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Osszefogl al as

Vi zsgal ataink foémeé€l gt eanignedhejt 24 k@dzthiazéddi ( 3A9E
szub-k r 6ni kus toxi kus hatasainak felderitése vol
Azel s6dl egesen al kal nOE@D286tos etnmebsr zi t6 t eogkyi knodlodhogsi i ati o tv
ami vel az a@aaydepxiakintm | bhmh &ts t aeule chéhéaplgaemjian A
el k é snk iegy entétgriya p o s expolz@ c( 6 etud laing g krolmdamimi t r & c i ¢
meghat @&hozuzdk lUCaillétve Caoeér t ékeket . aAmoesali sS&s ame
kil ombdmbl et alis tuneteket is megfigyeltik

A kapott akut er edmény aaklaaspzjdabna na ak ivskéerél geatketks anr
hat asai tegy z33 anvaipzksgg aldakittabdt e médmazott zREED cent r 4
236-0s tesztjeal apj A M2 Okraapso €€ ék al at't hat aroztak meg.
alacsonyabb koncentraci 6 esetén mae@fdit @ke [éEH ett

voltakmér et bel i kiUl 6nbségek és jell emziés zvoorl yti tav g.i
A Vvizsgéal at okat har o omalon folstatuk.ghetaszt kairsa nz erbe cafdiagy e
volt a -8A9EGQGe@wlanntvesezkedrr osi t 6 hat dsa a | &arvak 7
Az eredmények toxi kol 6gi aidtszemnp gt b @lt nlkakmmal &8>
mel | ékter mékekkel kapcsol at ban, val ami nt me g ¢
toxi kol 6gi ali vi zsgal at a, mer t hosszan tarto f
emberre is.

Kulcsszavak: wizzZ tiit a s i mel | éktermék, toxi kol dgi a, ze¢e

Investigation of effects caused by water disinfection byproduct (3-Amino-9
ethylcarbazole) on zebrafish using toxicological tests and gene expression analysis

Abstract

The aim of this study was the investigation of toxic effects of 3-Amino-9 ethylcarbazole (3A9EC)
water disinfection byproduct. Tests were carried out according to the modified OECD
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(Organisation for Economic Cooperation and Development) guideline (No. 236) in order to detect
the acute and sub-chronic toxic effects of 3A9EC.

At the end of exposure, LC50 and LC10 values for embryo mortality were determined.

Next, a subchronic assay of 33 days was conducted to study the lethal and sub-lethal effects of
3A9EC on the early life stage of zebrafish. On the basis of acute test results, embryos were exposed
to two test concentrations below the 72h LC1o. At the end of the test, only those individuals survived
which were treated with the lower concentrations of 3A9EC. Treated embryos showed
developmental malfunctions, differences in size and depigmentation compared to the control
group.

To observe vascular and nervous system effects, experiments were conducted on three transgenic
zebrafish lines. Impairments were only detected in 72 hours post fertilization (hpf) larvae.
However results provide complex information on the toxic effects of 3A9EC, it seems that the
substance could be potentially harmful to living organisms including humans, so further
experiments are needed.

Keywords: zebrafish, toxikology, water disinfection byproduct

l rodal mi &ttekintés

Amegfelel 8 mimé&lskeiglio zihvedtveitzl en az eimbeviiz sz
megf el el 6 mi n6s égénaekl eed féarétsces aélrbd elké&&péesn a f ert ¢
karosomgd&mioz mus ok césaakk eilg,y apzuosnzbtaint haazt el j &r as
egészségre vaszeémeges kelketkemekiAe Kkt I6tr és vegyul et ei
torténdé fert &till Amgiotnéss za&d esg &Vz2 bay elizvérejredt )
méds&€ant 6r ,¥8) mt sali

Afertétlenités sor an kel etkezé vegyill et ek
(Richardson, 2002), melyekk 6 zcsakk e v és anyagitzexgidk alt @gi kiezdt ék
lehet mi nden anyagr a hat ar ért éket bevezetni. A
Ggynevezett ., ] el zd§” vegyul etekre all apitott ak
csoportjuk | egnagyobb mennyi ségben jjggliertle&y b
mel yek nem esnek szabalyozéas al a,nectekm&tbamolk
jodo-t ri hal omet anok, hal of uranonok, hal opirrol ol
halonitr i | ek és rWotor 6é&zsa sdh S\dme ( | ékt er mékek hat asar
szervezet egész élete foleyamarthbie sa@dppbav der E
i1l etve bellLénl eggsaie MAWOBIEF aln a vegyidl et ek reprod
befolyasol 6, mut alwy@&tna sviaagky iksarilce metgre ek , ezeért
min6ségének vizsgalata. A kémiai vizsgéalatok |
(Ni euwenhui j2608)n és mt sai

A viztisztitas soran keletkezd mell ékt er mé
vegyul et ekkel kapcsol at os intvivor édinbvitro tkouxt i akt oal séogki ha
model |l eket al kal maznak. Labor at Giroiluéngziorshsal a k a't
kutatas kil 6nbodz6é teridletei Berghalmamis2008)sfa mt s & i |
|l egt 6bb v yul et , amely rakkelté réagcsal okba
hal akban, s az okozotatkraonssigiymculoattu jded ganmae
fajokban (Si mo n s1B8&8g)s A kedvezd bi ol 6Daniarerio) el | em
a | eggyakrabban hasznal't hal f aj a toxi kol 6¢
anyagkever ékek kdr@asarhaat iAs aielgak ma 2t dakhp& z 6 a n saz
vonalakat.t A t raszgeni kus vonal ak al kal mazasaval | eh

eg
é
e
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kifef t ette toxi kus Hhadtzésgarnakat vi gesggyh Heamgyhaegpadéiz er
maj kar oss At WahmadAaasukkal p dkaphatonkegybebg yi nvfeaognyoiid ceito k &
hat dsar 61

Mi v el azv all a sad tumtkt viztisztitasi mel | ékter mé
Vi zsgal ad damino®-€étilkgrbazpl hat s anak f, &l ldoéenlti @ zédsleo Ivoodita
moéds zabkak mazasaval

Anyag és moédszer

Ki sér | etbie naultladtreiasriayg €is ko6r 0l ményei
A beol dasi vizsgal at ok -amioorO-atitkarbazol (BAOEQ)ep as zt al
ol dédi k j 6l v i zshiléoxid, (DMEQ@)on Wadrs z @ ir metl iklal maz as aval
Vi zsgal etgayi nwwkahdozt i pusd AB, valamint harom kdal 6n
Az anyahalakatd | | and 6 4t fediyralsul &d izAD sroedd sDdréebherds 14
ciklusban tartjuk ( Ze b Te c, Tecnipl ast Il nc. ) . |l var -36szeri nf
egyed keriul el helpezéareH XK,d4itD, 25+t0, oMgii€t 6k ép
két szer Kkapponta k islzlartavze thaet e WitemiashliBa). al kal ommal s
C

Vad tipus, kifejezetten | aboratoéoriumi vVvizsg
hasznalt all omany wutdédai bodl szarmazi k. Ahhoz,
labor at 6ri umi vizsgal atokra, mentesiteni kellett
tobb kil 6nb6z6 specialis keresztezési el jaréas
kil 6nf él e | aboratéri womd., vi zsgal atokra al kal mas

Az egyik k e t ttarGzgenikus vonalat a k 6 v e tkkoenzs& r utka 2 to&iRIGATA-1
t r an s zfaktor ppr coi NGOt @ iv @jrfiieseszcensf e h DsRed k 6 d g Ealéép i t et t é k
(Yagoob é sntsai, 2009); a z O Iflubreszcens f e h ékrojdéatlé @GFP) e | pédig a Fli-1 g é n
t r ans zskanh epl &ipsdt$ (leatvsoné lVeinstein, 2002). Av 6 rfldoeszcensjelav ér sej t e k et
j el meg,az 0 fludreszcens jel pedigazé r f Aframsagenikusvonals e gi t p &l @s@glal hat ¢
aki | 6 némyagoldv é r k Zepveki®@ € § € r s egyakomlkhraet a s a .

A ma sk éftuoreszcensf e h égyj d 6 h e n dvonzlban a z 6 fludreszcensf e h ér | ét
k 6 d ezékasz el6 tateurogenin-lg émr omb € gE@s zab dd yeokVVeanani &j a
v O rfloosszcensf e h & r0jd éetlkadze | énestting émr o mo ¢ @ iIMdvgl atranszgenikus
vonalban a v 6 rédss/ wvzabdflydreszcensf e h ézrijdeegszbepe kidhlksznal hat 6
toxikus anyagok i d e g s Xifejtetekt & rboast a siravivanvai kz s g A4 oast zat idégeejeket
j elaovloirroisp o r. tAengurggénim-1 g € & idegi lemez k i a | sa $ord Inaa e | dieges
neurogenezis, a primer neuronok differenciadd a s ahalyétkjelzi, halakban komplex mi n tota z a t
mutat. (Blader € stsai, 2002).
A Wi | ruma szupresszor g é (WWT1) egy cink-fingert r a n s z fiaktort kp dolj adety

el s 6 saovaself aerj | 6 d éa4 dhtas skerepet. A harmadik a4 | t aalkalmazktt vonalban a
WT1l é 8VT2s z ab aléyza akdpdsoti z O Ifludreszcens f e h 6 e jg € t weSegpécifilaud
transzgenikus vonalat hoztak | € tArzed.t d p o r akeorpgoéénsa y @ § éetl eay.iAtvonal
segit svgeédedkm vel a1 figyehdé el (Bolligé mtsai, 2009).
FET (Fish Embryo Acute Toxicity, No. 236)

Az alkalmazott teszte gy mo @OBCDi236-0 56 t s Eish BEntbryo Acute Toxicity Test
(FET) volt (OECD 2013), ami v el az anyagok altalanos toxi ku
el véegzéséhez e&nysbenvmdgttdrpméekl i ABta vioamsad mdllt ug
amelyeket egy 24 |l yukuUubezbekeyeernygykzaodgypl hogy egy
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Koncentraci 6nként 20 egyeddebkdol gokubéa%5or Bawni
°@n720r an kAresesiztil soran al kal mazott koncentrac
2,5 mg/l; 3mg/l; 3,5 mg/l; 4 mg/l; 45 mg/l; 6mg/l; 8mg/l, A t eszt kdzben nem cs
figyeltuk72.hadfreenlbjasigyezt 0Kk az esetl eges tidnet
fénymi kroszkdép (LEICA M250FA, 20x, 21, 0ms) seg
készi tzetetgiynekd 8k t é szt eredményeként ohPaPrism hat as
60lszoftver segitsegevel , seEmi vaedrlindekge k edtd tiab k7nZh a t

Hosszu tavu vizsgal at

A vVvizsgéal at soran iranAadésatol ¢l vag zEGEBSCh egz
vonal bdél sz&ar mazA \ éktrkdekzabt ahl aksazl hmdakzgjout nt& 3v inzagpgd &gl 4 t:
vegezaninkegl @ &desalbbetalvisz shgpdlansio kaaz d diatttukt e
el et sz@AKRaeszidrhaez frissemsmeéegt e km@lkearay thlasz h alat Wk
szadmitott 30 napig tartott.

