) developed a strategy and tripartite
agreement on mutual activities aimed at preventing infections related with the
animal-human-ecosystem interface (FAO 2013). One Health is therefore an ideal
model of joining health practitioners, veterinarians, ecologist and other profiles.
Improvement of epidemiology centres and services as well as application of
modern molecular methods will contribute to the development of effective
measures and strategies for successful implementation of health protection
programs worldwide (Atlas 2003).

Emerging diseases and zoonoses

Discovery and wide application of antibiotics and vaccination programs
have long been considered to have fully eradicated the infectious diseases, thus
putting the emphasis on health protection programs aimed at cardiovascular and
non-infectious diseases. On the contrary, during the past few years we have been
witnessing the emergence of new infectious diseases in both humans and animals,
as well as the diseases that were considered eradicated or under control. The most
important diseases, which represent a global health problem, include Human
Immunodeficiency Virus (HIV), Severe Acute Respiratory Syndrome (SARS),
West Nile virus, highly pathogenic avian virus H5N1, and recently identified
influenza virus HIN1. The underlying cause of this phenomenon is complex and
multifold (Brown 2004, Morse 2004) including close contacts between wild and
domestic animals and humans, intensive livestock husbandry, inadequate biosafety
measures in livestock production practice, emerging resistance of bacteria towards
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antibiotics, intensive people mobility and interactions, international trade,
transport, changes of the eco-systems, etc.

Communication/mobility

Current air traffic enables reaching almost every place on Earth within 36
hours, which is much less than the incubation period for many of viral and bacterial
diseases, suggesting the possibility of rapid global distribution of the infection even
before the manifestation of a single clinical symptom. Consequently, the disease
outbreaks can occur in the regions in which they have never been recorded before.
Thus, West Nile virus was not known in North America before 1999, but it is
widely known at almost all continents. This strongly suggests that health
professionals and veterinarians should be acquainted with the epidemiological and
clinical aspects of the diseases, which are still uncommon in their countries, and be
able to recognize them. Such diseases encompass some highly contagious diseases
such as foot and mouth disease, rinderpest (cattle plague), African swine fever,
atypical avian pest, highly pathogenic avian influenza virus, etc. (Jones 2008).

Modern communication and OIE health information system enabled fast
flow of information of outbreak and spreading of infections, enabling identification
of disease reservoirs and implementation of rapid and effective control measures
by the veterinary service. Moreover, relevant information on the spread of the
infection and measures (aimed at prevention and elimination of consequences)
taken by the responsible authorities will be available to the public. In that respect,
veterinary service must prepare effective and adequate plans and control strategies
including adequately trained staff and communication resources to minimize
potential hazards for human and animal health. Lack of proper coordination within
the entire system for health protection can result in severe impact on the safety of
foods of animal origin and the consumers, as well as substantial financial losses to
the producers.

International trade

Dramatic increase in goods turnover on international market during the
past few decades resulted from the efforts to remove the barriers and enable the
access to world markets to all participants in the international trade. The global
trade of animals and products of animal origin has enormously expanded as the
result of reduction or elimination of import taxes as well as the advancements in
the technology of storage and preservation of food. It is also linked with an
increase in global consumption associated with the improved living standards,
especially in economically developed countries.
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Since the 1960, global meat production has tripled, milk production
doubled and production of eggs is almost four times higher (Speedy, 2003).
Intensive turnover and movement of animals and foods is associated with increased
risk of the transmission of infectious diseases, above all food borne zoonozes.
Considering the increased risk, WTO (World Trade Organization) has taken an
active role in the development of regulations and policies aimed at protecting
animal health and ensuring food safety as the key elements of international trade.
OIE provides scientific support on animal turnover regulation to WTO, whereas
FAO and WHO (via Codex Alimentarius) provide the guidelines to the regulations
pertaining to food products, including foods of animal origin.

Wars and terrorism

War is a restraining factor that influences animal health in many aspects. It
may lead to failure of specific programs for disease control as well as total collapse
of veterinary service and infrastructure. War conflicts cause serious problems
related to food production, movement of refugees together with their animals to
other regions. Bioterrorism added new and worrisome dimension in the process of
disease control. The majority of potential agents used so far are of zoonotic nature,
thus, both humans and animals would be endangered in case of biological warfare
(Davis 2004).

Changes of the climate and other environmental factors

The relationship between the animal husbandry and environment and
health is a bi-directional interaction. On one hand, animals may have negative
effects on the environment, while on the other hand, animal health and productivity
are greatly affected by the same ecological burden (Sherman 2010). Ruminants are
an important source of gaseous emission, contributing to global warming.
Livestock production has become an important factor in environmental degradation
through deforestation, particularly in Latin America. In regions with intensive
livestock production, excess animal waste (manure and slurry) may cause pollution
of water streams. Overgrazing results in soil degradation, especially in semi-arid
regions. At the same time, human and animal diseases can result from
environmental impact or climatic changes. Global warming is associated with
spread of Bluetongue disease in Europe (Purse et al. 2005), Hantavirus infection in
North America, malaria epidemics in Africa and South America, Dengue fever in
Asia and cholera in South Asia (Anyamba et al 2006).
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The role of a veterinarian in the One Health concept

There are several phrases and terms associated with One Health such as
“united health”, integrated health, one medicine, one world-one medicine;
however, disregarding the definition, this concept should represent a global
strategy of multidisciplinary collaboration in all aspects of human and animal
health protection, and environment protection (Gibbs 2013, Vidic et al 2014a).
Such a multidisciplinary approach should be accomplished at local, national and
global levels to provide adequate protection of human and animal health. Global
trends and numerous technological advancements from the past few decades have
contributed to increased development and worldwide spread of zoonotic diseases.
In spite of substantial social advantages associated with globalization, it also posed
a range of challenging issues in view of domestic animals, human health and
environment protection.

Veterinary medicine should play crucial role in the future of the One
Health concept. The professionals and expert in this field must follow global trends
affecting animal health and diseases and improve their knowledge and expertise to
effectively address future challenges (FAO 2013).

Veterinarians are the only health professionals whose formal training is
based in comparative medicine, with in-depth studies of the health and diseases of
multiple species (Chaddock 2012, Pal 2014) Veterinarians are also trained in
public health as it pertains to livestock production and environmental assessments
associated with animal health problems and diagnosis (water, feed, and air quality,
etc...). Veterinarians are active in public health by working closely with physicians
and other health professionals on disease investigation, surveillance and effective
response to potential disease outbreaks (Hoblet 2002, Pal 2014, Vidic et al 2014b).
Veterinarians in the zoo and wildlife sectors are acquainted with wild animal
diseases, thus able to be a part of interdisciplinary teams composed of wildlife
biologists, ecologists and other specialists (FAO 2013, Gibbs 2013).

Consequently, the veterinary medical profession needs to be actively
involved in the One Health approach with an aim of human, animal and
environmental well-being. Potential barrier for veterinarians and students of
veterinary medicine might be the identification of career pathways and
employment opportunities for working on One Health issues in a global context
(Chaddock 2012). In addition to technical competence, other important attributes
are strong leadership abilities, teamwork, foreign language proficiency, improved
communication skills, cross-cultural experience, adaptability and flexibility and
even advanced training in the other medical specialty areas such as epidemiology,
toxicology or virology.
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Conclusion

Veterinary medicine should play crucial role in the future of the One
Health concept. The professionals and expert in this field must follow global trends
affecting animal health and diseases and improve their knowledge and expertise to
effectively address future challenges. As a consequence of modern technologies,
some local changes or incidents may result in effects of global importance. This is
particularly significant in case of disease outbreaks, since current globalization era
is associated with increased number and incidence of infectious diseases, especially
zoonoses. Intensive communication and trade with animals and agricultural
products provided conditions for rapid transmission of the disease throughout the
world. Infectious diseases arise as a consequence of mutual contact between
humans and domestic and wild animals, as well as of environmental changes. To
the purpose of preventing disease transmission and potential negative outcomes,
comprehensive research and adequate actions are of vital importance.
Multidisciplinary approach and mutual acting of veterinarians, physicians,
biologists, agronomists and ecologists, is the prerequisite for successful addressing
this issue.
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Pretece bolesti i zonoze: globalni rizici za zdravje Zivotinja i
ljudi

B. Vidi¢, S. Savi¢, S.Bobos, N. Prica, M. Radinovi¢, M J. Paji¢

Rezime

Pojava novih zaraznih bolesti u 20 veku posledica je povecane
komunikacije izmedu ljudi, Zivotinja i  intenziviranja proizvodnje hrane.
Dominantan uticaj na pojavu i nastanak bolesti imaju Zivotinje. Globalizacija i
klimatske promene imaju ogroman uticaj u svetu na nastanak i razvoj zaraznih
bolesti ljudi i Zivotinja. Osim toga promene u demografiji i ponaSanju ljudi,
napredak tehnologije, medunarodni transport i trgovina, kao i promene i adaptacija
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mikroorganizama su znacajni faktori za pojavi zaraznih bolesti, kao posledica
pojave novih patoge na, izmenjenih ve¢ postojeéih patogena i poznatih patogen
koji su dokazani na novim podrucju ili novoj populaciji domacina. Pove¢an nivo
komunikacije i trgovine Zivotinjama i robama stvorilo je uslove da se bolest moze
veoma brzo preneti na sve krajeva sveta. Infektivne bolesti nastaju kao posledica
kontakta ljudi, domac¢ih i divljih Zivotinja i promena u Zivotnoj sredini. Da bi se
ove posledice predupredile potrebno je temeljno izucavanja i delovanje u tom
sistemu, da bi se bolesti mogle prevenitrati. To zahteva multidisciplinarni pristup,
ili zajednickog delovanja i povezivanja veterinara, lekara, biologa, agronoma,
ekologa i drugih.

Veterinarska medicina u buducnosti treba da ima veliki znacaj u konceptu
Jedno zdravlje. Veterinarsli stru¢njaci moraju pratiti globalne trendove koji uti¢u
na zdravje i bolesti i usklade neophodna znanja i stru¢nost da bi bili efikasni u
budué¢im izazovima.
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Abstract: In this paper different aspects of welfare and behaviour in
relation to disease of dairy cows were discussed. Diseases that affect dairy cows in
literature were commonly classified as organ-related, reproductive, metabolic,
infectious and parasitic. The special significance, both for the extensive and
intensive dairy production, has diseases of the hooves, as well as mastitis and
ketosis. Understanding the aetiology of the disease or syndrome is important for
detecting potential animal welfare problems. Sick cows are manifested sickness
behaviour that controlled by cytokines of the immune system and appear to be part
of the immune response to the illnesses. It is well known fact that sick cow changes
normal behaviour patterns in many aspects and its well-being are more or less
compromised depending from diseases severity. Cow respond to illness with a
consistent and predictable pattern of behavioural changes in reactivity, exploration,
ingestion, reproduction, social interactions, body hygiene maintenance, movement,
territoriality, rest and sleep depending from nature of disease. Automated detection
of cow health and behaviour problems provides a complement, and perhaps
eventually an alternative to the current use of farmers’ records or records of
veterinary treatment to assess the animal welfare.

Key words: behaviour, dairy cows, disease, welfare
Introduction

Determination of the health status in long term period was considered as
the useful indicator of dairy cow welfare, although scientists in this very important
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field often were paid little attention to the connection between the problems of the
animal health, behaviour and welfare. For this approach there are numerous
reasons, and as most important are difficulties in accomplishment data on the
incidence of health problems and in the similar sense behavioural disturbances in
different types of dairy cow production. It is well known fact that information on
cow health are available and significantly easier to establish in extensive than in
intensive dairy rearing systems due to smaller number of the animals in the first
system. Further problems that scientists were faced were different incidence and
prevalence of disease and their relevance as indicators of the welfare of dairy cows
(EFSA, 2009a; Rushen et al., 2008; von Keyserlingk et al., 2009; Hristov and
Stankovié, 2014). Despite noticeable progress in dairy cow welfare today, there are
many unsolved problems in the use of health indicators in assessing of that very
important issue. Since there are many illnesses in dairy cow that reduce the welfare
as main question were appointed on-farm assessment of the relative impact of
different forms of the disease on cow welfare and thereby difficulties associated
with establishing reliable and valid information on the occurrence of the disease
(EFSA, 2009a; von Keyserlingk et al., 2009, Stankovié et al., 2014a).

Dairy cows suffer from many diseases, both in intensive and extensive
production systems (EFSA, 2009a; Hristov et al., 2012a; Stankovi¢ et al., 2014a).
These animals can suffer from many different endemic diseases, such as infectious
and non-infectious, and occasionally diseases with epidemic character. Diseases
that affect dairy cows in literature were commonly classified as organ-related,
reproductive, metabolic, infectious and parasitic. From organ-related diseases the
most significant in dairy production are indigestion (meteorism, rumen acidosis
and rumen alkalosis) and from reproductive diseases very frequently encountered
ovarian cysts, metritis and retained placenta (EFSA, 2009a; Stankovié et al.,
2014a; Stankovié et al., 2014b). Among metabolic diseases, that common affect
dairy cow, in intensive production systems, the most important are allotriophagy,
ketosis and puerperal paresis. Major importances among parasitic diseases for dairy
cows worldwide have babesiosis, fasciolosis, gastrointestinal strongiloides,
hypodermosis and scabies. Finally from infectious diseases in cow worldwide are
important bovine spongiform encephalopathy, foot-and-mouth disease, tuberculosis
and brucellosis. It should take into account that infectious and parasitic diseases
can exist in enzootic or epizootic forms. The special significance, both for the
extensive and intensive dairy production, has diseases of the hoofs, as well as
mastitis and ketosis (EFSA, 2009a; OIE, 2008).

It is well known fact that sick cow changes normal behaviour patterns in
many aspects and its well-being are more or less compromised depending from
diseases severity (EFSA, 2009a). It is also well known fact that certain normal
behaviours of dairy cows may contribute to occurrence of metabolic, parasitic and
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infectious diseases, and thus jeopardize their well-being (Broom and Fraser, 2007;
Rushen et al., 2008). Poor welfare of cows, on the other hand, contributes to a
number of diseases and evokes changes of certain behaviour patterns in order to
adapt to the harmful effects of diseases (Broom and Fraser, 2007; Rushen et al.,
2008). In this relationship also it is obvious that the illness of the animals can be a
major cause of poor welfare, and that the occurrence of diseases can be used to
assess the welfare of dairy cows (Broom and Corke, 2002; Broom, 2006). It is
considered that rearing conditions have great impact on health and welfare of dairy
cows (Fregonesi and Leaver, 2001; Regula et al., 2004; Hristov et al., 2008;
EFSA, 2009a; Stankovi¢ et al, 2014a), reproductive and related disorders
(Stankovié¢ et al., 2014b) and milk traits (Hristov et al., 2014b)

Nowadays records on the incidence and prevalence of various diseases in
dairy cow are becoming more readily available because of on-farm record keeping
systems. Today it is considered that stockman need to be able to correctly
recognize specific cow health issues and behavioural disturbances early in order to
enhance its welfare, as well as the cow health status of their herd (EFSA, 2009a;
Hristov and Stankovi¢, 2014).

The aim of this review paper were detailed consideration of the connection
between welfare, behaviour and cow diseases as well as outline of the behaviour
and welfare in relation to the most important diseases in intensive dairy production.

Definition of dairy cow welfare, behaviour and health

When scrutinizing relationship between welfare, behaviour and health of
the cow then, first of all, it should have in mind the definition of all of these states.
According to WHO (1948) health is a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity.

According to OIE (2008) animal welfare means how an animal is coping
with the conditions in which it lives. In addition, an animal is in a good state of
welfare if, as indicated by scientific evidence, it is healthy, comfortable, well-
nourished, safe, able to express innate behaviour, and if it is not suffering from
unpleasant states such as pain, fear, and distress.

Welfare of dairy cow indicates a state in which the biological functions of
its body are within the normal range, or this is a state in which the animal are
completely mentally and physically healthy and in harmony with its living
environment (Broom and Fraser, 2007; Rushen et al., 2008; Hristov and
Stankovié¢, 2014). Protecting of cow welfare is considered in terms of defining
indicators of well-being and ratings individual level of welfare quality. In this
regard, as the most important indicators, in literature, were taken into account
many physical, physiological and behavioural indicators of cow health (Fregonesi
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and Leaver, 2001; Broom and Fraser, 2007; Winckler, 2008; Rushen et al., 2008;
Hristov et al., 2012b; Hristov et al., 2014a).

When it is necessary to consider the welfare of dairy cows in terms of
definition and assessment of the indicators, scientist paid special attention to the
animal-based indicators and especially emotions of the animals reflecting mental
status and also the quality of its life (Broom and Fraser, 2007; Winckler, 2008;
Rushen et al., 2008; Hristov and Stankovié, 2014). At the same time, scientist
considered that indicators of the presence of positive well-being are pleasant
emotions as comfort, satisfaction and feeling safe and negative well-being
unpleasant emotions such as fear, pain, suffering, feeling threatened, etc. In
addition, many scientists estimated biological functions of the animal body, such as
normal growth and development of the animal, reproductive traits, the expression
of physiological behaviours, and absence of disease and behaviours disturbances as
very important indicators of cow welfare (Rushen et al., 2008; Hristov et al.,
2014a).

Behaviour can be defined as a set of observable activities or reactions of
the cow to stimuli that originate from the body and from the environment in order
to adapt to the conditions of life and survive in a certain environment. Many basic
dairy cow behaviour activities are of vital importance for the survival in a
particular environment, such as reactivity, exploration, ingestion, reproduction,
social interactions, body hygiene maintenance, movement, territoriality, rest and
sleep which were described by many authors (e.g. Vucini¢, 2006, Broom and
Fraser, 2007; Rushen et al., 2008; Hristov and Stankovié, 2014).

In cases where the dairy cow cannot cope with the conditions in which
they live in many occasions, different behaviour disturbances include self-
mutilation, pathological reactivity, redirected behaviour and stereotypes. Besides
this, in intensive dairy rearing conditions often occur states of suffering that is
contrary to cow welfare. Suffering is unpleasant emotion that is usually caused in
cows by pain, fear or distress, discomfort, insecurity, deprivation of basic needs,
prolonged hunger and thirst, frustration and conflicts. In fact, cows suffering
represents failure or inability of individuals to adapt and to overcome the factors
that cause a feeling of mental exhaustion (Vucini¢, 2006, Broom and Fraser, 2007;
Rushen et al., 2008).

Presuming that individuals welfare is consequence of animals attempts to
cope with environment and pathology is one of the effects of environment, then it
is clear that health is a part of welfare (Broom, 2006). One should have in mind
that the pathology is the detrimental derangement of molecules, cells and functions
that occurs in living organisms in response to injurious agents or deprivations
(Broom and Corke, 2002; Broom, 2006).
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Sickness behaviour

Biological basis of the sick animals behaviour was described in detail by
Hart (1988). The roles of cytokines in sickness behaviour were presented in review
scientific papers by Kelley et al. (2003) and Dantzer (2004). In these papers, it was
stated that sickness behaviour is mediated by proinflammatory cytokines that are
temporarily expressed in the brain during infection. Somewhat earlier in the review
paper by Aubert (1999), it was summarized that behavioural changes induced by
cytokines are not merely the consequence of a degraded state but reflect
motivational reorganization.

Sickness behaviour and its relevance to animal welfare assessment at the
group level were considered by Millman (2007). Behaviours shown by ill animals
are part of a coordinated strategy to fight disease. The behavioural changes
attributable to illness are controlled by cytokines of the immune system and so
appear to be part of the immune response to illness. A better knowledge of sickness
behaviour in cow will help to improve the ability to detect illness earlier, especially
when the animals are housed in large groups.

Certain researches, especially that demonstrate the role of fever in
facilitating an animal's ability to combat viral and bacterial infections, have led to
the development of a viewpoint that the behaviour of a sick individual is not a
maladaptive and undesirable effect of illness but rather a highly organized
behavioural strategy (Hart, 1988; Aubert, 1999). The behavioural repertoire of
animals’ changes dramatically follows infection. Essentially, animals respond to
illness with a consistent and predictable pattern of behavioural changes, which
typically include reduced feeding, increased rest and sleep, increased
thermoregulatory behaviours and reduced social behaviour (Hart, 1988). In other
words, expressed sick individuals have little motivation to eat, they are listless,
complain of fatigue and malaise, loose interest in social activities and have
significant changes in sleep patterns. They display an inability to experience
pleasure, have exaggerated responses to pain and fail to concentrate. These
conditions are a consequence of proinflammatory cytokines acting in the brain
cause sickness behaviours (Kelley et al., 2003). The behavioural changes that occur
when animals are ill are not simply a by-product of the debilitating effects of
illness, but organized behavioural changes that help animals recuperate from the
illness (Hart, 1988; Aubert, 1999). Clinical diagnose of illness often involves some
objective assessments of behaviour changes. These behavioural changes occur
simultaneously with physiological and metabolic changes, most notably the fever
response, and some of the behavioural changes serve to maintain the fever
(Johnson, 2002).
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The relationship of the health, behaviour, and welfare of
COWS

Health problems in dairy cows are best correlated with the welfare of these
animals in relationship to aspects of the animal suffering in the past, present or
future (von Keyserlingk et al., 2011). Understanding the aetiology of the disease or
syndrome is important for detecting potential dairy cow welfare problems.
Morbidity rates, including for infectious and metabolic diseases such as mastitis
and metritis, lameness, metabolic diseases, parasitic diseases and postpartum
complications and injury rates, above recognised thresholds, may be direct or
indirect indicators of the animal welfare status of the whole herd (OIE, 2008).

As mentioned before, links between cow welfare, behaviour and severity
of diseases can be observed through the duration and the probability that the
disease will cause death. Another approach that could be used in that sense is to
establish common symptoms in different diseases. Symptoms such as decrease
food intake, decrease of general activity, lying and similar behavioural changes that
occur in a number of diseases could be used, so that the relative severity of the
disease can be assessed by comparing the relative extent of these changes. Also,
diseases can be ranked based on the combined loss of milk production and reduce
food intake (Broom and Fraser, 2007; Rushen et al., 2008; von Keyserlingk et al.,
2011).

Because of the increasing incidence of various diseases, and the large
economic cost for dairy production, there is a huge interest in early detection of
illness. Automated detection of animal-health problems provides a complement,
and perhaps eventually an alternative to the current use of farmers’ records or
records of veterinary treatment to assess animal welfare (Gonzélez et al., 2008).
Useful information about connectivity options between behavioural changes and
health disorders can be found in the papers that have scrutinised disturbances of
rest behaviour of dairy cows (Chaplin 2000), hooves lesions and behaviour in
pregnant and early lactation heifers at housing (Chaplin et al., 2000), possible link
between behaviour and the occurrence of lameness in dairy cows (Galindo et al.,
2000), especially relationships between social behaviour and the occurrence of
lameness (Galindo and Broom, 2000) and the effects of lameness on social and
individual behaviour of dairy cows (Galindo and Broom, 2002), feeding behaviour
and health disorders (Gonzéalez et al., 2008), prepartum feeding behaviour as early
indicator of subclinical ketosis (Goldhawk et al., 2009), prepartum behaviour and
dry matter intake as risk for metritis (Huzzey et al., 2007), and lying behavior as an
indicator of lameness in dairy cows Ito et al. (2010). Several studies have shown
that feeding behaviour can change before clinical signs of disease are evident
(Huzzey et al., 2007; Gonzalez et al., 2008; Goldhawk et al., 2009). These
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researches show that monitoring feeding behaviour may give producers a better
chance of detecting transition cow illness at an early stage. Certainly, automated
monitoring of feeding behaviour can be helpful in detecting illness (Sorensen et al.,
2002; Svensson and Jensen, 2007). There are many diseases that afflict cows
during calving and transition, including dystocia, metritis, metabolic disorders (as
ketosis, fatty liver etc), displaced abomasum and milk fever. Despite decades of
research, the incidence of these diseases in intensive dairy production remains
unacceptably high. Changes in cow behaviour during transition can predict many
disease and lameness risk post partum (von Keyserlingk et al., 2011).

Dystocia

Dystocia is common disorder with clear implications for dairy caw
welfare. Effects of a difficult calving on the subsequent health and welfare of the
dairy cows and calves were well documented by Barrier (2012) in her PhD thesis
and by Barrier et al. (2012) in research paper that considered effect of a difficult
calving on the vigour of the calf, the onset of maternal behaviour, and some
behavioural indicators of pain in the dam. The effect of dystocia on the dam
welfare ranges from discomfort because of laceration of the vulva to paralysis of
the obturator nerve and downer cow syndrome (Egan et al., 2001). In the literature,
there are consensus that calving difficulty or at least severe difficulty at calving has
adverse effects on the health, behaviour and production of the dairy cow (Barrier,
2012). Dairy cows that have dystocia are more likely to develop health
complications after calving, reducing productivity and welfare (Proudfoot et al.,
2009; Barrier, 2012; Barrier et al. 2012).

Metritis

Metritis can have long-term effects on dairy cows, substantially reducing
both milk production and feed intake (Bareille et al., 2003), indicating a relatively
severe impact on cow welfare.

Huzzey et al. (2007) found that cows with diagnosed metritis spent less
time feeding during the precalving period than did their healthy counterparts; every
10-min decline in prepartum feeding time was associated with a 2-fold increase in
the chance that a cow would be diagnosed as suffering from metritis. These results
indicate that changes in feeding behaviour can be a sensitive indicator of this
disease.

Downer cow syndrome

Very common disorder in dairy is downer cow syndrome, which namely
denotes many conditions that cause cows to lie down on their chest or side and
remain unable to rise. About calving time, causes of this syndrome can be grass
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tetany, milk fever, pregnancy toxaemia, acute acidosis, calving paralysis and toxic
mastitis. Detailed information relating to all of these complex pathologies in cows
can be found in the publication by Radostits et al. (2007).

Ketosis

Changes in prepartum feeding behaviour as an early indicator of
subclinical ketosis were described in the paper by Goldhawk et al. (2009). Ketosis
is a metabolic condition that occurs when a cow is in negative-energy balance
immediately after calving. Peak prevalence of subclinical ketosis occurs in the first
two weeks of lactation. To support the cows’ energy demands, the body must
mobilize fat reserves resulting in the production of ketone bodies by the liver. This
condition increases the cows’ risk of displaced abomasum, fatty liver, retained
placenta, reduces milk production, and decreases reproductive performance.
Ketosis in dairy cow can cause a range of signs. Wasting form of ketosis manifest
rapid loss of condition 2 -8 weeks after calving, drop in milk yield, poor appetite
and breath smells strange (like acetone) due to the presence of ketones. In nervous
form in cows occur incoordination, strange behaviour e.g. sucking items in the
environment, wandering aimlessly and the cows may become aggressive (Duffield,
2000; Radostits et al., 2007).

Mastitis

One of the most important infectious diseases in dairy cows is mastitis
because of the high prevalence, poor welfare and economic losses caused. Risk
assessment of the impact of housing, nutrition and feeding, management and
genetic selection on udder problems in dairy cows were described in detail by
EFSA (2009b). Evidence suggests that cows with this disease show sickness
behaviours, but little is known about the progression of behavioural changes before
and after the disease becomes clinical. Changes in behaviour of dairy cows with
clinical mastitis were illustrated in the paper by Sepulveda-Varas et al. (2014).
Cows with naturally occurring clinical mastitis in early lactation showed typical
sickness behaviours, including decreased feed intake and a reduction in
competitive behaviour at the feeder. Dry matter intake gradually decreased in the
days before diagnosis, and recovered one day after treatment. Competitive
interactions tended to decrease before diagnosis, and increased after treatment,
albeit at a slower rate than the feeding behaviours.

Lameness

Lameness is widely regarded as a major welfare problem for dairy cows.
The influence of the environment on dairy cow behaviour, hooves health and herd
lameness dynamics were illustrated in detail by Cook and Nordlund (2009). Impact
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of lameness on behaviour and productivity of lactating Holstein cows were
described by Juarez et al. (2003). This health problem results in decreased
mobility, reduced dry matter intake, decreased production, impaired reproduction,
debilitated cows and early culling. Also, Proudfoot et al., (2010) have determined
that behaviour during transition differs for cows diagnosed with claw horn lesions
in mid lactation. Review of behaviour of lame cows was documented by
Olechnowicz and Jaskowski (2011a). Lameness, activity time-budgets and estrus
expression in dairy cattle are described by Walker (2008). Comparisons of hoof
lesions and behaviour in pregnant and early lactation heifers at housing were given
by Chaplin (2000). Relation between clinical lameness and reproductive
performance in dairy cows were described in detail in the paper by Olechnowicz
and Jaskowski (2011b). In this paper, authors stated that lameness of cows is an
important factor influencing the longevity and performance of the herd, including
milk yield losses and also that it has a negative impact on reproductive
performance and constitutes an increasing risk for early culling.

Effect of lameness on the behaviour of dairy cows under intensive
production systems were reviewed by Varlyakov et al. (2012). Based on literature
data, these authors determine that cows with movement problems and found
lameness losing position in the food trail, changing his place of rest, losing the
position to enter the milking room or visits of milking robot, which changes the
whole order of entry for milking. The effects of lameness on social and individual
behaviour of dairy cows were studied by Galindo and Broom (2002). They found
that the lame cows spent more time lying out of the cubicles, had longer total lying
times, and spent less time feeding. The behavioural differences described in this
paper show that lame cows do not cope as successfully with their environment as
do non-lame cows. Also, authors were ascertained that no differences were found
in the times licking other cows; however, the frequency of times being licked was
higher in the lame cows. Although lame cows were less likely to start an aggressive
interaction, there were no differences in times receiving aggression.

Lameness indicates a painful state and discomfort and is regarded as one of
the most serious welfare problems in cattle. It is listed under behaviour related
parameters and can be linked to disturbances in the cows’ laying down behaviour,
but is also clearly linked to animal diseases in terms of claw diseases, and as such,
the condition leads to severely changed behaviour in the cow. Behavioural changes
associated with lameness were described in detail by EFSA (2009a). Lameness in
dairy cows presents a major welfare problem whether assessed in terms of their
physical state or mental state There are many welfare problems attributable to
lameness. These include infertility, loss of production, premature culling, pain and
other behavioural indices of discomfort or distress. Recognition of lameness as a
major welfare problem both in European legislation and in quality assurance
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programmes operating within the dairy industry gives emphasis to the assumption
that all foot lameness is an expression of pain that may vary from slight to severe
(EFSA, 2009a).

Undernutrition and overnutrition

Body condition scoring in cow can be performed using a variety of scales
and systems. Body condition score and its association with dairy cow productivity,
health, and welfare were given by Roche et al. (2009). Associations among dairy
cow body condition and welfare-associated behavioral traits were described by
Matthews (2012). In cow both undernutrition and overnutrition can be regarded as
a potential welfare problem, since cows which are overconditioned at drying off
are more likely to develop cystic ovarian disease and lameness. Severe body
condition loss from the dry to near calving period increased the occurrence of
retained placenta. In addition, too thin animals may be regarded as welfare relevant
per se, since they have obviously not been able to meet their physiological
demands and may suffer from prolonged hunger.

Conclusion

According literature data about welfare and behaviour in relation to disease
of dairy cows and experience of authors, it can be concluded:

e Behaviour, welfare and disease occurrence in dairy cows are closely
related and conditioned states;

e Sick cows are manifesting sickness behaviour that controlled by cytokines
of the immune system and appear to be part of the immune response to
illness;

e Dairy cows respond to illness with a consistent and predictable pattern of
behavioural changes in reactivity, exploration, ingestion, reproduction,
social interactions, body hygiene maintenance, movement, territoriality,
rest and sleep related to nature of disease;

e Morbidity rates, including for infectious and metabolic diseases such as
mastitis and metritis, lameness, metabolic diseases, parasitic diseases and
post-partum complications and injury rates, above recognised thresholds,
may be direct or indirect indicators of the cow welfare status of the whole
herd:;

e Automated detection of cow health and behaviour problems provides a
complement, and perhaps eventually an alternative to the current use of
farmers’ records or records of veterinary treatment to assess the animal
welfare.
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Dobrobit i ponasanje u odnosu na bolesti mle¢nih krava

S.Hristov, B.Stankovic, D.Ostoji¢-Andric, M.Cincovié, Z.Zlatanovicé,
N.Maksimovi¢, M.Lazarevic

Rezime

U radu su prikazani razli¢iti aspekti dobrobiti i ponaSanja analizirani u
odnosu na bolesti mle¢nih krava. Oboljenja koja se javljaju kod mle¢nih goveda se
u literaturi obi¢no dele na organska, reproduktivnha metaboli¢ka, infektivna i
parazitska. Poseban znacaj, kako u ekstenzivnoj tako i u intezivnoj proizvodniji,
imaju bolesti papaka, mastitis i ketoza. Poznavanje etiologije bolesti ili sindroma je
vazno za razumevanje mogucih problema dobrobiti mle¢nih krava. Bolesne krave
ispoljavaju ponaSanje karakteristiéno za takvo stanje organizma, a koje je pod
kontrolom citokina imunog sistema i smatra se da takvo ponaSanje predstavlja deo
imunog odgovora na bolest. Poznato je da ponaSanje obolele krave odstupa u
razlic¢itim aspektima od normalnog obrasca ponaSanja, a njena dobrobit je ugrozena
u manjoj ili ve¢oj meri, u zavisnosti od toga koliko je oboljenje ozbiljno. Krava
reaguje na bolest odstupanjem od uobicajenog i predvidivog obrasca ponasanja u
pogledu reaktivnosti, istraZivanja, ishrane, reprodukcije, socijalne interakcije,
odrZzavanja higijene tela, pokreta, teritorijalnosti, odmora i sna, u zavisnosti od
prirode bolesti. Automatsko otkrivanje problema zdravlja i ponaSanja krava
obezbeduje dodatne podatke, kao i alternativu aktuelnoj upotrebi podataka vodenih
na farmi ili podataka o leGenju za procenu dobrobiti Zivotinja.
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Abstract: Research conducted on 16 dairy farms in Serbia has shown that
poor housing conditions represent one of the major dairy cows’ welfare problem in
our country. This is also an area of animal welfare in which the greatest difference
in relation to the situation in EU countries can be observed. Poor comfort
conditions are estimated based on a high share of cows that lie outside their lying
area (36.5%) as a consequence of inadequate or insufficiente size of lying areas.
Investigated the farms showed a very poor state of hygiene of dairy cows, with a
high percentage of cows with the contaminated lower parts of the legs (84.6%),
rump (71.3%) and udder (60.0%), which indicates the inadequate hygiene of lying
areas and facilities, insufficient amount of bedding but also disorders of rumen
digestion. The biggest welfare problems are present on farms with tied system, also
the presence of grazing in our conditions, unlike the EU, is also insufficient from
the standpoint of ensuring the welfare of dairy cows.

Key words: welfare, dairy cows, housing conditions, comfort, freedom of
movement, hygiene

Introduction

The general concept of welfare is based on the concepts of adaptation,
stress, animal needs and their rights. The most important question in terms of
providing welfare is certainly the question of animal needs. According to Broom
and Johnson (1993) the need is the request, part of the biological basis of the
animal, to provide adequate resources or responses to specific stimuli from the
surrounding environment or its body. Animals in the absence of resources to meet
their basic needs are becoming more prone to numerous welfare risks. In the report,
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EFSA (2009) highlighted four key risks to the welfare of dairy cows: housing,
feeding, management and genetic selection. The conditions for housing of dairy
cows, according to research by other authors (Regula et al., 2004; Ostoji¢ - Andri¢
et al., 2011) significantly affect the ensuring of their welfare and include a wide
range of conditions that need to be provided in order to ensure the animal needs
and protect welfare. The authors of the Welfare Quality Protocol (Welfare
Quality®, 2009), as key factors to ensure satisfying of the animal needs in regard
to housing conditions, include freedom of movement and comfort of the animals.

As a form of behavior, movement is an integral part of all other forms of
behavior and enables the animal to react appropriately in terms of space, time and
stimulus which meets their needs for maintaining the homeostasis, or physical,
psychological and genetic integrity (Vucinié, 2006). If the animal is highly
motivated to satisfy a need, and due to the inability of movement is prevented in
doing so, it leads to the development of frustration (Vucini¢, 2006).

According to many authors (Krohn and Munksgaard, 1993; Ristov et al.,
2006; Ostoji¢ - Andri¢ et al., 2011), the housing system is strongly reflected on the
quality of the welfare of dairy cows, especially in terms of health status and
expression of behavior. In Serbia, like in most countries, the tied system prevails
that allows individual treatment of each animal but is a strong contrast to the
natural habitat of the cattle (Ostoji¢ - Andrié et al., 2011). Free system is more and
more present in modern rearing because the freedom of movement and separation
of functions (feeding, watering, lying and milking) have a positive influence on the
overall state of health, fitness of the animal, length of exploitation and production
performance. Easier way to ensure the proper microclimate and zoohygienic
conditions are also benefits of the free system.

Growing cows in the pasture system is the most natural form of rearing of
cattle since it enables the expression of various forms of behavior characteristic of
the cattle as a species (Von Keyserlingk et al., 2009). Tucker (2009) states that
cattle grazing have more harmonious daily rhythm compared to farmyard kept
cows, and that their daily feeding and lying pattern is better synchronized. The
advantages of growing cattle on pasture are reflected primarily in lower incidence
of laminitis, teat injuries (Regula et al., 2004) and abnormal behaviors (Krohn,
1994) as well as enhanced comfort while resting (Krohn and Munksgaard, 1993).

