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OSSZEFOGLALAS

Célunk a Falco 100 (Pie Medical, 3,5 MHz-es mérdfejes) ultrahangkésziilék kiprobdldasa volt, a
fartdjék boralatti faggyivastagsaganak (PS) mérésére. Az elsé vizsgdlatokat egy charolais
tenyeszetben tenyészbika-jeloltekkel 2004-ben az STV (sajatteljesitmény vizsgdlat) végen két
csoportban végeztiik (1. szarvalt, n=13, 2. szarvatlan, n=23). A masodik vizsgalat soran
(Kaposvari Egyetem, Tan- és Kisérleti Uzem) holstein-friz és magyar tarka hizobikdkat
értekeltiik (1. holstein-friz, n=13, 2. magyartarka, n=11). Mindkét helyen az dllatokat
mélyalmon, kiscsoportban tartottik, tomegtakarmanyra (silokukorica-szilazs és széna), tovabba
abrakra alapozott takarmanyozassal. Az ultrahangos késziilekkel meértiik a far bor alatti
Sfaggyutartalmat. Az elsé vizsgaltban igazoltik, hogy a bor alatti faggyu vastagsagaban nem
volt eltérés a szarvatlan és a szarvalt csoport kozott (P8 szarvalt: 0,46 cm; P8 szarvatlan: 0,47
cm). A masodik vizsgalatban a P8 atlagértékei a két csoportban szintén nem kiilonboztek
szignifikansan, holstein-friz: 0,30 cm, magyartarka: 0,39 cm. A P8 és az életkor, ill. az élosuly
kozotti korreldciokat elemezve megallapitottuk, hogy érdemi linedris oOsszefliggés csak az
elosuly és a PS8 ertek kozott szamithato (r=0,42-0,75, P<0,05). Eredményeink szerint az
ultrahangkesziilékkel végzett P8 mérések a hushaszni tenyészbika-jeloltek mindsitési
rendszerébe, ill. a hizlalasi tevékenységbe egyarant beilleszthetd, mivel kiegészitS informdcioval
szolgadl az allatok faggyvsodasanak intenzitasarol.

(Kulcsszavak: real time ultrahang, boéralatti faggylvastagsag mérése a faron (PS8),
charolais, holstein-friz, magyartarka bikak)

ABSTRACT

Estimation of fat depth of rump (P8) by real-time ultrasound machine in Charolais,
Holstein Friesian and Hungarian Simmental young bulls.
J. 'T8zsér, Z. *Domokos, G. *Hollo, 1. *Hollo, M. 4Bujdosé, Z. 3Andréssy, M.L. *Wolcott

'Szent Istvan University, Faculty of Agricultural and Environmental Sciences, Godo116, H-2103 Pater Karoly u. 1.
*Association of Hungarian Charolais Cattle Breeders, H-3525, Miskolc, Vologda it 1.
3University of Kaposvar, Faculty of Animal Science, Kaposvar, H-7400 Guba Sandor u.40.
“Charolais Ltd. Lajosmizse, H-6050 Dozsa Gyorgy ut 3.
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Authors’ aim was to test Falcol00 (Pie Medical, 3.5 MHz head) ultrasound equipment for
measuring the P8 (fat depth of rump) in Charolais, Holstein-Friesian and Hungarian
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Simmental young bulls. First research was carried out in 2004 in a Hungarian farm, with two

groups of Charolais sire candidates (1° group: horned, n=13 and 2" group: polled, n=23) at
the end of performance test. The second research was carried out at the Experimental Farm of
the University of Kaposvdr, in year 2004, with two groups of fattening bulls (I* group: Holstein

Friesian, n=13 and 2" group: Hungarian Simmental, n=11). Bulls were kept on deep litter, in

small groups, and fed on corn silage, hay and concentrate in both cases. Subcutaneous rump fat
thickness (P8) was measured by Falco 100 with real time ultrasound equipment. Results of one-

sample t-test showed that there was no significant difference between polled and horned groups

of Charolais bulls in P8 (0.46 cm, and 0.47 cm). We observed similar values of P8 by the 2"
experiment in both breeds (Holstein Friesian: 0.46, Hungarian Simmental: 0.47 cm). Medium,

and close correlation (r=0.42-0.75, P<0.05) were calculated between P8 and live weight in the

two experiments. Based on their results, authors propose the involvement of P8 ultrasonic

measurements into the selection system of beef sire candidates. Measurement of P8 gives

additional information about fattening intensity of cattle.