Ak ét alkalmazomg/ komgeéb)R&BciFETT (2DztdsallLp| &
ert ék éwvedi thad gimelyegyOECOS ma f v aensy KZZ0mas 2 esi nt i két
j e.lA&ekeltcsoportokme |l | ettt volt egy kontroll iés. eQyopdodt
ket | sméetliksdeal SMdicttct nalpi aokidae¢ Asateete!| @iIsk &I 1

napj a®es5Pemri ben tort éemst Petmrdwel e, yreajtd k1l @ ke
pedig 1 |literes szaporitod edényekbe folytattuk
az i RbjlbentAts zt al att a kisérleti &all omény f ére

Traszgenikus vonalakonv é gzett ki sér |l et ek

Avi z s g @l &«tolra& b bhaa rdommaistzegtetni kus vonal at vontun!
okozta a hosszU -ts&ecld st ekotnecéint nai dmghhat dséar a
fenotipusos el vAlkokzadsbotxmn& mvdrdltakkaleszandt Vvi z ¢
elval tozds a kezel és hatéadsara.tAshéramapplhasrvtad
Al egmagasabb konceatpanédegitddgyYyiamaad-1i edztigpk ed s a
hat eksiaarlda&jull @dési rendel |l enesség@mgllag/ipédigi k két
a hoss z e rteadvnig Intyeaitesthezf r i ssen megter mékenyult ¢és
és a teszt a kel éstdél szamitott 72 O6rdaig tarto

Eredmények és értékel és

FET-t eszt eredménye

A kontroll és oloddshzaenr esark cdretkreatiolt éagyc@ d e k p U ¢
a 72, omédiamint a kézegeuf epl pdt skgtasbvi nhpgymagf
meg torzul ds az all atokon. Az akhgage mtarcdd®ideazc
megfigyel het @®bv kloth.ce~Aht magaéafel é haladva egyr
detektal tunk. A vizsgalat sor an, az egyedeken
farok torzul aslabogla megfigyel het 6 (

A 3A9EC anyagugtaés z2tl vaddamjtddsnkigdede be et t ink, ami
koncentraci 6hoz tarat 20 (200 il it eadme e lka zall d pjke
72 @Cx@®st ék 3,891 + O0OLC6 5 tpeéidg2/,11 5v40 |+t ,0,n2i504 aneg / |

10.17205/SZIE.AWETH.2019.1.001
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1. &Keaelet embri ok mikr os ztkedpmotsj &k éxper &M\ 8 ARE
készitett képek

Kontroll csoport

Figure 1: Images of treated larvae: Images of larvae after treated by 3A9EC during FET test in
72" hour

2.AbrDad:zHh st &s gotrdbdezt FEMTedményekeént kapott |

et é
72. O6raban (3A9EC)

Dézis-hatas gorbe (3A9EC)

1004

Mortalitas[%]

50+

0 2 4 6 8 10
Koncentracié[mg/l]

Figure 2: Dose-response curve: Lethal concentration curve in 72" hour based on results of FET
test (3A9EC)

10.17205/SZIE.AWETH.2019.1.001
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HosszUu taendnedmesygal at
At ovabbi vi z sTegéelsaztto kahl oazj2 pad aFRs&E2k, €lnbodl t+ )0, 254
értékra alhhaponet uuk meg akm&@koapgest @ aghdDEBKkadr an

mg/l). A33napsor an minden nap feljegyezt ik, hogy az
kontroll csoportbanogesrbabaonl dasbdpesesskmphhoubl h

al att nem -6trAt ek eezlel @ s20 c%opor t oKorlgeatnr accsiabkh easze taél
mar adt ak él (820)ae nt eeszyLdvedlg £ Ir epeesdeitgé brednr a 6. napc
mindenegyed 3. BAzZ aél et ben marmdtekezkl sekblgyedkbk a
egyedei hez vi szonyiltvatapigmeanlt ehmiamty .j el | emz §

3. aboasz ttavd3teaspgos teszt napi pusztul

[ %]

Hosszu tavu vizsgalat ere

» 120
\@©
+ 100
— 80 @ KONtroll
©
= 60 @=fil== Kontroll (DMSO)
S
o
s 40 e 0,25 Mg/
20 2mg/l

1234567 8 9101112131415161718192021222324252627282930313233

Termékenyiul ést koévetd eltelt nay

Figure 3: Long-term test: Daily mortality during 33-day test

Transzgenikus zebr adani 6 vonal akon végzett kisérlete

A ki sésrolredtne&kn kezel ési koncentydki @k akoralb
vi zsgal®Enodkehadnsdeési rendelAeviessggleaet fokpamal
el val t odz. 4 saobktaat jaa, mel yeket vipmnhdl vér keéér éekeh
transzgenikusegyedekvi zsgal ata soran az anyag két magasa
meg nagyobb el val t ozasokat. El s6sor bama gay ofbébj ikirt éegz ¢
véromlewwaélami nt a s zyelrvéésnzye kad zvoétrtsie jetreekkA sezgd mar
kdozpont i imbe g rod dpsezagramd |l t unk el t ér ést , azon

sejteket jel 6l 6 vor &dd zbhyose d z2aqd « tajgdtewlh e madg s
csoportb an éslzleerlkie 3jéey €& sA ey irtamad zgeni kus vonal on
koncentracio eset ében, neak rcispookrktkenré smgeégnf i gy € e h
kopoltyuiveken.

10.17205/SZIE.AWETH.2019.1.001


https://doi.org/10.17205/SZIE.AWETH.2019.1.001

Balogh et al. / AWETH Vol 15.1.(2019) 7

4, abranszgeni kus embri kon végzett vizsgél

3A9EC 4mg/l  2mg/l 1mg/l
ver omlenyek kialz¢ X X
erfejl 6dési zavar X X X
eltérés az osztdc X X X
vesefejl 6dési rer X X

Figure 4: Results of trasgenic embryos treated by 3A9EC

Kobvetkeztetések és javasl atok

AFET-t eszt soran, mar a | digng/lrmegfoingyadlbh &tod cvemn
pigment hiany, melyg hemaghabbtvRoegemglahakdrz 6 d
szarenosi pusos el valtomas wal tal megfoiny yA«doyageteh t r 4
hosszu taasorvdnzsgahack eholéané&rke, al mag ykeeke@ Vv 6 b t
konce nt r aci 6k, c sceoportbhanzmae g yit la ledyedek. €dndk ekanfe | t e het § en
az anyag shzaetrévseskrbae na bekdvet kez6é6 kar osodaas, me
hosszu tavinheme syotl t a,kar dvaitzhuaatlGiask &€z e @k efled st és et
al &t @&maszt asa ér dek éb etmnszgeraknstvandtakatb e a vi zsgal at

A transzgenikus vonal on végzetpt ani me g d@Hodytaméinyaga & & 6
kedvezd6t!|l eni B+élse fi asezger e nfidggamid avésst@nszgenikus vonalon
ismegfigye | het 6 vohat &g akiedzeedréesndszer efeltpgheal deha
vol t me g.fAitranszgenlikis @ © @ a | a ksak la Beardgdnin-nesztin vonal alkalmas a
megfelel 8 sejtosztodas vizsgal at ara, azonban
csak ezt a szdovetet dksages. ezért tovabbi vi z.

Azered mén yiedkt damas zt amal €k Wdlekreibenvi zsgél atot f
segit sadolgohangEé neket fogunk vizsgalni, amel yek f
szervek megfelel 6 fejl 6des o etemvidaldkd,dbédsvel tsedrtand.3 n
el végzésdtar omo k&lkzleil é s i csoport bevoeensasawmzamy |
szabvany al apj amz fao gwinzks gedd waét § sarhekirad tmlaesn hat dsd
szubl etalis hatasanak érteékel éseéere.

Az eredmények al apj an megalnlylalghatowablh)mgwlsz
hosszan tarté fogyasztadsa karos | ehet az ¢€él 6
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Osszefogl al as

Korl atozottanlszopgtsgtad t uku Baddyéaanyspa loogm aernkaikl & n i
és f énygknDF)ga almi ost 6 mulhat asai t Kartalo® éavasgzal m&d¢ s & n
ciklusbant e r mé k ¢Ah) Hycdleemtytul ak t er melAées émgprtrogiBMMM0O s zer
el 6tti 8. napon mindkét tel epenr 6hlétl 605®arvadria)n 6é
100 lux-ra fokoztuka f ény i,ntaemizti taazs tAl ut &issza. ABFnyulakd4p i g al |
napig kor{1®t ddz ;atetkairt &g )s,zabaddmyulakz esptkatrtl &k 0oz A"
szoptattak, de egy nappal az A | (11. nap) keédgydunkt ,e gay 1sOkz.gapmbapt oans t
el 6 t48 467r aasl oanm yeal k U | iwolf at éfsé n( yDsLugil)eth. LAIDE rydla& mé r

az Al napj an sz abAakdetd 2@p thaitoasstriamutl éarcti edk .( DL S+ f
hatott, deaDF é szFay ul a k vievnahrezsaisli @d ilydd st § a mMBRk 6,80

€s 8rF959%9;, 819) éés 8Bt al on sem VvVDFt 6%, gBiB9f é kK ad&¢
87 €3.A8PMWS+f ényprogr amm®d40,05z2ad gaazndax sanl Inétt & s i( @
(DF:1 3, B:1209s Kartal onvoigzegnheéeFiRREBAMBEGal gamacs an
aDF nyul ak pradukttiewiméd&ksea y( t é)saz Fenyujakéht bz OlcEsSEess
3,8%-k a | (1139 vs 1184kanyuvol,t Kaorbtba |Eolnd d48 e Ins e i 9n6ke

szerint a DLS+f ényprogr ammal a tel epi gy ak
produkt i—-Wi-atsd sjbaavnullas var hat aateemepéskdocikimés
Kulcsszavak:i var zas, szoptatas, vVvilagitas, szapor as:

Effect of doe—litter separation and photostimulation on reproductive performance of rabbit
does

Abstract

The reproductive performance of controlled nursing Hycole rabbits (n=1800) subjected to light
stimulation (F) or doe-litter-separation plus light stimulation (DF) before Al (on day 11) instead
of hormonal oestrus synchronization was compared with evaluating two reproduction cycles in
springi n Gal gaméac s a an Atbdhdarns @nlday 8 bafdrebAil the dailye9th and .
50 lux basal LED lighting was increased to 16 h and 100 lux light intensity that was gradually set
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back until day 5 after Al to basal lighting. The F rabbits nursed controlled until day 14 (from 9 a.m.

to 10 a.m.) using metal-plate as separation. The DF rabbits also nursed controlled but they skipped

the nursing on day 10 and so there was a 47—48 h doe—litter separation (DLS) prior to Al combined

with light stimulation. The DF rabbits turned already on day of Al to free nursing. DLS with light
stimulation seemed to improve reproduction but sexual receptivity, pregnancy and kindling rates

ofthe DFand Fdoesdi d not differ si gDFi60, 90and 89%;Fy59,B9n Gal g
and 88%) nor in Kartal (DF: 61, 88 and 88%; F: 59, 87 and 86%). With DLS and light stimulation

the number of born Kits per litter increased (P<0.05) i n Ga | dQFnmiaasda: 12.9) but

hardly changed in Kartal (DF: 11.5 and F: 11.3). Compared to the F rabbits the productivity

(number of total born kits per 100 Al) of the DF rabbits was 3.8% betteri n Ga |l gla3thnsc s a (
1184) and 4.1% better in Kartal (1008 vs 968). Based on our results a 1-7% improvement in
productivity can be expected with the use of DLS and photostimulation compared to the farm

practice (only light stimulation) depending on the farm conditions and reproduction cycles.

Keywords: sexual receptivity, nursing, photoperiod, reproduction

Bevezet és

Kégmert, hogy a szoptatdads cEGakldbadtmadnazsal
Go n z-Mériecal, 2012). Emi at t az intenaiiv, teogne!l Bskoeti myl
rovi-deddzabb ideig korl &t ozott an (nmeaspt cerrtsaé ge g

termék@hegl D€ szabadon szoptatad omy ell (Rod-HIni &t
Litter Separation = DLS) h a s ZTieau-Onl aékm2007iGer enc s é,120lA.Nemt € g i

ki mut at taa ks z chpotgayt a s i mé d mi nt bi ostimul dci 6
er ed mg@oyrezz8ldriccalé s nma0ib)ai A szopvagwsmegodl toztat &
van a takar mbungd erm2068)d.,e larnei (ki hat az i vari horn
a nyulak szaporaséagar a.

A f ényhoirdeognid!l i s O0ton befoAyf&seglj haghatsaapbe
szoptvats@&d ikMadtéiscrse, [I8),ant saanyanyul a%un esd20l@tmeaiér e
A nyep e¢led n altal &bannalpdi vmaeggvi L &G gidtrdasdtx has z
f
b

ényi nsalAnZiénypr ahlrdrndk anepgph atl & 9 2 & latzéasr aa zé si v
i osti mul aci dhsau-@b d MBS zleanda t6, 20@65E imt esra i,2H6).mt s a i
Kor &b biainkkan 8z avdlt @ ¢elepi gyakorlat, hogy az anyanyul ak a
napj algpdemel z4ar asDQDalr ak krolzéttdz otmagnd 8 zabadon
megvil agitas -t1®&| Oaigdditaf (EliGbeng &ls2 6n® 3 adl sz sl A)t.ai n

szerint (Ei ben £2816)ént dames | ehet az Al el 6ttt a vil a
fokozni. Qui nt el al 260s0 1Mt stabil tnk el tér 6 fényprogramok
egy méasi k stimul dci 6t, ag 20 @&t é8 ¢« I|DtL&vgwad a2 20zko,

Al koérdali szoptatasi és vilagitasi moédok egydil:
Jelen célunk a terméakeomiclebliledbditéesnekkeqbl
bevezetett, megnoévelt megvi bkgakasmakgyimt hesb

és a kolcsdnhatasuk vizsgal at a.
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Anyag és moédszer

Al l at ok

Ak i s é azB&KtlaptKft k €t LED vi Itédrigbpdsgraanaactstaénr tés Ka
kor |l &t oz otmiannd ksézt o phteal tyée rd n2 0&f&h .€ Bma rk cgAm)ytdycole t t
anyanyul akkal vé&geadal I1&00 (& bgasai@dMd)sAa f i al as ut a
tobbszor fialt és tiz KkisnyGkrint&kédajeldgsior onat ca
osztottuk.