Providing comfort to cows is of great importance from the aspect of
meeting their needs in terms of rest, behaviour and health. Studies have shown that
the hygiene of cows and their behavior on the laying area during their resting can
be considered as reliable indicators of comfort.

Hygiene of cows mirrors the environment in which they are grown and
influences many aspects of health (Schukken et al., 1990). Some studies the
behaviour of cows show that they have an aversion to unclean environment,
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especially when first dealing with it, and that it is preferably avoided (Phillips and
Morris, 2002). Soiling of various bodily parts of cows shows the different sources
of contamination. For example, dirty lower legs suggest that cows are walking
through mud or manure, whereas dirty hips suggest dirty and damp lying areas.
Specific, splattered manure patterns on the hips are a sign that a cow kicked with a
tail that was dirty with faeces and watery. This combination of behaviour and
consistency of feces can be an indicator of disturbed function of the rumen (Huxley
and Whay, 2006).

Lying is the behavior of high priority (Munksgaard et al., 2005), because
the cows mainly rest during lying, so every change of this aspect is of great
significance for the state of welfare. In studies Brorkens and al. (2009a) have
found that the duration/time of lying down (in seconds), the percentage of collision
with equipment when lying down and the percentage of cows that lie partially or
completely outside the lying are can be considered as the most reliable indicators
of welfare.

Taking into account the above-mentioned research in this field in the
world, and the need for assessing the state of welfare on dairy farms in our country,
the main objective of this study was to determine the quality of welfare in relation
to housing conditions in order to define the most important welfare risks and
propose measures for its improvement.

Materials and Methods

For the assessment of welfare in dairy farms in Serbia the protocol for
evaluating the quality of the welfare of cattle (Wefare Quality® Assessment
Protocol for Cattle, 2009) was used, specifically designed to assess relevant
indicators of welfare from the viewpoint of the animals themselves. The protocol
includes 29 indicators that are used to determine the 12 criteria: the absence of
long-term hunger and thurst, comfort, thermal comfort, freedom of movement, lack
of injuries and illness, absence of pain due to mutilation, expressing social and
other behaviours, good human - animal relations and a positive emotional state. By
aggregation of these criteria the values of 4 basic principles of welfare are
determined: good nutrition, good housing, good health and appropriate behavior.
Finally, based on the overall score farms are classified into one of four categories
of quality of welfare: unacceptable, acceptable, appropriate and excellent. The
study was conducted on a total of 16 farms with different housing (tied, free) and
different capacity (small, medium, large) in which the cattle of Simmental and
Holstein - Friesian breeds were reared. Minimum number of cows in the sample
was 30 and the average per farm was 64 animals in two repetitions - during winter
and summer season. Data processing and categorization of welfare quality of the
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investigated dairy farms was conducted using software specially developed under
the Protocol, and the respective statistical parameters were analyzed with the
program StatSoft.Inc (2004), Statistica for Windows version 7.

Results and Discussion

Overall welfare assessment on dairy farms in Serbia

Welfare quality assessment on dairy farms was conducted by collecting
data relating to the ensuring of good nutrition, good housing, good health and
appropriate behaviour. The research results show that half of the surveyed farms
was classified as acceptable (score 2) and the other half into the category of welfare
of adequate/appropriate quality (grade 3) on the basis of which it can be argued that
the observed farms, on average provided conditions that are of fundamental
animals' needs in terms of nutrition, health, comfort, housing and expression of
behaviour. Research conducted according the same methodology in farms in the
EU (Welfare Quality Network, 2012) showed a great similarity with the results
obtained in the present study. In 2011, the share of farms with an acceptable quality
of welfare in the EU was 47%, with 51% of the appropriate quality and 2% of
farms with unacceptable quality of welfare, while in our country none of the
evaluated farms were classified in the latter category.

Table 1 shows the average rating of the quality of the welfare of the
analyzed farms. The principle of good nutrition is rated satisfactory with the
highest score in relation to other principles which indicates that the welfare of dairy
cows in Serbia is not threatened by long-term starvation and thirst. Under this
principle, the highest variability was established, so in certain farms (score < 20)
shortcomings were evident which, given the importance of this principle, need to
be timely removed. Sums of other principles on average were in the range from 20
to 55 points, which corresponded to category of acceptable welfare, i.e. indicated
that housing conditions, health and behaviour requirements were ensured and meet
the minimum needs of animals in terms of their welfare. However, the survey
results indicate that there is room for improvement, especially when it comes to
housing conditions and the provision of appropriate behaviour.
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Table 1. Principle scores and overall assessment of welfare quality on dairy farms in Serbia

WF* Welfare principles, score X SD st Min Max
En Good feeding 75,97 (25,31 (640,39 |12,20 | 100,00
Ac Good housing 36,59 (19,37 |375,18 (7,30 |65,40
Ac Good health 41,17 |8,11 (65,78 |23,90 [56,60
Ac Appropriate behaviour 31,93 (13,77 (189,50 | 15,40 | 81,10
Overall welfare assessment (1-4), average score 2,47 (051 0,26 2,00 (3,00

*Welfare category (WF): Ex-excellent (>80 points); En-enhanced (55-80 points); Ac-
acceptable (22-55 points) and Nc-not classified (< 20 points)

Welfare quality in relation to housing conditions

Distribution of the examined farms in Serbia according to the value of the
principles of good housing (Graph 1) shows that the highest number of dairy farms
(31.25%) was rated as very poor, in the range from 11 to 20 points, and the
remaining 68.75% of the farms was rated in the range from 21 to 70 points. The
average value of the principle was 36.59 points compared to the score of this
principle in EU countries (Welfare Quality Network, 2012) where the highest
number of farms (50%) is estimated in the range from 51 to 70 points with an
average principle value of 56.5 points. It is obvious that dairy cows in our country
are provided with significantly poorer growing/housing conditions compared to
those that exist in European farms. This observation is further confirmed by the
fact that in our study, no farm is estimated to be in the range from 81 to 100 points
whereas in the EU 2% of farms are within these values. Also, only 2% of the farms
in the EU are valued in the range from 11 to 20 points, in contrast to Serbia, where
the highest number of farms are estimated within this range.
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Graph. 1. Distribution of farms according to principle of good housing
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Farms in Serbia on average were mostly (62.5%) scored in the range from
11 to 30 points for the criterion of comfort in housing (Graph 2), with an average
value of 25.77 points as opposed to farms in the EU (Welfare Quality Network,
2012) where the average value was 45.1 points on 44% of farms scored in the
range from 31 to 40 points and 4% estimated in the range from 1 to 10 points. This
indicates that the comfort conditions in the housing of cows in Serbia on average is
worse than the conditions that are provided for cows in EU countries.

In relation to the value of criterion freedom of movement, for the highest
number of farms in the survey — 43.75% (Graph 3) were very highly rated (90 to
100 points), which means that the animals are provided with adequate capacity to
move in stables, ranges or on pastures. However one third of the surveyed farms
was estimated in the range from 11 to 20 points, which indicates a significant
limitations in terms of freedom of movement.

35
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10 -
5 -
0 -

Farms, %

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Comfortaround resting score (points)

Graph. 2. Distribution of farms according to comfort around resting

Results of research of freedom of movement on dairy farms in the EU
indicate that this parameter is significantly improved in the past five years. In 2008,
the share of farms with a score of freedom of movement in the range from 11 to 20
points was 18%, while in 2012 all studied farms had the highest value of the
criteria of 90 to 100 points (Welfare Quality Network, 2012).

Housing/rearing conditions are factors of great importance for the cow
welfare. The value of the principle of appropriate growing conditions on farms in
Serbia is defined by the values of criteria comfort and enabled freedom of
movement (Table 2).
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Survey results (Table 2) show that the cows in tested farms on average are
given greater freedom of movement than is the case with the provision of comfort.
It was determined that the average duration of lying down of 6.25 seconds is
outside the range of acceptable values according to recommendations Forkman and
Keeling (2009) and indicates the limited comfort of cows due to inadequate lying
areas, problems with diseases of legs and pathological changes on the skin, hair
and joints (Algers et al., 2009).
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Farms, %

Freedom of movement score (points)

Graph. 3. Distribution of farms according to Freedom of movement

The collision with the equipment when resting was below the critical value
of over 20% as recommended by Forkman and Keeling (2009), while the
phenomenon of lying outside the lying area was recorded at an average 36.54% of
cows which seriously undermines the comfort of cows. In addition, cows lying
partially (in tied) or fully (in the free system) out of the lying area has a negative
impact on their hygiene, behaviour and health (Algers et al., 2009). The most
common cause of this phenomenon in the tied system are inadequate and short
lying areas (Bartussek, 1985) but also attempts of cows to cool in the slurry during
the summer months in case of free range system (Curtis, 1982).

Hygiene of cows on observed farms was very poorly scored (Table 2). An
average proportion of cows with dirty lower parts of the legs, the hips and udders
far exceeds the critical ranges in terms of the welfare of 20 - 50%, 10 - 19% and 10
- 19% respectively (Forkman and Keeling, 2009). The share of cows with dirty feet
(Table 2) of 60% and 95% was very close to the share identified in the research of
Vucemile et al. (2012).
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Cook (2002) has identified inadequate - short lying areas and insufficient
amount of bedding on them as the most common causes of high soiling of the
lower parts of the legs. In fact, a high proportion of cows with dirty feet is not
uncommon even on the farms of high welfare quality category.

Table 2. Assessment of housing conditions in relation to welfare assurance

No of farms, N N=16

Principles, criterions and indicators of welfare — 2 .

quality X SD S Min Max
Il Good housing, score 36,59 | 19,37 375,18 7,30 | 65,40
1. Comfort around resting, score 25,77 12,50 156,32 2,70 | 45,10
Time needed to lie down, in sec. 6,25 0,72 0,52 4,50 7,58

Colliding with housing equipment during lying

9,93 11,58 134,13 0,00 37,00
down, %

Lying partly or completely outside the lying area,

% 36,54 | 33,83 | 1144,38 | 0,00 | 100,00

Dirty legs,% 84,64 | 20,39 415,77 14,81 | 100,00
Dirty udders,% 60,07 | 23,99 575,54 9,26 | 100,00
Dirty flank/ upper legs,% 71,34 | 20,42 417,05 3,70 | 100,00
2. Freedom of movement, score 56,94 | 39,25 | 1540,58 | 15,00 | 100,00
No. of days cows are kept tethered, per year 174,84 | 170,29 | 28997,56 | 0,00 | 365,00

No. of days with access to outdoor loafing area, per

107,66 | 120,49 | 14517,72 | 0,00 | 365,00
year

No. of hours with access to outdoor loafing area, 9,00 1011 102,19 0,00 24,00

daily
No. of days with access to pasture, per year 16,88 | 52,76 2783,47 0,00 | 210,00
No. of hours with access to pasture, daily 2,25 6,42 41,23 0,00 | 24,00

In the study by Webster (2005), the ratio mentioned ranged on farms from
65% to 96%. However, in the same survey, filthy rumps were observed in 0 - 7%
of cows from the best farms and in 26 -78% of cows from lowest scored farms
while in our study, this ratio was 71%.

Soiling of the udders on farms in Serbia amounted to an average of 60%,
which corresponds to the range of 24 - 70% on farm of the worst welfare quality
category in the research of Webster (2005). In a study of Vucemila et al. (2012) the
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soiling of rump was even more pronounced (75%). Extremely poor hygiene of
cows usually is associated with poor facility hygiene and ninadequate and irregular
manure removal but may be associated with disfunction of the rumen (Huxley and
Whay, 2006). Soiling of rump can be a reliable indicator of the said conditions. It
can be concluded that inadequate hygiene of cows on farms in Serbia threatens
their welfare by increasing the risk of diseases of legs and udders (Schukken et al.,
1990) while at the same time it can cause changes in the behaviour of cows
(Phillips and Morris, 2002).

The movement is an essential element for expression of natural behaviours
and satisfaction of innate need or instinct of animals. In our conditions the cows
are, on average, held tied 175 days per year while access to ranges is enabled 108
days and pastures only 17 days (Table 2). Converted into hours, cows spend
outdoors a total of 968 hours per year on free ranges discharges or 38 hours in the
pasture. It can be concluded that the time cows are in the outdoors (in ranges and in
the pasture) is very short and insufficient, taking into account the survey by Krohn
et al. (1992) where cows, with the possibility of free choice, each year spent 4046
hours in the open air.

In our research, freedom of movement was acceptable, but with large
variation (min. 15; max. 100) between the analyzed farms. On six of the sixteen
examined farms, tied system of keeping was applied throughout the year which
represents a major risk to the welfare of animals and reflects negatively on their
comfort while resting (Krohn and Munksgaard, 1993) and the state of health of
cattle in terms of increased incidence of laminitis and mastitis (Requla et al., 2004),
as well as abnormal behaviours (Krohn, 1994).

Conclusion

Average score of the welfare quality on the tested farms corresponds to the
descriptive assessment acceptable to appropriate welfare which leads to the
conclusion that rearing/housing conditions satisfy more of the basic needs of
animals in terms of nutrition, health, comfort, housing and expression of the
behaviour, and there is room for improvement of welfare. Similar results were
found on dairy farms in the EU.

Conditions of keeping/housing of dairy cows in Serbia were deemed
acceptable, but still significantly worse than the conditions that exist on European
farms. On the tested farms, cows on average were given greater freedom of
movement than is the case with the provision of comfort. Indicators of comfort in
keeping point to significant problems with hygiene in the facilities, insufficient
bedding and too short lying areas. Freedom of movement in the average was
assessed as adequate. The biggest problems are certainly present on farms with tied
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system, where on more than half of the farms cows were not given possibility of
movement during the year. Representation of grazing in our conditions, unlike the
EU, is also insufficient from the standpoint of ensuring the welfare of dairy cows.

Results of testing the quality of welfare in relation to housing conditions,
generally indicate that the quality of the welfare on the studied farms is acceptable
and appropriate, and that there are opportunities for improvement. With regard to
the identified major risk factors and current trends in the dairy cattle production,
recommendations for improvements in welfare are related to the provision of
adequate space and comfort in keeping/housing of dairy cows, the provision of
adequate size, build quality and hygiene of lying areas as well as providing greater
freedom of movement of cows through the application of free housing system and
grazing.

Uslovi drzanja i dobrobit mle¢nih krava u Srbiji

D. Ostoji¢ Andri¢, S. Hristov, M. M. Petrovi¢, V. Panteli¢, J. Bojkovski, Z
Novakovié, M. Lazarevié, D. Niksié,

Rezime

Istrazivanje sprovedeno na 16 mle¢nih farmi u Srbiji pokazalo je da losi
uslovi drzanja predstavljaju jedan od najznacajnijih problema dobrobiti mle¢nih
krava u naSoj zemlji. Ovo je ujedno oblast dobrobiti u kojoj postoje najveca
odstupanja u odnosu na stanje u zemljama EU. Nezadovoljavajuci uslovi komfora
procenjeni su na osnovu visokog uces¢a krava koje leze van lezista (36,5%) kao
posledice neodgovaraju¢e veli¢ine odnosno prekratkih lezista. Na posmatranim
farmama utvrdeno je veoma lose stanje higijene krava, sa visokim uc¢e$¢em krava
zaprljanih donjih delova nogu (84,6%), sapi (71,3%) i vimena (60,0%) Sto ukazuje
na neodgovarajucu higijenu leziSta i objekata, nedovoljnu koli¢inu prostirke ali i
poremecaje buraznog varenja. Najveci problemi dobrobiti prisutni su na farmama
sa vezanim sistemom drZanja dok je i zastupljenost ispaSe u naSim uslovima, za
razliku od zemalja EU, takode nedovoljna sa stanoviSta osiguranja dobrobiti
mlecnih krava.

References

BROOM D.M. AND JOHNSON K.G. (1993): Approaching questions of stress and
welfare. In: Stress and Animal Welfare. Kluwer Academic Publishers, p 1-7.



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
72 October 7 -9, 2015.

EFSA (2009): Scientific opinion on welfare of dairy cows in relation to metabolic
and reproductive problems based on a risk assessment with special reference to the
impact of housing, feeding, management and genetic selection. The EFSA Journal,
1140, p. 1-75.

FORKMAN B., KEELING L.(2009): Assessment of Animal Welfare Measures for
Dairy Cattle, Beef Bulls and Veal Calves. Welfare Quality Reports. Cardiff
University. Sweden. p. 1-314.

HUXLEY J. AND WHAY H.R. (2006): Cow based assessments: Part 1. Nutrition,
cleanliness and coat condition. UK vet, 11(3), p 18-23.

KROHN C.C., MUNKSGAARD L., JONASEN B. (1992): Behaviour of dairy
cows kept in extensive (loose housing/pasture) or intensive (tie stall) environments
I. Experimental procedure, facilities, time budgets — diurnal and seasonal
conditions. Applied Animal Behaviour Science, Vol. 34, Issue 1, p. 37-47.
KROHN C.C. (1994): Behaviour of dairy cows kept in extensive (loose
housing/pasture) or intensive (tie stall) environments: I1l. Grooming, exploration
and abnormal behaviour. Applied Animal Behaviour Science, 42, (2), p. 73-86.
KROHN C.C. AND MUNKSGAARD L. (1993): Behaviour of dairy cows kept in
extensive (loose housing/pasture) or intensive (tie stall) environments Il. Lying and
lying-down behaviour. Applied Animal Behaviour Science, 36, p. 1-16.
WELFARE QUALITY NETWORK (2012): Welfare Quality® scoring system.
Retrieved August, 2012 from http://www1.clermont.inra.fr/wg/index.php?id=farms
TUCKER C.B. (2009): The Behaviour of Cattle, In: The Ethology of Domestic
Animals, 2nd Edition. Edited by Jensen P. © CAB International. Walingford, UK.
p. 151-159.

ALGERS B., CANALI E., BAROLI D, WESTIN R. (2009): Resource - based
Parameters in Cattle, In: Assessment of Animal Welfare measures for dairy cattle,
Beef Bulls and Veal Calves. Welfare Quality Reports No.11. Edited by: Forkman
B., Keeling L. Cardiff University, Uppsala, Sweeden. p. 273-294.

BARTUSSEK H. (1985): Vorschlag fur eine Verordnung der Steierméarkischen
Landesregierung fur den Bereich der Intensivtierhaltung. Der Osterreichische
Freiberufstierarzt, 9, p. 4-15.

COOK N.B. (2002): The influence of barn design on dairy cow hygiene, lameness,
and udder health. Proceedings of the 35th Ann. Conv. Amer. Assoc. Bov.Pract.
Madison, USA, p. 97-103.

CURTIS S.E. (1982): Perception of Thermal Comfort by Farm Animals. In: Farm
Animals Housing and Welfare. Edited by: Baxter S.H., Baxter M.K., MacCormack
J.A.D. p. 59-66.

HRISTOV S., VUCINIC M., RELIC R., STANKOVIC B. (2006): Uslovi gajenja,
dobrobit i ponasanje farmskih Zivotinja. Biotehnologija u stocarstvu, 22, 73-84.



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7 -9, 2015. 73

MUNKSGAARD L., JENSEN M.B., PEDERSEN KJ., HANSEN S.W.,
MATTHEWS L. (2005): Quantifying behavioural priorities—effects of time
constraints on behaviour of dairy cows, Bos taurus. Applied Animal Behaviour
Science., vol. 92, 1, p. 3-14.

OSTOJIC - ANDRIC D., HRISTOV S., NOVAKOVIC Z., PANTELIC V.,
PETROVIC M. M., ZLATANOVIC Z., NIKSIC D. (2011): Dairy Cows Welfare
Quality In Loose Vs. Tie Housing System. 3rd International Congress “New
perspectives and Challenges of Sustainable Livestock production”Belgrade,
Republic of Serbia, 5-7th October 2011. Biotechnology in Animal Husbandry, vol
27, 3, Book 2, p.975-984.

PHILLIPS C.J. AND MORRIS 1.D. (2002): The ability of cattle to distinguish
between, and their preference for floors with different levels of friction and their
aviodance of floors contaminated with excreta. Animal Welfare, 11, p. 21-29.
REGULA G., DANUSER J., SPYCHER B., WECHSLER B. (2004): Health And
Welfare Of Dairy Cows In Different Husbandry Systems In Switzerland.
Preventive Veterinary Medicine, 66, p.247-264.

SCHUKKEN Y.H., GROMMERS F.J., ERB VAN DER GEER D.H.N., BRAND
A (1990): Risk factors for clinical mastitis in herds with low bulk milk somatic cell
count. 1. Data and risk factors for all cases. Journal of Dairy Science, 73, p. 3463-
3471.

VUCINIC M. (2006): Ponasanje, dobrobit i zastita Zivotinja. Fakultet veterinarske
medicine Beograd.

WEBSTER J. (2005): The assessment and implementation of animal welfare:
theory into practice. Rev.sci.tech.off.int.Epiz., 24 (2), p.723-734.



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7 -9, 2015

RESULTS OF FOLLICULOGENESIS INDUCTION AND
PRODUCTION OF EMBRIOS FROM SAANEN GOATS

M.I. Selionova®, M.M. Aybazov', T.V. Mamontova®, M.P. Petrovic?

All-Russian Scientific Research Institute of Sheep and Goat Breeding, 355017 Stavropol, Russia
2Institute for Animal Husbandry, 11080 Belgrade, Serbia

Corresponding author: m_selin@mail.ru

Invited paper

Abstract: In embryo transplantation, there are some subsequent
manipulations, of which the induction of polyovulation in donors is one of the most
important elements. At that, the main problem consists in variability of ovary
response to treatment. The suggested scheme can be used to induce the
polyovulation in donor goats for embryo transplantation with highly synchronized
ovulation that does not depend on an initial hormonal pattern of the donor. Use of
an ear implant "Crestar" to prolong the luteal phase of the sexual cycle and
synchronization hunting of goats is an effective biotechnological technique. It
testifies that progestogen from the ear implant actively secreted into the
bloodstream, its concentration in the peripheral blood was sufficient for inhibition
of FSH output by posterior pituitary gland. Hormonal stimulation scheme
folliculogenesis, based on the use of drugs "Ovagen", "Folligon" and "Chorulon™
the proposed scheme provides optimal ovarian response with an average level of
multiple ovulation of 11,4 yellow bodies per animal at average recovery embryos
81,4% and 8,7 suitable for further manipulation of embryos per donors. As a result
of 11 operations 96 cells (cells obtained percentage was 81.4%) are got. It should
be noted a large variability of these cells development stages. Thus of the estimated
96 cells 10 cells (9.6%) were unfertilized, 64 cells (66.6%) were in stage of 2
pronucleuses, 22 cells (22.9%) were in stage of 2 and 4 blastomeres.

Key words: goats, sexual cycle, luteal phase, implant, superovulation,
yellow body, egg, pronucleus, embryo

Introduction

Embryo transplantation technology is included into the long-term breeding
programs for selection, improvement and preservation of existing breeds of
agricultural animals in many countries of the world (4u6azo0e, 1998). Profound
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researches of the reproductive function in animals, its possible regulation,
microsurgical and genetically engineered manipulation with embryos showed that
the method of transplantation can be the basis for accelerated reproduction of
highly productive animals and whole populations. Practical application of this
method in animal husbandry provides intensive reproduction of animals with high
genetic value (Mamonmosa et al., 2014).

In recent decades, the method of transplantation has received further
perfection in connection with the dynamic development of transgenic technologies
and getting animals with the set properties (Maxwell et al., 1990).

Goats are the most perspective object for researches in the field of
transgenic technologies for following reasons: they have a rather short (5 months)
reproductive cycle, high multiple pregnancies and require minimal care and
keeping. Moreover, they maximally correspond to the main requirement at carrying
out of genetic engineering works: to production of the necessary proteins, enzymes
with a natural biological liquid, that is milk (Sugie et al., 1980, Aiibaszos et al.,
2013).

The key moment in the technology of transplantation is working out of an
effective way to induce the development of polyovulation. High variability in
response rates of polyovulation at its induction with exogenous drugs in goats is a
negative factor. Even at identical schemes of hormonal treatment of the animals,
that are in identical conditions of keeping and feeding, various ovarian responses
are often observed (Mamonmosa et al., 2014; Armstrong et al., 1983; Freitas et al.,
2003; Lee et al., 2000; Maurer et al., 1986; Maxwell et al., 1990).

Own researches in this area have been directed on studying of the
effectiveness of various gonadotropic preparations applications to induce the
polyovulation in donor goats. The second equally objective was to obtain fertilized
eggs at the stage of two pronucleuses and finding-out of factors affecting the
effectiveness of it.

Experimental work on biotechnological complex of FGBNU VNIIOK
consisted of the following stages: hormonal treatment of donor animals for the
purpose of the sexual cycle synchronizing and the induction of polyovulation,
surgical washout of zygotes and their evaluation.

Materials and methods

In the experiment conducted in October, 2013, 12 donor goats have been
selected. To exclude pregnancy within 25 days, the animals were tested for
presence of estrus. After estrus fixation, the animals were placed in a separate cage
and left intact.
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Hormonal treatment was reduced to following. For synchronization of the
sexual cycle, to all donor goats was introduced ear implant “Crestar” (Intervet,
Holland) in the lateral ear surface (between the skin and cartilage). Each implant
contains 1.5 mg of norgestamet. The ear implant was introduced for a period of 11-
12 days. Simultaneously with the introduction of ear implant, all donor animals
were injected intramuscularly once with a solution of the drug “Crestar”,
containing also 1.5 mg of norgestamet and 1.9 mg of estradiol.

To induce the ovaries polyovulation, differing schemes of hormonal
treatment have been applied, for what animals were randomly divided into 2
groups.

Goats of the first group (n=6) 60 hours prior to extraction of the ear
implant we started to administer intramuscular the preparation of “Ovagen” (an
extract of follicle stimulating hormone (FSH) from the pituitary gland of sheep;
OVAGEN, “Immunochemical Product Ltd”, New Zealand). The application
scheme consisted of eightfold hypodermic injection with an interval of 12 hours at
equal doses of 0.7 mg. The total dose of FSH for one animal treatment has made
5.6 mg. Simultaneously with the first injection of FSH was injected also the
preparation of “Folligon” (“INTERVET”, Holland) at a dose of 500 units.

For animals treatment in the second group (n=6), was also used a follicle
stimulating hormone (FSH pituitary, USA), but in other form and according to
other scheme. Under this scheme FSH-p was administered hypodermically starting
60 hours prior to implant extraction. FSH administration regiment consisted of 3-
day treatment with two-fold daily injection, with an interval of 12 hours, under the
following scheme: 1% day -5 mg; 2™ day — 4 mg; 3" day — 3 mg per one injection.
The total dose of follicle stimulating hormone has made 24 mg.

Immediately after the extraction of ear implant at all goats was conducted a
sampling in heat for what have been used vasectomized teaser bucks with aprons
tied up. To determine the exact start time of the heat, sampling was conducted by
each 2 hours. To synchronize the ovulations, dams selected in the state of estrus
were injected intravenously with 150 units of the drug “Chorulon” (human chorion
gonadotropin, hCG) (“INTERVET”, Holland).

Artificial insemination was conducted triple since 4™ hour from the estrus
beginning, for what 0.1-0.2 ml of high quality sperm was introduced intracervical
(mobility not less than 8 points, concentration not below 2.5 milliard/ml).

Results and discussion

Prolongation efficiency in the luteal phase of the sexual cycle (ear implants
of “Crestar”) in a dose of 1.5 mg of active substance with a single injection of
norgestamet solution in a dose of 1.5 mg and estradiol in a dose of 1.9 mg was
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high. All 16 goats (100%) showed no signs of heat throughout all the treatment
period. It testifies that progestogen from the ear implant actively secreted into the
bloodstream, and its concentration in the peripheral blood was sufficient for
inhibition of FSH output by posterior pituitary gland.

After implant extraction (i.e., termination of the inhibitor) all treated goats
came in heat within 24 hours. Donor goats came in sexual heat on the average in 16
hours (limit of 2...24 hours) after extraction of an ear implant. Thus, from 12 goats
4 (33.3%) have come in heat within 8 hours after release of progestogen, 5 (42%) —
during the period of 8 to 16 hours and only 3 (15%) — during the period of 16 to 24
hours.

Thus, it was found that for the prolongation of the luteal phase of sexual
cycle and for heat synchronization in Saanen goats using of ear implants “Crestar”
is an effective biotechnological method.

As to duration of sexual heat, the average lasting of estrus in donor goats
has made 21.5 hours, suggesting that the hormone treatment reduces the heat
duration.

Polyovulation intensity was determined by the results of fresh yellow
bodies’ visualization by laparoscopy using endoscopic equipment “Karl Storz”
(German). In the presence of multiple ovulation in the ovaries have been performed
the laparotomy, determined the number of yellow bodies in each ovary with
subsequent washing out of cells.

It was found out that from the total number of treated animals (n=12) on
the average, irrespective of the treatment scheme, 91.7% of goats have responded
with multiple ovulation. In the first group the polyovulation was registered at 6
goats from 6 (100%), in the second group — at 5 goats from 6 (83/3%).

Abstraction of embryos was performed by laparotomy after 60-72 hours of
the ear implant extraction. It was found that the average number of the ovulations
at one positive donor has made 10.8 at variability from 6 to 24. Thus, the
polyovulation level in the first group has averaged 11.9 ovulations on one donor
(limit of 8 to 16), in the second group it was 10.6 ovulations on one donor
(variability of 6 to 24).

The conducted experiment has revealed the high efficiency of tested
schemes of the superovulation induction. At the same time, we consider the use of
the drug “Ovagen” preferable, as firstly, it provides a higher level of ovulations,
and secondly, at its application the variability of ovarian response decreases.

It should be especially emphasized that in both groups of goats, specified
schemes of exogenous hormones application did not lead to negative side effects: it
was not matured, but not burst follicles, ovarian cystic degeneration.

Operative access to internal genital organs for the embryos extraction in
donor goats was performed by the laparotomy under general anesthesia. A cut with
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a length of 5-7 cm was done cranial from the edge of the mammary gland on the
white line of the abdomen. Through an incision in the abdominal cavity index and
middle fingers were introduced, found the uterus and took it carefully outside
together with the ovaries. After inspection of the ovaries and registration of the
ovulations number (by counting the number of the yellow bodies) washing away of
embryos was carried out.

As a washed liquid we used phosphate saline buffered solution of
Dulbecco or HEPES-KSOM.

For washing out of embryos polystyrene catheter was used, which was
introduced into the oviduct through its funnel, and it was fixed by fingers. By
needle of the system for embryos washing out we did a puncture in the wall of the
corresponding uterine horn on the greater curvature, closer to the oviduct, while the
fingers of the other hand we pinched the uterus horn cavity behind a puncture
preventing the flow of washing liquid into the other part of uterus. By syringe of
the system we pumped up the washing liquid (30-50 ml), so that through the top of
horn it came into the oviduct. The washing liquid with embryos was collected from
side of the oviduct in plastic test tubes. After washing the uterus was set into the
abdominal cavity, the wound was sutured in layers.

As a result of 11 operations, 96 cells (cells obtained percentage was 81.4%)
are got. It should be noted a large variability of these cells development stages.
Thus of the estimated 96 cells, 10 cells (9.6%) were unfertilized, 64 cells (66.6%)
were in stage of 2 pronucleuses , 22 cells (22.9%) were in stage of 2 and 4
blastomeres.

Table 1. Results of estrus synchronization and polyovulation induction in
goats

Number Investigated indicators Group 1 Group2
of order
1 Number of goats 6 6
2 Animals synchronous came in heat, head, 6 6
% 100 100
3 The duration of estrus, hours 20.5 22.5
4 Animals answered with polyovulation, 6 6
head, % 100 83.3
5 Number of the operated goats 6 5
6 Level of polyovulation, u/1 donor 11.9 10.6
7 Got cells, overall including on 1 donor 52 44
8.66 8.80
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One of the main problems in the embryo transfer technology is the
unpredictability of the hormone treatment results in animals in order to induce
multiple ovulation and difficulties in exact definition of time of zygotes washout
from the oviducts of donor animals. It is of particular importance for goats. Despite
a considerable quantity of works carried out in different countries on a large
experimental date (using a variety of schemes of polyovulation induction and drugs
chosen for hormonal treatment), till now the procedure for getting goat zygotes
suitable for transplantation or performance of gene engineering manipulations (for
example, microinjections of recombinant DNA) continues to remain key (Ryan et
al., 1992; Sugie et al., 1980).

For example, researches have noted that even with good effect of
superovulation, it is seldom possible to get regularly more than three zygotes at
donor goats, suitable for microinjections and transplantation.

The high-lights to the greatest degree influencing the efficiency of
fertilized eggs production in the stage of two pronucleuses, according to these
authors, are time of heat coming after implant extraction and time interval, within
which it is necessary to inseminate donor goats (I'onpaman et al.., 2012).

At the scheme of hormonal treatment used by us, heat in donor goats came
on the average of 16 hours after extraction of ear implant, however this index had
quite substantial (x 8 hours) individual variations. It should be noted that the heat
in some donor goats began at once after extraction of an ear implant. For this
reason, the coming of heat at donor goat we recommend to check the first time
during the ear implant extraction, and then every 2 hours before registration of
estrus.

Further, based on the average time of heat duration we determined time for
covering of females. It is known that duration of heat in various breeds of goats is
different; it is subjected to individual variations and depends on the season. So, for
example, in South Korea average duration of spontaneous heat in the local breed of
Korean native black goats makes 33.2 hours, with hormonal induced heat it
increases to 34.8 hours [4]. The results of our previous researches to determine the
time of ovulation in Saanen goats with spontaneous heat have shown that it did not
reveal any goat with ovulation before 24 hours from the start of estrus. Most of
ovulations (80 %) occurred in the period from 26 till 34 hours from the beginning
of estrus, on the average of 28 hours after the onset of heat signs.

In our experiments, on the contrary, a hormonal intervention has
significantly reduced the duration of sexual heat, on the average 21.5 hours instead
of 32 hours at spontaneous heat during a sexual season (Mawonmosa et al.., 2014).
Accordingly, the time of ovulation can be shifted considerably towards decrease.
Therefore, to maximize the fertility of eggs we recommend to carry out artificial
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insemination of donors with the induced heat 2-3 times during estrus starting from
the 4™ hour after coming in heat.

Conclusion

The study results showed highly significant effect of ear implant "Crestar"
to prolong the luteal phase of the sexual cycle and synchronization hunting of
goats. Hormonal stimulation scheme folliculogenesis, based on the use of drugs
"Ovagen”, "Folligon" and "Chorulon" the proposed scheme provides optimal
ovarian response with an average level of multiple ovulation of 11,4 yellow bodies
per animal at average recovery embryos 81,4% and 8,7 suitable for further
manipulation of embryos per donors. Proposed scheme is an effective
biotechnological technique.

Rezultati indukcije folikulogeneze i proizvodnje embriona
sanskih koza

M.I. Selionova, M.M. Aybazov, T.V. Mamontova, M.P. Petrovic

Rezime

U transplantaciji embriona, postoje neke naknadne manipulacije, od kojih
je indukcija poliovulacije kod davalaca jedan od najvaznijih elemenata. Pri tome,
glavni problem se sastoji u varijabilnosti reakcije jajnika na leCenje. PredloZeni
plan moZe da se Kkoristi da podstakne poliovulaciju kod koza donatora za
transplantaciju embriona sa visoko sinhronizovanom ovulacijom koja ne zavisi od
pocetnog hormonalnog obrasca donatora. Upotreba uSnog implantata "Crestar"
kako bi se produzila lutealna faza seksualnog ciklusa i sinhronizacije je efikasna
biotehnoloSka tehnika. Ona pokazuje da se progestogen iz implantata aktivno
izluCuje u krvotok, njegova koncentracija u perifernoj krvi je bila dovoljna za
inhibiciju FSH od strane posteriorne hipofize. Hormonska stimulacija Seme
folikulogeneze, na osnovu upotrebe preparata "Ovagen”, "Folligon™ i "Chorulon™,
predlozeni plan obezbeduje optimalnu reakciju jajnika sa prosecnim nivoom
visestruke ovulacije od 11,4 Zutih tela po Zivotinji u proseku za procenat dobijanja
embriona od 81,4% i 8,7 pogodnih za dalju manipulaciju embriona po donatoru.
Treba napomenuti veliku varijabilnost razvojnih faza ovih ¢elija. Tako je od
procenjenih 96 celija, 10 ¢elija (9,6%) bilo neoplodeno, 64 ¢elije (66,6%) su bile u
fazi 2 pronukleusa, 22 ¢elije (22,9%) su bile u fazi 2 i 4 blastomere.
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Abstract:The objective of this paper is to review the status of
autochthonous breeds of sheep in Serbia and Slovenia, of their conservation
breeding program goals and incentives.The adopted definition of a breed is either a
sub-specific group of domesic livestock geographical and/or cultural separation
from phenotypically similar groups has led to acceptance of its separate identity.
Autochthonous breeds were developed in specific rearing conditions and
consequently have specific genes responsible for good adaptability and fertility,
disease resistance, maternal instinct and longevity. The autochthonous breeds of
sheep in Serbia include: Pirot Pramenka Krivovirska, Bardoka, Karakachanska,
Lipska, Vlaskho Vitoroga Pramenka and Chokan Tsigai, whereas in Slovenia:
Istria Pramenka, White Landscape Pramenka, Lake-Sol¢avska and Bovec
sheep.The main purpose of conserving the autochthonous sheep breeds in general
is to preserve resistance, longevity, maternal instinct, the specificity of each race,
increasing the number of heads or maintaining a stable level, as well as preventing
of inbreeding. With regard to conservation of genetic resources in Serbia is
represented by model in situ, while in Slovenia the in situ and ex situ program. The
incentives in Serbia per head for endangered breeds of sheep is 37 EUR, in
Slovenia 13.4 EUR per head.