Szoptatasi mo d
Atel epi gy akorH caoporthankf émd afpenlse ledl,k il 6 ni t éssel
napi g ko+fllOdtéazotkto z6X t i ), eZutadbn.azszamadbad szopt a

ADFcsoportban has,dnckabadnnaps),znerppat atterumékk eny i t és
napon ( cshiitodsrttignkud hd)ich &gy tcen b §dzay ¥7-4s8z odpybdasima s t
el kKUl DuBywlt s Ma@snap (pénteken) a szoptatédas ut an
kor amdan,az Al nappaabadtserdbpnhhktasra.

1.t AbattKizsér | et i el rematllenapéas @sgrasepmekekhyitett
Csoportok(1)
Termékenyité F d
1800 1800
Szopit atGih @ kor | at-Dlnap@)t| kor | ai-@ mms)
Bi osti(@ul aci csak f énftyp| DLS+f ény(@®r
Anya-al om el (®Ul nincs(10) 47-4 8 ®LSLY)
FEnypr@xr am van(13) van(13)

Table 1: Experimental design and groups in rabbit does inseminated on day 11 post partum
(Dgroups, (2)number of Al, (3)nursing method, (4)once a day nursing (9 a.m. to 10 a.m.) using a metal-
plate as separation for 14 days or (5)11 days of lactation and switch to free nursing up to weaning,
(6)biostimulation, (7)only lighting program, (8)a 47—48 h doe-litter separation (DLS) before Al plus
photostimulation. Al within 3 h (F) or 30 min (DF) after nursing, (9)DLS, (10)yes, (11)no,
(12)photostimulation: the same increased duration and intensity of LED lighting prior to Al, (13)yes

F é prggram

|l varzas szinkropel ddtt dst hpeemd walkhiezt cslopor
bi osti mélldeagdnds8vaed t Ak et Algd hapat € sALEDt enzit
Vil dgistkiadais@ abdl yozhat 6, hnddgoldaeakekEPhEAmMpPpahy
cm)adt dalepa Potédrmést er b0duka lba@v il li & ittt &a st

Napi vVvil&agémpnisnmegdbddov adbése

Az Al el 6t papi98 6(BA & p)dvym & & (V) h &ty 4 v all 6ra (6224 s
noveKRzAlkt a reis .. napon kZ0@ &raA&ad HAMIN,utézni 5.
napon t o v ahbabriéo ma v al Cc s OKikleang iett i& sisknapadl olrvéddsl 7a O r a)
vil agitéasra.

A fényintenziat 8&&EDn b BHdbdd@®herzd | | i dzAlketl bkt t i
8. z&éMdutaani 3..AnRlpt kdzotat TRaAaYOIOON L iUXdgsmeaut an
alapszintilG, 50 lux volt.
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Ter mékteay i

AzAla fial as ut ani 141n.i nhaaproonm vaa gsyz of péE),a tdarsa nu
Hycol e baknyul ak k(¥nad/anya). Azrrd @jngvaanly utl @kt & retl é n é |
kivaltasahoz i . m. 0, 2 ml Gn RH an aalcoegt ak e z/ eal néysat
masi k fel dknél i .V, 0,5 ml ( MRAbina®ob6g2%kepngl d
hasznal Fun¥ul &kstadk i . m. Gn R KugyanazanintagF kneyzuel | aéksn avl o)
Jelen kisérletiunkben nem volt cél a GnRH kezel
ter mel ését haTlernmé k eort ytiutké sbksosrz eaz i v asa,pifod, | &s s
l'ila) biraltuk az ivarzast (i walwtéansi plidr.osndnp
hasfal attapintasaval vizsgaltuk.

El helyezés és takarmanyoza
Anyulakatl é gk ondisctiad n-&®bta@) (

s
1 0f av al fel&zeelt,f el s 6
sos ol dalfalua anyaketrec
8
X
r

a
k n tartottuk. A
pteriulete és magassaga X és 25 c¢cm, a f
alfalud elletd mérete 23
A

nyulakat egyf € | e t a k adrlibitémtnaykad

18
rac e
al a 0
ol d 5 m.
manyoztuk (10,0 MJ
energi a, 17,5% nyersfehérje, 3,80% nyerszsir,
Az anya-al om el kil 6nitésnek és/ va
al amgyakaadthatyy as anak statlspztmbla I8
fejtett hat asat varian¢tiLaagal
od

ukti vtietransétk eandysizi sz s juz il e

gy e mh efséinl yépsrio g
réil eéekesli € 2é& D M
ipzriosgsrealmma b @t
ett nkkil ak széa

ﬁWQ<'

Eredmények és értékel és

Gal gamafcésnaynp rao gr a mh a DLB+afséomyl p rt of{BH) kGebmekl
tdatfehér vagy a Ineklaa piivarsnyiwlab snly(l.d dadiza b b
kedvez6, apiesviagyaibhaar nyillaksad nyu tj amegfvayebdhak
hogynem csak aa Ifielhaérh,yadkeal i | dastos s Ranelaés mteshies i
2001;Naj j ar ,2018). Karfalenak et t 6 s st i muwll &8 G wsanen d £skkiod n e
apiros ivarnyif(lhdbyAmad aki lkarias:nmkt hgaskaklkaz kép
ny ul agdyankelesebbvoltafe hér i v(advelp%;P<4G5)) K imd HSdrbéomsaszin
vagyalila,és kevesebb anyulrok arnvéamywayi | asu
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1. abBrahényproaggyaaanyaalom el kil 6nités E}) hénsgpaogr
i varnyi |l 4k gama o)&agweKartbn (b)

a)
l varnyil as szine, %(
Gal gamacsa
50
40
30
20
10
0
» XN 9 » S N & » O XN &
FF S TS PSS
S'@ &0 Q\ S‘@ &0 Q\ S‘@ &0 Q\
1. ismétl ées(®) ismétl és(MEgydutt
Bf ényprogr @ampLEF) é€ABYyprogram (DF) (1
b)
|l varnyil as szine, %(
Kartal

QRO QRO QO N O
> 0o ‘Q} %‘b' OGJ

F &S 7
1. ismétl és( @) ismétlés(EbyUtt(
gf ényprograbhL $FHD&M®MyYyprogram (DF) (1

Figure 1: Effect of photostimulation (F) or DLS and photostimulation (DF) on vulva colour in
Gal gamacimiartdl @) or

(L)vulva colour, (2)white, (3)pink, (4)red, (5)violet, (6)1% repetition, (7) 2"¢ repetition, (8)total,
(9)photostimulation (F), (10)DLS plus photostimulation (DF)

Az i varzéasi arany ai DdlSétkéengprepgmnantnsal mi n
nagyobbnak tafigahyp mb,gaan maenlatkeénn évso |l t QAbymi fi kans
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2. &BrhényprFoggyaaanyafglom el kul 6nités Ey hamgpaogr

ivarzasi aranyra Galgamacsan (a) vagy
2) b)
l var z4asi ar Il var zasi al
70 Gal gamacs 70 Kartal
60 GOTI:
40 40
1.ism.(2) 2.ism.(3) egy Ut 1.ism.(2) 2.ism.(3) egy Ut
Ef ényprogram ( of ényprogram (
EDLS+fényprogr EDLS+f ényprogr

Figure 2: Effect of photostimulation (F) or DLS and photostimulation (DF) on sexual receptivity
in Galgamacsa (a) or in Kartal (b)

(1)sexual receptivity: rabbits with red / violet vulva, (2)1% repetition, (3) 2™ repetition, (4)total,
(5)photostimulation (F), (6)DLS plus photostimulation (DF)

ADF nyul ak kéembésijbbfpalk@i @thgazol va a némil
i varZABES+f énymarloeggrnaamg y o b bKartalény &z élk® ens mét laés kor
vemhe@Ivt8&%), de a kul dnbs#®gndé&dmtszegprpebhnkéaesak f

is j6, 80% feletti volt a vemhesul és, amit ne|
3. &Bbf éadnypr ¢)vagpananya-alom el kul 6nités Ey heangpaogr
vemhesiul ési aranyra Galgamadcséan (a) va
a) b)
Vemhestul ési Vemhestul ési a
100 — Gal gamacs 100 Kartal
80 80
60 60
40 40
20 20
0 0
Lism.(2) 2.ism.(3) egy Ut Lism.(2) 2.ism.(3) egy Ut
gf ényprogram ( of ényprogram (F
EDLS+f ényprogr EDLS+f ényprogra

Figure 3: Effect of photostimulation (F) or DLS and photostimulation (DF) on pregnancy rate in
Gal gamacsa (a) or in Kartal (b)
(1)pregnancy rate based on abdominal palpation, (2)1% repetition, (3) 2" repetition, (4)total,
(5)photostimulation (F), (6)DLS plus photostimulation (DF)

AzFnyulakf i al a sG®a lag smaycas@H88%), de Kartaloni s volt (86%) (4.
abyaA DLS+f én@alr @@ mea coak@ Mo-kall ehet et t tKanaldrbb | av
aDF nyulak f i a 2%aksl & G jobbnak (88%), minta z F n8p%)l a k é
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4, &aBf édnypr dvagpananya-alom el kial 6nités Ey hangpaogr

fial asi aranyra Galgamacsan (a) vagy
a) b)
Fi al asi ar é Fi al asi ar ¢
100 Gal gamacs 100 Kartal
90 90
80 80
70 70
60 60
1.ism.(2) 2.ism.(3) egy ut 1.ism.(2) 2.ism.(3) egy ut
@f ényprogram ( @f ényprogram (
EDLS+f ényprogr EDLS+f ényprogr

Figure 4: Effect of photostimulation (F) or DLS and photostimulation (DF) on kindling rate in
Gal g a neaar im Kartal (b)

(L)kindling rate, (2)1% repetition, (3) 2" repetition, (4)total, (5)photostimulation (F), (6)DLS plus
photostimulation (DF)

Az O0sszes szultaat €l epl omk éi sméinlighstottébs a DL

aby@al gamacsan népe $181, mint&Kdrtaloo K1,4sPz0iD%).&tal gla mac s an
a masodi k Karglonatz|l éskB6ri smétlaéskadl et @Ist magynd Bh
tel epen a DltaHf éalylpamgeaarmemrdtetl é80l6lcaklk $anyg ba il
al oml ét szam, vamit k oarz koissseabebg a m&did & éa DL S+f ény
atlagosan 0,4 kisnyuall al nétt az Osszes szdul e
€s 1P20,09.;
5. &BrAényp(oagyaaanya-alom el kil 6nités Ey hangpa ogr
0sszes sziul et ési aloml étszamra Gal gamacs
a) b)
Osszes SZU,|£<(?015 Osszes szul et
14 1 a 14 Kartal
13 13
12:I—I 12
10 10 t
Lism.(2) 2.ism.(3) egy Ut lLism. (2)2.ism.(3) egy 0t
gBf ényprogram ( Bf ényprogram
EDLS+f ényprogr EDLS+f ényprogr

Figure 5: Effect of photostimulation (F) or DLS and photostimulation (DF) on the number of total

born kits per |itter in Galgamacsa (a) or in |
(1) number of total born kits per litter, (2)1% repetition, (3) 2" repetition, (4)total, (5)photostimulation (F),

(6)DLS plus photostimulation (DF)
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A produBtidgbricaBa k f €& nlydp-kalojaph alm@eall g a mdl8%s an (
n y )irint Kartalon (96 8 nyaim) a jobmaffyabésisailll cé¢mlééat sz ar
kdszdnhet 6. A produktivAtDdrSafenGpboggmasmmahn s
Kartalon is 1-7%-k a |l hjad \bi tvol t a pamdkkti Aitd ag, afl @lteg
(Gal gamaelksad | ska@lt | éhasodb6%, i smétl és: +7 %) .

6. &Br BAénypFoggyaaanyafalom el kul 6nités Ey héngpaogr
produkt{({ssaesaszil eGabgta maya@y Karmlana z Al )

Produktivitl Produktivit
A Kartal
1300 Gal gamacs 1300
1200 1200
1100 ﬂl 1100
1.ism.(2) 2.ism.(3) egy Ut Lism.(2) 2.ism.(3) egy Ut
g@f ényprogram ( @f ényprogram (
EDLS+f ényprogr EDLS+f ényprogr
Figure 6: Effect of photostimulation (F) or DLS and photostimulation (DF) on productivity in
Gal gamacsa or in Kartal

(1)productivity: number of total born kits per 100 Al, (2)1% repetition, (3) 2" repetition, (4)total,
(5)photostimulation (F), (6)DLS plus photostimulation (DF)

Kobvetkeztetések és javasl atok

Er edményei nk szerint a t eramMéokne n gl k @8 b 0 neil téét:

fényprogr am, mint biostimulacié koélcsdnds ¢€s
emi att a termel ésiukre. A hat ads mért é&lkdott ugyan
termékenyitéskori hatasokt ol

A csak fényprogramhoz hasonl itva (tel epi
produkt i-#ootsd §gbaavrullds varhat o a tel epif tkgogr6lelnmé n
A DLS+fényprogram hadattkenypyabédslkar t GMeégjaeé §pygenc
a masodi k ismétl éskor a DL&#aflénpywpmuddr am nwalr |
fial asi arany atlag alatti wvolt. Ennek oka, hc
adatokkal6 s szhangban nem. felteétl endal kedvezéd

Kisérletinkben nem vol't célunk a nevelt a
at menet. DLS, a megnoévelt fényprogram és a ke
anyanyul ak t akar maenrynieol géysaésrzet,a seaz aa reysa ntyeljlt sz o
szopasi viselkedésére, befolyasolva a termel é:
Készoénetnyil vanitas

A kut at &as4-2082-OKKMKB_ Pp2al ydzat tamogatt a.

10.17205/SZIE.AWETH.2019.1.009


https://doi.org/10.17205/SZIE.AWETH.2019.1.009

Eiben et al. / AWETH Vol 15.1.(2019) 17

|l rodal omj egyz ék

Eiben Cs., G 6 d-8urmann K., Kustos K. (2013): Effect of a transitory controlled nursing on days
9-11 or a 24-h fast on the production of free-nursing rabbits. Livest.Sci.155, 148-156.

Eiben Cs., T 0 b i .AKsistodXK., GO d-Burmann K., Ko t a n @ u ISy.aSara @ (2007): The
change of nursing for oestrus induction (biostimulation): effect of contact between rabbit
doe and its young. Livest.Sci.111, 193-203.

Eiben Cs., S & n d 9 $ & Md .oKusto$K. (2016): Effect of photostimulation, light source and
season on reproductive performance of rabbit does. Proc. 11" World Rabbit Congress.
Qingdao, China, pp. 189-192

Gar Diad man C.-Marisgad G. @E2): Major role of suckling stimulation for inhibition
of estrous behaviors in lactating rabbits: Acute and chronic effects. Horm. Behav. 61, 108—
113.

Ger e n c,Métics ZZ Nagy |.,Radnai I,.Sz e n ¢ 64 e k& d. (2@12): Effect of lighting
programme and nursing method on the production and nursing behaviour of rabbit does.
World Rabbit Sci., 20 (2), 103-116.

Gon z-Mariecal G.,,Gar ®Diad mahi @é n(20%5): Biastimulation and nursing modify
mating-induced c-FOS immunoreactivity in the female rabbit forebrain. Brain Research,
1608, 66—74.

Matics Zs.,Ge r e n c,Raflmai |. Dalle-Zolle A, Pal umbo MKaszaRLiSke® nAr 6 Zs
(2013): Effect of different lighting schedules (16L:8D or 12L:6D) on reproductive
performance and nursing behaviour of rabbit does. Livest Sci., 157, 545-551.

Najjar A., Ben Aicha E., Ben Mrad M. (2013): Receptivity of the rabbit doe: which methods that
could be predictive for receptivity. The Experiment, 12 (3), 786-790.

Quintela L., P e fi aBamio M., Vega M.D., Diaz R., Maseda F., Garcia P. (2001): Reproductive
performance of multiparous rabbit lactating does: effect of lighting programs and PMSG
use. Reprod. Nutr. Dev., 41, 247-257.

Schuh D., Hoy St., Selzer D. (2005): Einfluss einer zeitweiligen Mutter-Wurf-Separierung auf das
Ver halten derArba&sitis.t aBuog. tb4er Haltung und
Pelztiere und Heimtiere. Celle, Germany, pp. 47-51

Statgraphics ® (1992): Reference Manual, Version 6.0, Manugistics Inc., Rockville, MD, USA.

SunL.,WuZ.,LiF., LiuL., LiJ., Zhang D., Sun C. (2017): Effect of light intensity on ovarian gene
expression, reproductive performance and body weight of rabbit does. Anim. Reprod. Sci.,
183, 118-125.

SzendIGér 2% c,MeNitt J.IZ Blatics Zs. (2016): Effect of lighting on rabbits and its role
in rabbit production: A review. Livest. Sci., 183, 12-18.

Theau-C | € m\ (2Q07): Preparation of the rabbit doe to insemination: a review. World Rabbit
Sci., 15, 61-68.

10.17205/SZIE.AWETH.2019.1.009


https://doi.org/10.17205/SZIE.AWETH.2019.1.009

Fodoret Oz s v AWETH Vol 15.1.(2019) 18

ESTRUS DETECTION AND ITS IMPACT ON REPRODUCTIVE AND
ECONOMIC PERFORMANCE IN LARGE DAIRY HERDS

| st vanL &oalod Oz svar.i

Department of Veterinary Forensics, Law and Economics, University of Veterinary Medicine
Budapestt H-1 0 78 Budapest, |l stvan utca 2.
fodor.istvan@univet.hu

Received —E r k e @€0T. 2018.
Accepted — Elfogadva: 18. 02. 20109.

Abstract

Poor estrus expression is one of the major reasons of reproductive inefficiency on large dairy farms. Farm
managers usually try to overcome this difficulty by using various estrus detection aids (e.g. pedometers,
accelerometers, tail chalk), however, each method has its own limitations. Estrus detection aids generally
lead to increased heat detection rate, better timing of inseminations relative to the time of ovulation, and
ultimately, improved pregnancy rate. Some studies, however, did not find any benefit from the use of estrus
detection aids, which is explained by (1) using the same rules on when to start inseminating heifers and
cows as prior to the introduction of the new technology, and (2) by the widespread use of hormonal
synchronization protocols that can potentially mask the effect of estrus detection aids. Economic outcome
of the investment into estrus detection aids depends on the circumstances of the farm, although the reduction
of labour cost can usually be expected. Despite efforts made towards the development of new estrus
detection technologies, due to the high prevalence of anovular cows hormonal protocols are still required.
Keywords: dairy cattle, estrus detection, pedometer, activity monitoring, reproduction, economics
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The importance of estrus detection

Poor estrus expression is a major contributor to the decline in reproductive efficiency (Lucy,
2001). Efficient and accurate estrus detection is a key management factor in the success of
reproductive programs using artificial insemination and in achieving acceptable reproductive
results in the herd (Heersche and Nebel, 1994). Problems in estrus detection lead to increased days
to first service and breeding interval, and will ultimately result in reduced pregnancy rate (Fricke
et al., 2014; Michaelis et al., 2014). In their simulation study, De Vries and Conlin (2003) found
that the temporary decrease of estrus detection rate affected the economic performance of the herd
even several years later.

The cow in estrus

The name estrus comes from Greek and refers to the gatfly (member of the Family
Oestridae). The buzzing of this insect during summer causes that cows become hyperactive and
show frenzied behaviour. The behavioural signs of estrus in cows are similar and can be classified
as primary and secondary signs (Roelofs et al., 2010).

Standing to be mounted is the primary sign, as this is the most definite and accurate
indicator of estrus. During standing estrus, cows stand to be mounted by other cows or more
forward slightly with the weight of the mounting cow (Diskin and Sreenan, 2000).

However, various behavioural signs are displayed more (or more intensively) during estrus
compared to those periods when the cow is not in estrus; these are the secondary signs of estrus.
Secondary signs are often seen in those cows, as well, which come into estrus (in this case closer
attention should be given to these cows in the next 48 hours), and in those that have been in estrus
recently (in this case more attention should be paid to her 17-20 days later). Secondary signs
increased significantly 1-3 hours before the beginning of standing estrus (Sveberg et al., 2011).
The secondary signs of estrus include restlessness, increase in activity (in >90% of the estrus
periods), mounting (in approximately 90% of the estrus periods), being mounted but not standing,
hair loss and dirt marks caused by the frequent mounting by herdmates, decreased milk production
(at the first milking after the onset of estrus, followed by a compensatory increase at subsequent
milking), decreased feed intake, sniffing the vulva of another cow, flehmen, resting with the chin
on the back of another cow, licking, rubbing, aggression, swelling and reddening of the vulva,
discharge of clear mucus, and increase of the body temperature by 0.3-0 . 4(DPisRin and Sreenan,
2000; Roelofs et al., 2010; Saint-Dizier and Chastant-Maillard, 2018).

The detection of cows in estrus

Visual observation of estrus signs is one method of finding cows in estrus. However, many
factors, such as the short duration and low intensity of estrus in modern dairy cows, increasing herd
size, limited availability of labour time per cow, and the greatest activity of cows in estrus occurring
in the early morning and late evening created the need for improving a wide variety of aids that
may help the farm management to increase the success of estrus detection (Fricke et al., 2014;
Saint-Dizier and Chastant-Maillard, 2018). According to Senger (1994), the ideal system for the
detection of estrus should have the following characteristics:

continuous surveillance of the cow,

accurate and automatic identification of the cow in estrus,
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operation for the productive lifetime of the cow,

minimal labour requirements, and

high (95%) accuracy and efficiency for identifying the physiological events of estrus or
ovulation or both.

Visual estrus detection

Modern dairy cows show fewer estrus signs with shorter duration, therefore, detecting cows
in estrus is challenging (Dobson et al., 2007). Timing, duration, frequency and the signs taken into
account when observing cows for detection of estrus have large effect on estrus detection rate,
moreover, record keeping of animals in estrus also plays a crucial role (Roelofs et al., 2010). The
rate of estrus detection based on the observation of standing estrus varies widely among farms
(<50% to 90%). Since standing to be mounted can be observed only in 60% of estrus periods in
recent studies, the secondary signs of estrus have to be taken into account, as well (Roelofs et al.,
2010). A scoring system was developed that enables farmers to detect cows in estrus without
standing to be mounted (Van Eerdenburg et al., 1996). Approximately one quarter of cows showed
estrus with low intensity (<1.5 stands per hour) and short duration (<7 hours), therefore, detection
of estrus is difficult if observed only twice daily for less than 30 minutes (Dransfield et al., 1998).
Thus, longer and more frequent observation is needed.

The role of the human factor in estrus observation is inevitable. Farm staff responsible for
this activity should be fully committed to estrus observation and should understand signs of estrus
(Michaelis et al., 2014). Moreover, estrus observation is a very boring task, therefore, motivation
of farm staff plays a crucial role, as well (Heersche and Nebel, 1994).

Estrus detection aids

Due to the impact of estrus detection rate on reproductive performance and to the problems
with visual estrus detection, technologies have been developed and marketed to farmers. These
technologies enhance the detection of estrus by the surveillance of behaviour in the absence or in
addition to visual observation (Fricke et al., 2014). Some of the available technologies for estrus
detection are summarized in Figure 1.
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Figure 1. Estrus detection aids for dairy cattle
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Increased activity of cows in estrus can be measured by pedometers and accelerometers
(Figure 2). Pedometers calculate the change in the number of steps per unit of time. Accelerometers
measure the acceleration forces in three dimensions (Fricke et al., 2014). Above a certain threshold,
these devices indicate that the cow is in estrus.

Figure 2. Activity report for a cow in an activity monitoring system (Heatime; SCR
Engineers Ltd, Netanya, Israel)
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The efficiency of pedometers and activity monitoring devices has been subject to intensive
research. An estrus detection rate of >80% can be often achieved by using pedometers, but the
efficiency is affected by the threshold used. Accuracy of these systems is 49-90% according to
previous reports (Roelofs et al., 2010). The large variation among farms was confirmed by Galon
(2010), as well. Research conducted on Canadian dairy farms found that the major drivers for
adopting an activity monitoring system were the desire to improve reproductive performance and
the opinions and experiences of other farmers (Neves and LeBlanc, 2015).