Key words: sheep, autochthonous, Pramenka, conservation program

Introduction

According to FAO (1999) adopted definition, the breed is: »Either a sub-
specific group of domestic livestock with definable and identifiable external
characteristics that enable it to be separated by visual appraisal from other similarly
defined groups within the same species or a group for which geographical and/or


mailto:drago.kompan@bf.uni-lj.si

Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
84 October 7 -9, 2015.

cultural separation from phenotypically similar groups has led to acceptance of its
separate identity«. Hall (2004) also compares several proposals for breed definition
and prefers the simplest one, given by Lerner and Donald (1966): "a breed is
whatever a government says it is". Statement of Keith Hammond's "a breed is a
breed if enough people say it is" could probably be overgeneralizing (Woolliams
and Toro, 2007).

FAO (2007) developed the classification system for breed populations,
distinguishing among local breeds and regional or international trans-boundary
breeds. Many different terms exists such as “autochthonous”, “native”,
“indigenous”, "heritage”, “patrimonial”, "naturalized" or "locally adapted" which
are used in different countries for breed classification. Terms “native”,
“indigenous” and “autochthonous” are frequently used and could be synonymous.
Autochthonous breeds were developed in specific rearing conditions and
consequently have specific genes responsible for good adaptability and fertility,
disease resistance, maternal instinct and longevity. Unfortunately, they are losing
competition with more productive, intensively reared breeds, where the profit is the
primary goal.

Autochthonous breeds, in addition to being a source of genetic diversity for
livestock production, constitute a part of the national heritage and provide the
identity of the local community. The long-term survival of these breeds is not only
a matter of insurance for the future needs of agriculture development. The
conservation is a matter of protecting and cherishing cultures and traditions that
helps to sustain local communities. In the majority of the European countries,
farmers who are keeping endangered autochthonous breeds are supported by the
state. In the case of 28 EU Member States incentives are managed by agro-
environmental programmes within the National Rural Development Programmes.
Nevertheless, levels, scopes of supports, rules applied and practical arrangements
differ substantially among the countries (Subsibreed, 2014).

The aim of the study was to collect data about autochthonous sheep breeds
in Serbia and Slovenia, and to compare conservation programs, breeding goals and
incentives.

Short description of breeds

Autochthonous populations of Pramenka (Zackel) sheep represent a unique
genetic inheritance existing thousands of years and as such are an important
element of regional agro-biodiversity, tradition and cultural heritage of Serbia and
Slovenia as well. Specific climatic, hydrological, feeding conditions and migration
caused the formation of different strains (ecotypes) of Pramenka, which differ
among each other by morphological, reproductive and productive traits
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(Stojanovié, 2005, 2006, 2009). Due to significant differences among individual
strains in Slovenia, Croatia and Bosnia and Herzegovina, strains acquired the status
of the breed.

Short description of autochthonous sheep breeds in Slovenia

In  Slovenia four autochthonous sheep breeds are geographically
distributed: Istrian Pramenka, Bela Krajina Pramenka, Jezersko-Sol¢ava sheep and
Bovec sheep.

The Bela Krajina Pramenka

The breed is widespread in the southeast part of Slovenia and is used for
the lamb production (Figure 1). The ewes of the Bela Krajina Pramenka weigh over
50 kg, while rams over 65 to 70 kg. The animals have long fringed wool, which is
not appropriate for manufacturing. The coat colour is mainly white with black
spots on the head and legs. The sheep’s tails are very long almost reaching the
ground. Rams have extremely large horns, which are curled several times
according to the age. Ewes may have horns as well but shorter (Kompan et al.,
1996). Ewes are seasonally poly-estruses with an average 1.18 lambs per year (Zajc
et al., 2015). Lambs are reaching 25 kg in their third or fourth month. The Bela
Krajina Pramenka lambs have high dressing percentage due to thin bones
(Grabrijan, 1996). The population size is 900 animals and according to the national
rules the population is endangered (Register..., 2014).

Figure 1: The Bela Krajina Pramenka
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The Istrian Pramenka

The Istrian Pramenka is widespread in the region of Karst and Istria and is
used for milk production (Figure 2). Rams weight up to 95 kg, while ewes from 60
to 75 kg. The wool is white, black or white with black dots and does not cover the
whole body (belly). Horns are present or not. The litter size is 1.05 lambs (Zajc et
al., 2015) and the sheep produce 119 kg of milk yield in lactation. The milk
contains in average 7.2% milk fat and 5.9% milk proteins. The population size is
1.150 animals (Register..., 2014) and according to the national rules the population
is endangered.

&y

Figue 2: The Istrian Pramenka

The Bovec sheep

The Bovec sheep is widespread in the upper Soca valley and it is used for
milk production (Figure 3). The body weight of rams is between 45 and 50 kg,
while ewes weight from 35 to 40 kg. The wool is rough, white, brown or black.
Sheep are horn-less with short ears. The milk yield is in average 221 kg with 6.3%
milk fat and 5.5% milk protein. The population size is 3.400 animals (Register...,
2014) and according to national rules the population is at risk.
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The Jezersko-Sol¢ava sheep

The Jezersko-Sol¢ava sheep is widespread across Slovenia and it is used
for lamb production (Figure 4). The body weight of ewes is between 65 and 75 kg,
while rams weigh over 100 kg. The coat colour is mainly white, while there are
some sheep with brown colour. Ewes are year-round poly-estruses. The litter size is
1.32 lambs (Zajc et al., 2015). The population size of Jezersko-Sol¢ava sheep is
17.000 and according to national rules population is not endangered (Register...,
2014).

Figure 4: The Jezersko-Sol¢ava sheep
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Table 1: The Population size of four Slovenian sheep breeds from 1990 to 2014

Breed/Year 1990* 2000 2010 2014
Jezersko-Sol¢ava sheep 3.000 4.500 17.200 17.000
Bovec sheep 1.200 1.500 3.500 3.400
Bela Krajina Pramenka 400 600 880 900
Istrian Pramenka 200 250 1.150 1.150
*estimation

Short description of autochthonous sheep breeds in Serbia

Autochthonous sheep breeds were described by a large number of authors
(Beli¢ et al. 1986, Miti¢, 1986, Petrovi¢ and Nenadié¢, 1992; Radovic¢ et al., 1997;
Krajinovi¢ et al., 1997, Ruzic-Musli¢, 2002, 2006, 2007; 2011, 2012; Trailovi¢ et
al., 2006; Cinkulov et al., 2008; Savié et al., 2011; Savi¢ et al., 2012; Petrovié et
al., 2013). The main reason for decreased population size of different Pramenka
breed, in last two decades, was the uncontrolled introgression and displacement
crossing with cosmopolitan breeds (Merinolandschaf, Ile de France) for the
fattening performance improving. Consequently, certain strains of Pramenka
acquire the status "“critical" and "vulnerable".

Pirot Pramenka

Pirot Pramenka is a multi-purpose breed (milk, meat, wool) widespread in
the Pirot region, in south-eastern Serbia, on the Stara Planina through Pirot,
Dimitrovgrad, Babu3nica to Vlasina, Leskovac, Bela Palanka and Ni$. The body is
covered with white wool, except the face and lower parts of legs. The body weight
of adult females is 50 - 55 kg, and rams varies in the range of 60 - 70kg. The
fertility varies from 105 - 115%. Lambs are born with a body weight of 3 - 4 kg,
and achieve a daily gain of 180 - 200 g. Body weight at 90 days of age is 20 - 22
kg, while ewes at 12 months weighing 38 - 45 kg. Milk yield varies from 70 - 100
litters per 180 days of lactation. The wool yield assortment in B, averaging 1.5 -
2.5 kg in ewes and 3 - 4 kg in rams. The Pirot Pramenka is suitable for rearing in
all regions and production system (Petrovi¢ et al, 2013) and is known for its
famous products, like Pirot cheese, Pirot lamb and Pirot kilim (wool). The
population size is officially estimated on 27 heads (DAD IS, 2014).
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Figure 5: The Pirotska Pramenka

Krivovir Pramenka

Krivovir Pramenka is reared in the eastern Serbia, next to the area of Krivi
Vir. It is a multi-purpose breed (milk, meat, wool). The body is covered with a
white fleece except the face and lower parts of legs. The head and legs are covered
with a hair which is a monochrome yellow or scattered yellow colour. The head are
long and the fleece on the scalp formed like cap (¢ubu). Ewes are hornless while
rams have spiral horns. The body weight of adult females is 50 - 55 kg, and rams
are in range of 60 - 70 kg. Fertility ranges from 105 - 115%. Lambs are born with a
weight of 3 - 4 kg, providing daily gain of 180 — 200 g. In the age of 90 days, they
achieve a weight of 20 - 22kg. Milk yield is 30 - 70 litters in 180 days of lactation.
The wool yield, assortment B, averages from 1.5 - 2.5 kg in ewes and 2.5 - 3.5 kg
in rams (Petrovic¢ et al, 2013). The population size is 108 heads (DAD-IS, 2014).

Figure : The Krivirska Pramenka



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
90 October 7 -9, 2015.

Bardoka (White Metohian Sheep)

Bardoka is widespread in Metohija and Kosovo as well as in some parts of
Montenegro. It’s got the name from the white wool. In Albanian language the word
"Bardoka" means the white sheep. In Serbia, it is present in the area of Stara
Planina and the upland area of Pester. The body is covered with white wool, on the
head, legs and ears. This is one of the larger strains of Pramenka. Body weight of
ewes ranges from 38 - 45 kg, while rams from 60 - 67 kg. Bardoka is claimed to be
the best dairy Pramenka. Ewes produce about 100 litters of milk, including the
sucked milk, in 180 days of lactation based on modest rearing conditions. Fertility
is about 105%. The wool yield is 1.2 - 2 kg in ewes and 2.5 kg in rams (Petrovic¢ et
al, 2013). The population size is 36 heads (DAD IS, 2014).

Figure 7: The Bardoka (White Metohian Sheep)

Lipska pramenka

Lipska Pramenka is reared near Smederevo in the village Lipa, after which
it was named. The colour of wool is white, while the head and legs are covered
with black hair. The average body weight of ewes is about 60 kg, and rams around
65 kg. Lambs birth weight is from 3.75 - 5.0 kg. In 180 days of lactation, ewes
produce 100 litters of milk in average. Wool yield, assortment D, in ewes is 1.5 kg
and 2.0 kg in rams in average (Petrovi¢ et al, 2013). Population size is represented
by 513 heads (DAD IS, 2014).
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Figure 8: The Lipska Pramenka

Karakachan Pramenka

Karakachan Pramenka is widespread in southeast Serbia, Bulgaria,
Macedonia and Greece. A small sheep with strong constitution is covered with
black wool except the head, ears and the lower parts of legs that are covered with
black hair. The body weight of adult ewes is 35 - 45 kg, and rams varying in the
range of 40 - 50 kg. Fertility varies from 105 - 110%. Lambs birth weight is 2 - 3
kg, and at 90 days reached a weight of 15 - 18 kg. Milk yield is poor, ranging from
30 - 40 litters in the 180 days of lactation period. Wool yield, assortment C, is
about 2.0 kg in ewes and 3.0 kg in rams (Petrovi¢ et al, 2013). The population size
is 67 heads (DAD IS, 2014).

Figure 9: The Karakachan Pramenka
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Vlaskho Vitoroga Pramenka

Vlaskho Vitoroga Pramenka is grown in the area of South Banat, in Kovin
and Deliblato Sands. The fleece colour is white or light brown. The head and legs
are covered with white hair. Very special characteristic of breed are large spiral
twisted horns. The ewes’ average body weight is about 35.0 kg while 40.0 kg in
rams. The average milk yield during 100 - 150 days of lactation is 80 - 110 litters.
Ewes’ fertility is 120% (Savié et al., 2013). The fineness of wool is reached to 38
um in ewes and 41 um in rams. The population size is 466 heads (DAD IS, 2014).

Figure 10: The Vlaskho Vitoroga ramea

The Chokan Tsigai

The Chokan Tsigai is a lowland multi-purpose sheep breed. The breed
originated from the Asia Minor, from where it was spread throughout the Eastern
Europe. In the eighteenth century has expanded from Romania to Vojvodina and
plain land areas of Serbia. The wool colour is white. The legs and head are covered
with black hair. The ewes’ body weight is 70 - 75 kg, while rams from 110 - 120
kg. In the intensive fattening conditions, lambs at 90 days achieve 31 kg of body
weight. Milk yield is remarkable and ranges from 50 - 150 litters in 180 days of
lactation period. Ewes produce in average 2.5 - 4 kg greasy wool, while rams 3.5 -
5.0 kg. The population size is 480 heads (DAD IS, 2014).
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Figure 11. The Chokan Tsigai

Table 2. The population size of endangered sheep breeds in Serbia (DAD - 1S,2014)

Breed/Year 2005 2009 2012 2013 2014
Pirot Pramenka 450 40 60 66 27*
Krivovir Pramenka 300 300 125 356 108*
Bardoka 900 50 50 47 36*
Lipska Pramenka 70 150 380 470 513*
Karakachan Pramenka - - 130 84 67*
Vlach Vitoroga Pramenka 46 350 219 425 416*
Chokan Tsigai 300 450 632 223 480*

* Data refer to animals with a full pedigree; animals with incomplete pedigree were not taken into
consideration

There was an evident negative trend of population size of Pirot, Krivovir
and Karakachanska Pramenka as well as Bardoka. The encouraging fact is that the
population size of Lipska Pramenka, Vlach Vitoroga Pramenka and Chokan Tsigali
increased.

Risk status assessment
Risk status assessment for farm animal genetic resources in Slovenia

In Slovenia, the assessment of risk status for farm animal genetic resources
is managed by Public service. In accordance with the Rules on biodiversity in
livestock (Ur. L. RS 90/04) the risk status is estimated once per year. Till 2014, the
assessment of the breed risk status was based only on the purebred female
population size, registered in the herd book.
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From 2015, the risk status is estimated on several parameters. Final assessment is
always represented by the worst / lowest risk status. If only one parameter indicates
that the breed is highly endangered, it will be classified according to that
parameter. In Slovenia, the following parameters are used:

e Reproductive capacity of species. Species are divided on those with large
(poultry, pigs, rabbits) and small (equines, cattle, sheep, goats)
reproductive capacity. The risk status estimation is based on the
combination of the number of pure-bred breeding females and pure-bred
breeding males.

e Trend of population size and the percentage of females bred to males of the
same breed. The reproductive capacity is considered as well. Populations
are divided according to the trend of population size (increasing, stable or
decreasing). The risk status estimation is based on the combination of
population size and the number of pure-bred breeding males.

e Geographical distribution is measured as a length (km) of the radius of the
circular area within which approximately 75 percent of the population lies.
The concentration of population in a limited area or in a limited number of
flocks / herds can be an important factor in the case of natural catastrophes
and diseases.

e Inbreeding rate (AF) is estimated based on the numbers of breeding males
and females from the pedigree information. The reliability of pedigree-
based estimates of inbreeding depends on the number of generations of
ancestry recorded. To obtain meaningful estimates, a minimum of five
generations is recommended.

Breed population number in the country of origin is a basic factor for the
assessment. However, population number at global level must be taken into
account. Many breeds which are at risk in the country of origin can be found in
other countries as well.

Risk status assessment for farm animal genetic resources in Serbia

In Serbia, the criteria for the risk degree level are based on the
classification recommended by the FAO (1992). Classification was partly modified
in 2007 and it is based on the number of female breeding animals in the population.
In the critical category fall breed whose total number of female breeding animals is
less than 100, a number equivalent to that of male breeding animals is less than 5
or breed with a total population of slightly over 100 animals, where 80% of heads
of purebreds declined. The risk category includes breeds or endangered populations
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with the number of female breeding animals between 100 and 1000 or equivalently
the number of male breeding animals between 5 and 20, or breed which has
slightly over 1000 head, where the participating animals of purebreds about 80% of
the population was decline. In sensitive or vulnerable category are breeds with the
number of female breeding animals between 1000 and 5000 or equivalently the
number of male breeding animals between 20 and 100 or if the total population is
slightly over 5,000, where the participating animals of purebreds about 80% of the
population was decline. Semi-stable category has breeds with population size
between 5.000 and 10.000 female breeding animals or equivalently between 100
and 500 males. Breed or population with the number of female breeding animals of
more than 10,000 heads are not threatened, but it should observe.

Taking into consideration the above criteria four Serbian sheep breeds are
at risk or in critical category: Pirot, Krivovir, and Karakachan Pramenka as well as
Bardoka. In the endangered category following breeds are classified: Lipska and
Vlach Vitoroga Pramenka and Chokan Tsigai.

Animal genetic resource conservation
Program for Animal Genetic Resource conservation in Slovenia

In Slovenia, the monitoring of conservation of farm animal genetic
resources is managed by the Public service for animal genetic resources
conservation under the Department of Animal Science, Biotechnical Faculty,
University of Ljubljana. Monitoring started in the year 1990 with inventory of each
autochthonous population (breed), its characteristics, history, production systems
and knowledge. After years of work on farm animal genetic resources continued
within the long term conservation programme supported by the Ministry of
Agriculture. Conservation program for farm animals represents long-term process
to ensure the protection and conservation of species, breeds and strains in the
Republic of Slovenia. The program is harmonised with the Interlaken Declaration
and includes direct and indirect monitoring of endangered autochthonous and
traditional breeds. The conservation programme includes: inventory of farm
animals, monitoring of the risk status, ways of conservation and biological,
phenotypic and genetic characterisation. Public Service provides and maintains
genetic reserves of species, breeds and strains of farm animals like a minimum
number of live breeding animals, semen doses, ova or embryos. In situ
conservation — is managed on the »Ark-farms«. The main purpose of the farm is to
keep and maintains the herds, and makes presentations of the endangered breeds to
the general public. Ark-farms are farms, centres, business or institutions that
maintain the endangered breeds of animals’ in-situ. Ex situ in vitro conservation or
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cryopreservation represent a permanent storing of animal genetic resources. Stored
genetic material facilitates the retrospective genetic studies of populations,
isolation of interesting genomic segments, and preservation of breed specific
alleles. Moreover, the finest stored genetic material allows the reconstruction of the
population in the case of serious threats or even extinction. The depository of
tissues includes isolated nucleic acids (DNA, RNA) as well as tissue samples
(blood, skin, hair, muscle) of locally adapted breeds (Public service..., 2014).
Public Service prepares a report of monitored farm animal genetic resource once
per year Annual incentives are additionally financial measures to support the
conservation of the endangered autochthonous breeds. Despite two breeds of sheep
in Slovenia that are highly endangered, the level of subsidies for sheep included in
the environmental payments are equal i.e. 13.41 € (Subsibreed, 2014).

Conservation models for autochthonous breeds of sheep in Serbia

In the Republic of Serbia, the only conservation model of genetic resources
is in situ implemented by the Ministry of Agriculture and Environmental
Protection. This model is an active dynamic approach to the protection of breed in
its native environment and is acceptable due to lower initial investments, active
function in food production (generating revenue) and maintaining the vitality of the
population.

Conservation program in situ includes:

e monitoring the population size, structure and distribution of breed,

e genetic consolidation and improvement of breed,

e establishing the production parameters of breeds,

e subsidies per head of endangered sheep breeds in the amount of 4.500
dinars,

e optimization of production systems and technologies suitable for genetic
resources,

¢ to raise public awareness and promotion of endangered breeds.

According to the Regulations on incentives for the conservation of animal genetic
resources ("RS Official Gazette", No. 83/13), in the field of sheep belongs
Pramenka (Pirot, Krivovir, Bardoka, Lipska, Vlach Vitoroga, Karakachan) and
Chokan Tsigai.
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Breeding program and breeding objectives

Breeding program and breeding objectives for autochthonous sheep breeds in
Slovenia

Breeding programmes for sheep are managed by recognised breeding
organization like Association of Small Ruminant Breeders in Slovenia.
Biotechnical Faculty (Department of Animal Science), Veterinary Faculty,
Agriculture Institute and Regional agriculture chambers carries out specific tasks.
Within the breeding program, some specific conservation tasks are included. The
main breeding goal in the breeding programmes for endangered autochthonous
sheep breeds (Istrian pramenka, Bela Krajina pramenka, Bovec sheep) is to
preserve type traits specific for each breed, to prevent increasing of inbriding and
to increase the population size or to keep it stable. However, the main breeding
goal in the breeding programme for Jezersko-Sol¢ava sheep, which is not
endangered, is to preserve good fertility and year round poly-estruses as well as to
improve conformation and meat quality. Additional breeding goals are to preserve
calm temperament, longevity, resistance and adaptability to poor rearing conditions
and the ability of grazing. Breeding goals connected with production (Table 3)
depends on the risk status of the breed and includes fertility traits (litter size),
production traits according to the breed purpose (daily gain, milk yield, fat and
protein content) and to increase the frequency of the ARR allele to improve the
TSE resistance. Likewise, breeding goal for Jezersko-Sol¢ava and Bovec sheep
include the improvement of wool quality (Program za izvedbo..., 2010).

Table 3. Breeding goal for Slovenian sheep breeds until the year 2015

Breed Main Litter|Daily gain till  |Milk yield Milk fat/protein |ARR genotype
breed size |weaning (g/day) |(suckled + content (%) frequency (%)
purpose milked)

Istrian milk 1.23 230 140 7.2/5.8 40

Pramenka

Bovec sheep |milk 1.30 280 240 6.4/5.5 26

Bela Krajina |meat 1.20 220 / / 40

Pramenka

Jezersko meat 1.23 240 / / 28

Sol¢ava sheep

Breeding program and breeding objectives for autochthonous sheep breeds in
Serbia

The main purpose of conserving the autochthonous sheep breeds in general
is to preserve resistance, longevity, maternal instinct, the specificity of each race,
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increasing the number of heads or maintaining a stable level, as well as preventing

of in

breeding. In the next table shows the breeding goal according to breed.

Table 4. Breeding goal for Serbian sheep breeds

Breed Main Litter | Daily gain till | Milk yield | Wool Wool
breed size weaning (g/day) (litters) yield (kg) | fineness (u)
purpose

Pirot Pramenka 1.20 220 100 3.0-4.0 35

Krivovir Pramenka 1.20 220 80 25-35 35

Bardoka 1.10 210 110 2.0-3.0 45

Lipska Pramenka Meat, 1.20 230 110 3.0-4.0 35

Karakachan milk, 1.10 200 50 20-3.0 35

Pramenka wool

Vlach Vitoroga 1.15 / / 20-3.0 40

Pramenka

Chokan Tsigai 1.30 / / 25-4.0 33

In order to managed and improve the future work on conservation of
autochthonous sheep breeds in the Republic of Serbia, it is necessary to:

e Human resource development, the process of equipping individuals with

the understanding, skills and access to information, knowledge and training
that enables them to perform effectively.

¢ Organizational development, the elaboration of management structures,

processes and procedures, not only within organizations but also the
management of relationships between the different organizations and
sectors (public, private and community).

o Institutional and legal framework development, making legal and

regulatory changes to enable organizations, institutions and agencies at all
levels and in all sectors to enhance their capacities.

e Monitor and coordinate national legislation with the EU and other
international regulations,
provide material and logistical assistance for the survival and stabilization
of vulnerable populations or sheep breeds,

e To promote the sustainable use and proper management of AnGR with an
aim of encouraging the multifunctional aspect of agriculture as a whole:
valorisation of different forage resources in marginal agricultural areas,
the production of safe food, diversification of the rural economy,
development of agro-tourism in protected areas,

e Integration of AnGR concept with modern systems of sustainable
development (eg, organic, biodynamic) and to undertake popularization of
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ANGR by organizing exhibitions and trade fairs of autochthonous sheep
breeds

e Provide funding and facilitate the development of investigations relating to
genetic characterization of autochthonous sheep breeds,

Conclusion

Conservation of animal genetic resources for food and agriculture,

sustainable use and development is responsibility of countries on national and
global level. Growing population, changes in consumer demand, climate change
and emerging diseases are factors which require adaptability of autochthonous
breeds and potential to face an uncertain future. Therefore, we have to make certain
that AnGR and especially autochthonous breeds will be conserved for the future
generations. Slovenia adopted the Long term Conservation Programme harmonized
with the FAO Global Plan of Action and Interlaken Declaration. Consequently,
autochthonous sheep breeds are monitored sufficiently and population size remain
stable or increased for the last few years.
In Serbia for the future the inventory and characterization of sheep breeds,
monitoring of trends and risks are necessary steps for the future work. The
additional criteria for the level of the endangerment should be accepted, such as:
size of the female population, effective population size, degree of Kkinship,
population trend, the geographic dispersion of population and reproductive ability.
In addition to the in situ conservation models, the introduction of ex situ
conservation system for the endangered sheep breeds in Serbia should be start.
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Konzervacija autohtonih rasa ovaca u Srbiji i Sloveniji

D.Ruzié-Musli¢, Z. Bijeli¢, V.Caro-Petrovi¢, Z. Skrbié¢, A. Cividini, D. Bojkovski,
M. Simcic, D. Kompan

Rezime



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
100 October 7 -9, 2015.

Cilj ovog rada je pregled stanja autohtonih rasa ovaca u Srbiji i Sloveniji,
njihovih programa o¢uvanja odgajivackih ciljeva i podsticaja.

Prema FAO (1999) usvojenoj definiciji, rasa je: »Bilo sub-specifiénu grupa
domacih Zivotinja sa definisanim i prepoznatljivim spoljnim karakteristikama koje
omogucavaju da se vizuelno razlikuju od drugih sli¢no definisanih grupa u okviru
iste vrste ili grupe za koje je geografski i/ili kulturno odvajanje od fenotipski
sli¢nih grupa dovelo do prihvatanja njihovog posebnog identiteta «.

Autohtone rase su razvijeni u specifi¢cnim uslovima gajenja i samim tim imaju
specificne gene odgovorne za dobru prilagodljivost 1 plodnost, otpornost na bolesti,
materinski instinkt i dugovecnosti.

U autohtone rase ovaca u Srbiji spadaju: Pirotska pramenka, Krivovirska,
Bardoka, Karakaganska, Lipska, Vlasko vitoroga i Cokanska cigaja, a u Sloveniji:
Istarska Pramenka, Belo Krajinska Pramenka, Jezersko-Sol¢avska i Bovska
ovca.

Glavni cilj o¢uvanja autohtonih rasa ovaca uopste je oCuvanje otpornosti,
dugovecnosti, materinskog instikta, specificnosti svake rase, povecanje broja grla
ili odrzavanje stabilnog nivoa, kao i spre¢avanje inbridinga.

U pogledu konzervacije genetickih resursa u Srbiji je zastupljen model in situ, dok
su u Sloveniji zastupljeni programi in situ i ex situ.

Podsticaji u Srbiji po grlu za ugroZene rase ovaca iznose 37 EUR, a u Sloveniji
13.4 EUR po grlu.
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Abstract: The purpose of this study was to investigate fertility in the ewes
of MIS sheep population following synchronized oestrus in anoestrus season and
natural oestrus during breeding season. Research was carried out on an
experimental sheep farm of the Institute for Animal Husbandry in Belgrade. The
study included 76 ewes and 6 rams of MIS sheep population (three breed crosses of
Pirot pramenka, Wirttemberg and lle de France breed). In anoestrus season, oestrus
was synchronized in 43 ewes using progestagen impregnated vaginal sponges (30
mg fluorogestone acetate) in combination with 750 IU PMSG. During the breeding
season, 33 ewes were bred naturally to 6 rams, without the use of exogenous
hormones. Teaser rams with marking-harnesses and abdominal aprons were used to
detect females in oestrus. Obtained fertility and productivity results in anoestrus
and breeding season were as follows: lambing rate 69.77% (30/43) and 100%
(33/33) (P<0.01), gestation length 146.63 and 149.18 days (P<0.01), litter size 2.33
and 1.81 (P<0.05), number of stillborn lambs/ewe 0.47 and 0.06, overall number of
stillborn lambs 15 and 2 (P<0.05), birth weights of lambs 3.40 and 4.64 kg
(P<0.01), body weights of lambs at 30 days of age 10.71 and 12.35 kg (P<0.01),
litter weight at birth 6.24 and 8.13 kg (P<0.05) and litter weight at 30 days of age
16.99 and 20.32 kg (P<0.05).

Key words: oestrus synchronization, natural oestrus, fertility,
reproduction, MIS sheep

Introduction

Reproduction, as a fundamental link in the conservation of species, is
considered the most vital function of living organisms. In sheep production,
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success is estimated by a number of offspring per sheep and year. However, sheep
exhibit seasonal reproductive activity, with a break in the reproduction during the
long spring days and activation of reproductive activity with the advent of fall short
photoperiod (Dogan and Nur, 2006). The breeding season of sheep in Serbia starts
from the mid-summer until the end of fall/beginning of winter. Thus, reproductive
seasonality is an important factor that limits the productivity of small ruminants
(Zarazaga et al., 2003). For this reason, hormonal induction/synchronization of
oestrus in sheep is used as a means for improving reproductive efficiency of the
flock. In addition, the use of oestrus synchronization creates the opportunity for
timed breeding and lambing (Abdalla et al., 2014).

In small ruminant, oestrus synchronization is achieved either by reducing
the length of luteal phase of the oestrus cycle with prostaglandin F2o or its
analogues or by extending the cycle artificially with exogenous progesterone or
more potent progestagens (Jainudeen et al., 2000). Progestagens are widely used to
synchronize estrus in sheep and typically result in greater than 90% of ewes in heat
in a 24-hour period and conception rate of 70-80% (Evans et al., 2001). Most
widely used procedure for estrus induction/synchronization is application of
progestagens through vaginal sponges in combination with PMSG or FSH,
especially outside the breeding season.

MIS sheep population is a meat type of sheep, of strong constitution, strong
carcass conformation and good meat properties. It was obtained by using a
complex combination crossing according to a precisely defined genetic procedure,
using Pirot Pramenka, Wuerttemberg and lle de France breeds (Petrovi¢, 2006).
Ewes of MIS sheep population reach sexual maturity at age of 6-8 months, which
puts them in the group of fast maturing populations. According to Petrovi¢ (2006)
ewes of MIS population have an average fertility of 130 to 160%.

However, there is not enough information in the literature regarding
synchronization efficiency and fertility in ewes of MIS sheep population during
breeding and anoestrus season. Good reproductive performance is a prerequisite for
any successful production. Low reproduction means low production of meat or
milk. For this reason it is important to determine the actual level of reproductive
performance in every flock. Thus, the purpose of this study was to investigate
fertility in the ewes of MIS sheep population following synchronized oestrus in
anoestrus season and natural oestrus during breeding season.

Material and methods

Location of the experiment and animals
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Research was carried out on an experimental sheep farm of the Institute for
Animal Husbandry in Belgrade. The study included 76 ewes and 6 rams of MIS
sheep population. Ewes were 2 to 5 years of age, and rams were 13 and 18 months
old. Previous to mating, rams were kept separately from females. Both rams and
ewes were kept outdoors at pasture.

Experimental design

Off-season oestrus (during the month of April) was synchronized in 43
ewes using progestagen impregnated vaginal sponges (30 mg fluorogestone
acetate, FGA, Syncro-Part, Ceva sante animale, France) in combination with
PMSG. Sponges remained in situ for 12 days. On the day of sponge removal, ewes
received an intramuscular injection of 750 IU PMSG. Six rams were introduced to
ewes 48 hours later and were kept with them for mating for about 8-10 hours. Ram
to ewe ratio for mating was 1:7-8 (1:1-2/day).

Within the breeding season, 33 ewes were bred naturally to 6 rams, without
the use of exogenous hormones, from mid-August to mid-October. Teaser rams
with marking-harnesses and abdominal aprons were used to detect females in
oestrus. Marked ewes were allocated from the flock and joined with breeding rams
in individual pens. Rams remained with ewes for approximately 8 to 10 hours
during mating. Ram to ewe ratio for mating was 1:5-6 (1:1-2/day).

The measured traits

The following reproductive parameters were measured: lambing rate
(number of ewes lambed/number of ewes mated), gestation length, litter size
(number of lambs born/number of ewes lambed), the number of stillborn lambs per
ewe and overall number of stillborn lambs, birth weight of lambs, body mass of
lambs at 30 days of age, litter weight at birth and litter weight at 30 days of age.

Statistical analysis

Statistical analysis of the experimental data was performed using the
statistical package Statistica for Windows 7 (Stat. Soft. Inc.). The equality of
variances of analyzed treatments was tested using the Leven's test. Lambing rates
and number of stillborn lambs were tested by Chi square analysis. Gestation length,
litter size, birth weight of lambs, body mass of lambs at 30 days of age, litter
weight at birth and litter weight at 30 days of age were analyzed by one-way
analysis of variance. Analyses were performed for the significance level of 5% and
1%.
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Results and Discussion

Table 1 shows the average values of investigated reproductive and
productive traits, obtained after the off-season oestrus synchronization and natural
seasonal mating in ewes of MIS sheep population.

Table 1. The mean (xse) fertility results after off-season oestrus synchronization and natural
seasonal mating

Parameters Off-season synchronized Seasonal mating
oestrus

Lambing rate (%) 69.7745.95 100+0.00

Gestation length (days)™ 146.63+0.44 149.18+0.19

Litter size” 2.33+0.19 1.81+0.08

Number of stillborn lambs/ewe 0.47+0.19 0.06+0.04

Number of stillborn lambs” (sum) 15 2
"P<0.05 " P<0.01

Mean values for birth weight of lambs, body weight of lambs at the age of
30 days, litter weight at birth and litter weight at 30 days of age, obtained after the
off-season oestrus synchronization and natural seasonal mating, are set out in Table
2.

Table 2. The mean (fse) results for some productive traits after off-season oestrus
synchronization and natural seasonal mating

Parameters Off-season synchronized Seasonal mating
oestrus
Birth weight of lambs (kg)™ 3.40+0.12 4.64+0.11
3((;(;}/* mass of lambs at 30 days of age 10.7140.33 12.35+0.37
Litter weight at birth (kg)” 6.24+0.61 8.13+0.39
Litter weight at 30 days of age (kg)” 16.99+0.98 20.32+1.15
“P<0.05 "P<0.01

As shown in Table 1, lambing rates were 69.77% (30/43) for off-season
synchronized oestrus and 100% (33/33) for natural seasonal mating, which was
significantly different at P<0.01. These results, which demonstrate a lower
conception and lambing rates in sheep after the hormonal induction and
synchronization of oestrus outside the breeding season, are common and consistent
with studies of other authors (Dogan and Nur, 2006; Santos et al., 2011; Moradi
Kor et al., 2012). Scaramuzzi et al. (1988) and Gottfredson (2001) stated that
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fertility is often reduced after hormonal induction and synchronization of oestrus,
due to the lower conception in ewes, which is caused by insufficient
synchronization of oestrus and ovulation. Evans et al. (2001) stated that use of
progestagen for oestrus synchronization typically results in greater than 90% of
ewes in heat in a 24-hour period and conception rate of 70-80%.

Average gestation length was found to be 146.63 days (range 141-152) for
off-season synchronized oestrus and 149.18 days (range 146-151) for natural
seasonal mating, which was significantly different at P<0.01. In support of these
results are investigations of Safranski et al. (1992) and Horoz et al. (2003) in which
was stated that hormonal treatment of induction and synchronization of the
reproductive cycle of sheep shortens gestation length. Timurkan and Yildiz (2005)
have established a difference in gestation length of 11 days, between hormonally
treated and control ewes, but also within the group of treated ewes concerning a
dose of applied PMSG. They found that higher doses of PMSG shorten period of
gestation and so, the explanation for the differences in the gestation length can be
found in the application of PMSG.

Beside lambing rate, litter size, expressed as number of born lambs per ewe
lambed, is considered as very important factor of sheep fertility and productivity.
In the present study, average litter size of ewes bred after off-season synchronized
oestrus was 2.33 (range 1-5), which was significantly different (P<0.05) from
average litter size of 1.81 (range 1-3) found in ewes bred during natural mating
season. Average litter size in ewes of MIS sheep population found by Petrovié
(2006) was 1.3 to 1.6, which is lower than the values recorded in the present study.
With hormonal manipulation of sexual cycle in sheep, especially with the
application of PMSG or FSH, there is a greater chance for intense ovarian activity
and ovulation of greater number of oocytes that will potentially be able to become
fertilized, which is basically the same principle that applies in embryo transfer
programs for induction of multiple ovulation. This is in agreement with findings of
Safdarian et al. (2006), Koyuncu and Alticekic (2010), Thammakarn (2011) and
Ince and Koker (2011).