Tail chalks are the non-electronic variants of mount detection devices (Roelofs et al., 2010).
The chalk is applied to the tailhead of cows, and when they are being mounted by their herdmates,
the chalk is rubbed off. Detection rates using mount detection devices varies from <50% to >85%.

In the future, one of the possible ways of improving estrus detection can be inline milk
sensors that measure hormones or substances secreted in milk. More than 40% of cows were
inseminated at high progesterone levels (Nebel et al., 1987). Although high progesterone levels
indicate inappropriate time for insemination, low progesterone indicates only that the cow is in
follicular phase, therefore, low progesterone levels should not be used to determine the time of
insemination (Heersche and Nebel, 1994). The decrease of the level of progesterone indicates
lutelysis, however, the interval from luteolysis to ovulation varies widely, therefore, this hormone
is not a good candidate for determining the optimal time of insemination in itself. Combined
measurements of progesterone and estradiol could improve timing of Al (Fricke et al., 2014).

Several further possibilities exist for the detection of cows in estrus. Cow positioning can
be measured by using ultra-wideband radio technology (UWB) that allows for the detection of both
standing-to-be-mounted and mounting behaviours (Homer et al., 2013). The rise of body
temperature at the time of estrus can be monitored by temperature sensors either placed in the
vagina or in the reticulum (Saint-Dizier and Chastant-Maillard, 2018). An estrus detection system
measuring vaginal temperature outperformed pedometers in terms of heat detection rate (Sakatani
et al., 2016). Furthermore, a sound processing system has been developed that can detect estrus by
>94% accuracy (Chung et al., 2013). The great variety of possibilities regarding estrus detection is
also indicated by dogs (with previous experience in detection of explosives) being capable of
differentiating estrus vs. non-estrus cows with >80% accuracy (Kiddy et al., 1978). However, most
of these methods require further studies to evaluate their applicability and efficiency among
practical circumstances.

Factors influencing estrus detection

Cow factors

1. Heritability. The degree of estrus expression has a low heritability (h?=0.21) and varies
individually, even from one estrus to another within the same cow (Roelofs et al., 2010).

2. Postpartum period. In the US, 20-30% of high producing cows are anovular at 60-75 DIM
(the time coinciding with the end of the VWP). These cows will not be detected by any
means of estrus detection. Silent ovulations occur quite frequently, as well, since 35% of
cows not detected in estrus had an ovulation. In few cases increase of activity is detected,
but ovulation does not occur (Fricke et al., 2014; Roelofs et al., 2010; Valenza et al., 2012).

3. Number of lactations. Behavioural scores and activity are higher in primiparous than in
multiparous cows, however, the number of standing estrus events increases with parity
(Garcia et al., 2011; Madureira et al., 2015; Roelofs et al., 2010; Y a n i z,2086). a |

10.17205/SZIE.AWETH.2019.1.018


https://doi.org/10.17205/SZIE.AWETH.2019.1.018

Fodoret Oz s v AWETH Vol 15.1.(2019) 23

4. Milk yield. A weak antagonism between milk production and estrus expression exists
(Diskin and Sreenan, 2000; Y a n i z,20e6). al

5. Body condition score (BCS). Cows with higher BCS at the time of estrus are more likely to
be detected (K 0 v & ¢ $2018;tSaingDizier and Chastant-Maillard, 2018).

6. Lameness. Feet and leg problems lead to less mounting and fewer standing estrus events,
but lame cows may well stand when not in estrus, if it is too painful for them to escape from
the mounting cow (Diskin and Sreenan, 2000; Roelofs et al., 2010). In the study of Garcia
et al. (2011) no significant association between lameness and estrus intensity was found,
however, lameness reduced the odds of pregnancy.

7. Hormonal treatments. A higher level of progesterone prior to estrus increases the sensitivity
to estradiol, which, in turn, has a positive effect on estrus expression. No difference was
found between the duration of PGF-induced and spontaneous estrus (Roelofs et al., 2010).

Environmental factors

1. Bull. The interval between calving and the onset of estrus can be shortened by the presence
of a bull (Roelofs et al., 2010).

2. Nutrition. Negative energy balance has a negative effect on estrus expression. Similarly,
lower body condition score decreases activity and the duration of estrus (Madureira et al.,
2015; Roelofs et al., 2010).

3. Weather. Heavy rain, strong wind and high relative humidity suppresses estrus behaviour
(Roelofsetal., 2010; Y A ni z,2086). al

4. Circadian variation. Estrus behaviour is more frequent from late evening until early
morning, however, management has a large influence (e.g. feeding, milking) (Diskin and
Sreenan, 2000; Roelofs et al., 2010).

5. Housing. Confinement housing with concrete floors has reduced estrus expression of
modern dairy cows. However, rubber mats on concrete promote estrus behaviour (Lucy,
2001; Roelofs et al., 2010).

6. Herdmates. Estrus expression increases largely as the number of cows simultaneously in
estrus increases (Diskin and Sreenan, 2000; Roelofs et al., 2010; Y a n i z, 20@86). a |

Timing of insemination

The interval from insemination to ovulation is critical for optimizing conception risk
(Fricke et al., 2014; R é p & s i, 201d)t Early $tudies based on frequent estrus detection (4-12
times per day) and insemination at standing estrus (not taking secondary estrus signs into account)
found that the best conception risk was achieved when inseminations were performed a few hours
after the end of the standing behaviour. Based on these results, the a.m.-p.m rule was developed as
a guide for farmers. This means that if cows are observed in standing estrus in the morning, they
should be inseminated in the afternoon, and if seen in estrus in the afternoon, they should be
inseminated next morning. With proper estrus detection, the a.m.-p.m. rule can be used, however,
if conception risk is not satisfactory, or estrus is not routinely detected, cows should be inseminated
soon after they are first detected in estrus (Roelofs et al., 2010). When cows are inseminated 0-12
hours after ovulation, fertilization rate and embryo quality are reduced due to the aging of the
oocyte, however, when insemination is performed >24 hours before ovulation, fertilization rates
are high, but embryo quality is low, possibly due to the aging of the sperm cells (Fricke et al.,
2014).

Automated estrus detection aids may help to optimize the timing of insemination (Chebel
and Ribeiro, 2016). Cows ovulated 27-30 hours (range: 21-39 hours) after estrus detection by
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activity monitoring systems, on average, whereas conception risk was the highest with
inseminations performed 5-18 hours after the estrus alert (Roelofs et al., 2015). For farms relying
on activity monitoring for timing of insemination, Fricke et al. (2014) suggested that they generate
list of cows and perform insemination twice per day rather than only once, to minimize variation
from insemination to ovulation that could potentially reduce conception risk.

Impact of estrus detection aids and economic considerations

The most prevalent reason (81% of the responding herds) for introducing an automated
activity monitoring system was the desire to improve reproductive performance. In the same study,
51% of the respondents indicated lack of time to detect estrus and 39% indicated the desire to
reduce labour as the reason of adopting such a system (Neves and LeBlanc, 2015). Other studies
found that the primary reasons for implementing sensor systems (e.g. for reproductive purposes)
were the reduction of labour and the facilitation of management (Steeneveld et al., 2015b).
However, the lack of familiarity and the interpretation of the huge amount of data are the major
obstacles to the uptake of these systems (Saint-Dizier and Chastant-Maillard, 2018).

Reproductive performance of the year before vs. the year after the implementation of
automated estrus detection systems was compared in 505 dairy herds in Canada. The improvement
of the heat detection rate (from 42% to 50%) led to the increase of pregnancy rate (from 15% to
17%) after the adoption of estrus detection aids, however, no change in the conception risk was
detected (Neves and LeBlanc, 2015). In the Netherlands, the uptake of sensor systems did not have
a positive effect on first calving age, days to first service and milk production (Steeneveld et al.,
2015b). On large Hungarian dairy farms, the use of estrus detection aids in heifers was related to
reduced age at first service and age at first calving, and the probability of pregnancy at 20 months
of age tended to be higher in these herds, as well (Fodor et al., 2018b). However, no difference
was found between those farms that used and those that did not use estrus detection aids in cows
(Fodor et al., 2018a). In a simulation study, however, it was found that the introduction of activity
meters reduces calving interval and improves annual milk production (Rutten et al., 2014). The
lack of effect of estrus detection aids in some studies were explained by (1) using the same rules
on when to start inseminating as before implementing the new technology and (2) the widespread
use of hormonal synchronization protocols that can mask the effect of estrus detection aids (Fodor
et al., 2018a; Steeneveld et al., 2015b).

When the dairy farms introduce a reproductive management tool, they have to take into
account the costs related to the implementation of the technology and the cost of maintenance, as
wellFodor and OFbdonetal, 2016). Chébel éhd Ribeiro (2016) stated that the cost
of estrus detection aids can be compensated for by the improvement of reproductive performance,
especially in those herds where heat detection rate and conception risk are poor. In a simulated
130-cow herd the annual net cash flow increased by 2,827 EUR after the implementation of an
activity meter system, and the internal rate of return (IRR) of the investment was 11% (Rutten et
al., 2014). On farms performing automated milking the total capital costs and total revenues
increased after the adoption of sensor systems, however, labour costs and all variable costs did not
change significantly (Steeneveld et al., 2015a). In another study, the payback period of an
automated estrus detection system ranged from 1.6 to >10 years (Dolecheck et al., 2016). Labour
cost is an important issue in the decision to invest into estrus detection aids (Steeneveld et al.,
2015a).
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Estrus detection and hormonal synchronization

In practice estrus detection is often combined with synchronization protocols. The
introduction of estrus detection aids influences the expenditures on hormonal synchronization
protocols. Considering the hormonal protocols, the major cost factors are the cost of labour and the
cost of drugs (Fodor et al., 2014). The use of estrus detection aids could be an alternative to
hormonal synchronization, however, those cows that do not display estrus will not be detected by
these methods (Chebel and Ribeiro, 2016; Saint-Dizier and Chastant-Maillard, 2018). Activity
monitoring systems do not detect two subpopulations of cows: anovular cows and those cows that
ovulated but their activity did not increase detectably (Figure 3) (Fricke et al., 2014).

Until the mechanisms causing anovulation and silent ovulation are understood and effective
preventive measures are introduced, hormonal therapy will be required to deal with these cows
(Fricke et al., 2014). The economic outcome of the combined synchronization and estrus detection
programmes depends on the conception risk to estrus detection and to timed insemination, as well
as on the proportion of cows being inseminated to detected estrus (Fricke et al., 2014; Giordano et
al., 2012). However, farm managers are often not aware of the economic losses stemming from the
suboptimal reproductive parameters, and are, therefore, unable to weigh the costs of investment or
change in management against its potential benefit (T 6 t h e t ). Vihen.cancepfod Ask to
detected estrus is poor, involving cows in a hormonal synchronization protocol can be a profitable
approach.

Figure 3. Distribution of cows by estrus activity and ovulation

Lactating Holstein cows

(n=289)
Detected in estrus Mot detected in estrus
[n=863; 71%) [n=26; 29%)

Owvulation No ovulation Ovulation Neo ovulation
(n = 60; 95%) (n=3;5%) (n=19;35%) (n=17; 65%)

Based on the results of Valenza et al. (2012)
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Osszefogl al as

Kisérletink célja a tyuktojads mindségének | el

akusztikus médszerrel. A mérés soran 0O0sszesen
keresztiul szobahdémérsékleten taroltuk. A mint
2 pozicioO6ban (allitva, i | lktert wmea f é Kk hsaf dow em)ael ttt ¢ trart
keridlt elemzésre. Az el é6ftelhasgonaldstk kileme detn
a mért fizikali par amét er (Rardat ledstéSquares RegressibBth he z P |
hasznaltunk. Az i 11 eszk-efditt &oF)] 6stAgtait s zmu tkaat 6s e
hat ar oz a mé&d sakeadkalmassa g at . Spektralis adatok al ap
jelenl éte és a kor al apjdan csopommnasi zotst uk(,
hasznal t unk. Iideres deesaty dleicd d @iso VLD tortent. A | e
kaptuk, abban az esteben, ami k o r a tojas <csucsi részre all v
jel feldol gozéassal kapott poasramMmeé t € 0 p & r tad saiptj haant
repedés jelenl éte, illetve a tojéas tarolasi i

Kulcsszavak: akuszti kepedttasj as

NON-DESTRUCTIVE QUALITY EVALUATION AND CRACK DETECTION OF EGGS

Abstract

Our aims were the examination of the quality parameters of hen eggs and crack detection carried out by
the use of the acoustic response technique. Alltogether 150 eggs were tested during the measurement.
The samples were stored for 7 weeks at ambient (room) tempereature. The samples were excited in two
positions (upright and horizontal). The received signal spectra and their wavelet transformations were
analyzed. After the preprocessing, the obtained coefficients were used as input variables for the estimation
of the physical parameters by partial least squares regression. Goodness of fit (GoF) statistics were used
to evaluate the applicability of the method. Spectral data were used for classification by crack presence
and age by linear discriminant analysis. Every estimation was validated by 10-fold cross-validation. Best
approximations were achived for mass in case of measured in the upright position of the egg sample.
With the optimum signal processing parameters the samples can be classified 100% correctly for crack
detection and age estimation as well.