Number of stillborn lambs differed significantly (P<0.05) in the two
studied periods, 15 in off-seasonal and 2 in seasonal mating, or an average of 0.47
per ewe in off-seasonal and 0.06 in seasonal mating. A greater number of lambs per
litter and lower birth weights have contributed to the greater number of stillbirths
after off-seasonal fertilization. Previous investigations by Purser and Young
(1964), Wiener et al. (1983) and Berger (1997) confirm the findings of a higher
rate of stillbirth in numerous litters. Berger (1997) also stated that highly prolific
sheep breeds normally have higher mortality rates of lambs at birth compared to
less fertile breeds, because of the more numerous litters.
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Birth weights and body weights of lambs at 30 days of age were found to
be significantly different (P<0.01) between lambs born from off-season
synchronized oestrus (3.40 and 10.71 kg) and natural mating season (4.64 and
12.35 kg). These values are in accordance with results obtained by Petrovi¢ et al.
(2009a). A greater number of lambs born per ewe in off-seasonal mating caused
lower body weights of lambs at birth, which is the difference that held until the first
30 days of life of lambs. As a result, the litter weight, both at birth and at the age of
30 days, was higher after seasonal mating, which was significant at (P<0.05). Type
of birth is one of the well-documented factors that have a significant impact on
birth weight of lambs and it is expected that the increase of the number of lambs in
the litter reduce their body weight (Fourie and Heydenrych, 1982; Meki¢ et al.,
2004; Petrovic et al., 2009b; Yilmaz and Atin, 2011). Also, ewes which carry
multiples and their lambs are more likely to be exposed to the risk of insufficient
nutrition before and after parturition, unless the diet is based on litter size and for
every ewe in particular.

Conclusion

Reproductively, MIS sheep population is very good if well managed.
Results of this study suggest that fertility in the ewes of MIS sheep population,
bred naturally inside breeding season, is very good, with high lambing and
fecundity rates. As for synchronized off-seasonal oestrus, administration of
progestogens (FGA), using intravaginal sponges, and PMSG to MIS sheep ewes
appear to be effective in the induction/synchronization of oestrus and in increasing
of mean litter size. However, numerous litters and lower birth weights of lambs led
to higher stillborn rates and lower weaning weights. In this respect, we suggest that
in further investigations lower doses of PMSG are applied to avoid effect of
superovulation.
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Efekat sinhronizacije estrusa i plodnost ovaca MIS
populacije u periodu anestrije i prirodne sezone parenja
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Rezime

Cilj ovog istraZivanja bio je da se ispita plodnost ovaca MIS populacije
tokom prirodne sezone parenja kao i nakon hormonski
indukovasnog/sinhronizovanog estrusa tokom perioda anestrije. IstraZivanje je
sprovedeno na eksperimentalnoj farma ovaca Instituta za stocarstvo u Beogradu. U
ogled je bilo ukljueno 76 ovaca i 6 ovnova MIS populacije (trorasni melez dobijen
kombinacijskim ukrStanjem slede¢ih rasa: Pirotska pramenka, Virtemberg i Il de
Frans). Tokom perioda anestrije (april mesec), estrus je indukovan/sinhronizovan
kod 43 plotkinje upotrebom vaginalnih sundera impregniranih fluorogeston
acetatom u koli¢ini od 30 mg uz kombinovanu aplikaciju SZK u dozi od 750 ij.
Tokom prirodne sezone parenja (avgust-oktobar) 33 plotkinje su prirodno usle u
estrus i parene, bez upotrebe egzogenih hormona. Za otkrivanje plotkinja u estrusu
kori$¢eni su ovnovi probadi. Utvrdeni su sledeé¢i reproduktivni i proizvodni
rezultati nakon vansezonskog i sezonskog pripusta: stopa jagnjenja 69,77% (30/43)
i 100% (33/33) (P<0,01), duzina bremenitosti 146,63 i 149,18 dana (P<0,01),
velic¢ina legla 2,33 i 1,81 (P<0,05), broj mrtvorodene jagnjadi po ovci 0,47 i 0,006,
ukupan broj mrtvorodene jagnjadi 15 i 2 (P<0,05), telesne mase jagnjadi na rodenju
3,40 i 4,64 kg (P<0,01), telesne mase jagnjadi u uzrastu od 30 dana 10,71 and
12,35 kg (P<0,01), masa legla na rodenju 6,24 i 8,13 kg (P<0,05) i masa legla u
uzrastu jagnjadi od 30 dana 16,99 i 20,32 kg (P<0,05). Rezultati ovog istraZivanja
pokazuju da je plodnost ovaca MIS populacije veoma dobra, sa visokom stopom
jagnjanja i dobrim indexom jagnjenja. Upotreba fluorogeston acetata u kombinaciji
sa SZK je efektivna u indukciji/sinhronizaciji estrusa tokom perioda anestrije.
Medutim, brojnija legla iz sinhronizovanih estrusa i nize porodajne mase jagnjadi
uslovljavaju i vecu stopu mrtvorodenja i nize mase jagnjadi na odlucenju. U skladu
sa tim, u narednim istrazivanjima trebalo bi ispitati moguénost upotrebe manih
doza hormona kako bi se izbegao efekat superovulacije.
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Abstract: Animal live body weight (BW), body measurements, and their
inter-relationship and correlation is imperative for determining genetic potential. In
some circumstances in the absence of weighing scales, the body measurements has
been used to predicts the live body weight of animals which at the same time is
exclusively important to make the right decision at the selection of sheep.The aim
of the study was to assess body measurement and the correlation between live body
weight and the morphometric measurements of Mis maternal ewes as well as to
determine the best fitted regression model for predicting its live weight. A positive
correlation between body measurements of Mis maternal ewes ranged from very
weak 0.035 (RH-PBW) to high 0.930 (HAW-RH), while a very weak negative
correlation ranged from -.016 (HAW-GSB) to -.088 (GSB-RH). With regards to
the correlations between body weights and some morphometric measurements
showed that the highest correlation was between BW and HG which is 0.853 while
the lowest correlation was 0.145 between BW and RH. The multiple regression
coefficient in any of the models statistically significant (P<0.01) and explicitly
denotes that the regression models significantly predicts the value of the criterion
variables.

Keywords: maternal ewes, body weight, morphometric measurement,
correlation, linear regression

Introduction

Body measurements supplemented to body weight describes more completely an
individual or population than do the conventional methods of weighing and grading
(Ravimurugan et al., 2013). Good husbandry practices require that a number of


mailto:violycaro@yahoo.com

Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
114 October 7 -9, 2015.

decisions based on the live weight of animals (Sackey et al., 2013). Determining
animal live body weight (BW), linear body measurements, and their inter-
relationship and correlation is imperative for determining genetic potential, breed
standards, and improved breeding programs for higher meat production. (Younas,et
al.,2013). Several authors have been used body measurement to predict body
weights of different sheep breeds (Atta and El Khidir 2004; Riva et al., 2004;
Topal and Macit 2004; Afoloyan et al., 2006; Sowande and Sobola 2007; Tariq et
al., 2012). Live weight plays an important role in determining several
characteristics of the farm animals especially the ones having economical
importance. Body measurements differ according to the factors such as breed,
gender, yield type and age. The live weight estimations using the body
measurements is a matter of concern for sheep industry (Pesmen and Yardimci
2008). Knowledge of live weight can influence the bargaining of the producer and
further ensure fair determination of price for marketed animals rather than
subjective visual appraisal method. However, this fundamental knowledge of body
weight estimation is often unavailable to farmers due to unavailability of scales.
Hence, the farmers have to rely on questionable estimates of the body of their
animals leading to inaccuracies in decision-making and husbandry (Moaeen-ud-
Din et al., 2006; Mahmud et al., 2014). The usefulness of correlation analysis in
life sciences is enhanced when the coefficient is partitioned into direct effects of
one trait on the other and indirect effects caused by other characters which may be
of importance in selection (Yunusa et al., 2014). The objective of the present study
was to evaluate body measurement and to assess the correlation between live body
weight and the morphometric measurements of Mis maternal ewes as well as to
determine the best fitted regression model for predicting its live weight.

Material and Method

In the study involved 60 Mis maternal ewes’ ages 3-4 years at the experimental
farm of the Institute for Animal Husbandry. After shearing and 3 months after
lambing, the animals had measured by using and an aluminum measuring stick for
the height measurements while for the length and circumference had done using a
flexible tape. The animals also weighed thru manual sheep weighing crate scale.
The data considered in the study were the live body weight and morphometric
measurement as the following: Height at wither (HAW) as the distance between
the foot of the forelimb to the wither point; Rump height (RH) measured from the
hind limb foot to the top of the rump; Body length (BL) measured from the point of
the shoulders to the pin bones; Pin bone width (PBW) is the distance between the
outer edges of the major hip bones on the right and left side; Fore cannon length
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(FCL) on the lower part of the leg extending from the hock to the fetlock in hoofed:;
Girth of shin bone (GSB) — measured round the shin; Heart girth or Girth of chest
(HG/GC) measured round the chest immediately behind the forelimbs. The
analysis of data performed by using the correlation and regression procedure of the
statistical software package SPSS version 20 (2011).

Result and Discussion

The average body weight and averages of some morphometric measurements of
Mis maternal sheep displayed in table 1 as follows: BW-69.09 kg; HAW-70.24cm;
RH-71.06cm; BL-71.87cm; HW-26.18cm; FCBL-14.74cm; GSB-9.51cm; HG
100.83cm. There are variations in all traits, but highest in BW, and the lowest
variations found in GSB.

Table 1. Mean, and standard error (S.E.) of Mis maternal body weight and body measurement

Traits Minimum Maximum Mean Std. Deviation
Statistic Statistic Statistic Std. Error Statistic
BW, kg 49.00 87.00 69.09 1.25 9.71
HAW, cm 63.00 85.00 70.24 49 3.86
RH, cm 64.00 86.00 71.06 51 3.98
BL, cm 63.00 79.00 71.87 43 3.35
HW, cm 23.00 29.00 26.18 14 1.11
FCBL, cm 13.50 16.00 14.74 .09 71
GSB, cm 8.00 11.00 9.51 .09 .70
HG, cm 92.00 113.00 100.83 .67 5.22
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Table 2. Correlation among the body measurement of maternal Mis sheep

Traits BW | HAW | RH | BL | pBW | FCBL | GsB | Ha/Ge
Body Pearson - e ox o .
Weight Correlation 1 234 .145 .618 .690 .347 .657 .853
Sig. (2-
tailed) .072 .268 .000 .000 .007 .000 .000
Height at Pearson - ok N
Withers Correlation | 234 1 .930 .187 .090 .398 -.016 .261
Sig. (2-
tailed) .072 .000 152 494 .002 .902 .044
Rump Pearson o ox
height Correlation | -145 .930 1 .235 .035 .392 -.088 181
Sig. (2-
tailed) .268 .000 .071 .789 .002 .502 167
Body length | Pearson - e . .
Sig. (2-
tailed) .000 152 071 .001 .328 .016 .000
Pin bone | Pearson o . . o ok
width Correlation | 690 .090 .035 417 1 .292 473 .596
Sig. (2-
tailed) .000 494 789 .001 .024 .000 .000
Fore cannon | Pearson - . . N N o
bone length | Correlation .347 .398 .392 128 .292 1 .308 .384
Sig. (2-
tailed) .007 .002 .002 .328 .024 .017 .002
Girth of | Pearson . N " . o
shinbone | Correlation | -657 -.016 | -.088 .309 473 .308 1 .602
Sig. (2-
tailed) .000 .902 .502 .016 .000 .017 .000
Heart/Chest | Pearson . . . - - -
girth Correlation | -853 261 181 544 .596 .384 .602 1
Sig. (2-
tailed) .000 .044 167 .000 .000 .002 .000
** P<0.01.
*P<0.05

BW-body weight; HAW-height at withers; RH-rump height; BL-body length; PBW-pin bone width;

FCL-fore cannon length; GSB-girth of shin bone; HG-heart girth

The correlation between body weight on body measurements and the
correlation of among traits are presented. The obtained results (table 2), showed a
very significant correlation (P<0.01) between BW-BL, BW-PBW, BW-FCBL,
BW-GSB, BW-HG. Likewise between HAW-RH, HAW-FCL, RH-FCL, BL-
PBW, BL-HG, PBW-GSB, PBW-HG, FCL-HG, HG-GSB while a significant
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correlation acquired between HAW-HG, BL- GSB, PBW-FCL, GSB-BL and GSB-
FCL. Among the body measurements, the highest correlation was between RH-
HAW with a value of 0.930 and the lowest between HAW-GSB with a negative
correlation of -.016. A positive correlation between body measurements of Mis
maternal ewes ranged from very weak 0.035 (RH-PBW) to high 0.930 (HAW-RH),
while a very weak negative correlation ranged from -.016 (HAW-GSB) to -.088
(GSB-RH). In the result obtained by Petrovic et al., (2012), the correlation
between body measures of dams Merinolandschaff had a high correlation of 0.999
on BL-GC. The result we acquired in this study for Mis maternal ewes showed a
medium correlation of 0.544 on BL-GC. As pointed by Pesmen and Yaedimci,
(2008), “the body measurement differs by breed” rationalized our results.

With regards to the correlations between body weights and some
morphometric measurements, it showed that the highest correlation was between
BW and HG which is 0.853 while the lowest correlation was 0.145 between BW
and RH. The result of Yunusa et al., (2014), (for West African Dwarf sheep)
revealed that high correlations with BW, and their indirect effects mostly obtained
through HG was agreeable with the result we attained in this study. Mohammad et
al., (2012) also detected a highly correlation between body weight and chest girth
(0.742) and body weight and body length (0.457) on five indigenous sheep breeds
(Mengali, Balochi, Harnai, Beverigh and Rakhshani). In the study performed by
Mahmud et al., (2014) informed that CBL significantly affects LBW of Nigerian
breeds of sheep (ages 3 years and above) alike with the result we obtained in
maternal Mis Sheep (BW-FCBL; P<0.01). Otoikhian et al., (2008), documented
that there is a close relationship between body weight and chest girth, which is
relevant with the result we obtained.

Table 3. Regression Model Summary

Mod R R Square | Adjusted | Std. Error of Change Statistics

el R Square | the Estimate R Square | FChange | dfl df2 Sig. F
Change Change

1 .853% 727 722 5.11564 727 154.403 1 58 .000

2 .882° 778 71 4.64830 .051 13.249 1 57 .001

3 .896° .802 792 4.42964 .024 6.766 1 56 .012

4 .908° .825 812 4.20654 .023 7.097 1 55 .010

a.

Predictors: (Constant), HG

b.

Predictors: (Constant), HG, PBW

C.

Predictors: (Constant), HG, PBW, BL

d.

Predictors: (Constant), HG, PBW, BL, GSB

e.

Dependent Variable: BW
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The “stepwise” method has formed models in four steps (table 3). In model
1, it showed a coefficient of multiple regressions (R) of 0.853 as the measure of
correlation between the values of BW and the predictor HG, with a coefficient of
multiple determination (R2) of 0.727, this means that 72,7% of the variance BW,
determined variance of the predictor in model 1, in same manner the adjusted
coefficient of multiple determination (adjusted R2) was 0.722 or 72.2% of the
variance BW determined variance of the predictor variable that was in model 1.
This means that the HG/chest girth is the best predictor in estimating the body
weight of Mis maternal sheep.

Viewing of the other model had similarity in scheme so we will proceed
directly on model 4 as the final model that shows the highest in coefficient of
multiple regressions (R) 0.908. The said value is the measure of correlation
between the values of body weights as the dependent variable and the set of
predictors (HG, PBW, BL and GSB) that are in the final model. As presented (table
3), the coefficient of multiple determination (R2) was 0.825 meaning 82.5% of the
variance BW, determined variance of the predictors represented in the model.
Furthermore, it also presented the adjusted coefficient of multiple determinations
(adjusted R2) with a value of 0.812 or 81.2% of the variance BW, determined
variance of the predictor variables that were in the model. The result attained in
this study fitting with the statement of Ravimurugan et al, (2013) that the chest
girth alone or combinations of three measurements may be used for predicting the
body weight (Kilakarsal sheep). Sackey et al, (2013), found that HG and BL
satisfactorily predicted live body weight of Djallonké ewes by its coefficient of
determination (R2) of 94%, and 80% respectively for models fitted for
Djallonké ewes. Topal and Macit, (2004), commented that the model
including heart girth (Morkaraman Sheep) was the best fitted regression
model.
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Table 4. Results of Analysis of variance

Model Sum of df Mean F Sig.
Squares Square

1 Regression 4040.682 1 4040.682 154.403 .000°
Residual 1517.844 58 26.170
Total 5558.526 59

2 Regression 4326.943 2 2163.471 100.130 .000°
Residual 1231.583 57 21.607
Total 5558.526 59

3 Regression 4459.712 3 1486.571 75.762 .000¢
Residual 1098.814 56 19.622
Total 5558.526 59

4 Regression 4585.300 4 1146.325 64.782 .000°
Residual 973.226 55 17.695
Total 5558.526 59

a. Dependent Variable: BW

b. Predictors: (Constant), HG

c. Predictors: (Constant), HG, PBW

d. Predictors: (Constant), HG, PBW, BL

e. Predictors: (Constant), HG, PBW, BL, GSB

As seen in table 4, the values of F-test in models 1 to 4, showing the values of
154.403 (P=0.000); 100.130 (P=0.000); 75.762 (P=0.000); 64.782 (P0=.000), thus
confirming that the multiple correlation coefficient in any of the models
statistically significant and explicitly denotes that the regression models
significantly predicts the value of the criterion variables.
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Table 5. Regression Coefficients®

Model Unstandardized Coefficients | Standardized t Sig.
Coefficients
B Std. Error Beta

1 (Constant) -90.757 12.881 -7.046 .000
HG 1.585 128 .853 12.426 .000

2 (Constant) -123.320 14.732 -8.371 .000
HG 1.272 144 .684 8.813 .000

PBW 2.449 673 .283 3.640 .001

3 (Constant) -139.901 15.418 -9.074 .000
HG 1.114 150 .599 7.407 .000

PBW 2.216 .648 .256 3.423 .001

BL 537 207 .186 2.601 .012

4 (Constant) -140.369 14.643 -9.586 .000
HG 930 159 .500 5.856 .000

PBW 1.908 626 .220 3.050 .004

BL .565 .196 .195 2.875 .006

GSB 2.646 .993 192 2.664 .010

a. Dependent Variable: BW

The four models presented (table 5) can visualize that aside from the
regression constant also included predictors in every model. It implies that
any increase of the indicated body measurement of maternal ewes is
associated with an increase of the dependent variable BW. In particular
using model 4, any increase in HG to 1 cm, is associated with an increase in
BW to .930 kg. An increase in PBW for 1 c¢cm is associated with an
increased in BW for 1.908 kg. Likewise, an increase of 1 cm on BL
affiliated with an increase in BW for 0.565 kg. The increase of GSB for 1
cm linked an increase of BW for 2.646 kg. The standardized coefficients
(Table 5) specify the size of the standard deviation of changes in BW if
value of predictors increased by 1 standard deviation. The situation comply on
the statement of Seifemichael et al., (2014), that as a criterion, the value of R2
always increased when more and more predictors added to the regression. Based
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on the results of the multiple regressions, it showed that a highly significant
correlation (P<0.01) between BW from HG, PBW, BL and GSB of Mis
maternal ewes. Although Mohammad et al., (2012) used Regression Tree Method
to predict body weight from body length, body weight from chest girth of yearling
sheep also achieved highly significant correlation (P<0.01) on Balochian
indigenous sheep breeds.

Conclusion

The result attained determined that body measurement such as heart girt or girth of
chest (HG/CG), hip wip (HW), girth of shin bone (GSB), body length (BL) and
fore cannon bone length (FCBL) had positive correlation with body weight of Mis
maternal sheep (r=0.853; r=0.690; r= 0.657; r=0.618; r=0.357). The highest
correlation among morphometric measurements exhibited between rump height
and height at Withers (RH-HAW) (r= 0.930) and the lowest between height at
withers and girth of shin bone (HAW-GSB) with a negative correlation of (r=-
.016). Although the fore cannon bone length had significant correlation on body
weight, it was not included as one of the predictors. The simplest model (one
predictor) has an R2 value of 0.727, while the full model (all the predictors) has a
coefficient determination (R2) value of 0.825. The result obtained indicated that
in any increase of some of the body measurements (HG, PBW, BL and
GSB) of maternal ewes is also an increase in body weight of maternal ewes.
Based on the results acquired on this study it seems that heart girth (HG) alone can
be the best fitted predictor of body weight of Mis maternal ewes.

Povezanost izmedu mase tela i nekih morfometrijskih mera
kod majki ovaca Mis rase

V. Caro Petrovic, M. P. Petrovic, M. M. Petrovic, D. Ruzic-Muslic, N. Maksimovic,
Z. Bijelic, N. Micic, D. Ostoji¢-Andric¢

Rezime

Masa tela ovaca (BW), morfometrijske mere tela, njihov odnos i korelacija su
imperativ za utvrdivanje ekspresije genetskog potencijala. U nekim okolnostima u
odsustvu vage , merenje tela se koristi za predvidanje telesne mase Zivotinja koja u
isto vreme je i iskljusivo vazna za donosenje prave odluke pri selekciju ovaca. Cilj
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istrazivanja je bio da se procene vrednosti telesnih mera i korelacije izmedu zive
telesne mase i morfometrijskih merenja kod majki Mis ovaca, kao i da se odredi
najbolje prilagoden model regresije za predvidanje mase tela ovaca. Pozitivna
korelacija izmedu telesnih mera Mis majki ovaca varira u rasponu od veoma slabe
0.035 ( RH - PBW) do visoke 0.930 (HAW- RH) , dok je vrlo slaba negativna
korelacija evidentirana u rasponu od -.016 ( HAW- GSB ) do -.088 ( GSB - RH ).
Kada je re¢ o korelaciji izmedu telesne mase i nekih morfometrijskih merenja
pokazalo se da je najveéa povezanost izmedu BW i HG sa vrednos¢u od 0.853 ,
dok je najniza korelacija zabeleZena izmedu BW i RH 1 bila je 0.145. Koeficijent
multiple regresije je bio kod svih modela statisti¢ki znacajan (P<0.01) i eksplicitno
oznaCava da regresija znaCajno predvida vrednost kriterijumskih varijabli
(P=0.000)
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Abstract: Rearing and use of the horses in long period of the past has had
a very big importance for agriculture generally and for the rural society in
Montenegro. Horses were the most important work animals for different uses,
constantly present in everyday’s peasant life and important part of the cultural
heritage of the rural areas in Montenegro.
The aim of this paper is to present system of rearing and use, and basic
morphometric characterization of Domestic hilly horse population in Montenegro.
The total horse population has been drastically reduced, especially after 60°s of last
century: from 32,000 animals in 1960 to only 4850 animals in 2013.
Based on the results of this research the most often coat colour in the studied
population was bay (48.03%), white marks on head was determined in a half of the
population and the most presented marks was faint (22.23%) and white marker on
the leg was pastern and combination of more marks. Montenegrin domestic hilly
horse belongs to the group of small horses, with average height to withers of 134.2
cm, body length 139.3 cm, chest circumference 163.5 cm, fore cannon
circumference 18.67 cm, while body weight was 314.8 kg. The values of indices of
body conformation showed that studied horse population had quite strong and
compact body conformation and very well work abilities.

Key words: hilly horse, exterior, body measures, indices.

Introduction

The horses and horse breeding, as a branch of animal husbandry, had an important
role in a man's life in the past, especially if we take into account multiple uses of
the horses. The role and contribution of horses in historical, cultural and economic
development have been changing in accordance to the social needs and
circumstances (Ivankovi¢ 2004). In the earliest history horse had strategic
importance in wars, and later in transportation of various goods over long distances
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and maintains trade links. In the overall use of horses, a special place belonged to
its use in agricultural activities and the exploitation of wood. In recent times, new
forms of use of horses have been emerging, which are manifested through the sport
and recreation. In certain countries or regions of the world the importance of the
horse is even in production of meat and milk (Peji¢ 1996).

Horse in Montenegro has always been a very important and indispensable working
animal. Without the horse help peasants life in the past was difficult to imagine. In
addition to the basic purpose to perform many tasks in agriculture, the horse was an
integral part of everyday's life and living culture of the Montenegrin population.
Until starting to use mechanization widely and introduction of new technologies in
agriculture, horse was probably more than anywhere else one of the main
preconditions for the existence of the Montenegrin population (4dzi¢ 1997).

The specific natural conditions in Montenegro has shaped and adapted the
populations of domestic hilly horse, which has been reared for centuries in
Montenegro and it is a segment of the wider population of the Balkan hilly horse. It
originates from the original wild form and the Asian wild horse, known as
Przhevalskii (Equus Przewalskii Poliakov) and the steppe horse Tarpan (Equus
Przeviskii Gmelini Antonius), Hrasnica (1962), Peji¢ (1996). Thanks to the very
good adaptability to specific natural conditions, strong constitution and disease
resistance, modesty in regard to nutrition and extraordinary working abilities,
Domestic hilly horse was used primarily for carrying and riding (Paprika and
Ivankovié 2005, Mitrovi¢ and Grubié 2003)

Numerous studies of exterior and working abilities of mountain horses were carried
out in the past, especially in 50's and 60's of the 20th century, mainly on the
population of the Bosnian mountain horse (Malecki, 1923; Ogrizek and Hrasnica,
1952; Beli¢, 1940; Bartolovic 1961; Telalbasic¢ et al. 1973; Habe and Telalbasic,
1988; and lvankovic et al., 2012).

Given the fact that the population of Domestic hilly horse has been raised for the
centuries in Montenegro, and that has not yet been the subject of significant
research, the aim of this work is to present the current state and specificities of
horse breeding, as well as the morphometric characterization of Domestic hilly
horse population in Montenegro.

Material and methods

The study was conducted during the period 2012-2013 on the population of
Domestic hilly horse (118 animals) which is bred in the municipalities: Niksic,
Cetinje, PluZine and Savnik. The first step in the research was to select animals that
by general breed characteristics belong to the domestic hilly horse; the second was
to analyse current way of breeding and use of horses. Further, the colour of hair
and present white characters on the head and legs were determined by the visual
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observation. Identification was made using the generally adopted classification of
colours and special characters on the head and legs of a horse, described by Nikoli¢
and Simovi¢ (1986) and lvankovic (2004).

Determination of body measures were carried out by using Lidthin stick and a
measuring tape. By using Lidthin stick the following measures were determined:
wither height (WH), height at hip (HH), body length (BL), chest depth (CD), chest
width (ChW), croup width (CW). A measuring tape was used to measure: head
length (HL), width of forehead (WF), chest circumference (CC), croup length
(CL), fore-cannon circumference (FCC), fore cannon length (FCL), rear cannon
length (RCL) and body weight (BW).

Based on the average values of the body measures (Chest circumference and Body
length) the body weight of studied population of domestic hilly horse was
calculated by using the formula described by Pejic (1996):

BW, kg=CC2 x BL /11877

In order to describe physical development in more detail, especially body
proportions (the relative ratios of certain parts of the body), the indices of body
conformation were calculated from the mean values of body measurements.

All collected data were systematized, numerical measurements statistically
analysed by using the program Statistica 10.

Results and discussion

Current situation of the horse population

Until the sixties of the last century the horse population had been increasing, due to
the fact that agriculture, especially livestock farming, was one of the main
economic activities, where horses with oxen were the main work animals.
However, restructuring of the economy towards the development of industry and
especially wide mechanization of the agriculture have caused sharp decrease in the
number of horses. The largest horse population in Montenegro was in the sixties of
the last century, reached about 32,000 animals, and since then has been steadily
decreasing, so that today's horse population is about 5,000 heads, or about 15.6%
of the population in the sixties (table 1). The decreasing trend in the horse
population has slowed, but not stopped. In the last 5 to 7 years number of the
horses is rather stable.

Table 1: Trend in the size of horse population in Montenegro

Year 1960 | 1970 | 1980 | 1990 | 1995 | 2000 | 2005 | 2008 | 2010 | 2013
g'n‘mgg of | 32000| 20430 | 25284 | 20009 | 16209 | 12474 | 7119 | 5124 | 4828 | 4858

Index: 1960
=100%

100 92 79 62.5 50.6 39 22.2 16 155 | 156
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According to Census of Agriculture from 2010, the majority of the horse
population is on the north, very mountainous region of Montenegro (Andrijevica,
Berane, Bijelo Polje, Pljevlja, Plav, Savnik, Zabljak and Pluzine) where 79% of the
total population is reared, while in the central region (Podgorica, Danilovgrad,
Cetinje and Niksic) is about 19.5%, and the smallest number of horses bred in the
south - the coastal region, only 1.5%. In the northern region of Montenegro horses
are mainly kept for occasional use for the carrying of loads or just for hobby riding.
On the other hand, in the central region of Montenegro, horses are traditionally
used 4-5 months per year for transport (carrying out) of firewood from inaccessible
terrains, and the rest of the year are practically not used. However, today is more
and more frequent use of horses for the purpose of recreational riding in the tourist
or therapeutic purposes.

In terms of breed structure of the horse population in Montenegro, domestic hilly
horse is dominated,; it is estimated about 70% of the total population, while the rest
are crosses of domestic hilly horse with modern warm-blooded or cold-blooded
breeds.

Today's population of domestic hilly horse in Montenegro is very small, especially
the pure blood heads, and it certainly is at risk of complete extinction in the long
run, especially if we take into account the present negative trends.

Exterior of Domestic hilly horse

Domestic hilly horse from Montenegro, as a part of the population of Balkan hilly
horse, in terms of exterior is quite similar to the most studied and described
Bosnian hilly horse. The formation of the present type of hilly horse in Montenegro
was affected by sporadic and unplanned crossbreeding with other breeds, and the
most influence had come from Arabian horse, which came in this region even with
the Ottoman Empire. As a result, today's Montenegrin hilly horse has become a
slightly bigger and nobler than the horse from earlier periods, which especially
refers to the part of the population of the northern region.

Although the horse coat colour is not a breed characteristic, assessment of the
participation of certain colours and characteristic signs are important exterior traits
in horse breeding in general. The hair colour is, as well as the marks often allow
quick identification of individuals, and thus a tool in easier determination of the
animal identity.

In the studied population of Domestic hilly horse in Montenegro the most often
colour is bay (48.03%) with various shades (light, dark or red bay), than is grey in
25.42%, chestnut was identified in 23 animals or 19.5%, while the black and roan
were the colours with the lowest participation (4.2% and 2.5%, respectively).
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Graph 1: The presence of the colour of coat in the population of Domestic hilly horse

The presence or absence of specific unpigmented or white pigmented areas on the
body, so called marks, commonly found on the head and legs, is an important
characteristic of the horse exterior.

Table 2: White marks on the heads of the horse

Marks Faint Star Stripe Blaze Without marking
Number of animals 26 12 16 6 58
% 22,04 10,17 13,56 5,08 49,15

The most common white mark on the head of the studied population of domestic
hilly horse was faint (small irregular shape) that is identified in 26 animals (22%),
then stripe follow (13,56%), while star was determined in 12 animals (10,17%)
and blaze in only 5% of the horses, as it presented in the table 2. Without any mark
on the head there were nearly half of the horses (49.15%).

The marks on the legs were identified in 32 animals or 27% of studied horses (table
3). The most common mark was pastern (7 animals) and combination of more
marks (11 animals).

Table 3: The marks on the horse legs

Marks Without
Marks Heel Coronet | Pastern | Stocking | combination marks
Number of animals 1 7 9 4 11 86
% 0,85 5,93 7,63 3,39 10,17 72,88

Body measures of Montenegrin domestic hilly horse

Measures on the head (HL and FW) are very important for determination of size
and shape of horse' head. The average HL of the studied population of Domestic
hilly horse in Montenegro was 59.4 cm, while the average WF was 20.3 cm (Table
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4). Wide range of variation in HL (51 — 65 cm) and its average value higher than
the results obtained many years ago on Bosnian mountain horse by: Malecki 1923,
Bartolovi¢ 1961, Ogrizek and Hrasnica 1952, indicate that probably the Arab or
other horse breeds (thoroughbred and coldblood) have influenced Montenegrin
population of hilly horse in the meantime. The determined values of WF are
compatible with the results of the previous research of above mentioned authors on
different populations of hilly horses in the Balkan Peninsula.

Table 4: Body measures and body weight of Domestic hilly horse (n = 118)

Body measures X SD CV % Min. Max.

Head length (HL) 59.44 2.33 4.37 51.00 65.00
Forehead width (FW) 20.34 1.16 5.70 18.00 23.00
Withers height  (WH) 134.16 3.32 2.47 123.00 140.70
Hip height (HH) 133.51 3.37 2.52 120.00 140.10
Body length (BL) 139.30 4.85 3.48 127.10 152.50
Chest circumference (CC) 163.53 7.79 4.76 145.00 184.00
Chest depth (CD) 63.50 2.75 4.33 55.30 70.00
Chest width (Chw) 35.35 3.13 8.85 27.80 45.30
Croup width (CW) 46.99 2.62 5.57 41.50 55.00
Croup length  (CL) 49.20 2.90 5.89 38.50 57.00
Fore cannon circumference (FCC) 18.68 0.95 5.08 16.50 22.00
Fore cannon length (FCL) 15.13 0.94 6.21 13.00 18.50
Rear cannon length (RCL) 20.19 1.20 5.94 18.00 22.50
Body weight (BW) 314.87 36.61 11.63 232.08 416.18

Withers height, hip height and body length are the measures that determine the
body format. The average WH and HH of the studied population of domestic hilly
horse were 134.16 cm and 133.5 cm, respectively, what indicates the existence of
certain degree of the uphill. BL (139.3 cm) was approximately 5-6 cm longer than
WH and HH, what indicates a slightly rectangular body format of the studied horse
population. Comparing these results to the results of the research on the
populations of mountain horses in Boshia and Herzegovina and in Mediterranean
part of Croatian (Beli¢ 1940, Habe and Telalbasi¢ 1988, Bartolovi¢ 1961, Malecki
1923, Ivankovi¢ et al. 2012. and Caci¢ 2005) it can be concluded that BL of the
Montenegrin population of horses is greater even for 5to 10 cm.

All the measures determined on the chest (CC, CD, ChW) were slightly higher than
the measures determined until now on the hilly horse population from
neighbouring countries.

The average CL was only 2 cm larger than the CW, which coincides with the
statement of Mitrovi¢ and Grubié¢ (2003) that the croup of the Boshian mountain
horse well developed and relatively short, square forms, but in terms of providing
better care and nutrition they are rounded and slightly downcast.

Fore cannon circumference (FCC) along the FCL and RCL significantly affect the
quality and safety steps of domestic hilly horse, work ability and indicate its
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constitution type. The average FCC of 18.7 cm indicates rougher constitution of
studied horse population. These results are close to results cited by Telalbasic¢ et al.
(1973) and Habe and Telalbasi¢ (1988) for Bosnian mountain horse in stable
breeding (17.42 and 18 cm), as well as to Konik and Hucul, autochthonous horse
breeds reared in Poland (18 and 19.10 cm), Komosa and Purzyc (2013).

Calculated value of body weight was 314 kg in average, but with very broad range
of variation (from 232 to 416 kg). It could be caused due to different rearing
conditions (nutrition and use for work), as well as due to crossing with other
breeds.

The values of body index, as well as indices of compactness and boniness indicate
that this studied horse population has quite solid and compact body conformation
(Table 5). Compared to other breeds the index of compaction and boniness of
domestic hilly horse is higher than for example Posavina horse (Paprika and
Ivankovic, 2005; Simci¢ et al. 2003), as well as higher than the index of
compactness of domestic horse of Croatian Mediterranean (112%), lvankovic et al.
(2012).

Table 5. The values of indices of body conformation

Indices Model of calculation Calculated value of indices
Index of body BL /CC x 100 85.18
Index of body format BL / WH x 100 103.83
Chest index CD /WH x 100 47.33
Index of work ability in gallop CC (m)® x 56 / HH (m) 112.17
Index of work ability walking CC (m)?x 95/ HH (m) 190.23
Index of compaction CC/WH x 100 121.89
Index of boniness FCC/CC x 100 11.42
Index of body weight BW /WH x 100 234.69

Based on the value of chest index, Montenegrin domestic hilly horse belongs to a
group of warm-blooded horse, for which the value of chest index, according to
Simcic¢ et al. (2012), should range from 46.50% to 48.50%. The values of work
index representing optimum of load in work (during gallop and walk). It was
calculated that studied horse population can be loaded at a trot and gallop by about
112 kg, and when walking even by 190 kg.

Conclusion

The results of this study pointed out the specifics of population of domestic hilly
horse in Montenegro. Description exterior and body measures can be the basis of
further search and the eventual consolidation of the population. Although the
studied population showed some similarity with the Bosnian mountain horse,
consider that the Montenegrin domestic hilly horse certainly different from
Bosnia's mountain horse.
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These results should be a starting point for further characterization at the genetic
level, in order to complete the introduction of the population. It is necessary to
mention that this population threatened by further decreasing of population size
and her biological survival, and it is necessary to urgently take measures to protect.

Morfometrijska karakterizacija domacéeg brdskog konja u
Crnoj gori

B. Markovié, R. Mumovié, M. Markovié

Rezime

Gajenje i koriS¢enje konja je odavnina imalo veliki znaCaj za poljoprivredu i
ruralno stanovnidtvo u Crnoj Gori. Konji su bili najvaZznije radne Zivotinje za
razlic¢ite namene, stalno prisutna u svakodnevnom Zivotu crnogorskog seljaka i
vaZzan deo kulturne bastine ruralnih podru¢ja u Crnoj Gori.

Cilj ovog rada je da se prikaZe postojece stanje konjarstva, sistem gajenja i nacin
kori§éenja, te osnovne morfometrijske karakteristike populacije domacéeg brdskog
konja u Crnoj Gori.

Ukupna populacije konja je u stalnom opadanju, posebno nakon 60-ih godina
proslog stole¢a, kad je od 32.000 grla u 1960. broj opao na 4850 grla 2013. Na
osnovu rezultata istrazivanja najceS¢a boja dlake proucavane populacije je
doratasta (48.03%), beli znakovi na glavi su prisutni kod polovine populacije a na
nogama kod oko 30% populacije, a naj¢esci znak na glavi je grusa (22.23%) a na
nogama putast i kombinacija viSe belega. Prema telesnim merama crnogorski
domaci brdski konj spada u grupu malih konja, s prose¢nom visinom grebena od
134,2 cm, duzinom tijela 139,3 cm, obim grudi 163,5 cm, obim cevanice 18,67 cm,
a tezina tela je 314,8 kg. Vrednosti indeksa konformacije tela su pokazali da
ispitivana populacija konja ima prili¢no jaku i kompaktnu gradu (trup) veoma
dobre radne sposobnosti.
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Abstract: Downs and feathers of geese are a valuable renewable natural
product. They are utilizable as natural insulating and filling material for bedspreads
as well as for high-quality winter-clothing. With regard to harvesting of feathers
and downs from living geese more knowledge is necessary on cycling processes of
the partial moult and on their endocrine control. Therefore, the aim of the present
study was to assess the secretion of moult-associated hormones thyroxine (T,),
progesterone (P), estradiol-178 (E2) and testosterone (T) as well as their potential
role as a trigger of partial moult with special regard on feather growth. The study
was performed with each six male and female goslings. Blood samples were
collected weekly during three different time periods of moult: first partial moult
(7" to 10" week of life, WL), second (15" to 17" WL) and third (23" to 25™ WL).
Plasma hormone concentrations were analyzed by enzyme and radioimmunoassay,
respectively. A strong correlation between feather growth and hormone
concentration could be only derived for T4, but not for P, E2 and T. During periods
of maximum T, values, the growth of feathers and downs has been most widely
finished and is directly followed by the subsequent period of new feather growth.
In conclusion, this study was helpful to obtain more details about endocrine
situation during the partial moult in both sexes of growing geese.

Key words: downs and feathers growth, partial-moulting, secretion of
hormones, growing geese

Introduction

Downs and feathers are a renewable natural product based on special high
quality characteristics and have been used for more than years. Menesi et al. (1964)
cit. by Kozak et al. (2010) reported, that the downs and feathers of geese other
waterfowl species are superior in quality. Especially valuable are the feathers and
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down of well-fedgeese, which are obtained during the moult (Adam, 2001). Goose
downs and feathers have a greater capacity to absorb moisture than synthetic and
textile fillers (Metz, 2002). With special regard to the fill power, downs of the
moulting gathering are superior in quality compared to the slaughter plucking.

The removal of the feathers and downs occurs mainly after the slaughter of
waterfowl and a small part (approximately 1 to 2%) by live-gathering of geese
during moulting (Kozék, 1991 and 2010).

A periodical partial moulting proceed in growing geese which concerns
only the small feathers (covering feathers and downs), but not the large feathers
(Schleusener, 1952; Kozak, 1991 and Kozak et al, 1992). At the beginning of
partial moult, growing geese lose their downs and feathers of the small plumage,
which can be obtained and can give an additional income for small-scale farmers.
Unfortunately, the gathering of downs and feathers of live geese comes sometimes
into disrepute in the media, because of unscientific arguments and questionable
videos. So it has been suggested that the partial-moulting is not simultaneously
occurring in all animals and that only a short period for the moult-plucking is
available.

Results of the hormonal control of moulting are available in the literature
(Etches, 1996) by hens. Especially the thyroid-hormone thyroxine, is given a
leading role. However, no studies exist on the regulation of partial moulting in
growing geese. Therefore, it should be examined on young geese, consists a
relationship between the concentration of various hormones in the blood plasma,
the downs and feathers growth and the course of partial moulting in growing geese.

For this reason, the following questions were examined:

- 1. At what age of the young goose downs and feathers reach maturity (quills free
from blood and tissue residues) and detach from the skin?

- 2. Is there a correlation between the secretion of selected hormones and the
degree of feather maturity as well as the course of the partial moulting?

Material and Methods

Each six male and female goslings of a heavy hybrid line were included in
the present study. From the fourth to the 30thweek of age, the body weights were
recorded weekly and a representative feather and downs sample were removed
from the plumage of the body regions breast, abdomen, flank, dorsal-site and from
neck. Blood samples were taken for determination of hormone concentrations of
the sexual hormones estradiol-17p (E2), testosterone (T), progesterone (P) and the
thyroid hormone thyroxine (T,) in the blood plasma. Blood sampling was
performed weekly during three different ages (first through third partial-moult, see
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table 1).The plasma hormone concentrations were analyzed by enzyme and
radioimmunoassay, respectively. The bio-statistical analysis (STATSOFT INC.,
VOL. 5, 1997) of the hormone thyroxine was carried out by analysis of variance
(ANOVA) and the paired t-test for comparison between different periods of the
partial moult.

Table 1: Blood samples extraction for hormone analysis

Pgrtlal _ moult Week of life
(time periods)

| 7—8—9—10

11 15—>16—17

11 2352425

Results
Growth and maturity of the downs and feathers

After hatching the goslings wear their Neoptilen dress, which is formed in
the development of the egg. The growth of the downs starts at the 2nd weeks of life
(WL), the covering feathers during the third week of life. After an intensive growth
phase of the downs and feathers from the 4th WL an abrupt growth arrest followed
in the 8th WL on the breast, abdomen, back and neck and the 9th WL on the flanks.

From the 11th WL (2nd plumage generation), the 19th WL (3rd plumage
generation) and from the 29th WL (4th plumage generation), an intense length
growth of downs and feathers started again, followed by a stop growing of the
feathers in the 16th WL on back and neck and in the 17th WL on the breast,
abdomen and the flanks as well as in the 26th WL on the breast and abdomen and
in the 27th WL at the flanks, back and neck. The growing stop of the feather
follows the initiation of growth of the new feathers. These grow from the same
feather plant and push the old mature feathers out. This can be described as time of
feathers mature and commencement of moulting. The growth of downs is
completed about one week before the feathers. The feathers and downs of the first
plumage generation have their intense longitudinal growth phases between the 4th
WL and the 7th WL, of the 2nd plumage generation between the 11th WL and 16th
WL and at the 3rd plumage generation between the 19th and the 26th WL.

Hormonal regulation of the partial-moulting
The analyses of sexual hormones estradiol-17p, testosterone and
progesterone show, that they have no influence on the moulting rhythm of the



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
136 October 7 -9, 2015.

growing young geese (Figure 1 to 3). Between several time-frames the
concentration of sexual hormones from both sexes rises significantly. This increase
can be close rather on the development of the reproductive organs as to triggering a
partial moulting. The concentration of sexual hormones increases significantly
between the individual sections of investigation in both sexes. A strong correlation
between feather growth and hormone concentration could be only derived for
thyroxine (T,) (Figure 4). During first partial moult, T, values significantly
increased in both sexes (ganders: 13.1 = 1.0 vs. 22.0 = 2.2 nmol/l, p=0.008; geese:
12.6 £ 1.9 vs. 20.3 £ 1.2 nmol/l, p=0.001) from 7th to 8th WL. Maximum plasma
T, levels were monitored in male goslings only during 8th WL, whereas those of
the females remained elevated until 9th WL and declined not until 10th week.
During 2nd partial moult, plasma T, concentrations slightly increased in the male
goslings (15.2 + 3.3 vs. 18.3 + 3.3 nmol/l) from 15th to 16th WL, whereas those of
the females amounted markedly higher than males as well as compared to the own
values during 1st and 3rd partial moult. From 23rd to 24th WL (3rd partial moult),
plasma T, levels elevated slightly in the ganders (12.8 + 1.3 vs. 17.5 + 0.1 nmol/l),
but significantly in the geese (13.3 £ 0.9 vs. 25.6 £ 3.2 nmol/l, p=0.006).

Discussion and Conclusions

The results of this study demonstrate that a marked increase of plasma T,
values is the most important factor which induce the start of each partial moult in
growing goslings. During periods of maximum T, values, the growth of feathers
and downs most widely has been finished but directly followed by the subsequent
period of new feather growth. Based on the data of this study, no relation was
found between feather growth and the plasma concentrations of the sexual
hormones P4, E2 and T. Nevertheless, it can be concluded that partial moult in
growing goslings is triggered independently of E2 and T, whereas the role of P4
related to initiation of partial moult is not clear so far.

A recognizable effect of live weight development on feather development
and hormone secretion at the time of moulting was also not found. The growth of
the feathers and downs is terminated in the 8th /9th week of life, 16th/17th week of
life and 26th/27th week of life. Some past studies indicate periods of 6 to 7 weeks
between two partial moult (Kozak, 1991). In the present study, the periods between
the first and second partial moult as well as the second and third partial moult
amounted 8 and 10 weeks, respectively. With the cessation of longitudinal growth,
the downs and feathers reach the state of maturity, there are no more blood residue
in the spool contain and the marrow is dried (glassy-white color of the coil). Two
weeks after the maximum thyroxine concentrations, the feathers and downs of the
new plumage generation appear during 10th, 18th and 28th WL followed by an
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intensive growth. The new feather and down generation begins with the growth and
pushes the old feathers respectively down out of the papillae, so that the supply of
blood and innervation (supply an organs with nerve tissue) to be interrupted. This
can be referred as the time of feather maturity and the beginning of the moult.
About one to two weeks later, the downs and feathers are so loose, that they can be
harvested by spread finger like a comb without stressing the animals. The entry of
the partial-moulting cannot be forecasted exactly ahead. It is only the determination
of the feathers maturity by gathering a sample of about 1% of the animals in a herd
of same age, allowing the start of harvesting downs and feathers. Gathering of
matured downs and feathers from living geese can improve the income of geese
farmers. In summary, this study was helpful to obtain more details about endocrine
situation during the partial moult in both sexes of growing goslings.
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Hormonska regulacija rasta paperja i perja domacih mladih
gusaka do uzrasta od 30 nedelja i njihov kvalitet

M. Waehner, H. Pingel, R. Mueller
Rezime

Paperje i perje od gusaka su dragoceni obnovljivi prirodni proizvod. Oni su
iskoristivi kao prirodna izolacija i materijal za punjenje prekrivaca, kao i za visoko-
kvalitetne zimske-odeée. Sto se ti¢e ubiranja perja i paperja iz Zive guske
neophodno je viSe znanja u vezi sa ciklicnim procesom delimi¢nog linjanja i
njihove endokrine kontrole. Dakle, cilj ovog rada bio da proceni sekreciju hormona
tiroksina (T,), progesterona (P), estradiol-17p (E2) i testosterona (T) kao i njihove
potencijalne uloge kao okidaca parcijalnog mitarenja sa posebnim osvrtom na rast
perja. Studija je izvedena sa po Sest muskih i Zenskih ptica. Uzorci krvi su
sakupljeni nedeljno tokom tri razliita vremenska perioda mitarenja: prvo
delimi¢no mitarenje (7. do 10. nedelje zivota, WL), drugo (15. do 17. WL) i trece
(23. do 25. VL). Koncentracije hormona u plazmi su analizirane pomoc¢u enzima i
radioimunoeseja, respektivno. Jaka korelacija izmedu rasta perja i koncentracije
hormona moZe biti izvedena samo za Ty, ali ne i za P, E2 i T. tokom perioda
maksimalne vrednosti T,, rast perja i paperja je bio u najvecoj meri zavrsen i
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direktno mu sledi naknadni period novog rasta perja. U zakljucku, ova studija je
korisna u smislu dobijanja viSe detalja o endokrinoj situacije tokom delimi¢nog
mitarenja u oba pola gusaka u porastu.
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Invited paper

Abstract: Hatchability decreases as the time of holding of incubation eggs
is prolonged. Periodical warming up to 37.4° C for 3 hours on the 3" day and for 2
hours on the 8", 11™ 14" 19" 21th, 23th 25" and 27" days of storage proved to be
a favorable treatment for maintaining hatchability on a higher level compared to
storage without warming procedure.

Further investigations should consider the viability of ducklings hatched
from eggs stored up until four weeks.

Key words: storage, periodic warming, duck eggs, hatchability, embryonic
mortality.

Introduction

Hatchability depends on embryo development between fertilization and
hatching. The most important factors for storage of hatching eggs are temperature,
humidity, fresh air, egg position and turning. To achieve maximum hatchability it is
recommended that eggs stored not longer than 7 days (Berdougi et al., 2013, Brake
et al., 1997). The negative effects on embryo development caused by storage
conditions and duration could be mitigated by pre-warming the eggs during
storage.

Only few studies have investigated the effects of storage duration with

periodic warming Bogenfurst (1987, 1995), Pingel and Vagt (1989).
In pedigree breeding it would be advantageous to prolong the storage time to have
a higher number of ducklings with the same age from one breeding duck.
Therefore, it is sometimes necessary to store eggs up to 3 or 4 weeks. Longer
storage of hatching eggs requires specific treatment like temporary warming during
storage.
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Bogenfirst (1987) has stored eggs of geese for 10, 17 and 24 days. At the
first day of storage and every 5 days the eggs of experiment were warmed up to
37.8° C during 5 hours. Up to the storage of 17 days hatchability was 80.5 %
compared to 64.5 % of the untreated control. Pingel and Vagt (1989) found that
periodical warming of hatching eggs revealed this treatment to be best suited for
maintaining hatchability. Warming up to 37.5° C for 2 hours on several days of
storage proved to be a favorable method to reach a hatching rate of more than 85
%. Compared to the untreated control the early embryonic mortality amounted to
5.0 % against 15.9 % and the percentage of death in shell was 6.6 % against 16.2
%.

The objective of the present study was to investigate the responses of
hatching eggs of Peking ducks to different duration of storage with and without
periodic warming.

Material and methods

Hatching eggs for different duration of storage were produced from heavy

Peking ducks of the Saifeiya Group, China. The experiments were conducted to
find out effects of storage up to 4 weeks with periodical warming on hatchability of
duck eggs. For one group of eggs it was applied a periodical warming during
storage up to 28 days. The second group was used as control without warming
treatment. A total of more than 10 000 eggs from Peking ducks were divided in
four groups with storage duration of 1-7, 8-14, 15-21 and 22-28 days.
Warming up to 37.8 ° C has been applied for 3 hours on the 3" day and for 2 hours
on the 8", 11" 14" 17" 19™ 21th, 23th, 25" and 27" days of storage. The eggs
are stored in trays the blunt end uppermost and turned every day. The storage room
had a temperature of 12 ° C and a rel. humidity of 80-85 %. The incubation was
carried on under standard conditions.

Fertility was evaluated by candling the eggs, carried out at the seventh day
of incubation. Hatchability is the percentage of fertilized eggs with development
until the hatching of live viable ducklings. The not hatched eggs were assigned to
early embryonic mortality, dead in shell and: delayed hatch of not viable ducklings.

Statistical analysis based on Chi-square-test (Rasch, 1987).

Results and discussion.

The results of fertility and hatchability of experiment 1 are demonstrated in
table 1. The decrease of fertility rate in the group with periodical warming was not
significant. The significant decrease of fertility rate in the group without warming
can be the result of very early embryonic mortality.
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Table 1. Effect of long-term storage
Peking ducks, exp. 1, 2012.

with and without periodic warming on hatchability of

With warming 1-7 days | 8-14 days 15-21 days | 22-28 days | Chi-square
Set eggs 715 642 620 614

Fertile eggs 691 560 548 533

Fertility, % 90.3 87.2 88.4 86.8 6.675 -
Hatched ducklings 616 487 443 379

% hatchability 89.1 87.0 80.8 71.1 105.9 ++
Without warming

Set eggs 800 829 643 647

Fertile eggs 721 760 570 544

Fertility, % 90.1 91.7 88.6 84.1 235 ++
Hatched ducklings 618 657 399 349

% hatchability 85.7 86.4 70.0 64.2 138.9 ++

- not significant, + significant (alpha > 0.05)++ significant (alpha > 0.01)

The reduction in hatchability is highly significant in both groups but it was
more pronounced in the group without warming. In both groups longer duration of
storage has a significant effect on increasing of early embryonic mortality, dead in
shell and delayed hatching of not viable ducklings (Table 2), but delayed hatching
was more pronounced in the group without warming.

Table 2. Differentiation of not hatched eggs in experiment 1

Warming | 1-7 days | 8-14 days 15-21 days 22-28 days | Chi-square
Early embr. Yes 2.03 14 3.39 19 7.85 43 8.82 47 48.8 ++
mort., % No 485 35 | 4.08 31 9.65 55 11.21 61 35.9 ++
Dead in Yes 449 31 | 571 32 4.93 27 12.0 64 45.8 ++
Shell, % No 555 40 | 5.65 43 11.93 68 9.01 49 24.7 ++
Delayed Yes 434 30 | 393 22 6.39 35 8.07 43 145 ++
Hatch, % No 3.88 28 | 3.82 29 8.42 48 15.63 85 | 100.3 ++

++ significant (alpha > 0.01)

Table 3 shows the results of experiment 2 in 2013 with a smaller control
without warming.

The fertility was not influenced by storage in the group without warming.
In the group with warming the fertility was significantly reduced in the third and
fourth week of storage.
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Table 3. Effect of long-term storage with and without periodic warming on hatchability of
Peking ducks, exp. 2, 2013.

With warming 1-7 days 8-14 days 15-21 days 22-28 days Chi-square
Set eggs 657 775 1071 1253

Fertile eggs 490 555 688 793

Fertility, % 74.6 71.6 64.2 63.3 359 ++
Hatched ducklings 390 433 530 551

% hatchability 79.6 78.0 77.0 69.5 21.29 ++
Without warming

Set eggs 168 170 220 273

Fertile eggs 126 122 165 205

Fertility, % 75.0 71.8 75.0 75.1 <1-
Hatched ducklings 92 86 81 101

% hatchability 73.0 70.5 49.1 49.3 335 ++
++ significant (alpha 0.01)

Longer storage had a significantly reducing effect on hatchability. In the
group with periodic warming it was due to increasing early embryonic mortality,
but in the group without warming it depends mainly on the increasing percentage
of delayed hatching, as can be seen in table 4.

Table 4. Differentiation of not hatched eggs in experiment 1

Warming 1-7 days 8-14 days 15-21 days 22-28 days Chi-square
Early embr. | Yes 3.06 4.56 5,81 12.61 55.8 ++
mort., % No 3.70 3.92 7.88 9.76 6.24 -
Dead in Yes 6.73 5.95 6.69 6.94 <1 -
Shell, % No 7.34 7.84 6.67 13.66 5.75 -
Delayed Yes 12.44 12.79 10.90 11.35 1,35 -
hatch, % No 16.67 17.03 34.54 27.32 16.33 ++
++ significant (alpha 0.01)
Conclusions

In both experiments the negative effect of storage duration on hatchability

was more pronounced in the group without periodic warming. From the results of
periodic warming it can be recommended to prolong the duration of storage up to
three weeks. Especially, early embryonic mortality and delayed hatching have
caused the decrease of hatchability. In further investigations it has to be
investigated the effect of long storage of eggs on the quality of the hatched
ducklings and their growth potential.
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Uticaj produzenog skladistenja jaja pekinske patke sa
periodiénim zagrevanjem na unutrasnji kvalitet jaja i
procenat izleganja

M. Waehner, H. Pingel, S. Haidong

Rezime

Procenat izleganja se smanjuje kako se vreme odrZavanja inkubacije jaja
produzava. Periodi¢no zagrevanje na 37,4°C u trajanju od 3 sata 3. dan i u trajanju
od 2 sata 8., 11., 14., 19., 21., 23,, 25. i 27. dana skladi3tenja se pokazalo kao
povoljniji tretman za odrZavanje procenta izleganja na visem nivou u odnosu na
skladiStenje bez postupka zagrevanja.

Dalja istrazivanja treba da razmotre odrzivost pacica izlezenih iz jaja
uskladistenih do Cetiri nedelje.
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Invited paper

Abstract: The incidence of contact lesions in broiler production is showing
an upward trend over the past decades. The frequency and severity of lesions are
perceived through the negative effects on productivity, carcass quality and broiler
welfare. High variability of the frequency of contact lesion between farms indicates
a significant influence of management and applied technological procedures on
farms. The most common forms of contact lesions are on the feet, ankles and breast
and the areas of direct and prolonged contact with the litter. In this regard, a
number of studies have pointed to the significant effect of litter on the health and
integrity of the skin. In addition to litter, farm factors that are associated with the
incidence of contact lesions are stocking density, environmental conditions, light
program, nutritional factors, etc. The paper gives an overview of recent research
aimed at reducing the incidence and severity of contact lesions by implementing of
certain technological processes with effects on the quality of the litter.

Key words: broiler, contact lesions, farm management

Introduction

Lesions on the skin of broilers are common inflammatory damage to the various
layers of the skin. Primarily they are not caused by microorganisms but can be a
place of entry of bacteria (Hester, 1994). They occur on the feet, ankles and breast
of broilers, i.e. in places of prolonged contact of skin and litter. Therefore, they are
associated with quality of litter, conditions and farm management (Shepherd and
Fairchild, 2010; de Jong et al., 2012). According to the report SCAHAW (2000)
occurrence of contact dermatitis is an increasing problem. The reasons are in the
industrialization of poultry production and increase of the growth intensity of
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hybrids, which resulted in a greater burden on farms, less physical activity and
poorer state of broiler litter.

The incidence of skin lesions in broilers is considered to be an economic and
welfare problem (Shepherd and Fairchild, 2010; Hashimoto et al., 2013). Lesions
diminish the carcass quality at slaughter line. The lesions on the plantar surface of
the foot (footpad - FPD) are the most common forms that directly diminish the
quality of chicken legs, a product most in demand in the Asian market, thereby
reducing the efficiency of the carcass. More serious forms of foot lesion are the
main causes of painful conditions, hampering movement and access to feeders,
which leads to negative effects on body weight gain (Skrbic et al., 2009a; 2011;
Hashimoto et al., 2013).

Data on the frequency of contact lesions on farms are limited. A realistic
assessment is difficult due to different, subjective grading systems that are causing
great variability of results obtained in individual farms (Allain et al., 2009). The
methods of visual assessment of the scope and depth of the lesions that are used
guantify the lesions with points according to the scale of different range (tab. 1).
Arnould and Butterworth (2010), state variability of lesion incidence 0-100%
depending on the flock. The information cited by other authors on the frequency of
FPD on commercial farms range from 30% (Sanotra et al., 2003); 38% (Ekstrand
et al., 1997); 11.2% with the variability of 0 to 71.5% (Haslam et al., 2007).

Table 1. Several scoring systems for foot lesions

Score | Description
0 No lesions, only mild hyperkeratosis, no discoloration
Ekstrand . L . . . . .
1 Mild lesions; superficial lesions, erosions and discoloration
et al., 1998 . .
2 Severe lesions; deep lesions and ulcers
. 0 No lesions
Dawkins :
1 < 5mm lesion on pad
et al., 2004 .
2 > 5mm lesion on pad
Thomas L Nc.) burns
et al. 2004 2 Mild burns
) 3 Severe burns
Allain . N .
etal.. 2009 0-9 Scoring system based on a combination of severity and surface area

Great variability of the frequency of contact lesions between farms reflects the
different growing conditions, management techniques and broiler genotypes. In
order to prevent contact dermatitis mandatory monitoring in slaughterhouses is
essential as well as understanding of the breeding factors in farms that are
associated with the incidence of the lesions, to improve the farms management
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practices (Directive 2007/43/EC). Factors associated with the incidence of contact
lesions in broilers are litter quality, stocking density, light program, nutritional
factors, breeding system, age, body weight, genetic factors (de Jong et al., 2012;
Bilgili et al., 2006, Eichner et al., 2007, Skrbié et al., 2009a; Kjaer et al., 2006).
Great variability of contact lesions between farms (Haslam et al., 2007), indicates
the possibility for reduction of the prevalence of lesions by improving the
technological aspects of production.

Litter quality

The quality of litter is extremely important for the state and health of the skin of
broilers because of the time they spend in contact with her. Litter quality influences
the environment conditions in the facility: humidity and air temperature, ammonia
level and the amount of dust in the air. The role of litter is in thermal insulation and
comfort and convenience that have to be provided for broilers. Due to poor
maintenance of its quality this often turns into its opposite, so moist litter in
prolonged contact with the skin results in the appearance of lesions. In several
studies wet litter was identified as the main cause of lesions (Shepherd and
Fairchild, 2010; Kyvsgaard et al., 2013; de Jong et al., 2014). The wet litter
facilitates the adhesion of faeces on the skin, which in addition to mechanical
enables the chemical irritation. Lesions are therefore sometimes referred to as
ammonia burns. Quality of litter largely determines the moisture content in it. In
this sense, Mayne et al. (2007), Youssef et al. (2010), Cengiz et al. (2011) state that
only wet litter induces dermatitis. However, in some studies, despite the lack of a
statistically significant difference in the moisture content of the litter between the
treatments, significant differences in the incidence of lesions were found (Skrbic et
al., 2015). The reason was in the other, physical characteristics of litter that
affected the looseness and softness (fineness), i.e. hardening and caking of litter. In
this sense, the choice of material for litter is extremely important. Criteria for
selection are its absorptive capacity, the speed of drying, caking, availability and
price. The most commonly used materials are straw and wood shavings, but due to
the rationalization of production alternative materials are tested such as sand,
paper, rice husk, etc. (Bilgili et al., 2009; Grimes et al., 2006). By comparing of
alternative and traditional materials, Grimes et al. (2006) have not found
significant differences in the incidence of lesions on the feet, while Bilgili et al.
(2009), based on absorption capacity and speed of drying, preferred the ground
door filler or sand. In numerous comparisons of straw and wood shavings, lower
frequency of lesions was found in the treatments with wood shavings (Su et al.,
2000; Sirri et al., 2007; Meluzzi et al., 2008a). In the study by Skrbié et al. (2015)
significant differences in the occurrence of lesions between the chopped straw and
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wood shavings were established already at the age of broilers 21 days, although it
is known that the incidence of lesions increases significantly with the age broilers
(Kjaer et al., 2006) due to worsening conditions in the facility. Larger litter
particles have a direct negative effect on the development of footpad lesions
(Cengiz et al., 2011). In this respect, the recommendation is chopping of straw
(Bjedov et al., 2013), which may contribute to faster aeration. An absorptive
capacity of the litter can be improved by greater thickness of the layer, i.e. using a
larger amount of material per unit area. Meluzzi et al. (2008a) have found that
higher amounts of litter (3-4.5 kg/m?), with a lower stocking density and shorter
photoperiod, contribute to a lower incidence of footpad lesions. On the other hand,
the layers of litter thinner than 5 cm may result in a lower incidence of footpad
lesions compared to thicker layers because the thinner layer litters provide better
aeration through pecking and activity of chickens. In addition, the thin layers of
litter can be fully ventilated using ventilation systems (Ekstrand et al., 1997).

wood shavings

mScore 1

d W Score 2

S

0% 20% 40% 60% 80% 100%

Score 3

chopped straw

Figure 1. Frequency of foot-pad lesions scored from 1(without lesions) to 3 (severe lesions) in
different litter type (Skrbié et al., 2015)

Environmental conditions

Basic environmental parameters in terms of litter quality are temperature and
humidity. The optimal ventilation level is based on these parameters. With
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increasing temperature the absorptive capacity of the air increases. In this sense,
the season has a significant impact on the occurrence and severity of lesions.
Statistical models in the study of de Jong et al. (2012) have suggested a variation
of heavy footpad lesions of 13% depending on the season in which day-old chicks
were housed. The highest incidence of footpad lesions was recorded in flocks
where chickens were housed in the period December-March and the opposite, the
lowest incidence was in flocks which have been housed in the period June-August.
Early exposure of chickens to wet litter increases the occurrence and severity of
lesions (Cengiz et al., 2011; Taira et al., 2014). Effects of season were also
established by Haslam et al. (2007), Meluzzi et al. (2008b), Musilova et al. (2013).
The severity of lesions was reduced in hot, dry months and to the contrary,
increased in the colder months. The basic problem in regulating the ambient
conditions during the winter period is the pursuit of saving heat through restrictive
levels of ventilation, which results in an increase in air humidity.

Stocking density

Numerous studies confirm the role of stocking density in achieving the production
performance and the preservation of the welfare of broilers (Skrbic et al., 2009a).
However, in regard to the direct correlation with the incidence of contact lesions,
the results are conflicting. Some studies suggest an association between high
stocking density and higher frequency of lesions (Haslam et al., 2007), while
others suggest that the stocking density cannot be considered a significant factor
(Meluzzi et al., 2008b). The main effect of stocking density on lesions is low in the
study of Kyvsgaard et al. (2013), but there is a significant interaction with the
season in the sense that the high stocking density leads to more serious lesions in
the summer and it has a slightly protective effect during winter. By limiting the
living space and are to move, high stocking density prolongs chicken contact with
litter and prevents the drying. In addition, at high densities the moisture content of
the litter increases, increasing the burden of faecal matter and ammonia, which
allows microbial activity that increases the temperature of the litter (Meluzzi and
Sirri, 2009). Also, the high stocking density makes it difficult to properly manage
the litter. In this way the relationship between stocking density and the occurrence
of contact lesions can be explained. The effect of stocking density is seen through
changes in the litter quality that was the best in the lower stocking density,
resulting in a complete absence of lesions in the study by Skrbi¢ et al. (2009b).
Based on the incidence of footpad lesions, it was concluded that the limit stocking
density is 16 birds/m? and that significant differences were found between the
density of 10 birds/m? and 20 birds/m? (Skrbi¢ et al., 2010). However, given that
the negative effects of high stocking density may be compensated by improving
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environmental conditions, Dawkins et al. (2004) find that stocking density has little
effect on the occurrence of footpad lesions. In support of this are the current limits
of stocking density of broilers in accordance with the conditions for the
preservation of the welfare that reduce the effect of stocking density on the
development of contact lesions (Kyvsgaard et al., 2013).

Lighting program

Improving of broiler welfare conditions includes mandatory introduction of the
dark periods during the 24-hour cycle in order to establish a clear scheme of
entirely separate periods of light and dark. In this way a normal secretory pattern of
melatonin is ensured and metabolic disorders reduced (Apeldoorn, et al., 1999) and
this also contributes to the health of the legs (Sanotra et al., 2002). Various aspects
of lighting program (photoperiod, intensity and colour of light) can have different
stimulatory effect on physical activity of broilers (Lewis and Morris, 1998). The
research results of Schwean Lardner et al. (2012) show that broilers reduce their
physical activity with extending of the photoperiod. The duration of photoperiod
did not show a significant effect on the occurrence of footpad lesions in the work
of Sirri et al. (2007) where lighting programs 23L: 1D and 16L: 8D were
compared. In contrast, the inclusion of several short periods of darkness during the
photoperiod, i.e. the application of intermittent lighting programs leads to greater
physical activity of broilers in the periods of light and reduces the time of contact
with the wet litter. It is assumed that in this way the expression of certain forms of
behaviour are also influenced, such as pecking and scratching (Maddocks, et al.,
2001), and thus less compaction of litter, better drying and finally its better quality
are provided. Lower incidence of the worst forms of footpad lesions was found in
the gradual extension program in relation to the program of consistently reduced
photoperiod (Fig. 2), due to the simultaneous effect of the intermittent lighting that
is achieved by gradual extending of photoperiod (Skrbi¢ et al., 2015).

The low light intensity increases the incidence of lesions, influencing the activity
of chickens which decreases with simultaneous prolonging of the contact with the
litter (Blatchford et al., 2009). Similar results are reported by Deep et al. (2010) for
the light intensity of 1 lux compared to 10, 20 and 40 lux, while this effect did not
occur in the study of Kristensen et al. (2006) who compared the light from a
different source and the intensity of 5 and 100 lux.
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Figure 2. Frequency of footpad lesions scored from 1(without lesions) to 3 (severe lesions)
affected by lighting program (Skrbi¢ et al., 2015)

Nutrition

The effect of nutrition on the occurrence of contact lesions involve different
sources and levels of protein, diet density, vitamin-mineral supplementation, the
use of enzymes, etc. Nutrition exerts its effect through consistency of faeces which
largely determines the quality of humidity of litter (Francesch and Brufau, 2004).
On the other hand, the deficit of vitamins, biotin and riboflavin, as well as sulphur
amino acids, methionine and cystine, acts on the structural components of the skin
and facilitates the formation of contact dermatitis (Mayne et al., 2005). Biotin
deficiency can occur when the soy meal is used as a single high protein raw
material in the mixture as it is naturally deficient in biotin. However,
supplementation of biotin did not reduce the incidence or severity of the lesions in
the work of Mayne et al. (2007) in view of the established interaction between the
effect of supplementation and litter quality. High levels of Na and K contribute to
greater consumption of water and litter moisture. The use of certain raw materials,
such as soy, due to high levels of K, if they are not balanced, can lead to increased
water consumption and wetter litter (Cengiz et al., 2012). The high level of crude
protein in the diet leads to high levels of uric acid discharged by kidneys, which
stimulates the consumption of water and results in wet faeces. Diets with a high
percentage of plant proteins imply increasing of the amount of fermentable
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carbohydrates, resulting in an increased faecal viscosity and gluing to the foot pads,
which is a problem even in the case of an acceptable moisture content in the litter
(Nagaraj et al., 2007a). Using commercially available enzymes can result in
increased digestibility of such mixtures (Nagaraj et al., 2007b). Formulating a diet
based on digestible amino acids, and the addition of synthetic, will ensure that the
nutrient content meets the needs of the broiler with no negative effect on the
quality of litter and incidence of lesions. Low diet density has caused significantly
lower incidence of footpad dermatitis in comparison to the high diet density in the
study of Bilgili et al. (2006), due to reduced content of soybean meal and hardly
digestible fats (Mukrami et al., 2000), which reduced the faecal viscosity. The role
of Zn in the skin regeneration and health can be improved by the use of organic
sources (Saenmahayak et al., 2010). In the study by Skrbic et al. (2012), the use of
mixtures which, based on the raw material composition, are declared as market
efficient led to higher humidity of litter and significantly higher incidence of
footpad lesions relative to the mixture with a standard raw material composition

(fig. 3).

economic diet

mScore 1
d W Score 2

Score 3

standard diet

0% 20% 40% 60% 80% 100%

Figure 3. Effectvof diet on incidence of foot-pad lesions scored from 1(without lesions) to 3
(severe lesions) (Skrbi¢ et al., 2012)
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Conclusion

The incidence of lesions in broiler production is seen as a problem with effects on
the quality of the whole carcass, food safety and animal welfare, which is causing a
growing interest in defining the cause in an effort to solve this problem. The
problem of the incidence of lesions in broiler production is showing an upward
trend in recent decades. The frequency and severity of certain forms of lesions is
usually correlated with the litter quality. Research reports indicate the possibility of
reducing the incidence and severity of lesions by applying certain technological
procedures with impact on the quality of the litter.
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Znacaj menadZmenta farme u redukciji koZnih lezija u
brojlera

Z. Skrbié, M. Lukié, S. Bogosavijevié-Boskovié, S. Rakonjac, V. Petricevic, V.
Doskovié, A. Stanojkovié

Rezime

Incidenca kontaktnih lezija u brojlerskoj proizvodnji je sa tendencijom porasta
tokom proteklih decenija. Ucestalost i ozbiljnost lezija sagledava se kroz negativne
efekte na produktivnost, kvalitet trupa i dobrobit brojlera. Velika varijabilnost
ucestalosti kontaktnih lezija izmedu farmi ukazuje na znacajan uticaj menadzmenta
i primenjenih tehnolodkih postupaka na farmama. Najzastupljeniji oblici kontaktnih
lezija su na stopalima, sko¢nim zglobovima i grudima, odnosno na mestima
direktnog i produZzenog kontakta sa prostirkom. U tom smislu, brojnim studijama je
ukazano na signifikantan uticaj kvaliteta prostirke za zdravlje i integritet koZe.
Pored prostirke, faktori farme koji se dovode u vezu sa pojavom kontaktnih lezija
su gustina naseljenosti, ambijentalni uslovi, svetlosni program, nutritivni faktori. U
radu je dat pregled sprovedenih istrazivanja sa ciljem redukovanja pojave i
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ozbiljnosti kontaktnih lezija primenom odredenih tehnoloskih postupaka sa
efektima na kvalitet prostirke.
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Invited paper

Abstract: The purposes of the study were to investigate the effects of
Wooden Breast (WB) myodegeneration on poultry meat quality and to give a
contribution in typing lesions morphology. At a poultry meat cutting facility, 30
normal (N) and 30 affected (WB) breast fillets (Pectoralis major) were selected.
Weight, cross sectional area (CSA), pH, L*a*b* colour values, water-holding
capacity and Warner-Bratzler shear force were determined. Samples were also
visually and histologically evaluated. Affected samples were heavier, thicker, paler
(P<0.001) and characterized by palpatory hardness and lower water holding
capacity (P<0.05). Macroscopically, abnormalities were primarily localized in the
cranial portion of the fillet and defined by the presence of bulges, petechiae, fluid
and clear exudate and higher pH. Microscopically, the WB condition was
characterized by cells with greater CSA (P<0.001) and higher giant fibres
prevalence (P<0.01). Data suggest a relationship between breast weight and WB
condition.