Keywords: acoustic, eggshell, crack
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l rodal mis attekinté

A tojas el ettani szempont badl j el ent,6s el e
alamint a benne | évd vitaminoknak és asvanyi
fogyasztoi igény egyre né6 a ttiojmédds zazdarmdak fEej
e meI kedd6d f,onhoogys algeadtiophidass sfiikztiilleteeimi mdsamé&t er
y e Vizsgalanddé tulajdonsagok | ehetnek pél
Ienlete) valsaar gd gaaykgjhas arekrédsjpe Ezen jell
ar.i gel ermpds é gak, mimptg AR&jpor el 6allitas mell é
zda&sadgkre, kdszotnhet en annak, hogy hozzaado
jpazonyos paraméterei 0 s s zkeéf siibgbgbéi s bfeenl haal sl znnaakl
tékesiamelt §seggebzi k a tarol ds sartojj@asfgkar
iszkozsuzésatésedsezért fontos ismerni a tojéa
Zhang s (20 15) hi perspektralis képal kot as
frissességét. A fri MSE% ReétgMedn gqcaed EGs of Predictiong at | e |
statisztikalil jell emzéb 4, 01% twglats,a s@s ggagomkea mr
me g h at & rSuppord Veator Machine (SVM) méds zer t hasznaltak, me
90, 0% vol't | é gk amr a seasregtaé bae né péssé g6 ,e3s% t wdletn . a
médszer al kal mas arr a, hogy roncsol &ément es
t ul aj d o @ssm&NMubaietralg 2007). Pan et al. (2005) a tojasok rezo
Vi zs@alttogkas kodzépvonal a4t ér-bsmeckdmiékhgt Behak
det ek carlHEas. onl 0 er edtiné a yZheéksdsdi[ 3 1 2) akuszti kus
haszmédBvéalt és ép @&aBayesd l€ tlapd & b v & éCgheozmtsads(R000)
is kifejlesztettek egy algoritmust a toj adasheéej
al apj dakri minalkalmazas @atbmloj Ass@mogé gbpadt toj as e
4%-0s0s zt ahiaaaz ésit Egyeérdekes kisérleti mébédszert
Jin é sntsai (2015), akik a t oj Asmi nt ak gekFrjesdéeEésgbery, VRlpts
mel yeken a mi,ntiagyn!|l egbtr dglzti&lség kil sé6 gerjes.
mertéke azonos volt. Ez a mér ési el rendezés
kivitelezhet 6s égkrzel abieley azthed pe b é kddvipld attiadkr o z
opti m&lpics§szamot a kivant 0 s detcsak J0W-mséhelyes pont o
oszt 4l yozast € ft tdevko & B & g Maamntadasazioeor b ia 1 aldoratrwikdusb b i
finomegéassélgievieavibobhat o
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Al t alpénodobslaé mfae nt idézett chkeggkknelm kampds kla
|l idaci 6s eredményeket, ezért megbizhato kov
| eBoidéeamsai( 201 6) publikaci 6j ulglvamz sa &gdl)ianaa mai p{uk so
bdszer i pari al kal mazhat 6sagat vMezgsad d latpéi kt ott a
gy a ténylegesen repedt toj adasok szamdar Két s z e

F@2z lhi4) mért éki ednét ppéziwénjaacgajdrezandkciae nci aj
ekvencia és a tojasheée] mikxal aAedesdagacikadzbt &k v
ményseég kozotnekbiaonydltor r el dci 6 0, 91

A folyamatogaant deij | dpasizt asi zh altgyénrenveekz ek
,wavelet-t r ans z f"ad mpail ®n médszer ek eglir eag(20paan t er
tojasheéej r epedeé svaveleetkr arn sz fgabhyesétdsakrimmaedgsya Aap ul 6
médstzefrejl esztettek K i MATLAB koérnyezetben.
médszer Uk megbi z mitnaddaszptztek 6 o ktk@k bemégy el ki el
voltak és a helyes csopor tHrmas 090 emdndsa $200@ r t é k e
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wavelet-t r anszf ormaci 6 al apu repedés meghat arozast
ma x i mal idse treekptead éass(i 9 8p,09%)o sksGazgdoltt € k .

A vizsgédlatunk célja annak a meghati®@rsozasa
mekkorameg b i z h athesxsdkgaleacd ol asmentes akuszti kus vi
statisztikai modszerekkel

Anyag és moédszer

150 darab repedésmentes, 53 és 63 g kozott
tarol-A3aC 21 6 més0g§0éololsetreen ,at i v péaratartal om mell
(Il égkamr aval l efel é). A mintak alakjat szamit
al aki tul ajdonsagi mut at 6szamok Kkinyerésével
tojasokat mi nden hétenebaktsidkikldledl,| Vliknaghgkd leantt rea k2
roncsol asos vizsgalati modszseraeklkeald kike nmhe gméni
A roncsol asos vizsgal at soranl @@ kr daveaelpedeeimk
Gcis@ayn,i s el végezve az akusztikus mérést. Az
ges fémpal caval, egyszer.i megut éssel veége
ezve, all o6 é&s hbkash ailoteailc igoekrbjaens z(t et t han
be helyezett mi kr of o n n-Radkard\63670A jela n d leil z a taamrerl
ttidnk, az ebbdél d&relpend rjdqlzdéd se prbidrnktgaduwda tkeHzez 2
t eségmewmmeasn.f oA mdMATLAB RPDGARat kdrnyezet ben
rogrammall el emezt 0Kk.
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Figure 1: Experimental setup, dashed line shows horizontal, continuous line shows the upright
position of the sample
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A tojas ovalitasa a hossz €s szélesseéeg e
excentricit &aboss#engel ny epno nkti jaelltdalld n k&t jselaklais,z aho
At mér 6 el met s zMi vae |l h oeszseznt emmégred syzamok becsl| ése
rdajuk vonatkozo6 eredményeket nem szerepeltett
apadast aa tmilj es todmegéhez viszonyit Attt ogAa&shalje
vastagsaga tol omér 6 segitségével, mintanként |
a febvtajesdanmyad BrénC 8 Oraihdsgeir édyalbsezna rti @ ratsé

allapitottuk meg.

A hangfajlok feladlagpazasatzdigy sAENABEetzdt UKk
beépitett fiuggveéenyét hasznaltuk, mel ynek par
optimali z&altuk. Ez t-trankzed watmBern 6gglbr S FFO M ikdrny
egyutthatokat az all 6 ¢és fekvd poziciokra, 0
kinyerve, ezeket PLS regressziohoz bemend par
becsl ésér e. A waveaet-deekkeonm pfoali ycticdbnosvégezt idnk | ine
anyawavel et ek al kal maz &s avgayli,t t maj dk aa kvierkyt eorr
f6kompamalniszi st veégezt ank. Ez el ankely 2 uatiancik i v &1 a ¢
| egnagyobllbtraes zeedz drei nrdndezveshaszn éé n d ks deba ket a |
PLS regressziora. A regresszios model I2, il 1l es

RMSEP%, RMSECV% (kereszt-v al i daci O atl agos eltérésneéegyz
viszonyitott széadzal ékos ¢érteéke) és RPD (Resid
statisztikai mut at 6 s ziamelk € welg. v &g ebzetcis | é s gsakergsztt A ci 60 &

val i daci 6val végezt ik, ez megbizhaténak bi zon
aranytal anul sok i dbt i gényel't vol na, és n
megbi zhaA sszéagriint.as sebességkerkt ebakozésetbant
a regresszi 6 | at ermse nv dmatxd z2nmuail vadd tsukd madt 250

A repedések és a vizsgalat idejénakalihzite®n
végeztiunk Ehhez a jeleket el t8IrWB2 )méréest (ia FFe
felbont ds at befolyasol 6, teljes jelhosszt nov
jelszakaszt nul | 4k k al kitodltve. A megnovekerc
fel haszndal hat 6 valtozydtr ¢ neél neynétb ean .p oAn ttouslaiblbl eesrz
az osztalyozaswvalsdhcrdraltesl kenésitzt ik.

Eredmények
Az eg p oeztitc ijoeklbeakn af emid nt &lkl & O dozsit, c irh@elgkaves, |

yes
p02|0092}eb$nR ért ékid KkoaArrelldeimzté mwetl aatl takko.k at é s
2. ra8lzeml él t et
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2.abradJell emzd |
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Figure 2: Characteristic signal shapes (a) and spectra (b) for upright position (contiuous line) and
horizontal position (dashed line)

Az egyes becsult paraméeterekhez tartozé,
mut at 0 sz & mo k &dntdinéazaa t

lL.tabtaZPsL r &cgprFress aitwarletkiolkkdjf aci ensek al ap]j
Fourier-k oef fi ci ensek alapj an (b)

témapadﬂf)é sargaja héj héjvas- s &r géa fehér

a 3) (alg %) tomege(5) t 0 mé€6P tagsaga(7) -h é r(8) sz.a.(9)
(@) (@) (9 (mm) (9/9) (9/9%0)

RZaq; 0,81 0,86 0,87 0,87 0,87 0,87 0,87

a1(1)6 RPD 1,50 1,25 1,02 1,05 1,02 1,14 1,06
RMSEP% 5,01 3,63 7,61 4,24 4,20 7,44 5,16
RMSECV% 10,61 9,25 23,70 12,96 13,10 20,96 15,67

R 0,71 0,84 0,80 0,81 0,81 0,81 0,79

fekKy 6 RPD 1,27 1,28 1,01 1,04 1,01 1,08 1,01
RMSEP% 6,17 3,63 7,58 4,27 4,18 7,50 5,17
RMSECV% 12,46 9,01 24,10 13,03 13,29 22,12 16,40

A t6m apad s@rgl r]éj héj Sél’,gé fehér

@ (gl %) tome toOome vasta( heér]j sz.a.
(9) (9 (mm) (9/9) (9/9%)

R 0,89 0,88 0,87 0,87 0,88 0,88 0,87

al(1)6 RPD 1,59 1,22 1,14 1,09 1,00 1,17 1,06
RMSEP% 5,01 5,62 7,62 4,26 4,15 7,43 5,16
RMSECV% 11,31 9,47 22,51 12,08 13,25 19,48 15,80

R 0,82 0,89 0,88 0,88 0,89 0,88 0,88

feK 6 RPD 1,32 1,43 1,04 1,10 1,01 1,14 1,02
RMSEP% 5,03 3,62 7,43 4,19 4,18 7,39 5,01
RMSECV% 11,39 9,11 24,30 12,36 12,77 22,40 15,57

Table 1: GoF statistics of PLS regression based on wavelet-coefficients (a) and Fourier-
coefficients (b).

(2)upright, (2)horizontal, (3)mass, (4)mass loss, (5)volk mass, (6)shell mass, (7)shell thickness,
(8)volk/albumen, (9)albumen dw,
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Adiszkriminancia-a nal i zi s @r e tl Aiéohg@leadlt)j aa 6 ssze. Mindk:
az abl drhRekménércskbhkend becsl| ési hi bat er edmén
azonban a szorzo6 nagysaga nem mutatott il yen e
alacsonyabb hiba volt tapasztvaalhiadaoc,i éevzala. k U1

2.t abl:BxAatoszt &1 yozasi FRTbbedaglal iat &suod kd nfblidgzgbv € n

becsl és i baj validaci 62hi b
abl ak@é szol)z repéé tarol@s repé€fdést arol(@s
all fek all fekyv allcfek &all fek
2 6,96 9,38 2,98 6,39 15,20 15,34 10,37 1151
2048 4 10,08 3,41 3,13 0,85 21,59 21,88 21,02 19,17
8 1065 043 511 0,00 29,97 30,26 31,96 31,96
2 3,84 4,40 0,14 0,42 22,59 23,72 1193 12,93
4096 4 2,98 0,00 0,28 0,00 30,82 34,09 20,60 22,02
8 5,53 0,00 0,71 0,00 28,41 29,26 22,30 18,89
2 0,28 0,43 0,00 0,00 29,26 31,25 12,64 14,49
8192 4 1,27 0,00 0,00 0,00 25,43 2344 7,10 6,53
8

2,27 0,00 0,00 0,00 21,59 2386 554 497

2. table: Classification error of LDA for different settings of FFT.
classification error(1), validation error(2), window size(3), multiplier(4), crack(5), storage time(6), crack(7),
storage time(8)

Ertékel és

A |l egtdbb paramétmut ad Vestzédmaaz j obbe atedané n
egyutthatok al apj-lhmef f mc hensae k rnea v eebbéhtparmaz ot t
kovetkeztethetink, hogy a szamitasigényes wa
optimali zal as h|Jaln)tmpmscekcBeamzesaga@ledxdarﬂelnﬂmzml p
gyenge eredményipaki sz e mplakaeckhédddzZe ki el ent 6sek mir
eredményt mutatoé jellemzé6 ( 60 s startaldmnedg LDAh éj t 6
eredményei nekz éarltaeckseol néysaebkbo rklaasszi fi kaci s hi k
figyel embe kell venni , hogy mi v el gyor s mo d ¢
korUImények kozott abkpbhmamébevekhkmiaghbsabbnar
szamid#®d eredményez. Ezen Kkivil i pari kornye
poziciéd valtéséra a kil onboaag patameboei ek 0béc
jobb eredményt mutatott. Tovabba f drdtszerm&kermh
szemben nagy el 6nye az akusztikus vizsgal at ne
szamos | ényeges jellemz6r 61 egyszerre, bel eér
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Osszefogl al as

A hidegvérild |l ovak teggedasadagei ghapliegéenén wme

A mezbdgazdaséag nagyfokada gépesitettseége el | er
mez6&dgazdasagi termgéeeeben Ezminntf ebilbe saj at os
igénytelenséguk révén hobhbglr®@kn&mtizés vatlt édenye
hasznal atra is alkal masak. Koszodénhet en él et't
kaptak azl tétlkeehzrles i e lc@adK dntdsdaneHizsoptad b kpiita cloes
mi ndegyi k hasznositasi méd az all at mozgasan
|l ovakkal végzett munka azonban nem vesatel yt el e
mi nden fenyegetésre menekul éssel reagal. Ezt
kivalthatja. A megrettent | 6 pedig ennek Kkov
véletl en, hogy az el mal t idészakdbahaj mendl &g
V|zsgalatara Munkank sor an, a haszndl at k 0 z
vizsgaltuk a magyar hi degvér (G fajtaba tartoz
szivfrekvencia mérést al keslermazt unk, egy hazai
Kulcsszavak: magyar hi degvér i, személyiségteszt, szi)

Behaviour analysis on cold-blooded horses with personality test
Abstract

The goal of cold-blooded horses basicaly was to give draft horses to the agriculture in need. In
novadays su ¢ h as ., biotractors” these ani mal s serv
mechanized world too. In addition their behavioural traits and less sensitivity makes them suitable
for hobby horse keepers and usefull in some equusterian sport too (for example draft horse pull
events). Thankfully for their physiological and external qualities these horses also used in horse
meet producing mainly in the Europe. All of these utilizations based on the work with human,
except the last one. However it is not safe to use horses. This specie react with scuttle for every
threat in its natural habitat. This behaviour can be seen in any situation. In this case the horryfied
horse become dangerous for its environment. It is not coincidence that the researchers started so
much researchwork in the last years in the subject of horse ethology. In our research we analized
the stresszreactions of the animals of hungarian cold-blooded horse breed. Therefore we used
personality test and heart rate variability analizys in a hungarian stud farm.
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Keywords: Hungarian cold-blooded horse, hungarian draft horse, personality test, heartrate
variability

l rodal mi &attekintés

Al ovakkal torteadyemnbhavagareés,spor-tugyan me z 6 g ¢
jelent6sége csodkkent , azonban méd¢liag duanHobgeay
Sz a R@E3) — vag y csak szabadidddéandearkkerysz@&d yeket
Rendszeresen hall ani |l ovas balesetekrol, mel y
szamara hal alos kimenetel d volt, € SA g zeil retnes émgi
hatterében gyakran a IMllerg®l2samanmkaaj abagel keda
hadazi all atok kozual a | 6 az egyetlEegn, aamelsyenh &led
pedigbd&r mi |l yen veszélytltlpehenth@nghatabki i valthat
forgal om, | € gi ejkad rmmeligvj eekl ,e nnéusnek, a gvéapgy csak egy \

A megriadt fogatolt lovak ( me |l yek t Uul nyomdé t 0 b b saézg bé&lnt ahliudke gw
teher miatt Kkomolny kmagalkadtant €@dn &lO.rCoakéesasait U k b e n
(2014) szerint a |l ovas balesetek negyedének h
| 6t enyészb@&lsr k{almdelt)érki emel t en f ogl al kozott a
font os, hoggys 6anzd e & | Ivatiegyed. r Miveélka enh yid godt VEer mer
kovetkezt ében kezel heti, etetheti, so6t-lebef ogn
éves g(Pearacselel039).Ez nem Vvél etelgdkeugyarmsiesn koénnyd
tonAvaassgy még anmraldtas aaxmglyy bdbl yan er é6waelanlyir,
teherel mozdit asara i s.

Mi ndezek ellenére a |l ovak hasznal hat 6saga:
teljesitmény paramétereire helyez6é6di k al hangs
ezek kdnnyen €s m e gBboi (zétecker, 2618). Ugyénakkoe & doeak (
hasznal hat 6sdgat mégis a vermérseéeklet és az a
meg a legjobban (B o d ldecker; 2013, Graf € s mt s2a0il 4 ) . GraRé& sa shid(B014),

Gor eRrikda € s mM{2@138),i valamint Heird € s m{1%86) iszerint e gy araant
ki egyensulyozott vérmérseéeklet kdonnyebb kezel he
javitja a ki kép ZEdéekintetban &hdi nuéendywegsits@lg@nt k dashdbb k épejs

el 6nydésebb helyzetben van, az egyAzaleakaSKiF f ej e z ¢
n vizsgalt elobvzemmermmetwirgel kedésbiréalat mdds
vél eménye s zéesr ionbtj eak tviivs emhikne6ds i t ése a jJ o6v~6é | o0t e
t er U1 eGraké sl ey@0)abb b 6 1 k isfzod nyédllyaigs éag vi zsgal at ok
az all atok esetében is megfigyel hetdkbbehyan
szitudci 6k kozott i s allandodak.

Az eddi gi kut atasok eredményei al apj an me
kil 6nbségek vannak a személyi sé@afeszm®d®Baie ado
Hausberger € s ma0@#;d_lioyd é mtsai,2007) . Azonban a képzettség sz
a teszteken Kkap®@Graftts e meé ¢2at Indy)e.iKéelkne & 8 o n@0S% i
vizsgal atai k soran kimutattak, hogy a | ovon 0
|l ovak vVvisklké@édéséraz. ember kozotti kapcsol at

bef ol ywdjssao [krmdizds munka mindsdg@gttéeniidgar ¢dmarsy
(Hausberger € s  ma0@8;aMolff é s  mi9%;adVisser é s maoa3)a i

Célunk wvolt féenyt ,dbyéekenv mbdazear ka&lrida&lsm
hi degvérd | ovak miként r eradguall 6n atke | yaz eht aeskzbneons i et
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emberii r anyi tovsabdladatvti ,zstgal ni ezen &l | aEao&n nfyallgiall
céelul tdztiuok ki egy személyiségteszt al kal maz

Anyag és moédszer

Vi zsgal at ai nki shzed fytslzd wé&ri | hHeat ndorkarbéatn M éanl easl ghaaz
szolgéalt, -énel pzavbas rmar haAzf aijtttatt alsadl fhdarn mt amatg
all omany 17 egyedét hasznaltuk fel kutatasunk
12 kanca volt.

Az all at ok hasznositasan shralyz ebteekkidkvee t lae o
i zsgéadl atéadhoz egy 5 szakaszbdél /féazisbol allo
| aki t ot tswaemkponkvolt, hogif aotaszt egy olyan helyen legyen e | v é gneelyevae
|l 1 atok ismetdek.tBetvazaeam@amdas amgyitoely irl dend jZidt m
al aszt oatfdladatka, ewggani s a telep nem .rAe nkdaerlakne z i
ejarataval szembaan | &lslti,t ditdtr okm fmelt ea z ei radintak
ehet 6ség az 4&all at bevezet ésér e. Az inditdéall
dArom méterre egy miGanyag vill anypasztor k a
zakaszokhsresszorokd bzh Mat d, a kardé moéogott o6t mét e
brakol &s celjabol hasznal't vodr o6t hel yezt 0n
i zsgal atban, a ménesgazdéaval to6rtént egyezt e

A viatsgkét 6 részbdl all tesEt észvrgegy il
s6bb egy felvezetéses teszt kovetett. A s zz¢
| .

I

<O IT—o<K»2 L

k, habituédci bés szakasz el 6z0ottik meeg.azA
a kar amba, maj d amf a&ll d tacstb at, a rst aal znoanz Ok €
, hogy annak tartal mat el fogyassza. Ezt Kk

— —

gytu

[ el jut nidrenz zal |Eatr datkh & owvedmjer k e&Zlé s ér e, az
a | 6 egyszer sem végkzaet eV ahblftetVtiddeagyidt at b ¢

I~g®»>S~

é
u
I
e
a
z adott egyed alkalmas-e egyaltal an a teszt fol-et athas &srzdik
ol yo<lbvkéogni gk hal adni a

Ezt kaxmedijtetdflgykeppakasizs soran egyly7k ék szi
cm &t mé riielyedti vlol ¢l az inditoédll assal szemben,
az indokolja, hogy a szakirodalom szerintezas zin valtja ki a | eger 6sc¢
(Christensen, 2005; Graf é stsam 2013). A habituaci basesnbbasz
ahogy a tobbiazf atilabaknal a ettfeelljvuetzrneitad an é Vv & did
el fogyasztania annak tart altanakto deA K eidtéawgarte vegr
a tobbi S.z alkza sizdb @ hladigsy t meném y i idé alatt telije

megfigyeltd k , hogy ael pibk ekt debH vatny ahnalsadaz ok a't a t a
mel yekt 61 f el a halmegzsemaghelgeszmnt ga-radeklad dgiyk

-+ QD

irdant, s ehhez mennyi idére van szuksége. Ha a
a feladatot, a tesztnek ezen része sikertelen,
ker tl nek egyéb visel kedés j egyek, mi nt a ny

szemé| yi segt eszt améd dzbkdskz | skznankeghshagag nfyor di t ot t , V”
egy-egy 180 cmhossz 0,sz%9 esmfut 6dlzmknyelgetwtz héal yédssal
aldkma k ezen ker etseltjidthril eabdz alvdigidal tk & p & sulgaa | t

all at mozgaséat,daéaspbakaizr Adyg g tvetteat andogzigl 66traarngty. sEzz
E f&onirean egy 1 m széles f a sdlajokatanmozgatuak egyel f g g
hordozhato ventillatorral a tal aj k 6 zttdzé b en,
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dAhtnak el hal adni aAnégywdikeak j udt@eganasxéthék ygzz ak & a:
az emberegkhenmyanbbh kabpgwnk |kepaek sz amaar ak iijdeel goe
helyre. Az 4l lvdtt hedwdeal aus sroing ags adlrfakpya Hadad an
ut ol sé6 a fluggdnyszakasz, @Bagwhkmpaghtan e@py gop &
mmagasal | vanstttnk ésméktyre egy 2 tadtker Asé&ldildegzmi m @ o
szalagoka®A sdgmivalankzt as azindokdteagl na lt aap Agyn stzdark

1. képargy ¢B8akazi sajat felvé

1. keéep: Hid szakasz (a Szerzo6 s

2. picture: Bridge test (the author's own picture)

yt az inditbédl yvésrok e&hromz metl dzdekhez
tt i s el kel l hal adnia a vodorig.
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3. kép: Fuggdn szakaszban fajsdtr efsslzoé

3. picture: A horse watching the stressor during the curtain test (the author's own picture)

A felvezetéses tesztben a habituéadci 06s szak:
fentebb emlitett sorrendben igen. A kil 6nbség,
i ndi tmagdb| Baoam keritése mentén egymastol 10 r
mellettt Az 0j /i degen targy szakasz soran keét 75 cm
| 6nak eEbhal adhia&Apaezt kovetbpbdidgzakdzegyma:
a menetiradanyra nézve keresztbe el helyezett 180
végigvezetnie a hajtonak. A foél dén mozgod tar
mozgd targy a meghaettatr oezlohtetl yldetzvwoen.a | A niieelllveetzte t16
gondozas soran megszokott mdédon kell ettt vezet
adott stresszor irant, a felvezetdének hagyni a
At haslramdasazakaszonként | egfeljebb egy perc allt

2. kepz 0Uj targ szakasz a felvezetes

4. picture: Novel object test during the leading test (the author's own picture)
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Az all atok reakci o6irol video felveéeteleket
kezeAtk&pott felveételek alapjan a | ovak altal
0sszpontszam kéttt f@ds srzées:z brfe adgthdivivBididd s s i1éssd gb. v aA zC
folyodsodn torteéendod at hal adaskor, gyalkaomiidnlt naut s
vi sel kedésmintazat ok, mig az utobbi a téargyal
al apjan kerdalt meghat arozéasr a.