Key Words: Poultry meat quality, Wooden Breast, Myodegeneration

Introduction

An ever-increasing demand of chicken meat has enforced poultry supply
chain to improve growth rate and breast meat yield of broilers, but this trend led to
a substantial onset of breast muscle defects at the same time. An emergent
myopathy has been described and named Wooden Breast (Sihvo et al., 2014).
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Distinguishing macroscopical traits of the affected Pectoralis major muscle are the
remarkable palpatory hardness and the pale colour, as well as the presence of
bulges, small hemorrhages and a slimy surface due to a fluid and clear exudate
covering the hardened areas. Interestingly, also the observation of White Striping
(WS) and extended areas with separated muscle bundles is often concomitant.
Histologically, WB condition is a moderate or severe myodegeneration
accompanied by abnormalities in cells structure and shape (internalization of
nuclei, split cells appearance and loss of polygonality), necrosis, inflammatory
cells accumulation and reparative responses (connective tissue proliferation or
fibrosis) (Sihvo et al., 2014). Little is still known about WB formation mechanisms
and its quality implications; nevertheless, this condition demonstrates similar
histological traits as WS, whose aetiology has just been explored even if not
completely. The greatest suspicions seem to fall on the fast growth rate and ever-
increasing breast meat yield reached by birds, which make muscle to be prone to
develope overstretching and capillary density lowering; ischemia resulting in
inflammation and reparative fibrotic responses is the consequence (Kuttappan et
al., 2013). The aim of the present study is to deepen the knowledge of the impact
of WB on chicken breast meat quality and to furnish additional information on the
lesion morphology, both at visual and microscopic levels.

Materials and Methods

At a poultry-meat cutting facility, 30 normal (N) and 30 affected (WB)
breast fillets were selected 48h post mortem, after the visual and tactile inspection
from 474 carcasses. WB condition was observed in 252 carcasses, which
represented the 53.2% of the examined carcasses.

Affected samples were visually examined for the WB descriptors: colour,
consistency, bulges localization and appearance of exudate and hemorrhages.
Selected right breasts were weighed; on their cranial and caudal ends, pH was
determined using Mettler Toledo FE20 pHmeter and colour values of lightness,
redness, yellowness, chroma and hue (L*a*b*, C* and H°, respectively) were
measured with RM200QC colorimeter (X-Rite, Co, Neu-lsenburg, Germany).
Samples were individually vacuum-packed and kept frozen for 3 months at -20 °C;
thereafter, fillets were thawed to determine the thawing losses, again vacuum-
packed and cooked in a water bath until core temperature of 74 °C to determine
the cooking losses. Shear force was assessed with TA-HDi Texture Analyzer
(Stable Macro System, London, UK) on 6 cylinder-shaped cooked meat pieces per
sample (@ 1.25 cm), cut perpendicularly to the fibres direction by a Warner-
Bratzler cell (100-kg load cell, 2 mm/s crosshead speed) inserted in the
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texturometer. WBSF values of each sample represent an average of the 6
measurements.

Cross Sectional Area (CSA) of the fillet and histological observations were
performed on the left half breasts. CSA data were obtained cutting transversely the
cranial portions and photographing the views with Canon EOS 500D camera with
18-200 mm/3.5-5.6 lens; images were subsequently processed with digital image
software (Carl Zeiss, Model Axiovision 4.6.3.0).

Breast samples (15 N and 15 WB) were taken from the central-external part,
fixed in 10% formalin, processed by conventional methods and embedded in
paraffin wax and cutting them at a 4-pum thickness for Hematoxylin-Eosin (HE)
staining (to estimate average normal fibres and giant fibres number and size) and
for Masson’s trichrome staining (to measure fibres CSA, collagen and empty
spaces percentages).

Computerised image analysis (Buche, 1990) was used to determine the fibre
mean CSA (of both normal and giant fibres), the collagen and empty space area,
and to count the average frequency of giant fibres per unit size of muscle section.

The statistical software SAS (2004) package (version 9.3) was used. Breast
guality traits, CSA, weight and histological data were analysed through ONE-
WAY ANOVA considering treatment (N vs. WB) as independent variable.
Descriptors were examined by y2 and z tests.

Results and Discussion

At 48h post mortem, WB were characterised by significantly higher pH and
colour values and these differences had been maintained after the frozen storage.
The breast cranial portions suffered more from the WB effect, notable for the
higher pH and yellowness index values (P<0.01), whereas both the regions were
brighter (P<0.001), thus confirming the evidence of the importance of this last
feature in the WB condition. Chroma (C*) and hue (H°) followed the similar trend
of redness index values (Tables 1 and 2).
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Table 1. Breast (Pectoralis major) pH and L*a*b* colour values at 48 h p.m.

N WB Significance RSD®W
pH Cranial 5.90 6.03 faied 0.19
pH Caudal 5.87 5.92 ns 0.16
L* Cranial 50.9 54.6 whx 34
L* Caudal 50.5 53.8 Hhx 3.3
a* Cranial -1.1 -0.3 faied 1.4
a* Caudal -1.2 -0.6 ns 1.4
b* Cranial 129 15.9 faled 3.1
b* Caudal 124 13.3 ns 3.6
C* Cranial 13.0 16.0 faed 3.2
C* Caudal 12.6 134 ns 3.6
H° Cranial 95.4 90.5 faied 5.2
H° Caudal 96.8 94.3 ns 7.3

*: P<0.05; **: P<0.01; ***: P<0.001; ¥ Residual Standard Deviation

Petracci et al. (2013a, 2013b) obtained analogous pH values in previous
studies on White Striping (WS) condition. The selection for increased yield
resulted in hypertrophic breasts with reduced glycogen storage, thus causing
higher ultimate pH (Berri et al., 2004; Le Bihan-Duval et al., 2008). Higher L*
and b* values may be related to fibrotic responses associated to the
myodegeneration.

Table 2. Breast (Pectoralis major) pH and L*a*b* colour values after frozen storage

N WB Significance RsDW
pH Cranial 5.91 6.03 Hhx 0.12
pH Caudal 5.86 5.91 ns 0.13
L* Cranial 48.5 52.3 falaied 3.0
L* Caudal 48.9 51.3 falaied 2.4
a* Cranial -0.4 -0.7 *x 1.3
a* Caudal -1.2 -1.2 ns 1.3
b* Cranial 16.7 19.8 faied 3.7
b* Caudal 13.9 15.2 ns 3.7
C* Cranial 16.7 19.9 faied 3.7
C* Caudal 141 154 ns 3.6
He Cranial 92.1 88.8 faled 4.6
H° Caudal 96.0 96.0 ns 6.23

**: P<(0.01; ***: P<0.001; ¥ Residual Standard Deviation
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WB fillets were heavier and exhibited greater CSA than N fillets (30.3 vs.
25.1 cm?, respectively; P<0.001) (Table 3). Brewer et al. (2012) found a high
correlation (r = 0.81) between the two parameters. Our WB fillets also displayed a
worse WHC, as the superior cooking losses (P<0.01) contributed to the higher
total losses (P<0.05). Muscles have a reduced ability to hold water possibly as a
consequence of the myodegeneration, which replace myofibrillar proteins in
favour of connective proteins that do not bind water (Sihvo et al., 2014; Petracci et
al., 2013b).

Shear force values of the affected cooked breasts did not correspond to the
palpatory hardness perceived at the fresh and thawed state. The extensive poor
cohesion and the tendency of the fibre bundles to separate mainly at the cranial
level could have mitigated the expected hardness (Petracci et al., 2013b, Petracci
and Cavani, 2012) (Table 3).

Table 3. Breast (Pectoralis major) weight, WHC, WBSF and cross-sectional area (CSA)

N wB Significance | RSD®
Weight, g 377 505 falale 49.7
Thawing losses, % 5.4 5.0 ns 1.7
Cooking losses, % 235 26.4 folad 3.7
Total losses, % 29.0 314 * 4.4
WBSF, N 155 16.9 ns 2.8
CSA, cm? 25.1 30.3 falale 45

*: P<0.05; **; P<0.01; ***: P<0.001; ¥ Residual Standard Deviation

Macroscopically, the descriptors used highlighted that lesions are distributed
mainly in the cranial end of the fillets (P<0.001) (Table 4). The presence of bulgies
(in 100% of the cases) was one of the selection traits, and it was localized at the
cranial level in the 60% of the observations, as well as the hard palpatory
consistency and the colour ranging from normal to pale.

The exudate appeared with a prevalence of 43.4% and it was mainly fluid
and clear (P<0.01), whereas pinpoint hemorrhages were present in the 30% of the
cases and mostly in the upper area. Similarly, also WS displayed higher severity
degree toward the cranial side of the breast, where the muscle displayed maximum
thickness and, as hypothesized by Kuttappan et al. (2013), also for WB a possible
explanation could be found in the overstretching or ischemia resulting in tissue
damage and attempt of reparative responses.
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Table 4. WB descriptors prevalence

Descriptors

Significance

Localization, %

Cranial Caudal Cra+ Cau Longitudinal
56.7% 3.38 16.7° 16.7° Sk
Breast colour, %
Normal Pale Pink Other
36.7% 56.74 3.3% 338 ok
Breast consistency, %
Hard Very hard
80.0% 20.08 Sk
Bulgies localization, %
Cranial Caudal Cra+ Cau Longitudinal
60.0* 0.0¢ 23.3% 16.75¢ ok
Exudate consistency, %
Fluid Turbid
36.7% 6.78 *x
Exudate colour, %
Clear Grey Yellow
40.0% 0.08 3.3% Sk
Hemorrages localization, %
Cranial Caudal Longitudinal
23.3% 0.0® 6.7°8 *x
Hemorrages width, %
Pinpoint 3-5mm >5 mm
23.3% 6.7® 0.08 i

**: P<0.01; ***: P<0.001

At histological level, fibres of WB samples were identified for their larger
CSA (P<0.001) and for the higher incidence of giant-type fibres among them
(P<0.01) (Table 5). This fact lowered the fibres average number visualized in the
field area (80 vs. 105; P<0.001). It is worthy to be noticed that giant-type fibres
belonging to WB samples possessed CSA values that were far greater than those
of the giant-type fibres of the non-affected counterparts (6070 vs. 3816 um?
P<0.01). The occurrence of giant-type fibres and of fibres with an increased size
are indexes of abnormality in muscle architecture and are typical of the
degenerative process which establish itself in breast muscle of fast growing and

higher yield birds (Petracci et al., 2013b).
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Table 5. Histological traits

N | WB | Significance | RSD®
Average fibres number (on total field area) 105 80 Fhx 14.7
Fibres CSA, % total field area (HE staining)® 710 | 735 ns 45
Fibres CSA, % total field area (Masson’s trichrome staining ) | 67.9 | 68.1 ns 6.2
Fibre CSA, um? 2012 | 2750 Hokx 332
Giant fibre CSA, pm? 3816 | 6070 fala 2111
Giant fibres, % total fibres number 1.1 2.0 *x 0.8
Giant fibres area, % total field area 21 3.8 *x 1.6
Collagen area, % total fibres area 16.1 | 20.0 ns 7.2
Collagen area, % total field area 10.7 | 12.9 ns 3.4
Empty spaces, % total field area 214 | 19.0 ns 45

**: P<0.01; ***: P<0.001; ¥ Residual Standard Deviation; ®Hematoxylin-Eosin (HE) staining

Contrary to the expectations, but likely due to the limited sampling size, in
the present study the pathological condition did not entail an enhancement
concerning collagen percentages, and only numerically higher values were
observed. Nevertheless, it remains undeniable that collagen proliferation is a
typifying characteristic (Sihvo et al., 2014).

Conclusion

Wooden Breast myodegeneration worsens meat quality traits and the visual
appearance of the affected breasts through the presence of characterizing lesions.
Etiology is unknown at this day, but considering the analogies with WS condition,
the high body weight and the superior breast yield reached by birds within a short
period could contribute to the myopathy.
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Uticaj "'drvenih grudi™ na kvalitet Zivinskog mesa, histoloSka

svojstva i karakterizaciju lezija
A. Dalle Zotte, M. Cecchinato, G. Tasoniero, H. Remignon, E. Catelli, M. Cullere,
E. Puolanne

Rezime

Cilj ove studije je da se ispita efekat miodegradacije odn. tzv. drvenih grudi
- Wooden Breast (WB) na kvalitet mesa peradi i da se doprinese morfologiji
lezija. U objektu za rasecanje Zivinskog mesa, odabrano je 30 normalnih (N) i 30
fileta grudi pogodenih ovom pojavom (WB) (pectoralis major). Tezina, poprecni
presek (CSA), pH vrednosti L*a*b* vrednosti boja, kapacitet zadrzavanja vode i
sila presecanja po Warner-Bratzler-u su odredivani. Uzorci su i vizuelno i
histoloski vrednovani. Uzorci pogodeni ovom pojavom su bili tezi, deblji, svetliji
(P<0,001) i odlikuju se palpatornom tvrdo¢om i manjom sposobnos¢u zadrzavanja
vode (P<0,05). Makroskopski, abnormalnosti su, pre svega, lokalizovane u
kranijalnom delu filea i definisana prisustvom izbocina, petehijama, tecnosti i
eksudata i viSim pH. Mikroskopski, WB pojava odn. stanje karakterisu celije sa
ve¢om CSA (P<0,001) i vecu rasprostranjenost dzinovskih vlakana (P<0,01).
Podaci ukazuju na postojanje odnosa izmedu tezine grudi i WB stanja.

References

BERRI C., DEBUT M., LE BIHAN-DUVAL E., SANTE-LHOUTELLIER V.,
HATTAB N.H., JEHL N., DUCLOS M.J. (2004): Technological quality of broiler
breast meat in relation to muscle hypertrophy. In: Proc. 50th International
Congress of Meat Science and Technology, Helsinki, Finland, 93-96.

BREWER V.B., KUTTAPPAN V.A., EMMERT JL., MEULLENET J.F,
OWENS C.M. (2012): Big-bird programs: Effect of strain, sex and debone time on
meat quality of broilers. Poultry Science, 91, 248-254.

BUCHE P. (1990): RACINE: Un systeme d’analyse multi-images de coupes
sériées. Application a la caractérisation de fibres musculaires. Ph.D. thesis,
Université Rennes I, France.

KUTTAPPAN V.A., SHIVAPRASAD H.L., SHAW D.P., VALENTINE B.A,,
HARGIS B.M., CLARK F.D., MCKEE S.R., LE BIHAN-DUVAL E., DEBUT
M., BERRI C.M., SELLIER N., SANTE-LHOUTELLIER V., JEGO Y.,
BEAUMONT C. (2008): Chicken meat quality: genetic variability and relationship
with growth and muscle characteristics. BMC Genetics, 9, 53.



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7 -9, 2015. 167

OWENS C.M. (2013): Pathological changes associated with white striping in
broiler breast muscles. Poultry Science, 92, 331-338.

PETRACCI M., CAVANI C. (2012): Muscle growth and poultry meat quality
issues. Nutrients, 4, 1-12.

PETRACCI M., MUDALAL S., BONFIGLIO A., CAVANI C. (2013b):
Occurrence of white striping under commercial conditions and its impact on breast
meat quality in broiler chickens. Poultry Science, 92, 1670-1675.

PETRACCI M., SIRRI F., MAZZONI M., MELUZZI A. (2013a): Comparison of
breast muscle traits and meat quality characteristics in 2 commercial chicken
hybrids. Poultry Science, 92, 2438-2447.

SIHVO H.K., IMMONEN K., PUOLANNE E. (2014): Myodegeneration with
fibrosis and regeneration in the pectoralis major muscle of broilers. Veterinary
Pathology, 51, 619-623.



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7 -9, 2015

LIPID COMPOSITION OF MEAT IN MALE LAYER-
TYPE CHICKENS AT DIFFERENT AGE

T. Popova, M. Ignatova, E. Petkov

Institute of Animal Science, 2232 Kostinbrod, Bulgaria
Corresponding author: tlpopova@yahoo.com
Invited paper

Astract: An experiment was carried out with male layer-type chickens at
the age of 5 and 12 weeks to study the changes in the intramuscular lipid content,
total cholesterol and fatty acid composition in breast and thigh. In both muscles the
content of total lipids and cholesterol decreased as age increased, and the same was
found for the levels of C14:0 and C16:1 (P<0.001). Breast muscle in the chickens
slaughtered at 12 weeks of age displayed lower content of C18:2 (P<0.001), C20:3
(P<0.01) and MUFA (P<0.05), but higher of C16:0 (P<0.05); C20:4 (P<0.001),
C22:5 (P<0.001), C22:6 (P<0.05) and the total amount of n-3 PUFA (P<0.05). In
thigh muscles the older age led to lower levels of C18:0 (P<0.05), C18:3 (P<0.001)
and C20:3 (P<0.001) while C20:4 and C22:5 increased significantly (P<0.001). No
changes in the ratio PUFA/SFA in breast and thigh due to the age of the birds was
found, however it remained higher than the recommended minimal values.

Key words: layer-type chickens, meat, cholesterol, fatty acids, age

Introduction

The studies on the possibilities to utilize the male layer-type chickens
started in the mid-70s. So far the methods applied contradict the principles of
animal welfare. Often, the one day-old male layer-type chickens have been used in
the pet food industry as a high quality animal protein source, or they have been
killed due to their poor fattening performance and consequently high fattening
costs. Moreover the male layer-type chickens have not been accepted as birds for
meat. During the last decade the meat of slow-growing broilers, reared in organic
systems began to draw the attention as a high quality and healthy product despite
its high price (Zelenka et al., 2001; Lonergan et al., 2003; Lichovnikové et al.,
2009). According to several authors, the male layer-type chickens respond entirely
to all the requirements of the slow-growing broilers and at the same time are
adapted to the alternatve rearing systems.
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Fat is an important component of the human diet, however its high intake
levels are associated with increased risk of cardiovascular diseases, obesity and
diabetes. Most current dietary guidelines (FAO, 2010) recommend limiting daily
fat intake to maximum 30-35% of total energy, as SFA and trans fatty acids
contributing no more than 10%. Many consumers believe that red meat is not
healthy due to the relatively high SFA and cholesterol contents. It has been recently
demonstrated that replacement of red meat with chicken is associated with a
significant decrease in apolipoprotein B and total cholesterol levels in micro
albuminuric type 2 diabetic patients (Gross et al., 2002). This effect is probably
related to the higher PUFA content of chicken meat in comparison to beef. The
lipid composition of meat is mostly affected by nutrition of the birds, but other
factors such as age and sex also contribute to the changes in the fatty acid profile.
The aim of this work was to compare the lipid composition of male layer —type
chickens at different age.

Materials and Methods

The experiment was carried out with 150 male layer-type chickens. They
were fed a diet with a composition as presented on Table 1.

Table 1. Diet composition

Feed Protein, % Fat, % Dry matter, % Ashes, % NNC, %
Starter 20.26 2.81 3.39 4.60 56.11
Grower 18.51 6.39 4.36 4.48 56.22
Finisher 19.13 6.38 5.33 3.90 56.51

At the age of 5 and 12 weeks 10 chickens were slaughtered. The carcasses
were kept at 4°C for 24 hours. Breast and thighs of each chicken were separated,
minced with meat grinder, and samples (10 g) for lipid analysis were taken. Total
lipids of the breast and thigh were extracted according to the method of Bligh and
Dyer (1959). Aliguots of the lipid extract were subjected to determination of total
cholesterol content (Sperry and Webb, 1950). Methyl esters of the total lipids,
isolated by preparative TLC were obtained using 0.01 % solution of sulphuric acid
in dry methanol for 14 h, as described by Christie (1973). The fatty acid
composition of total lipids was determined by GLC analysis using chromatograph
C Si 200 equipped with capillary column (TR-FAME - 60 m x 0.25 mm x 0.25 pum)
and hydrogen as a carrier gas. The oven temperature was first set at 160 °C for 0.2
min, then raised until 220 °C at a rate of 5 °C/min and hold for 5 minutes. The
temperatures of the detector and injector were 230 °C. Methyl esters are identified
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comparing to the retention times of the standards. Fatty acids are presented as
percentages of the total amount of the methyl esters identified (Christie, 1973).

Data were statistically analysed by t-test using JMP v.7 software package,
at levels of significance: * P<0.05; **P<0.01; ***P<0.001.

Results and Discussion

The total lipid content in breast muscle (Table 2) was significantly
influenced by the age of the chickens (P<0.01). It was higher in the 5 weeks old
birds - 1.03% vs. 0.77% in the chickens slaughtered at 12 weeks of age. Similarly
the content of lipids in thighs of the younger chickens was substantially higher
(P<0.001) when compared to the 12 weeks old birds, ranging from 3.31-1.93 %.
The age of the birds affected considerably the total cholesterol content in breast
and thighs, showing significantly lower content in the older chickens (P<0.001),
corresponding to the lower total lipid contents in these birds. The values varied
between 71.83-52.83mg/100g in breast and 100.99-73.36 mg/100g, respectively in
the 5 and 12 weeks old chickens. Age decreased the total lipid content by 24% in
breast and 42% in thigh muscles, while the cholesterol content was decreased by
average of 27 % in both breast and thigh. Studies on the effect of age at slaughter
have focused mainly on the sensory parameters of the meat and the data concerning
lipids are relatively inconsistent. Similar to us, Touraille et al. (1981) found
decrease in the lipid content in chicken meat after 8 till 16 weeks of age, while
Zanusso et al. (2002) reported constant increase in the lipids in breast and thigh
from 6 till 22 weeks.

Table 2. Total lipid and cholesterol content in breast and thigh muscles in chickens at different
age (meantSEM)

Item 5 weeks | 12 weeks | Significance
Breast
Total lipids (%) 1.03+0.08 0.77+0.03 **
Cholesterol ( mg/100g) 71.83+1.56 52.83+1.42 il
Thigh
Total lipids (%) 3.31+0.11 1.93+0.12 ookl
Cholesterol ( mg/100g) 100.99+2.25 73.36+3.23 il

The major saturated fatty acids identified in breast (Table 3) and thigh
(Table 4) are palmitic (C16:0) and stearic (C18:0). The content of C16:0 in breast
varied between 20.35-21.64 %, showing significantly higher content (P<0.05) in
the 12 weeks old chicken. In thigh muscles the amount of C16:0 was lower (17.29-
17.36%) and was not affected by the age of the chickens. No difference between
the two age groups was observed for the content of C18:0 in the breast. Its
amounts averaged 9.81 %, while in the thighs it varied between 8.31-7.73% and



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7 -9, 2015. 171

was significantly lower (P<0.05) in the older chickens. Myristic acid (C14:0) is the
third saturated fatty acid identified in the breast and thigh muscle. Its content was
in the range of 0.27-0.19% in breast but higher in thighs (0.39-0.23%). Contrary to
C16:0, C14:0 had significantly lower content in the breast (P<0.05) and thighs
(P<0.001) in the 12 week old chickens. The content of the saturated fatty acids in
the meat of the chickens depend on their presence in the diet as well as their
synthesis in the liver (Sheehy et al., 1993). In both breast and thigh the content of
the C14:0 remained substantially lower in the older chickens. The same tendency
was kept for C18:0, while for C16:0 we did not observe consistent change in both
groups. As a whole saturated fatty acids can have considerable influence on the
levels of blood cholesterol and LDL cholesterol. However according Rioux and
Legrand (2007), the saturated fatty acids differ in their cholesterol rising effect as
it is different for fatty acids with medium chain lengths, such as lauric C12:0,
myristic C14:0 and palmitic C16:0. Stearic acid does not raise blood cholesterol to
the same extent as myristic, lauric and palmitic acids, because it is converted to its
mono-unsaturated form (oleic acid C18:1) in the liver very efficiently. As a whole
poultry meat has lower content of C14:0 when compared to the other species and in
particular with ruminant animals. The levels of this fatty acid determined in our
study are approximately two times lower than those reported by Rule et al. (2002)
and Cantor et al. (2008) in broilers, which could indicate certain advantage of the
male layer-type chickens and particularly those slaughtered at older age as a source
of healthy meat.

Table 3. Fatty acid composition of breast of the chickens, slaughtered at 5 and 12 weeks of age

Fatty acid, % 5 weeks 12 weeks Significance
C14:0 0.27+0.02 0.19+0.02 *
C16:0 20.35+0.29 21.64+0.45 *
Cl6:1 1.33+0.19 0.43+0.10 ekl
C18:0 10.01+0.41 9.61+0.23 NS
C18:1 26.93+1.09 25.06+0.63 NS
C18:2 29.79+0.37 26.48+0.62 el
C18:3 0.30+0.02 0.25+0.01 *
C20:2 0.54+0.03 0.45+0.03 NS
C20:3 0.6+0.04 0.52+0.01 *x
C20:4 9.07+0.83 14.3740.56 el
C22:5 0.30+0.02 0.48+0.01 el
C22:6 0.39+0.04 0.49+0.02 *

SFA 30.64+0.57 31.45+0.67 NS
MUFA 28.27+1.25 25.49+0.72 *
PUFA 41.09+0.92 43.05+0.99 NS

n-6 40.10+0.88 41.83+0.99 NS
n-3 0.99+0.04 1.22+0.02 ookl
P/S 1.34+0.03 1.37+0.05 NS
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Tabel 4. Fatty acid composition of thigh of the chickens, slaughtered at 5 and 12 weeks of age

Fatty acid, % 5 weeks 12 weeks Significance
C14:0 0.39+0.01 0.23+0.01 ekl
C16:0 17.29+0.19 17.36+0.36 NS
C16:1 2.78+0.17 1.03+0.12 ok
C18:0 8.31+0.19 7.73+£0.14 *
C18:1 31.15+0.63 32.48+0.36 *
C18:2 33.84+0.57 33.53+0.54 NS
C18:3 0.49+0.01 0.41+0.01 ok
C20:2 0.30+0.01 0.28+0.01 NS
C20:3 0.26+0.01 0.19+0.01 ok
C20:4 4.81+0.22 6.32+0.29 ekl
C22:5 0.15+0.01 0.21+0.01 ekl
C22:6 0.20+0.01 0.20+0.01 NS

SFA 25.99+0.34 25.32+0.43 NS
MUFA 33.94+0.75 33.51+0.41 NS
PUFA 40.06+0.73 41.15+0.73 NS

n-6 39.22+0.71 40.33+0.71 NS
n-3 0.85+0.02 0.82+0.02 NS
P/S 1.54+0.03 1.63+0.05 NS

The fatty acid which formed the higher percentage of the monounsaturated
fatty acids in both muscles was oleic (C18:1). Its content varied within the range of
26.93-25.06% and 31.15-32.48% respectively in the breast and thigh, as in the
latter it showed higher content in the older chickens (P<0.05). Significant
difference between the groups was observed in regards to the content of the other
monounsaturated fatty acid — C16:1, which displayed substantially lower levels in
the 12 week old chickens (P<0.001) in both breast and thigh. The increase in the
content of the oleic acid in the thigh muscles corresponds to the decrease of the
stearic acid in the same muscles of the chickens at 12 weeks of age.

Linoleic acid (C18:2) is the most abundant polyunsaturated fatty acid. In
breast its amounts were 29.79-26.48% and was significantly lower in the chickens
slaughtered at 12 weeks of age (P<0.001). In thigh muscle the content was slightly
higher (33.84-33.53%) but no difference in the two groups was observed. The other
essential polyunsaturated fatty acid — linolenic (C18:3) showed average content of
0.28% and 0.45% respectively in the breast and thighs. It was affected by the age
of slaughter, showing lower contents in the 12 week old chickens. Both linoleic
and linolenic acids are precursors for the synthesis of the fatty acids of n-6 and n-3
families, including respectively arachidonic as well as docosapentaenoic and
docosahexaenoic fatty acids. In both breast and thighs C20:4 showed substantial
increase in the older chickens (P<0.001). Its amounts were relatively high in both
muscles — 9.07-14.37% and 4.81-6.32% respectively in breast and thigh. Similar to
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C20:4, eicosapentaenoic acid (C22:5) showed significantly higher content (P<
0.001) in the two examined muscles of the chickens at the age of 12 weeks. In
breast its content varied between 0.30-0.48%, while in thighs it was lower (0.15-
0.21%). No difference in the content of C22:6 was observed between the two
groups. The older age of slaughter led to significantly lower content of C20:3 in
both muscles (P<0.01; 0.001).

Contrary to most of the individual fatty acids, differences between the two
age groups in the total amounts of the fatty acids were observed only in regards to
monounsaturated and n-3 polyunsaturated fatty acids in breast. The total content of
MUFA was significantly lower (P<0.05) and that of total n-3 PUFA was higher
(P<0.001) in the older chickens. These changes corresponded to those found for the
individual mono and n-3 polyunsaturated fatty acids in the breast muscle. On the
other hand the lack of significant differences in the total amounts of
monounsaturated fatty acids in the thighs as well as saturated and polyunsaturated
fatty acids in both muscles are due to the diverse tendencies of change in the
individual fatty acids between the two age groups. Meat has been implicated in
imbalanced fatty acid intake by consumers, due to some meats naturally having a
low PUFA to SFA ratio (P/S) ratio of around 0.1. Thus a P/S ratio of 0.4 is often
recommended (Wood et al., 2003, Grashorn, 2007). Also, it is recommended that
dietary energy coming from fat for human consumption should not be more than
30%, while the relation among SFA, MUFA and PUFA should equal 1:1:1 (Raats
et al., 2009). In the current study although not significantly different among
groups, the P/S ratio was higher than 0.4, ranging between to 1.34-1.38 in breast
muscle versus 1.63 to 1.54 in thighs.

Conclusion

The content of total lipids, cholesterol and hypercholesterolemic C14:0
decreased between 5 and 12 weeks of age in breast and thigh muscles in the male
layer-type chickens. Breast muscle displayed lower content of C16:1, C18:2, C20:3
and MUFA, but higher of C 16:0; C20:4, C22:5 and C22:6 and the total amount of
n-3 PUFA in the chickens slaughtered at the age of 12 weeks. In thigh muscles the
older age led to lower levels of C16:1, C18:0, C18:3 and C20:3 while C20:4 and
C22:5 increased. In both muscles the ratio PUFA/SFA was not influenced by the
age of the chickens, but remained higher than the recommended minimal values.

Sastav lipida mesa u muskih pili¢a razlicitog uzrasta

T. Popova, M. Ignatova, E. Petkov
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Rezime

Eksperiment je izveden sa muski pili¢cima u uzrastu od 5 i 12 nedelja sa ciljem da
se ispitaju promene intramuskularnog sadrZaja lipida, ukupnog holesterola i sastava
masnih kiselina u grudima i karabatacima. U oba mi$i¢a sadrzaj ukupnih masti i
holesterola je opao sa staro$¢u, a isto je utvrdeno za nivoe Cl14:0 i Clé6:1
C18:2 (P<0,001), C20:3 (P<0,01) i MUFA (P<0,05), ali ve¢i sadrzaj C16:0
(P<0,05); C20:4 (P<0,001), C22:5 (P<0,001), C22:6 (P<0,05) i ukupna koli¢ina n-

(P<0,05), C18:3 (P<0,001) i C20:3 (P<0.001), dok su nivoi C20:4 i C22:5 znacajno
porasli (P<0,001). Nema promena u odnosu PUFA/SFA u grudima i karabatacima
zbog starosti ptica, medutim, on je osta vec¢i od preporu¢enih minimalnih vrednosti.
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Invited paper

Abstract: The aim of this study was to point out the possibility of
replacing a portion of thermally treated soybean of standard variety "Lydia" and
variety with reduced trypsin inhibitor "Lana" with raw grain in the final mixes for
broiler chickens. The trial was conducted in the last week of the experiment (age
35-42 day). At the beginning (day 35) and at the end of the experimental period (42
day) body mass of chickens, the average daily gain, feed conversion and
consumption were determined. At the end of the trial, a random sample of 12
chickens from each group was taken (6 male and 6 female) in order to obtain
dressing percentage indicators. The results showed that the increased concentration
of Tl in mixtures caused significant decrease of average daily gain. Consumption
of food was not influenced by the studied factors. Feed conversion was
significantly better in chickens fed diets containing soy with lower TI. The share of
raw soybean in diets of 15 and 20% resulted in a significantly lower feed
conversion. Carcass Yields of broiler chickens were significantly influenced by the
level of raw soybean in the mixture. The share of abdominal fat was not influenced
by the studied factors.

Key words: broiler chickens, soybean, trypsin inhibitor, production
performance, carcass yield

Introduction

Soybean is the most important protein component in poultry nutrition. The
anti-nutritive substances present in raw soybeans reduce the thermal treatment. As
a result of the use of raw soybeans in poultry nutrition products depression in
performance results occurs Douglas et al. (1999). The presence of anti-nutritional
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substances in soybeans can be reduced through selection and breeding, creating
varieties with reduced content of some anti-nutritive matters. In our agroecological
conditions, variety Lana has been created with lower levels of trypsin inhibitor.

Comparing the nutritional value of soybean varieties with lower TI in
experiments conducted on chickens (Han et al., 1991, Joki¢ et al., 2004; Beukovi¢
et al, 2010a; Petricevi¢ et al., 2013), hens (Zhang et al., 1991; Petricevi¢ et al.,
2014a; Petricevi¢ et al., 2014b) and pigs and chickens (Palacios et al., 2004)
authors have reported better results compared to varieties with a standard level of
TI

The objective of this research was to investigate the effects of replacing a
part of thermally processed soybean of variety with a standard level of TI and
varietiy with reduced TI, with raw soybean grain of said varieties in the final
mixtures for broiler chickens on performance, carcass yield and share of abdominal
fat. By determining the replacement level of heat treated soybean with raw soy
grain, which has no negative impact on the performance and the quality of the
product, a significant reduction in production costs can be achieved resulting in the
improved economical efficiency.

Materials and methods

The research was conducted at the experimental farm of the Institute for
Animal Husbandry in Zemun on broiler chickens of heavy line hybrid Hubbard
F15. In the nutrition of boilers, in the final mixtures, two local varieties of soybean
were used - "Lana" with reduced trypsin inhibitor and standard variety "Lydia",
thermally treated and raw. The effect of different levels of raw soybeans in diets on
the performance of broiler chickens and yields was determined by two factorial
experiment 2 x 5 (two soybean varieties x 5 levels of participation of the raw grain
in mixture) with 10 nutrition treatments. 2000 one day old chicks were divided
into 40 boxes, so there were four replicates per treatment.

By the 35th day of the experiment, all broilers were fed the same feed
mixtures according the recommendations for the studied hybrid. Finisher as the
final mixture, containing 17.5% crude protein and 13.2 MJ/kg metabolizable
energy, was available to broiler chicks from 35 to 42 days, and differed in all the
tested treatments in the soybean varieties used and the participation of thermally
treated and raw soybean. The share of thermally processed grain of both soybean
varieties accounted for 20% of the mixture and was included in the two control
treatments (K). In the groups (1), 15% of the total of 20% of full-fat soybean in the
mixture was heat-treated and 5% of soybean was raw. In groups (1), 10% of heat-
treated and 10% of raw soybean was added to the mixture. In the groups (I11), of
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20% of full-fat soybean grains in the mixture, 5% was thermally treated and 15%
was raw. In groups (IV), 20% of the raw soybeans was incorporated in the diet.

Measurement of body weight of chickens was carried out at the beginning
(day 35), and at the end of the experiment (day 42). Based on the difference in
body weight of chickens the average daily gain was calculated. Control of food
consumption included also measuring of the amount of complete mixtures given to
broiler chicks and the rest of the food for each box. On the basis of data on food
consumption and gain of chickens, the feed conversion ratio was calculated.

At the end of the experiment, a sample of 6 broiler for each studied
treatment and sex was randomly selected, a total of 120 chickens. After a fasting
period of 12 hours, body weights were measured and subsequently chickens were
slaughtered. Post slaughter, carcasses were chilled to 4°C for 24 hours and then
processed in accordance with the Rulebook on quality of poultry meat (Pravilnik o
kvalitetu mesa, 1981). In this way the following carcasses were obtained: -
"conventional dressing™ — carcass with head, neck, legs and edible internal organs
(heart, lungs, liver, gizzard, kidneys and spleen); — "ready to roast" — carcass
without head and legs but with neck and edible internal organs; - "ready to grill" —
carcass without head, legs, neck and edible internal organs. In processing of the
carcasses the abdominal fat was separated. The resulting weights of carcass and
abdominal fat were placed in relation to pre sluaghter body weight of chickens. In
this way, the carcass yields and the share of abdominal fat in the carcass were
obtained.

For statistical analysis the software package STATISTICA, version we
used 6 (StatSoftinc.). The level of statistical significance of differences between
groups was determined using the Tukey test.