Ezen kiviul, a tesztek alatt az allatok pul
Atesztetk megk ezdése el 6tt a | ovak nvyawrg alnncii as zpiawraimnmeél

mért Ukel jeeggy Otr an ker @9t tiil EqHi cékeb &B0O &bi enc:
Or dakat hasAznail tsgal at megkezdeése eltéstétgli e e ,a
hasznositasukra és el helyenésdgreetepbnakkozd a
A pul zusmérdé O6rak segitségével mértiuok az al
i d6ttR (tRAv,oamsiagal apj an képet kaphat timpatikus a Vv eg
aktivjtaasadamint afzi zail d lad goi kdlLopessd id cahp@O@ &Alirod |h n é

Marosé s m20K)eA miGszerek altal mért értékeket a Ku
kiA nyugal mi all apotbasziobgzdi agramdéat efyalkzap]
10 perces és 30 perces id6AntéthvagbsmpuRszakas:
tavol sadagok &tl aga -Rmetldvweadlts dwiozks gsad Gruéks dat (R DNN
eIheIyerkteaivoloIRBagpzetgyoekeHR(éierScSlDek sézsbras at
LF/ HF hanlyadéost30 perces dESzi nu ted bRAil tl daveool B aegsoe
rovidtavu ingadozasai -e(ILerjéérs meaggéals| afprietkovtetn ca

hdnyaMzada.tartof@nHtz, 0 m0 4 a HF Htzarétrd m&reyktr e0 ,42
(Cottiné s m20GaAz adat ok el emzeése atzi Rai3.8l.&mz d x@dric
t 0rt.tAzn adat ok ki érteékel éséhez el 6szodr al tal an
Vi zsgal at ot €s varianciaanal i zi st (ANOVA) V €
Spearmann-f é1 e rangkorrel aci 6t sza&dmitottunk.

Eredmények értékel ése

A vizsngal @asbtavevsé 17 egyedbdl 16 fajtatis
fennmaraddé egyetlen all at bel gahi degveérid X ma
volt. AmintaSegyede( t eny és zt érsenacdalgladzd) yfeedeedmé&mz Ean 1
vwltBAr a vizsgéalt allomany ménesi tartasua vol't
gazdasag ,dodgmzodemahanpi gondozasi Eméwelf et éikne
negy egyedet nem képeztek ki fapasolsat oaglya sma
médr a. Ezek mi ndlegya rkeek kkoancaa tveod zt.ekben r észy

méneket fogtak bemid@golgandbak atapd eadldialbhedtevnd e e g)
alkalommal. A’ mi nt aban sztemaoctwip(viosseskzkeseddkfassal) r
Az 4all atokat minden esetben ugyana.r rA Ik iaszé roll edte
felhaszndlt eszkoézoket el 6zetesen egyik | 6 se
nem etettek.

Azadat ok ki értékel ése soréan el 6sz6ér arra a
Szivrmétrmtuss soran, a diagr am &0y & ssozdaOkpapsezrocké skod z
van-e el tAér 11 agos szi v-Ri t emuse| s &gl FadvHHa gpmasrnaRnéat e
tekintetében nem tal altunk asthatriosnzt ikkid i6lndd zidg
intervall umAZtRMEEAD &Hz&dH2 t SDNN értéekek &atl agai

r
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a 30 perces (329,84+198,94; 295,15+130,82) é s laperces (181,95+171,99; 160,6+121,77)
intervall um koza@&tt vozitgnpkiOk DHBEHHBI<Pag roalmeét er t
(l.diagram)az 1 per ces i(16,22€1593)& Ul Wwm b &tpdicas ¢28,04+10,12;
p<0,05) és a 3 B12H+0,88cpe0N1) ( i nt er val |l um a,l amitg ez tétke
kettdé kozott nem volt stBitmndkzadi dmi pagam@tenl &

perces intervallum atl aga kisebb vohtrvallam 30 per
Atl aga a keAz 6LKk/oEB®tpamnvamdt.er tekintetében a
idéintervall umok kozott korrel aci O0s ztikategt a st ‘

igazol hat ome&g&lzled g4y sit ( p=0

l.diagram: A h&arom idéintervall umban mért é
tekintetében
35
30
25 m Nyugalmi 1 perc
STDHR (1/perc)
20 Nyugalmi 10 perc
15 STDHR (1/perc)
Nyugalmi 30 perc
10 STDHR (1/perc)
5
0

Figure 1: The three time interval by the STDHR parameter

A nyugal mi all apotban mért atl agos szivri:t
szakasz —bel eértve a felservénhésodgztieerztettrt dkek a
idé6i ntervall um <« 9@)tA nnywgalrmintal(lpapotban mért
tesztek alatt 100/ pe Ugyangisorndmz Qu/dpg eurnck kkdid ddtntb saél gaek
a szabadon mozgd6 teskthzésdhaogfyelavezzdksdSxesokt el
varianciaanal-Rztavalzs &g | mama nhdat seorn | tde ke rnet denh éénbye
(p<0,001). Az RMSSD (2. diagram), valamintazSDNNa d at ok vi zsgal ata sor an
mozgod targy szakasz(SBNN+6BOMRME®«7TIOMEmu t&ktedt Bt élatgar
lpercesint er val | umd nyug 8DNNMK<200, RMESB@mMSs) ( pp<s0 ,a0 51 0 pe
i nt er vmy U giariami tlagaival (@<0,06f SDNN<250, RMSSD<300 ms). A minta

STDHR értékei bol kideraualt, hogy az 1 per ce
(STDHR<20/perc))y mut at ot t s z isgéngiefti kaa nssz akkigrBézRoMO/per@™t | agai \
p<0,001). Statisztikailag igazol hat 6 kil 6 nbség ezen Kkivill csak

(28,04+10,12)¢é s magas an (4pd388), tiarggt ve a M4841226y akas z
kozott vol t(p<OtOE,p<s095, vakarhidt @30 perces intervallum (31,21+49,88) é s a
magasan mozgdp<GOdeget emnakasz
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2.diagram: A nyugal mi és a személyiségteszt
al akul adasa
900 ms .
800 m Nyugalmi 1 perc RMSSD (ms)
200 m Nyugalmi 10 perc RMSSD (ms)
500 m Nyugalmi 30 perc RMSSD (ms)
|l degen tAar RM!
500 g gy
Hid RMSSD ( ms)
400
F6l don mozgd RM!
300

|l degen személy |
200
Magasan mozgo t
100
0 Vezetve RMSSD (ms)

Figure 2: The average of the RMSSD values measured in the calm state and the personality test

Az all atok reakci 6i al apekdnntae tréebaeknt iBvailtéa stru
diagram), a szakbasaconrztf utdebg2df)é ar mggasan ((hwve+24pp t ar g
szakaszap00k)o.z 6 At (degen beéamggrselkas z aes eatld :
pont szamokat, mi ¢ a magasan mozgd t abrkgayt sz a
tapasztaltunk.

3.diagram: A s zabadorm zfaktads ztads zatl att szerzett pontok &t/
pontszam eset ében

15 ml degen targy

mHid (reaktiv

0.5
0 I F6l dén mozgod
05 (reaktivitas]
-1 |l degen szemé

-15
2 Magasan mozg:
(reaktivitas’

-25

-3

Figure 3: Changes of the means of points obtained for the reactivity score during the free running test
stages
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Az Ovat asvagrai sagr a adett@r ppydlszamodod kel

7z

vonatkozo6 részpont szamokh&agy ag amangaeks arn zmsogzad da t te
adott pont -264400)ls zagha§a k ans (pe0l0F, g<0,059¢0,05mazt at ot t
i degen (00082/13),y a f o6l don- (-RG+2,eppeé st aa ghi dszakasz 4
0,33+257).A vi zsgalt allomany az el 6bberszekasEzeasrm

az &l l atok reaktivitéadséadra adott Osszesitett po
tal altunk sz Path@n Vvalk amitrets st (12848 s e tddrsekapot
eredmények @<0,00d)gAaif eklbvzebztet éses teszt sorédn az

Ez | 4t h diaggamona Ugyanezt tapasztaltuk a tesztre adott 6 spa@nt sz amok at |
( szabadon558+1565;ft elswd z et € s46,84) & seestzét n 011 Nzor{iGgpBaz0 , O
Ovatbkswagncsi sag pontszamok atl agai ko6zott net

két teszttipus kozott .

4.diagram: A szabadonfutdé és a felvezet éses
6vat ossag/éksi vadzn csisszdpgont szam t eki

12

10 mReaktivitéas-S
mReaktivitas-F
mOvatossag/ ki
Szabadon fut 6
mOvatossag/ kiv
Felvezetéses

E . mOsszpontszam-
I I mOsszpont szam-

Figure 4:The changes of means of points obtained for reactivity, caution / curiosity and total score during
the free running and the lead test

T~ S O N )
o<

A

Ezt k 6 vet 6 Huk hogyeagkwiil zosngpad z 6 szakaszok -esor an

hat asa az all atok ivaranak, képzettseégének, tc
végeznek fogatos munkat. Az eredmények al apj é
kozott mé&mstaltdalszdi kai l ag igazol hato interakec

Kobvetkeztetések és javasl atok

Az eredményekbdl| s kiidreirtimas Wwamiyan ctidar tvéinzés g
hasznaz adinlgatgak mi all apotban fel vet tvallandkat ai b 6
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alkalmasak. Ennek oka, hogy feltehetbéen kevésbeée ér
hat as ocdkardaa&.s uUR eqgy mér ési hi bakkal terhelt ad
felcserélhetd a 10 perces i ptaemawmaltleumbkal e kminy
tértek el epgymapeptesmigtervall um igen. Ennek
rovi dségeében keresend©@, mi v el a mer ési hi b
v éger ed nuégnyyabneank.k o r az, amimegdéinigrytel @ s URKHF par ¢
nincs kapcsolat a 10 és 30 perces id6ingdervall
elen fajta esetében ez a paraméter nem ad m
degrendszdA midkindegéségteszt alapj dn al kal ma
at ds a gazol ast nyert. Tehat az altalunk al k
g 8Al aktadproat.t adat ok al apjan, az ivarisag&eép
volt hatadssal a szaeamé&lzyivy é d tmasz. e ckand®meéem e
ehetéen a minta kis elemszéaméadra vezethetoé
I
b
n

a
a
d
i

yasol 6 hatasat a | svakivisembsede&Emdri anai @
en a mintat Kképenmsfoltkovahbséagkai BKét alt api @t
s € g Keeling éesh ent(2688pni aal t a | is megfigyelt ter me
mely sorael Resall aegy potenci dalis yvemeég] yheal g
ember ut asi t.dgaiatnakkberet ia ikapot't eredmények
megbi zhat 6sagat, ha Osszevetj ik @zonkad fontot es zt t i
figyelembe venniazta t ényt a miigzsg@railnt | ovak ménesi tartéa
sokkalk evesebb al kal amma&imbérr et k e anfpantké sa rledkw aeraca k
célthadrit ottt 4l lascekedméehy e hle ekdaepmo tatz earl ¢ darhéaumyke k e

nwo+hPToSo < DT

Eredményeink alapjan érdemes | enne tovéabhb
el emszamot, noévelendd a statisztikai el emzés |
|l ovak mell ett, kdédztenyésgzm&lbte ng d 2 d,deslchetkeé slgavz all

vonni a viksgy |l mdmtaosabbékmapanh kapjunk

Készonetnyil vanitas

EzUuton szeretnénk kodoszdnetet ifiédmeasmiazNagH®:
tul ajdonoséanak, a