Results and discussion

Table 1 shows the production performance traits of broilers. Chickens fed
diets containing soybean with lower Tl had a higher average gain at the age from
35 - 42 days, compared to chickens fed a diet containing soybean with a standard
level of TI, where established differences were not statistically significant. With
increasing levels of raw soybeans in diets for chickens in the final stage of
fattening, the average gain statistically significantly (p<0.05) decreased. Interaction
of studied factors had no significant effect on this production indicator.
Consumption of food of broiler chickens showed no significant differences under
the influence of varieties and the level of raw soybeans in the mixture.
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Table 1. Production performance
Daily Feed Feed
Treatment gain, g consumption, g conversion, kg
35-42 day

Soybean variety

Lana 76.97 196.96 2.57°

Lydia 73.92 202.62 2.77°
Level of raw soybean, %

0 (K) 82.37% 194.4 2.36°

5 (1) 80.86% 198.51 2.45"

10 (11) 76.18% 205.17 2.70%

15 (111) 70.50° 199.65 2.84°

20 (IV) 67.32° 201.22 3.00%
p value

Soybean variety ns ns 0.001

Level of raw soybean 0.001 ns 0.001

Variety x Level ns ns 0.001

a-b Average values in each column with no common designation are significantly different at the
level of 5%

Palacios et al. (2004) have reported significantly lower (p<0.05) values of
the average gain of chickens fed diets containing raw soybeans compared to
chickens fed diets based on soybean meal. Joki¢ e al. (2004) have determined a
significantly lower gain of chickens fed diets containing the raw standard soybean
variety, compared to mixtures based on heat-treated soybean. Loeffler (2012) found
no statistically significant effect of increasing concentrations of TI in mixtures for
broiler chickens on feed consumption which is consistent with the results obtained
in our study. Also, Anderson-Hafermann et al. (1992) and Zhang et al. (1993) have
found significant differences in feed intake of chicks fed diets containing soybean
with different levels of TI. Douglas et al. (1999) report that chickens fed diets
containing raw soybean with a standard level of Tl consumed the same amount of
food as chickens fed diets containing soybean with lower Tl and soybean with
lower levels of lectins. Contrary to these results Sardary (2009) states significantly
lower feed consumption of broiler chickens that have used a mixture with 20%
share of raw soybeans compared to the control group that consumed the mixture
without the participation of raw soybean grains.

Using soybeans with a standard level of Tl in the final mixes for feeding of
broiler chickens resulted in the significantly lower feed conversion ratio (p<0.05)
compared to chickens fed diets containing soybean with reduced levels of TI
(Table 1). Differences in feed conversion were statistically significant under the
influence of the level of raw soybean in mixtures. The best feed conversion is
recorded in chickens that consumed mixtures without raw soybean. With the
increase in the share of raw soybean in the final mixtures for broiler chickens, feed
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conversion ratio was worse. The interaction of investigated factors resulted in
statistically significant differences (p<0.05). The worst feed conversion ratio was
recorded in group of chickens with maximum share of raw soybeans.

Rand et al. (1996) have found poorer feed conversion ratio of chickens fed
diets with the raw soybean share of 20% (2.65 kg) compared to chickens fed diets
containing the same amount of soy grits (2.38 kg). Beukovié¢ et al. (2010b) also
points out the negative effect of the use of raw standard soybeans in chicken
nutrition in the sixth week of the experiment (2.73 kg) compared to raw soybeans
with lower TI level (2.31 kg). A higher concentration of T1 in mixtures for broiler
chickens caused a significantly poorer feed conversion according to Palacios et al.
(2004). Data on feed conversion in our study are consistent with the results which
were obtained by Douglas et al. (1999) and Sardary (2009).

Table 2 shows the yields of broiler chickens and share of abdominal fat in
the carcass. A ratio between the absolute values of the yield of dressed carcasses
and pre-slaughter body weight allows for objective examination of the influence of
the studied factors. Carcass yields of broiler chickens were not significantly
influenced by soybean varieties. Chickens fed diets containing a higher percentage
of raw soybeans had significantly lower (p<0.05) yield values. Interaction of
investigated factors reulted in significant differences in average values for yield.

Table 2. Carcass yield and share of abdominal fat

Carcass yield Share of
Treatment Conventional Ready to Ready to abdominal
dressing, % roast, % grill, % fat, %
Soybean variety
Lana 82,7 76,4 67,7 0,80
Lydia 83,1 76,8 68,2 0,78
Level of raw soybean, %
0 (K) 83,6° 77,28 68,9° 0,75
5 (1) 83,47 77,22 68,42 0,83
10 (11) 82,5 76,3 67,5% 0,82
15 (111) 82,4 76,2° 67,7 0,84
20 (IV) 82,5° 76,0° 67,3° 0,70
p value
Soybean variety ns ns ns ns
Level of raw soybean 0,022 0,035 0,012 ns
Variety x Level ns ns ns ns

* a-b Average values in each column with no common designation are significantly different at the

level of 5%
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In experiments conducted on broiler chickens of genotype Hubbard
(Petricevi¢ et al., 2011, Petricevic et al., 2012) similar values of all three dressing
percentages were found, same as in this study. Subuh et al. (2002) found no
significant differences in carcass yield of broiler chickens fed diets with different
amount of full-fat soybean. Sardary (2009) found no statistically significant
differences between groups for carcass yield of chickens fed diets containing raw
and heat-treated soybean. The author states that the yield ranged from 69.8% to
72.2%.

Abdominal fat is an important indicator of carcass quality of broiler
chickens given the high and positive correlation with the total amount of fat in the
carcass. Feeding broiler chickens mixtures containing domestic soybean varieties
with different levels of TI had no statistically significant impact on changes in the
share of abdominal fat. The analysis of the impact of the level of raw soybeans in
diets showed no statistically significant differences between groups in the share of
abdominal fat. Also, the interaction of investigated factors did not result in the
significant differences in the share of abdominal fat (Table 2).

Beukovi¢ et al. (2012) found a statistically significantly lower share of
abdominal fat (0.76%), when using raw soybean in the diet of chickens, compared
to the share of abdominal fat of chicks fed diets containing heat-treated soybean
(1.04%).

Conclusions

With the reduction of the share of raw soybeans in diets, the average daily
gain of chickens increased significantly. Feed consumption was not significantly
different under the influence of the examined factors and their interactions. Feed
conversion was significantly influenced by soybean varieties and levels of raw
soybean in mixtures. Food consumption per unit of gain was significantly better in
chickens fed diets containing soybean with lower TI level than the standard
soybean variety. With increasing levels of raw soybeans in diets feed conversion
worsened.

Carcass yields of broiler chickens were significantly influenced by the
level of replacement of heat treated with raw soybean. Carcass Yields
"conventional dressing" and "ready to roast“ were significantly higher in the group
with no raw soybean and groups with 5% of raw soybean in the diet, compared to
the group fed diets with 10%, 15% and 20% of raw soybean. In case of "grill
ready/ready to grill", the differences were statistically significant between the
groups of chickens fed diet without raw soybeans and groups that were fed with a
mixture of 20% raw soybean.
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Mass and share of abdominal fat in carcass of broiler chickens were not
significantly influenced by the studied factors.
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Efekat upotrebe sirove soje u zavrSnim smeSama za ishranu
brojlerskih pili¢a na proizvodne pokazatelje i randmane

V. Petricevié, M. Lukié, Z. Skrbi¢, 7. Jokié, S. Rakonjac, M. Petricevi¢, A.
Stanojkovié¢

Rezime

Cilj ovih istraZivanja bio je da ukaZze na mogucnost zamene jednog dela
termicki obradenog sojinog zrna standardne sorte ,,Lidija“ i sorte sa smanjenim
sadrzajem tripsin inhibitora ,,Lana“, sirovim zrnom u zavrsnim sme$ama za ishranu
brojlerskih pilica.

Ogled je izveden u poslednjoj nedelji tova (35-42. dan uzrasta). Tokom
istrazivanja svakodnevno je evidentirana koli¢ina utroSene hrane. Na pocetku (35.
dana) i na kraju oglednog perioda (42. dana) izvrSeno je merenje telesnih masa
pili¢a, utvrdivanje prose¢nih dnevnih prirasta, konzumacije i konverzije hrane. Na
kraju ogleda metodom slu¢ajnog uzorka iz svake grupe zrtvovano je po 12 pili¢a (6
muskih i 6 Zenskih) u cilju dobijanja klani¢nih pokazatelja.

Dobijeni rezultati su pokazali da povecana koncentracija Tl u smeSama
utie na znacajno smanjenje prosenih dnevnih prirasta. Konzumacija hrane nije
bila pod uticajem ispitivanih faktora. Konverzija hrane je bila statisticki zna¢ajno
bolja kod pili¢a hranjenih smeSama koje sadrze soju sa nizim nivoom TI. Ucesce
sirove soje u smeSama od 15 i 20% uticalo je na znacajno losiju konverziju hranu.
Randmani brojlerskih pili¢a su bili pod znacajnim uticajem nivoa sirovog zrna soje
u smesi. Udeo abdominalne masti nije bio pod uticajem ispitivanih faktora.
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Abstract: The paper analyses the availability and energy potential of
biomass originating from agriculture and animal husbandry in Serbia, and
generally recommends the necessary changes in order to increase the use of
biomass as an energy source in Serbia. Also, detailed analysis of a simple example
of the possible applications of biomass to livestock farms is presented.
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Introduction

Three key resources to focus on are water, food and energy, and our most
important goal and a pledge for the future must be to ensure them in sufficient
guantities in a sustainable manner at both the local and global level. Agriculture
and livestock are of great importance for the production, consumption and
conservation of these three resources (Luki¢ et al., 2013). Serbia is unfortunately
already late with the introduction of changes in production methods in order to
preserve resources and increase production. It is indicative that despite the great
relevance and urgency, there is relatively little published research in this field in
our country, especially those relating to the energy aspect of livestock farms.

When we speak of energy and its production and consumption in a
sustainable manner in agriculture and animal husbandry, we are really talking
about biomass, which is becoming increasingly important and desirable energy
source. The fact is that the use of biomass in the production of thermal and/or
electrical energy does not adversely affect the environment, it is locally available in
agricultural regions and farms and unused, and as such it represents a cost-effective
solution (Yamashiro et al., 2013; Iwasaki et al., 2013). On the other hand, the use
of biomass cannot completely replace other energy sources, but can significantly
contribute to reducing energy needs and increase energy security both at local and
global levels, while reducing emissions of greenhouse gases.
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The aim of this study is to analyze and briefly show the current availability
and biomass energy potential in Serbia, and generally recommend the necessary
and feasible changes that would increase the use of biomass in Serbia. Also, in
details will be presented and a simple example of possible changes in energy
sources, or the application of biomass as an energy source in livestock farms
analysed.

Biomass as energy resource

There are many definitions of biomass. Basically, biomass is organics,
which is produced by the activities of living creatures, and can be used as energy
and material. It is therefore understandable why the main sources of biomass in all
countries of the world, although not the only sources, agriculture and forestry.
Often the production of biomass for energy purposes is identified with these two
production as its integral part, which is increasingly gaining in importance.

With the use of biomass as fuel, the three key aspects are to be analysed:

e Resources - assessment of the potential and actual biomass availability in
terms of quantity and energy value, taking all factors into account;

e Conversion - choosing the most appropriate process/technology specific
use of biomass for energy in the concrete case;

e System - the development, analysis and elaboration of models and concrete
project, which should in practice facilitate the applicability, sustainability
and cost-effectiveness of the use of biomass as fuel.

If we analyse the biomass as a resource in our country, it is well known
that biomass is considered individually the most important potential source of
renewable energy in Serbia. It is estimated that biomass represents 55%, and by
some estimates up to 64% of the total potential of all renewable energy sources in
Serbia. It is also well known that this potential is not nearly enough utilized. Total
biomass energy potential in Serbia is estimated at 3.4 Mtoe (wood biomass, 1.5
Mtoe; agricultural biomass, 1.7 Mtoe; biodegradable waste, 0.2 Mtoe) and
currently about 1 Mtoe is being used, almost exclusively of wood biomass.

Table 1 shows estimates of the total annual production potential and
unexploited biomass in Serbia.
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Amount (million
tons per year)

Biomass type and remarks

e  Crop byproducts (field remains from

cca. 2.3 million ha) 15 bty
e  Fruit and grapes byproducts (0.35 mil ha, 0.6 Mt/

pruning remains) ' y
e Wood byproducts (without firewood) 1 Mtly
e  Livestock manure 20 Mtly

Source: Statistical Office of the Republic of Serbia

From the estimated total annual production, it is evident that the greatest
untapped potential in Serbia is biomass from agricultural production, primarily
from the fields of corn and wheat, extremely dominant field crops in our country.
Also, a significant potential in terms of total annual production is manure from
livestock production. However, this biomass potential should be accepted with
great reserve, due to a number of factors that have a crucial impact on the
availability of biomass. Soil fertility protection is a very important issue, as well as
livestock production - animal feeding and bedding, mechanization losses in the
collecting process, too big collecting and transport costs or other unfavourable
economic aspects. Therefore all the biomass potential cannot be used as an energy
source. In order to obtain more realistic data on the availability of these resources
and their energy levels further analysis and calculations are required, and one of the
possible calculations is given in Table 2. The present calculation is based on
average annual areas under maize and wheat, and the expected average annual
number of cattle, pigs and poultry in Serbia in the future (Luki¢ et al., 2009, Lukié,
2012; Luki¢ et al., 2013).

Table 2. Potential and availability of main unused biomass in Serbia (estimation)

Crop field remains (corn and wheat)

Corn remains - potential

Yearly production of corn (from 1.2 mil. ha): 6 million tons of grain
Ratio of waste production for corn: 1.0 t/t

(6Mt grain/year)(1.0t/t) = 6Mt corn remains/year

Coefficient of energy conversion for corn: 17.7GJ/t
(6Mt/year)(17.7GJ/t )= 177PJ/year

Corn remains — availability

Availability ratio for energy production in case of agricultural waste
(including corn remains and wheat straw) is 25%.
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(177PJ/year)(0.25) = 44PJ/year

Wheat straw - potential

Yearly production of wheat (from 0.5 mil. ha): 2 million tons of grain
Ratio of waste production for wheat: 1.3t/t

(2Mt grain/year)(1.3t/t) = 2.6Mt wheat straw/year

Coefficient of energy conversion for wheat: 17.5GJ/t
(2.6Mt/year)(17.5GJ/t )= 45.5PJ/year

Wheat straw — availability

(45.5PJlyear)(0.25) = 11.4PJ/year

Livestock manure

Cattle

900.000 heads (number of cattle) x 1.1t/y/head = 1Mt of dry manure per year
(1Mt/year)(15GJ/t) = 15PJ/year (potential)

(15PJ/year)(0.125) = 1.9PJ/year (available)

Pig

3 million heads (number of pigs) x 0.22t/y/head = 0.7Mt dry manure/year
(0.7Mt/year)(17GJ/t) = 12PJ/year (potential)

(12PJlyear)(0.125) = 1.5PJ/year (available)

Poultry

23 million (poultry number) x 0.037t/y/head = 0.85Mt dry manure/year
(0.85Mt/year)(13.5GJ/t) = 11.5PJ/year (potential)

(11.5PJ/year)( 0.125) = 1.4PJ/year (available)

Sources for statistics: Agriculture in Serbia in 2013, Green book, Ministry of Agriculture RS
Source for used calculations coefficients: The Asian Biomass Handbook, Japan Institute of Energy

Because of obviously great potential of biomass in Serbia, currently there
are many ongoing international projects, aimed at greater use of biomass in our
country and of whom much is expected. The most detailed analysis of the potential
and availability of biomass for energy in Serbia, so far, was created and recently
released as a part of one of the projects (DBFZ, 2015). However, the availability of
significant volumes of biomass in a certain area does not necessarily lead to the
realization of the objectives of these projects (Inoue et al., 2009). In each case, it is
necessary to individually carefully and thoroughly consider all three key aspects of
using biomass as a fuel, as has already been pointed out in this paper.

Another major disadvantage is the dominance of small farms and
landholdings, and biomass is often spread over a large area in relatively small
guantities. Thus, in the planning and construction of larger plants and systems it is
necessary to ensure a strong and economically cost-effective logistic support for
the collection of biomass and its storage. At the same time, in Serbia, it is
important to focus on increasing the use of biomass for energy in small and
medium-sized farms, or where it is produced, whereby one should aim at simpler
and more cost-effective ways of implementation. Also, in the system using biomass
as an energy source, it is necessary to ensure continuous collection of biomass
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during the period of several years and thus ensuring the security of supply of
biomass, especially in our conditions where there is still no developed market for

biomass.

The analysis of the current situation, i.e. the real potential, needs and
opportunities for increased use of biomass in farms in Serbia, can result in practical
recommendations to farmers, experts and lawmakers that could serve as a basis for
the development of models and concrete systems using biomass as fuel in
individual farms. Possible scenario for growth in the use of biomass as an energy

source on farms is shown in Table 3.

Table 3. Possible scenario of better use of biomass resource on farms in Serbia

Target: main unused biomass (estimation):

Corn field remains: 6 mil.t (potential) (25%)=1.5 mil.t (available)
Wheat straw: 2.6 mil.t (potential) (25%)= 0.7 mil.t (available)
Livestock manure (cattle, pig, poultry): 2.5 mil.t dry (12.5%)= 0.3 mil.t (av.)

How to collect: existing mechanization (small farms) and/or big baler
machines (middle and big farms) for field residues; small scale digester
(middle farms) and plants for biogas production and cogeneration (big
farms) for manure.

Conversion method, products and distributions:

For field residue: physical (production of pellets or briquettes) and/or
combustion (for small farms only combustion in small scale boilers — heat
production for households and farms in winter time). Products: pellets or
briquettes (small scale production or bigger facilities/plants baying corn or
straw big bales from farmers).

For manure: middle farms — anaerobic digestion and heat production for
farm self-usage. Big farms: anaerobic digestion for methane/hydrogen
production and cogeneration systems for heat and electric power production.

What we need for success:

A lot of education for farmers and pilot plant/training facility establishment
(from bottom to top approach).

A lot of research and investment/subsidies support (from top to bottom
approach).
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Biomass utilization system on livestock farm — one simple and
effective model

System for using wheat straw for heating pig/poultry farm in winter time (and
optional - drying corn grain after harvest)

As an illustration of the possible examples of simple and effective
application of biomass as an energy source in pig farms (or poultry), we will
consider the effects of substitution of the electric boiler (or fossil fuels) with boiler
using the straw as fuel in the existing heating system with hot water. Analysis and
development of the system is not made for a real farm, the model and simulation
are used, so the results can be used with a certain reserve. Each farm requires a
careful consideration of all three key aspects of the use of biomass for energy,
including the development and analysis of the relevant final project.

The initial elements for the development and analysis of this example of a
very simple system are:

e Goal: To develop model of system for using unused wheat straw (or corn
remains) from own production which can be replacement for existing
heating system on pig farm with electric power boiler (or oil/natural gas
boiler).

o Users: Middle scale farms with combined crop and livestock production
(with pigs or poultry farm).

e Some boundary  and parameters used (suitable) for
development/implementation of system: Volume of own production of
biomass: > 100t wheat straw per year;, Pig farm capacity (for heat
consumption): > 200 sows (or broiler farm with equivalent capacity/heat
consumption need) with hot water heating system; Heating system running
200 days in year; Collection, transport and labour needs covered by
existing farm mechanization and workers.

A simplified and shortened version of the results of the system analysis
shown in this work included three main components of the analysis with graphics
and text explanations of the most important indicators. Figure 1 schematically
shows the flow of all processes in the planned new system, the use of wheat straw
as a fuel, including mass and energy balance of the system.
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WHEAT STRAW [m, = 0.5t-wet/day ; 90% DM ]
IN FIELD [Energy (HHV) = 7.88 GJ (HHV=17.5G)/t-dry straw) ]
COLLECTION /
TRANSPORT
Air:
0.5t/day * 200days 0,: m=0.455t/d
= 100t/year N,: 1.82t/d [ HERT ]
Used heat
(hot w.) = 4.36G)/d
STORAGE BOILER N
ol ey Lostheat
. inair=2.91Gl/d
Ash (5%): i e e s
m=0.023t/d Flue gas:

H,0: m 0.306t/d = e=0.61GJ/d
€O,: m=0.626t/d
N,:1.82t/d

(Remarks: assumed boiler efficiency 60%)

Graph 1. Flow scheme, mass balance and energy balance of the system

Energy efficiency (Ef) and Energy Profit Ratio (EPR) of the system are
0.55 and 4.36, respectively.

Basic parameters of economic analysis and assessment of the cost-
effectiveness of the proposed system in relation to the previous are given in Table
4.
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Table 4. Economical evaluation of the system

Cost type, way for calculation, formula, explanations ... (O€\)/erall price
CAPITAL COST 30,000
(estimation based on price of existing similar plants/systems) —_
OPERATIONAL COSTS (per year):
Feedstock
Wheat straw from own production, not purchased. Cost of collecting 2000
& transport within farm for 100t wheat straw per year '
(estimate cost for 1t = 20€)
Electric power
For running pumps - boiler, hot water heating system 1,000
(100kWh/d *200d*0.05€/kWh)
Labor (covered by existing farm workers) 0
Maintenance (estimation, 3% of capital cost) 900
Unforeseen (estimation, 1% of capital cost) 300
OPERATIONAL COST Y = 4,200
INCOME (saving money for electric power needed for pig farm
heating per year)

Calculation:  4.36GJ/day * 200days = 872GJ heat energy per year 12 200

1kWh = 3.6MJ = 876GJ = 242,000kWh e

242,000kWh * 0.05€/kWh =

The obtained data indicate that in the market conditions and system
parameters used in this example, the annual savings of 8,000 € can be expected
with the use of planned new heating system compared to the existing one, and that
the investment would be returned in less than 4 years.

Using Life Cycle Assessment (LCA) method, the CO, emissions of the old
and new systems are established (Graph 2). Using the new system, lower annual
CO, emissions can be expected by 132.5t, compared to the existing conventional
system, i.e. the CO, recovery payback time is already in the first year of
implementing the new system.
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YEAR 1 YEAR2 YEAR 3

Graph 2. System CO, emission, t- CO,

Finally, it should be noted that already on our farms, especially pig farms,
there are very successful examples of the application of such or similar ways of
using biomass as fuel. The implementation of such models is expanding mainly
due to their simplicity and efficiency, relatively small investments and relatively
quick return on investment. The system, depending on the needs and opportunities
farms, can also be significantly upgraded and improved.

Conclusion

Serbia has significant energy potential in produced and available biomass,
whose efficient use as energy has been current topic for long time, but in reality
and practice it is still at the beginning. Considering numerous specificities,
primarily large number of small and medium-sized farms that have unused
biomass, primarily crop residues and manure, it is important to focus on the
increasing application of biomass for energy in these farms, or where it is
produced, with tendencies towards more cost-effective ways of implementation.
Perhaps in the case of Serbia to plan for increased use of biomass, if we consider
the smaller but numerous, as a result we get more.
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Sistemi koriS¢enja biomase za srpske stocare — potencijali i
realnost

M. Lukié, Z. Skrbié, C. Radovié, V Krnjaja, N. Stanisi¢, V. Petricevi¢, M. Gogi¢
Rezime

U radu se analizira raspoloZivost i energetski potencijal biomase u Srbiji
poreklom iz poljoprivrede i stoCarstva i generalno predlazu potrebne promene
kojima bi se povecala upotreba biomase kao energenta u Srbiji. Takode, detaljnije
se analizira jednostavan primer moguce primene biomase na stoc¢arskoj farmi.

References

DBFZ (2015): DKTI (GlZ) Program "Development of a sustainable bioenergy
market in Serbia". National assessment of actual biomass potentials for energy use
and capacity building for monitoring of the bioenergy market in Serbia. Available
at: www.bioenergy-serbia.rs

INOUE T., NAWATA D., TAKAHAMA S., MATSUMURA Y., YAMAIJI K,
YAMAMOTO H., UCHIYAMA Y. (2009): Construction of biomass utilization
support system. Journal of the Japan Institute of Energy, 88, 884-893.

IWASAKI M., LUKIC M., YAMASHIRO T., GOGIC M., RADOVIC C,
ANDRIAMANOHIARISOAMANANA F. J., UMETSU K. (2013): Effect of
methane fermentation on survival antibiotics-resistant bacteria in dairy cow
manure. Proceedings of 10" International Symposium “"Modern Trends in
Livestock Production”, Belgrade, Serbia, 2-4 October 2013, 113-118.



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7 -9, 2015. 195

JAPAN INSTITUTE OF ENERGY (2008 ):The Asian Biomass Handbook.
LUKIC M. (2012): Good agricultural practice and livestock production in Serbia.
Lecture held on 22. February 2012. at the Obihiro University of Agriculture &
Veterinary Medicine, Graduate School of Animal and Food Hygiene, Obihiro,
Japan.

LUKIC M., PAVLOVSKI Z., SKRBIC Z., UMETSU K., PETRICEVIC V.
(2013): The present and future livestock production — case study Serbia.
Proceedings of 10™ International Symposium “"Modern Trends in Livestock
Production”, Belgrade, Serbia, 2-4 October 2013, 1-14.

LUKIC M., PAVLOVSKI Z., SKRBIC Z. (2009): Savremeni aspekti ishrane
Zivine. 18. Savetovanje Zivinara, Zivinarstvo, 44, 9, 15-26.

MINISTRY OF AGRICULTURE AND ENVIRONMENT RS (2014): Agriculture
in Serbia in 2013. Green Book.

STATISTICAL OFFICE OF THE REPUBLIC OF SERBIA (2013): Online
statistical databases and reports. Available at: www.stat.gov.rs

YAMASHIRO T., LATEEF S.A., YING C., BENERAGAMA N., LUKIC M.,
MASAHIRO I., IHARA I., NISHIDA T., UMETSU K. (2013): Anaerobic co-
digestion of dairy cow manure and high concentrated food processing waste. J.
Mater. Cycles Waste Manag., 15, 539-547. DOI: 10.1007/s10163-012-0110-9



http://www.stat.gov.rs/

Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
October 7 -9, 2015

MEAT QUALITY AND SENSORY ACCEPTABILITY OF
PORK AND FAT FROM ENTIRE MALE, CASTRATED
AND FEMALE PIGS

I. Bahelka!, O. Bu¢ko?, E. Hanusova!, P. Demo!

!National Agricultural and Food Centre — Research Institute for Animal Production, Hlohovecka 2,
951 41 Luzianky, Slovakia

2Slovak Agricultural University, Trieda A. Hlinku 2, 949 01, Nitra, Slovakia

Corresponding author: bahelka@vuzv.sk

Invited paper

Abstract: The object of the study was to evaluate pork quality parameters
as well as consumer acceptance of meat and fat tissue from entire male (EM) pigs
compared to surgical castrates (SC) and gilts (G). Forty-two pigs, each sex of 14,
was randomly selected for the experiment. Pigs were crosses of Landrace sows and
YXL boars. From seven litters was always selected 6 sibs (2 EM, 2 SC and 2 G).
After reaching the average slaughter weight of 105 kg, pigs were slaughtered at the
experimental slaughter house. The most of pork quality traits observed did not
show any significant differences between sexes. However, three parameters were
statistically different between groups of pigs — pH measured 45 min after slaughter
in semimembranosus muscle (msm), electrical conductivity in the same muscle
measured 24 h post mortem and drip loss. Gilts had the highest pHs msm and
entire males the lowest (6.74 vs 6.48, P<0.05). Significant difference (P<0.05) in
electrical conductivity was found between entire males and castrates (3.27 vs 4.83
uS). Drip loss was significantly lower in castrated males compared to gilts (2.30 vs
3.23 %, P<0.05). Considerable differences between entire males compared to
castrates or gilts or both them were observed in all sensory properties of meat
samples except for juiciness as well as both flavour and odour of fat tissue.

Keywords: pigs, entire males, pork quality, boar taint, consumer
acceptability

Introduction

In most European countries male pigs are surgically castrated to avoid boar
taint (Fredriksen et al., 2009). However, there is agrowing societal pressure
towards to stopping the surgical castration without anaesthesia, or even bann of
castration as a whole in all member states of the European Union. Therefore, it is
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timely to consider the practical consequences of producing entire male pigs as
opposed to castrates. If rearing entire males becomes a prevailing practice in the
EU, a risk of boar taint of carcasses from entire males will be increasing.

The two main substances responsible for boar taint are androstenone and
skatole. Androstenone (5a-androst-16-ene-3-one) is the steroid acting in sexually
maturing boars as a pheromone (Patterson, 1968). It is produced in the testes and
found in plasma in free and sulfoconjugated form. Subsequently, it is transported to
the salivary glands and deposited to fat tissue. The smell of androstenone is often
described as urine-like. It is well known that the ability to detect this smell very
varies. A certain part of human population is insensitive — anosmic to the smell of
androstenone. This anosmia is genetically determined (Wysocki and Beauchamp,
1984) and depends on the sex of consumers and the country of evaluation (Gilbert
and Wysocki, 1987). Generally, women are more sensitive to androstenone than
men. The percentage of anosmic women with respect to anosmic men was 15.8 vs
24.1 % in Europe (except United Kingdom), 10.9 vs 30 % in UK, 29.5 vs 37.2 % in
the USA and 17.2 vs 25.5 % in Asia (Gilbert and Wysocki, 1987). In Germany the
percentage of anosmic men compared to women was found to be 70 and 66 %,
respectively, and in Spain 60 vs 48 %, respectively (Weiler et al., 2000). Sensitivity
of consumers to androstenone has been proved to be an important factor in the
consumer acceptability of pork from entire males (Weiler et al., 2000).

Skatole (3-methyl indole) is a breakdown product of microbial degradation
of amino acid tryptophan in the hind gut (Vold, 1970; Walstra and Maarse, 1970).
The source of tryptophan is the diet and cell debris originated from degradation of
intestinal mucosa as well. Similarly as androstenone, skatole is transferred by
plasma to adipose tissue. The smell of skatole is reported as faecal-like. While
androstenone is not detectable by a part of human population, skatole is perceived
by 99 % of the consumers (Weiler et al., 1997). The contributions of androstenone
and skatole to boar taint have been investigated in many studies. According to Berg
et al. (1993), both compounds make similar contributions to boar taint. A lot of
studies (Lundstrom et al., 1984; Mortensen and Sorensen, 1984; Andresen et al.,
1993; Bejerholm and Barton-Gade, 1993) reported that skatole had higher
contribution to boar taint than androstenone. On the other hand, Bonneau et al.
(1992) suggested that androstenone contribution was larger than that of skatole.
Finally, some authors (Lundstrom et al., 1980; Bonneau et al., 1992) documented
that both compounds may have a synergistic effect on boar taint.

The threshold levels used for sensory evaluation of boar taint compounds —
androstenone and skatole are usually 0.5 to 1.0 ppm and 0.20 to 0.25 ppm,
respectively (as reviewed by Walstra et al., 1999). Font | Furnols et al. (2000)
found that in Spain 38 % of the carcasses had high androstenone levels (>1.0 ug/g),
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26 % had high skatole levels (>0.22 pg/g) and 17 % had high levels of both
compounds.

In addition to the problem related to boar taint in meat from uncastrated
males, some studies (D"Souza and Mullan, 2003; EFSA, 2004) suggest inferior
meat quality of entire males compared to gilts and castrates, especially higher
proportion of DFD meat, reduced flavour due to the higher leanness of carcasses
from boars. Font | Furnols et al. (2009) found less juiciness in pork from entire
males than in castrated males and gilts. On the other hand, Miyahara et al. (2004)
reported that meat from boars was redder and had better ability to retain moisture.

The aim of the presented study was to assess the pork quality of entire
males, castrates and gilts of slovak pig population and to find the level of
acceptability of pork and adipose tissue from entire males by the slovak consumers.

Material and Methods

Forty-two pigs, entire males (EM), surgical castrates (SC) and gilts (G),
each of 14, was randomly selected for the experiment. Pigs were crosses of
Landrace sows and YxL boars. From seven litters was always selected 6 sibs (2
EM, 2 SC and 2 G). They were housed in test station at 22-26 kg live weight
because of acclimation to new space and feed. Pigs were housed in pairs in pen
according to gender.

After reaching the average slaughter weight of 105 kg, pigs were
slaughtered at the experimental slaughter house of the Research Institute for
Animal Production situated approximately 200 m from the test stable. During the
experiment, two pigs (1 EM and 1 SC) were excluded because of health reasons.

A slaughter was done according to standard procedure e.g. electrical
stunning, vertical exsanguination, vapor scalding and evisceration. Forty-five
minutes after slaughter the electrical conductivity and pH in musculus longissimus
dorsi (mld) and semimembranosus (msm) were measured using device BIOTECH
and METTLER TOLEDO with combined electrode, respectively. After that,
carcasses were chilled 24 hours at air temperature of 2 °C to 4 °C, air velocity 0.5
to 1.0 m/s started approximately 60 min post mortem. The second day after
slaughter, the dissection of the right half of carcasses was done and samples from
longissimus dorsi muscle (approx. 400 g) and from adipose tissue (over the neck,
approx. 200 g) were taken for analyses of pork quality traits and sensory
evaluation. Analyses were performed in the laboratory of NAFC — RIAP Nitra.
Meat colour was analysed by spectrometry using MINISCAN XE Plus. Water
holding capacity (WHC) was analysed using method of Grau-Hamm modified by
HaSek and Palanska (1976). Drip loss of meat was determined by method of
Honikel (1998). Samples of fat tissue were transported to the authorized laboratory
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EKOLAB (Kosice, Slovakia) for analyses of androstenone and skatole.
Concentrations of these compounds of boar taint were done according to methods
described in works of Ampuero Kragten et al. (2011) and Bekaert et al. (2012).

Four days after slaughter, cooking loss and shear force of meat were
determined. Shear force — firmness was measured using TEXTURE ANALYSER
TA-XT2i device. Before cooking, 2.0 cm thick slices of m. longissimus dorsi were
cutting. After that they were cooking on electric contact grill PM-1015 for 4 min at
t = 200 °C and cooking loss was determined as difference between weight of meat
before and after cooking. Consequently the sensory properties were evaluated.
Thirty consumers scored the meat samples for odour, flavou, juiciness, tenderness
and overall perception and fat samples for odour and flavour, respectively. Every
sample was evaluated by four persons using 5-point scale where 1 — the worst and
5 — the best quality.

Statistical package SAS (2009) was employed in the analyses. Basic
statistics was done using MEANS procedure. The differences between sexes were
analysed using ANOVA:

yi=ut+Bite,

where y; — characteristic of trait selected
u — intercept
B; — effect of sex (i = EM, SC, G)
e; — random error

Results

Pigs were slaughtered at average slaughter weight of 105 kg (Table 1). Age
of entire males at slaughter was significantly lower (P<0.05) than that of castrates
and gilts (159 vs 171 and 172 days).

Meat quality parameters of entire males, surgical castrates and gilts are
shown in Table 2. The most of traits observed did not show any significant
differences between sexes. However, three parameters were statistically different
between groups of pigs — pH measured 45 min after slaughter in semimembranosus
muscle, electrical conductivity in the same muscle measured 24 h post mortem and
drip loss. Gilts had the highest pH,4s msm and entire males the lowest (6.74 vs 6.48,
P<0.05). Significant difference (P<0.05) in electrical conductivity was found
between entire males and castrates (3.27 vs 4.83 uS). Finally, drip loss was
significantly lower in castrated males compared to gilts (2.30 vs 3.23 %, P<0.05).

Considerable differences between entire males compared to castrates or
gilts or both them were observed in almost all sensory properties of meat samples
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(Table 3). Consumers evaluated significantly better odour of meat from gilts
(P<0.01) and castrates (P<0.05) compared to boars (4.00 and 3.86 vs 3.43). Flavour
of pork from entire males had significantly lower value than that from castrates
(P<0.05) but not from gilts.

Significant differences in consumer liking of boar meat compared to gilts

or castrates were found in tenderness and overall perception, respectivelly (3.41 vs
3.85, P<0.05 and 3.36 vs 3.76, P<0.05).
Consumer’s evaluation of fat samples of three pig sexes is presented in Table 4.
Consumer were much more critical at evaluation of fat from entire males than from
castrates and gilts. They gave significantly lowest value for fat odour (EM: 2.64 vs
SC: 3.29, P<0.01 and G: 3.49, P<0.001) and fat flavour (EM: 2.86 vs SC: 3.51,
P<0.01 and G: 3.42, P<0.05).

Concentrations of the two compounds of boar taint in the samples from
adipose tissue of entire males, castrates and gilts are shown in the Table 5. Both

values were higher for boars than other two sexes (P<0.05).

Table 1. Basic characteristics of entire males, castrates and gilts

Item EM SC G
Slaughter weight, kg 105.57 £ 1.90 106.07 + 2.59 104.62 + 2.40
Carcass weight, kg 84.71+1.78 86.96 + 3.48 85.96 + 2.85
Age at slaughter, day 159.00 + 5.00° 171.31 +10.70° 172.38 + 9.62°
EM = entire males, SC = surgical castrates, G = gilts
ab\/alues with different letters within rows are significantly different (P< 0.05)
Table 2. Pork quality of entire males, surgical castrates and gilts
Item EM SC G
pH4s mid 6.26 + 0.34 6.38 + 0.36 6.43 +0.33
pH4s msm 6.48 + 0.28% 6.50 + 0.24 6.74 +0.22°
EC4s mld, uS 254+1.71 2.39+0.62 2.08 +0.24
EC4s msm, pS 2.46 +0.26 2.45+0.44 2.24+041
pH4 mid 5.78 £ 0.41 5.81+0.33 5.77 £0.37
pH,, msm 5.74 £ 0.41 5.76 £ 0.30 5.75+0.34
EC,, mld, pS 2.50 + 1.67 2.62 +1.59 2.29+1.65
EC,, msm, puS 3.27+£1.07° 483 £1.49° 414+181
Colour — japanese scale 2.92+0.34 3.00 £0.39 3.23+0.33
Colour - L* 51.53+4.70 50.70 +4.93 49.36 + 2.03
a* 0.87 £1.08 0.79+£0.61 0.57 £0.39
b* 8.13+1.19 8.38 £ 1.60 7.44 +0.81
WHC, % 35.65 +£5.10 34.79+£5.16 34.33+5.94
Cooking loss, % 15.19+£5.74 15.03 £5.55 15.36 + 6.85
Shear force, W-B 1.83+161 1.69 +1.37 146 +1.13
Drip loss, % 2.98 +1.05 2.30+£0.83% 3.23+0.77°

EM = entire males, SC = surgical castrates, G = gilts, EC — electrical conductivity, WHC — water

holding capacity

ab\/alues with different letters within rows are significantly different (P< 0.05)
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Table 3. Sensory evaluation of pork from entire males, surgical castrates and gilts

Item EM SC G
Odour 343+111° 3.86 +0.82" 4.00 +0.65°
Flavour 3.45 £0.88° 3.83£0.75° 3.79£0.86
Juiciness 3.53+0.86 3.80 +0.92 3.55+1.03
Tenderness 3.41 +0.84° 3.80 + 0.96 3.85+0.79°
Overall perception 3.36 +0.79° 3.76 + 0.86° 3.72+0.74
EM = entire males, SC = surgical castrates, G = gilts
ab\/alues with different letters within rows are significantly different (min P< 0.05)
Table 4. Sensory evaluation of fat from entire males, surgical castrates and gilts
Item EM SC G
Odour 2.64+1.13° 3.29+1.25 3.49+0.97°
Flavour 2.86 +1.03° 3.51+1.07° 3.42 +0.97°
EM = entire males, SC = surgical castrates, G = gilts
b \/alues with different letters within rows are significantly different (min P< 0.05)
Table 5. Concentrations of androstenone and skatole in the adipose tissue
Item EM SC G
Androstenone, pg/g 0.0079° 0.0009° 0.0018°
Skatole, pg/g 0.3562° 0.0350° 0.0830°

EM = entire males, SC = surgical castrates, G = gilts
a0 \/alues with different letters within rows are significantly different (P< 0.05)

Discussion

Pork quality between entire males and gilts in the presented study differed
significantly only in pHy in semimembranosus muscle. Significant difference
between entire males and castrates was found only for EC,, in the same muscle.
Trefan et al. (2013) reported difference between entire males and castrates for pHy,
in semimembranosus muscle. Nold et al. (1999) found significant differences
between boars, barrows and gilts. In the 100 kg final body weight boars had less
WHC and lighter colour than gilts, whereas in the 110 kg final body weight no
differences were observed in WHC and boars had a darker colour than gilts or
barrows. Higher proportion of dark, firm and dry meat from boars compared to
castrates or gilts is reported in the EFSA review (2004). On the other hand,
D’"Souza and Mullan (2003) did not find any differences between entire males and
surgical castrates in pH,, meat colour L*, a*, b*, and drip loss.

Significantly lower evaluation of samples from entire males and castrates
or gilts in our study was observed for pork odour, flavor, tenderness, overall
perception as well as for fat odour and flavour. Large study on consumer
acceptability of boar meat was performed in seven European countries (Matthews
et al., 2000). Consumers were dissatisfied 22 % of boar samples for flavour and 34
% for odour compared to 19 % and 28 %, respectively, for samples from gilts.



Proceedings of the 4th International Congress
New Perspectives and Challenges of Sustainable Livestock Production
202 October 7 -9, 2015.

These differences between entire males and gilts were relatively small. A lot of
studies found no differences in sensory quality between pork from entire males
with low levels of androstenone and skatole related to pork from gilts and castrates.
However, some studies reported lower acceptability of boar meat in spite of low
levels of androstenone and skatole (Bonneau et al., 1992; Babol et al., 1996; Siret
et al., 1997; Font | Furnols et al., 2008). Significantly higher androstenone and
skatole odour and flavour in meat of entire males than surgical castrates and
females were reported by Font | Furnols et al. (2009). Score for juiciness was also
lower in entire males compared to other two types. No significant differences in
odour and taste between entire males, surgical castrates, immunocastrates and gilts
were reported in the study of Jeong et al. (2008). However, pork from entire males
was less tender than that of surgical castrates and females.

The results presented in this study suggest that sensory properties of meat
and fat tissue were significantly worse rated in boars compared to gilts and
surgical castrates in spite of lower concentration of androstenone in entire males. It
seems that contribution of skatole to the boar taint was higher than that of
androstenone.

Conclusion

Pork quality of entire male pigs was very similar to that of surgical
castrates and gilts. Significantly lower values of boars were found only for
electrical conductivity in semimembranosus muscle compared to castrates and for
pH in the same muscle compared to gilts. However, large differences between
boars and castrates or gilts were observed in sensory traits. Consumers rated better
all these parameters except for juiciness in surgical castrates and gilts than in entire
male pigs.
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Kvalitet mesa i senzorna prihvatljivost svinjskog mesa i
masnog tkiva nekastriranih i kastriranih nerasta i nazimica

L. Bahelka, O. Bucko, E. Hanusova, P. Demo
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Rezime

Cilj studije je bio da se procene parametri kvaliteta svinjskog mesa, kao i
prihvatanje od strane potroSaca mesa i masnog tkiva nekastriranih nerasta (EM) u
odnosu na hirurski kastrirane (SC) i nazimice (G). Cetrdeset dve svinje, po 14 za
svaki pol, je sluCajno izabrano za eksperiment. Svinje su melezi landras krmaca i
nerasta jorkisir x landras. Od sedam legala, 6 prasadi je izabrano (2 EM, 2 SC i 2
G). Nakon dostizanja prose¢ne tezine pred klanje od 105 kg, svinje su zaklane u
eksperimentalnoj klanici. Vec¢ina osobina kvalitetnog svinjskog mesa koje su bile
predmet studije nisu pokazale nikakve znacajne razlike medu polovima. Medutim,
tri parametra se statisticki razlikuju izmedu grupa svinja - pH vrednost merena 45
min nakon klanja u semimembranosus misi¢u (MSM), elektri¢na provodljivost u
istom miSi¢a merena 24 Casa post mortem i kalo. Nazimice su imala najvec¢i pHys
MSM i nekastrirani nerasti najnizu (6,74 vs 6,48; P<0,05). Znacajna razlika
(P<0.05) u elektri¢noj provodljivost je utvrdena izmedu nekastriranih i kastriranih
nerasta (3,27 vs 4,83 uS). Kalo je bio znatno nizi kod kastriranih nerasta u odnosu
na nazimice (2,30 vs 3,23%; P<0.05). Znacajne razlike izmedu nekastriranih
nerasta i kastriranih ili nazimica, ili oboje, je zabeleZeno u svim senzornim
karakteristikama uzoraka mesa osim za so¢nost, kao i za ukus i miris masnog tkiva.
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Invited paper

Abstract: New regulations regarding the maximum limits of polycyclic
aromatic hydrocarbons (PAH) have caused a huge dispute among the processors
and academics, causing confusion of the consumers. This work explains the history
of the new regulations, their development and changes in recent years. It highlights
the most important factors influencing PAH formation in traditionally smoked meat
products and the methods to reduce their content in the final product. The study
also summarizes and explains why the new regulations caused such a concern of
the traditional processors and provides the insight about the problems associated
with the new PAH regulations.

Key words: polycyclic aromatic hydrocarbons (PAH), traditionally
smoked meat products

Introduction

Polycyclic aromatic hydrocarbons (PAHSs) constitute a large class of
organic compounds that are composed of two or more fused aromatic rings (EFSA,
2008). When in 1866, Friedrich August Kekule von Stradonitz discovered the
structure of benzene, it has become the basis for the description of the structure and
properties of numerous and important group of organic compounds known as
aromatic compounds, especially the polycyclic aromatic hydrocarbons (PAH).
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Those include hundreds of compounds, occurring naturally in nature and in food
products. They are a constant contaminants of the environment, which are created
through incomplete combustion of hydrocarbons for example during forest fire or
volcano eruption but also during waste incineration, asphalt production, cigarettes
smoking or burning of wood, so naturally also during smoking (Dutkiewicz, 1988).
European Pollutant Release and Transfer Register (PRTR) on the basis data
collected in 2011 among the EU countries, has estimated the benzo[a]pyrene
(BaP) emission into the atmosphere on the level of 222 tons, and pointed that the
highest emission sources are wood pulp and other fibrous products production
industry and thermal power plants and other fuel combustion installations, which
are responsible for almost 70% of PAH emission into the atmosphere (Kiljanek et
al., 2014). These PAH particles since the moment of emission are subjected to
many chemical reactions and are deposited in the soil, on the surface of the plants
and dissolving in water. Through those routes they are consumed by animals and
humans. The animals research have shown that PAH can damage the cell genome
and cause cancerogenesis. One of the features of some PAH is the presence of high
electron density areas called “bay region”, which allows for creation adducts from
the DNA of living organisms, which negatively affects the cell replication. The
consequence is the long-term cancarogenesis. The most important PAH are:
naphthalene, anthracene, phenanthrene, chrysene, naphthacene, pentacene, pyrene,
BaP andhexacene (Kubiak, 2013). Sinha et al. (2005) provide the evidence that
dietary BaP intake plays a role in colorectal adenoma etiology. Those compounds
can migrate through direct and indirect route into the food products,. The direct
route consists of absorption of those compounds by plants from the soil and
through the fall of PAH from the air with dust and rain - Table 1 and 2. The
indirect route is usually associated with processing such as smoking, or drying of
cereals in dryers powered by petroleum or through contamination of food additives
with PAH.

The research performed by University of Warmia and Mazury in Poland
(Wieczorek and Wieczorek, 2011) showed that 52.9% of daily consumption of
PAHs comes from consumed grain products, 13.4% from meat and meat products,
8.7% from fats, 8.5% from milk and dairy products, 6.6% from vegetables, 4.2%
from potatoes and 4% from fruits. In Tables 3 and 4 the contents of polycyclic
aromatic hydrocarbons (PAHS) in food products are shown.
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Table 1. Polycyclic aromatic hydrocarbons (PAHS) in the environment — soil. (Kuna, 2011)

PAHs Standard(ug/kg) Scope (ng/kg)
Naftalen 100 5-87
Fenantren 100 22-763
Antracen 100 7-222
Fluoranten 100 26-1112
Benzo(a)antracen 100 7-153
Chryzen 100 16-386
Benzo(a)piren 30 11-159
Benzo(b)fluoranten 100 26-336
Benzo(k)fluoranten 100 8-202
Benzo(ghi)perylen 100 11-87
>PAH 1 000 115-3143

Table 2. Polycyclic aromatic hydrocarbons (PAHSs) in the environment — rainwater. (Kuna,

2011)
PAHs Standard(ug/L) Scope (ug/L)
Benzo(a)piren 0.1 0.01-0.11
Benzo(b)fluoranten 0.03 0.01-0.23
Benzo(k)fluoranten - 0-0.08
Benzo(ghi)perylen 0.002 0.01-0.14
Indeno(1,2,3cd)piren - 0-0.08

0 - The limit of quantitation — 0,5ng/L
Table 3. Contamination of food products Bl[a]lP  (ng/kg?)  (Wilczyrhiski,

http://wsse.krakow.pl/strona2/index.php/publikacje)

Food product

Concentrations B[a]P (ug kg™)

Apples from the area clean

Apples from orchards in the area of urban

Margarine
Cabbage
Tea leaves
Bread
Lettuce
Toast
Dried flour

Natural roasted coffee and cereal coffee

0.2-0.5
30-60
1-36
25-40
21
1
3-12
0.5

1-13
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Table 4. Concentrations (ng/kg? wet weight) of benzo(a)pyrene (B[a]P) and 4PAH
(benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene and chrysene) in different liquid

and solid food samples

Food samples B[a]P 4PAH (B[a]P + References
B[a]A + B[b]F + Ch)

Pomace oil 2.28-2.39 No data EFSA, 2008
Coconut crude oil 40.6 263.6 Wegrzyn et al., 2006
Coconut refined oil 0.1 0.1 Wegrzyn et al., 2006
Rape-seed oil (cold pressed) 4.35 20.18 Wegrzyn et al., 2006
Universal oil (refined rape-seed) 0.24 1.49 Wegrzyn et al., 2006
Olive 0.69 4.12 Wegrzyn et al., 2006
Sunflower oil 0.27 0.93 Wegrzyn et al., 2006
Soya-bean oil 0.98 4.59 Wegrzyn et al., 2006
Smoked sausage 0.29 0.72 Wegrzyn et al., 2006
Smoked white cottage cheese 0.77 3.95 Wegrzyn et al., 2006
Smoked sprats 12.0 63.5 Wegrzyn et al., 2006
Milk powder 0.28 1.09 Wegrzyn et al., 2006
Bread and flours samples 0-16.5 No data Al-Rashdan et al., 2010
Bread 0.16-19.1 No data Ciemniak and Chrgchol, 2008
Cornflakes 0-0.12 No data Ciemniak and Chrgchol, 2008
Oatmeal Trace No data Ciemniak and Chrgchol, 2008
barley flakes 02-04 No data Ciemniak and Chrgchol, 2008
Musli trace— 1.8 No data Ciemniak and Chrgchol, 2008
Crunchy trace-1.07 | No data Ciemniak and Chrgchol, 2008
Hams - industrially smoked 0.37 No data Ciecierska and Obiedzinski, 2007
Cooked cured loins 0.30 No data Ciecierska and Obiedziniski, 2007
Raw cured loins 0.32 No data Ciecierska and Obiedzinski, 2007
Medium-ground sausages 0.89 No data Ciecierska and Obiedzinski, 2007
Ayam bakar 2.57-6.46 28.9-51.1 Farhadian et al., 2010
Ikan bakar 0-1.23 9.36 - 15 Farhadian et al., 2010
Beef satay 7.34-125 | 81-132 Farhadian et al., 2010
Beef kebab 0-0.84 9.36-15 Farhadian et al., 2010
Chicken kebab 0-2.83 8.23-204 Farhadian et al., 2010
Cereals 02-04 No data EFSA, 2008
Chocolate 0.3-0.32 No data EFSA, 2008
Dried tea 8.37-8.39 No data EFSA, 2008
Barbequed mea 1.92 No data EFSA, 2008
Spices 3.50 No data EFSA, 2008
Lard and dripping 0.4 No data European Commission, 2002
Beer 0.04 No data European Commission, 2002
Cereals bran 54 No data European Commission, 2002
Sugar and sweets 0.15 No data European Commission, 2002
Grapes 15 No data European Commission, 2002
Grilled meat 157 No data European Commission, 2002
Smoked herring 8.4 No data European Commission, 2002
mussels from shellfish farm 5.9 No data European Commission, 2002
Kale 4.2 No data European Commission, 2002
Chicory 3.0 No data European Commission, 2002
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Oliver 11.3 No data European Commission, 2002
Smoked pork chop No data 1.18 Miculis et al., 2011

Nuts ham-rolle No data 1.82 Miculis et al., 2011

Pork ham in net No data 2.84 Miculis et al., 2011

Breakfest ham No data 8.22 Miculis et al., 2011

Herring (smoked) No data 20.2 Miculis et al., 2011

Sprats in oil (smoked) No data 18.14 Miculis et al., 2011

Cod (smoked) No data 7.05 Miculis et al., 2011

Salmon (smoked) No data 4.34 Miculis et al., 2011

Hot smoked salmon fillet 18.73 53.92 Food Standards Agency, 2012
Smokies 129 39.62 Food Standards Agency, 2012
Roast smoked merguez sausage 2.14 6.4 Food Standards Agency, 2012
Smoked chicken breast 11 3.45 Food Standards Agency, 2012
Soup mix 1.26 3.0 Food Standards Agency, 2012
Muffle (t = 15 min) 12-21 No data Rey-Salgueiro et al., 2008
Sausage - traditionally smoked 05-6.1 <34 own research data

Ham - traditionally smoked 05-5.6 <26 own research data

Bacon 05-26 <16 own research data

Kabanos 05-64 <34 own research data

The median dietary exposure across European countries was calculated
both for mean and high dietary consumers and varied between 235 ng/day (3.9
ng/kg b.w. per day) and 389 ng/day (6.5 ng/kg b.w. per day) respectively for
benzo[a]pyrene alone, 1168 ng/day (19.5 ng/kg b.w. per day) and 2068 ng/day
(34.5 ng/kg b.w. per day) respectively for PAH4 . The two highest contributors to
the dietary exposure were cereals and cereal products, and sea food and sea food
products (EFSA, 2008).

Moreover, one burned cigarette equals 0.16 pg/kg of BaP, so smoking of
the whole pack of cigarettes equals 3.2 pg/kg absorbed by the human organism.
Smoking one pack of unfiltered cigarettes per day vyields 0.7 pg/day
benzo(a)pyrene exposure. Smoking a pack of filtered cigarettes per day yields 0.4
ug/day (Sullivan and Krieger, 2001).

The research on the toxicology of PAH has caused the Scientific
Committee on Food of European Commission in 2002 to recognize 15 PAH
compounds as genotoxic an cancerogenic for humans. In 2005 the Joint
FAO/WHO Committee on Food Additives had 13 out of prevoiously mentioned 15
compounds as genotoxic and cancerogenic. The Directive 208/2005 has introduced
the maximal limit (ML) of BaP in food. For smoked meat, meat products, fish and
fishery products the ML was established as 5.0 pg/kg and for unsmoked fish as 2.0
ug/kg. By answering the call of EU recommendation no. 2005/108/WE to further
analyze the levles of 15 PAH in food products, 18 member countries have provided
approximately 10 000 results of PAH analysis. Poland did not provide any result,
despite the fact, that traditional smoking is the most common in this country. The
elaboration of the acquired results was carried out by European Food Safety
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Authority (EFSA), which concluded that it is possible to exacerbate the current
PAH limits. In the Directive 1881/2006, the ML for BaP had not changed, and it
had been concluded that since there is no threshold dose for genotoxic compounds,
the levels of PAH should be as low as reasonably achievable (ALARA). This also
included the compounds used in medicine. Due to EFSA recommendations, that the
ML for PAH could be exacerbated, the following law regulations have been issued:
e  Commission Regulation 835/2011 of 19 August 2011, amending Regulation
(EC) No 1881/2006 as regards maximum levels for polycyclic aromatic
hydrocarbons in foodstuffs

e  Commission Regulation No 836/2011 of 19 August 2011amending Regulation
(EC) No 333/2007 laying down the methods of sampling and analysis for the
official control of the levels of lead, cadmium, mercury, inorganic tin, 3-
MCPD and benzo(a)pyrene in foodstuffs

e  Commission Implementing Regulation (EU) No 1321/2013 of 10 December
2013establishing the Union list of authorised smoke flavouring primary
products for use as such in or on foods and/or for the production of derived
smoke flavourings

The Regulation 835/2011 has introduced from 1% September 2012 the new
limits for BaP and the sum of 4 PAHs as 5.0 ug/kg and 30.0 pg/kg respectively for
smoked meat and fish products (with exceptions), which have been further reduced
from 1* September 2014 to the level of 2.0 pg/kg and 12.0 pg/kg respectively. The
exacerbation of the limits seems well funded, but if the whole BaP and PAH
dispute is supposed to protect the health of the consumers, then why:

e (Cocoa seed and its byproduct (chocolate) have limits of 5.0 ug/kgBaP and
30.0 pg/kg of 4 PAH, even though children consume higher amounts of those
products then of smoked meat products. The explanation provided in
Commission Regulation 835/2011 L215/5 (17), that it is mostly due to
inappropriate process of drying of cocoa seed, does not seem justified.

e Smoked sprat will be subjected to old, higher limits of 5.0 pg/kg and 30.0
ug’kg meanwhile Polish carp will be subjected to exacerbated limits.
Similarly, smoked clams will be subjected to mitigated limits (6 pg/kg of BaP
and 35 pg/kg of 4 PAH).

e Coconut oil has mitigated limits of PAH (20.0 pg/kg of 4 PAH) while Polish
rapeseed oil have exacerbated limit of 10 pg/kg of 4 PAH.
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Moreover, one burned cigarette equals 0.16 pg/kg of BaP, so smoking of
the whole pack of cigarettes equals 3.2 ug/kg absorbed by the human organism. So
a pack of cigarettes provides more PAH than 1 kg of traditionally smoked sausage.

The actions performed by Polish Association of Traditionally Smoked
Products Processors (ATSPP) and mutual cooperation in order to derogate the
Commission Regulation 1881/2006 of such countries as Ireland, Spain, Croatia,
Cyprus, Latvia, Poland, Portugal, Romania, Slovakia, Finland, Sweden, and United
Kingdom, resulted in issuing a new Commission Regulation (EU) No 1327/2014 of
12 December 2014 amending Regulation (EC) No 1881/2006 as regards maximum
levels of polycyclic aromatic hydrocarbons (PAHSs) in traditionally smoked meat
and meat products and traditionally smoked fish and fishery products.

Ireland, Spain, Croatia, Cyprus, Latvia, Poland, Portugal, Romania, Slovak
Republic, Finland, Sweden and the United Kingdom may authorise the placing on
their market the traditionally smoked meat and smoked meat products, smoked in
their territory and intended for consumption in their territory with levels of PAHs
higher than those set out in point 6.1.4. of the Annex Commission Regulation (EU)
No 1327/2014, provided that those products comply with the maximum levels
applicable before 1 September 2014, i.e. 5,0 ug/kg for benzo(a)pyrene and 30,0
ug/kg for the sum of benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene and
chrysene. Simmilarly Ireland, Latvia, Romania, Finland, Sweden and the United
Kingdom may authorise placing on their market the traditionally smoked fish and
smoked fishery products, smoked in their territory and intended for consumption in
their territory with levels of PAHSs higher than those set out in point 6.1.5. of the
Annex, provided that those smoked products comply with the maximum levels
applicable before 1 September 2014, i.e. 5,0 ug/kg for benzo(a)pyrene and 30,0
ug/kg for the sum of benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene and
chrysene.

Those Member States are obliged to continue the monitoring of the presence
of PAHs in traditionally smoked meat and smoked meat products and shall
establish programmes to implement good smoking practices where possible, within
the limits of what is economically feasible and what is possible without losing
typical organoleptic characteristics of those products.

Within 3 years from the application of the Regulation, the situation will be re-
assessed, on the basis of all available information, in view of determining a list of
smoked meat and smoked meat products for which the derogation for local
production and consumption shall be continued without a time limit.

On this basis, the Polish Ministry of Agriculture and Rural Development
issued Regulation No 1845 of 15 December 2014 regarding veterinary
requirements during the production of smoked meat products in relation to the
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maximum contamination limits of Polycyclic Aromatic Carbohydrates (PAH).
Until the 31% of August 2017 it is allowed to produce and introduce into the
market, only on the territory of Poland, smoked meat product, produced only in
Poland, without the addition of smoke aroma in which the critical limit of
contamination for: BaP is not more than 5.0 pg/kg and the sum of 4 PAH
(benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene and chrysene) does not
exceed 30.0 pug/kg. Traditionally smoked meat products, to which the exception is
applicable are marked with special square-shaped veterinary sign.

This regulation is a compromise, which gives time for a thorough monitoring
of the PAH level contamination within the traditionally smoked meat products.

Smoking is a process of saturating with smoke the food products which

have been cured or salted and dried. The saturation with smoke ingredients may
take place by the means of diffusion from the smoke-air mixture, through
application of liquid layer on the surface of a product or through addition of liquid
smoke into the fragmented product. The synergic effect of smoke, temperature,
sodium chloride and other chemical compounds provides the smoked product with
specific favorable aroma and taste. Drying, especially surface drying, increasesthe
nutritional value and gives antiseptic properties to the food product, increasing its
shelf-life. Dehydration of the product reduces the water activity thus preventing the
bacterial and fungal growth and inactivates the enzymes. The protein denaturation
upon exposure to the high temperature makes the product more favorable for
consumption. The following main techniques of smoking are currently used:
1. Smoking in air and smoke environment

e Conventional (regular) — in neutral air and smoke environment
e Electrostatic — in high voltage electric field
2. Smoking in smoke solutions (liquid smoke) (Kofakowski, 2012)

Smoking in air and smoke environment includes also the traditional
smoking, which takes place in traditional smoking chambers, where the smoke and
heat is generated through burning of thick pieces of deciduous tree wood, with
proper humidity. The furnace is located inside the smoking chamber, and above it,
in certain distance, the product is hanging on the smoking sticks. Smoking in the
air and smoke environment can be further divided into cold smoking (16-22°C),
warm smoking (22-40°C) hot smoking (40-90°C) and hot smoking connected with
baking. In industrial conditions, the smoke is generated through incandescence,
friction, steaming or fluidal pyrolysis of sawdust or smoking chips (Pisula and
Pospiech, 2011). Smoke consists of few hundreds of compounds which can
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favorably influence the quality of smoked product, be neutral for the consumer or
can be potentially hazardous for the consumers health. Formaldehyde, which
comes from smoking, reacts with proteins, reducing their digestibility, in the
oversmoked products. During smoking, phenols, play a crucial role in the creation
of specific sensory properties of the smoked product. Moreover they exhibit strong
antioxidant properties.

What is traditional smoking? We propose the following definition: Traditional
smoking is a process, performed in accordance with artistry and knowledge of local
producers, which includes drying, cold, warm and hot smoking and hot smoking
and baking, to receive pale, dark, brown, cherry etc. color, depending on centuries
old local tradition, conducted in traditional smoke chambers, in which the smoke
and temperature is generated from burning of thick deciduous tree wood, with
proper humidity in a fireplace located directly inside the chamber and above which
in a certain distance the smoked and processed product is located, hanging on the
smoking sticks.

The preliminary monitoring performed by Veterinary Inspection in 2014
showed, that 38% of studied smoked meat samples exceeds the nee limits (65 out
of 170, from which 51 were sausages). On the basis of our research and research
performed by the producers, we can report that the final effect of the smoking, thus
the amount of PAH in the final product depends on number of factors, from which
the most important are:

. Raw material — research suggest that raw meat contains from 0.0 — 0.9 pg of

BaP/kg. This can be the effect of contamination of soil, water and air and

accumulation of PAH in the plants which constitute of animal fodder (Kuna,

2011).

. Type of raw material and fat content — poultry meat products contained
lower amounts of BaP (0.9 pg/kg) than in pork meat products. Waszkiewicz-
Robak et al. (2014) concluded that the overall amount of PAH which are
formed during smoking of product increases when the raw material contains
more fat. Moreover they reported that the amount of so called heavy PAH,
which are formed during smoking, depends on the fatty acids composition of
the raw material and is positively correlated with higher unsaturated fatty
acids content. The addition of oils into the animal fodder (such as fish or
flaxseed oil) influenced the changes in fatty acids composition, which in
turned increased the PAH formation during smoking, especially the heavy
PAH, such as BaP. This could also be caused by the contamination of
vegetable oils with PAH (Ciecierska and Obiedzinski, 2006). There is a
necessity of determination of the PAH level in individual food products,
since in the EU reports, which were published in 2004 and 2008, there was a
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lack of the PAH level in the smoked food products and in the environmental
samples from Poland. The lowest PAH contamination was detected in
poultry products which indicates the great importance of the effect of raw
material that is smoked. Poultry products are usually subjected to mild
smoking, applying different parameters than it is in the case of other meats
(Kubiak, 2012).

Type of meat product — type of sausage, its thickness and composition have
influenced both the amount of BaP and the total PAH. The most problematic
sausage is the kabanos sausage — Polish long, thin dry sausage. Large
surface, low mass and thin profile cause high fluctuations in PAH content:
the BaP content ranges from 0.9 pg/kg (poultry kabanos) till 9.1 pg/kg while
the sum of 4 PAH reaches 45.0 pg/kg. Only short smoking followed by
baking allowed to reduce the amount of those compounds

Spices and food additives — the quality of spices, drying method, the quality
of added soy protein or fiber affects the quality of the final product.
According to Kubiak (2013) the more common use of smoking additives to
improve the quality and sensory properties of the product has become a
significant source of PAH in meat products.

Type of casing — natural casings are not a barrier for the PAH during
smoking. Moreover, during analysis, the sausage is grinded together with the
casing, which is treated as an edible part of the sausage. The use of collagen
protein casings in the same sausage significantly reduces the amount of PAH
inside the product. Moreover the use of collagen protein casings with thick
overprint reduced the BaP in the sausage to 0.9 pg/kg and the sum of 4 PAH
to 8 pg/kg. During the analysis, the sausage is grinded without the casing
and the overprint acts as a barrier for the PAH. In order to reduce the PAH
content in the meat products, processors should use the artificial casings
which stop the PAH on the surface and decrease their migration into the
inner layers of the product. The cellulose casing in much higher degree stops
the smoke compounds from migration into the product. However the
traditional products in artificial casing might not be accepted by the
consumer.

Type of heat treatment — this parameter is connected with the smoking
temperature. Fast smoking, so called “smoke peck” and then baking in 85°C
reduces the amount of PAH, so that the product does not exceed the new
limits. This method is recommended especially to smoke meat products with
high fat content such as beacon or sausage.
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Smoking temperature —generally, the higher temperature of smoking, the
more PAH in the final product. The content of BaP during cold and warm
smoking was reported to decrease (approx. 1.7 pg/kg). Pale smoking
however resulted in a loss of attractiveness for the consumers. Consumers in
Lesser Poland and Subcarpathia are used to meat products with dark, brown
or cherry smoking color, depending on the local tradition, while the pale
smoked products are treated as not fully smoked or unfinished.

Drying degree — our research performed on smoked meat products and
sausages which surface was not dried before smoking showed higher
accumulation of PAHs (up to 10 pg/kg of BaP and 85 pg/kg of sum of four
PAHSs) while when the same products with previously dried surface in the
temperature of 80°C for around 90 minutes contained much lower PAH
content (1.8 pg/kg of BaP and 21 ug/kg of the sum of four PAHS). The wet
surface of the casing accumulates more smoke ingredients, especially of the
so called thick smoke.

Type and construction of the smokehouse —the subject of new smokehouse
construction, which includes moving the fireplace out of the smoking
chamber and using alternative smoking methods, often recommended by
various experts, is the attempt to destroy the local tradition and to eliminate
the traditionally smoked products in the area. This is in direct contrast to the
idea of so called “Small Homelands” and preservation of local tradition and
heritage propagated by the European Union. Those ideas suggest
preservation of traditionally smoked products. Moving the fireplace out of
the smoking chamber is the favoritism of cold and warm smoking.
Suggesting that meat products from Lesser Poland and Subcarpathia are
dripping with tar and burned fat shows ill will. Almost every smoker and
meat processor will not allow the drip of fat from the product, because such
product would lose its succulence and taste — the basic sensory attributes,
and will be unacceptable for the consumer. Intense drying of the product in
60-80°C and then smoking and baking in 75-80°C leads to “closing of the
product” and will prevent the fat loss.

Smoking wood - the type, hardness and humidity. The best smoking effect is
achieved on the wood from fruit trees, which is acquired from chopping
down old trees or yearly undercutting of the fruiting trees, especially plum-
tree, cherry-tree, gean-tree, apricot-tree or apple-tree, because the wood of
those trees is rich in hemicellulose. The highest hemicellulose content is
present in apricot-tree (approx. 40%), apple-tree (37%) and pear-tree (32%),
while the hemicellulose content of non-horticultural trees is usually between
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25-30%. Walnut-tree should be avoided due to intense bitter taste of the final
product. Wood type also influences the color of the final product. Smoke
from beech, maple ash-tree or linden gives the product a specific golden-
brown or golden-yellow color, while the smoke from pear-tree or apple-tree
gives red to dark brown color. Oak wood smoke provides dark-gold to
brown color. In Poland, the trees which are most commonly used for
smoking is alder, which gives a specific color — from lemon to brown,
depending on the smoke concentration. Moreover, when alder humidity is
not appropriate, it has the tendency to tar the product. Alder is a cheap and
efficient wood, which also contains low levels of tannins (3-5%), which
results in low bitterness of the final product. The recommendation of using
the hard wood for smoking has its grounds, because during pyrolysis of hard
wood the formation of BaP is reduced 1.5-4.5 times when compared to soft
woods (pine, fir) (Kowalski and Pyrcz, 2006). Hard wood, with tight
structure burns more slowly, and the volatiles formed during such process
are less prone to oxidation into carbon dioxide, as it happens when burning
the soft wood. The wood for smoking should have hardness of >40 MPa and
volumetric mass density of 0.500 g/cm®. Such parameters are met by various
deciduous trees such as ash-tree, beech, hornbeam, maple, oak, elm, acacia
or pear-tree because with increase in wood hardness there is also an increase
in efficiency of acquired smoke compounds. Oak tree seems controversial,
due to high tannin content of 4-10% in the wood, 5-17% in the bark and 20-
45% in the leafs (Surminski, 2000). Not every consumer, especially in Lesser
Poland, tolerates the bitter, “oakish” taste of meat products. The wood used
in smoking should be dry, which means its humidity should range between
15-20%. The use of wet (above 30% of humidity) and dry (less then 10% of
humidity) should be avoided. Also it should be prohibited to use moldy
wood, wood with putrefaction etc. Wood from dismantling of old house also
should be avoided.

Smoke generation techniques — the traditional smoking is dependent on the
atmospheric conditions. Humidity, temperature and movement of air outside
of the smokehouse will affect the final result of the process, because it
affects the temperature of wood combustion. The use of modern industrial
smoking chambers with smoke generators eliminates the problem of
ensuring the proper combustion temperature, meanwhile in traditional
smoking this process has to be maintained by the skills and experience of the
smoker.

Wood burning temperature — the detectable amounts of PAH are reported in
the temperature above 400°C however BaP appears clearly only after
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reaching 500°C (McGrath, 2003) with the peak of formation within 800-
900°C. Product smoked in the smoke generated in high temperature could be
hazardous for consumers health, since it contains higher amounts of PAH,
but also the product is less aromatic. The maximum temperature of wood
combustion should not exceed 425-450°C (Kowalski and Pyrcz, 2006).
Furthermore, the smoke acquired with small air inlet contains lower BaP
content than the smoke generated with full air inlet. Due to this it is
important to install air flow regulating latches into the smokehouse. The
speed of volatiles evacuation from the combustion area also influences the
amount of PAH in the final product. The smoke generated in low
combustion (pyrolysis) temperature contains higher amount of acids and
lower amount of phenolic compounds. Meat products smoked in such way
are characterized by acidic aroma and loose, less preferable texture of meat.

The sample collection method — the sample collected for the analysis should
be uniform and representative. Samples of meat products which are closer to
smoking stick (sausage hanging on the stick), contained lower PAH content
then the sample of the sausage collected further from the stick. This is
particularly important in sausages, because the fat settles on the lowest parts
of the product. The research shows that the PAHSs content in the inner part of
a product is statistically significantly lower comparing to the outer part of
the same product. The PAHSs penetration is not so intensive, so peeling the
casing off decreases significantly the PAHs content in the product.
(Ciecierska and Obiedzinski, 2012). The methods and techniques of sample
collection for PAH analysis are regulated by the Commission Regulation No
836/2011.

Analysis methodology — accredited laboratories which analyze the PAH
content in food products of animal origins use different analytical methods:
gas chromatography with mass spectrophotometry or HPLC. Despite the
validation, those methods are incomparable (Wenzl et al., 2006).

In the case of traditional smokehouses, based on natural air flow or
convection, the critical point in reduction of PAH in the final product is the
experience and skills of the smoker, who has to control the conditions of
combustion. Experts’ advices are valuable, but should be based on their own
experience. Traditional smokehouse and traditional smoking is not the same,
as modern computerized industrial smoking chamber.
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Conclusion

Polycyclic aromatic hydrocarbons (PAHS) are a group of over 100 different
chemicals. They may be dangerous for humans and animals that is why the
regulations limiting their content in food are implemented. The most important
PAHs are: naphthalene, anthracene, phenanthrene, chrysene, naphthacene,
pentacene, pyrene, BaP andhexacene. They are constant contaminants of the
environment, which are created through incomplete combustion of hydrocarbons
for example during forest fire or volcano eruption but also during waste
incineration, asphalt production, cigarettes smoking or burning of wood, so
naturally also during smoking. Into the food products, those compounds can
migrate through absorption of those compounds by plants from the soil, air with
dust and rain, with processing such as smoking, or drying of cereals in dryers
powered by petroleum or through contamination of food additives with PAH.

Meat and meat products smoked traditionally may contain more PAHs and
the amount depends on many factors. Polycyclic aromatic hydrocarbons (PAHS)
are natural antioxidants , so reducing their content in meat products may cause the
decrease of the products’ shelf-life. Moreover PAHSs influence the flavor of smoked
products and lowering the PAHs content, by changing the smoking technology,
may lead to creating a new product, which may not be accepted by the consumer.

Nivo policikli¢énih aromati¢nih ugljovodonika u hrani -
Tradicionalno dimljenje mesa i mesnih preradevina

W. Migdal, M. Zajgc, E. Wesierska, J. Tkaczewska, P. Kulawik, M. Walczycka, B.
Prudel, £. Migdal, A. Migdat

Rezime

Novi propisi u vezi maksimalne granice policikli¢nih aromati¢nih ugljovodonika -
PAU (PAH) izazvali su veliki spor izmedu preradivac¢a i naucnika, izazivajuci
konfuziju potrosaca. Ovaj rad objasnjava istoriju novih propisa, njihov razvoj i
promene u poslednjih nekoliko godina. On naglaSava najvaZnije faktore koji utic¢u
na formiranje PAU (PAH) u tradicionalno suvomesnatim proizvodima i metoda za
smanjenje njihovog sadrzaja u finalnom proizvodu. Studija takode rezimira i
objaSnjava zaSto su novi propisi izazvali takvu zabrinutost tradicionalnih
preradivaca i pruza uvid o problemima u vezi sa novim PAU (PAH) propisima.
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