(Keywords: real-time ultrasound, measurement of P8 (depth of rump subcutaneous fat),

Charolais, Holstein Friesian and Hungarian Simmental bulls)

BEVEZETES

A szarvasmarha-tenyésztés mindkét hasznositasi irdnyaban (tej-, hustermelés), mindkét

crer

crer

(erénléti és taplaltsagi allapot) vizsgalata annak ellenére, hogy rendszeres értékelése
fontos az alabbiak miatt.

— A tehén kondicioja jelentsen befolyasolja az éldsulyt, ezért korrigalasa indokolt (pl.
amerikaban 2 pont esetében +256 font, 6 pontnal 0, €s 8 pontnal —190 font). Ugyanez
a helyzet bizonyos testméretekkel is pl. 5vméret, vagy ferde torzshossz.

— A kondicié ellendrzésével elkeriilhetjiik teheneink tul-, ill. alultaplalasat. A tulzott
faggyusodas (kovér tehén) esetén gyakoribb a nehéz ellés.

— A javulo tehenkondicio (3,5; ill. 6 pont) sziikséges a beteleltetéskor (alacsony
taplaldanyag szinten torténd téli tartas), ill. a termékenyitési idészak kezdetekor
(fokozo6do ivarzas és kedvezo fogamzas) is.

— A biralati rendszert a tenyésztd konnyen elsajatithatja.

A kondicid, mint a gulyakészség egyik ismérve (szezonalis ellés, hasznos élettartam,
selejtezési okok) alapvet6 tulajdonsag a hismarha-tenyésztés anyatehéntartas fazisaban.
A bikakat illetéen, a tenyészallatoknal kozismert, hogy az alul-, vagy tultaplaltsag az
ondomindséget, ill. a libidot kedvezdbtleniil befolydsolja. A hizobikak vagasérettségének
egyik jellemzbje a bor alatti faggyiudepok megjelenése bizonyos testtdjakon pl. nyak,
faroktd, hereborék stb. Ennek pontos ismetere — az amerikai és ausztral napi gyakorlat
szerint — piaci elényhoz juttathatja a farmert.

A kondici6 értékelésre két pontozdasi modszer is hasznalhatd: a francia (1-5 pontos,
tapintas és vizualis értékelés, Agabriel és mtsai., 1986), tovabba az amerikai (1-9 pont,
foleg vizualis értékelés, Richard és mtsai., 1986). A francia és az amerikai pontozasi
rendszer eredményei kozott szamitott korreldciok (charolais bikak, r=0,60, P<0,05;
charolais tehenek, r=0,42, P<0,01) arra hivjak fel a figyelmet, hogy a két vizsgalati
modszer teljesen nem helyettesitheté egymdssal (Tozser és mtsai., 2001). Hataresetekben
sziikséges lehet mas modszer alkalmazasa is a kondicid6 pontosabb megallapitasa
érdekében, pl. a bor alatti faggytibol szarmazo zsirszovet zsirsejtjei méretének megallapi-
tasa, mint ahogy erre korabban felhivtuk mar a figyelmet (7ozsér és mtsai., 1995). Ennek a
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modszernek az alkalmazasat korlatozza az, hogy a mintavétel helyi érzéstelenitést, véres,
valamint laboratoriumi munkékat is igényld eljaras. Az ultrahangos méréstechnika,
amelyet a humdangyogydszatban alkalmaztak el6szor az 1940-es évek elején, viszont
alkalmasnak tlinhet mint referencia moddszer. Haszonallatok koziil els6ként a
szarvasmarhan Temple és mtsai., (1956), tovabba Claus (1957) végeztek ilyen méréseket.

Az ultrahangos késziilékek alkalmazasaval kapcsolatban tobben felhivjak a
figyelmet, a mérést és a képfeldolgozast végzé személy gyakorlottsagara, valamint a
technikai feltételek biztositdsara (Robinson és mtsai., 1992; Herring és mtsai., 1994;
Wilson és mtsai., 2000). Dobrowolski és mtsai., (1993) a megfeleld technikai feltételek
teljesiilésekor az ultrahangos mérések ismételhetosegét igen magasnak (R=0,99),
megbizhatésagat pedig nagyon jonak (R*=0,79-0,92) talaltak.

A bor alatti faggytivastagsag (pl. agyék, far tajék) mérésének elvi alapjat az adja,
hogy ezek az adatok szoros Osszefiiggésben (r=0,80-0,87) allnak a teljes faggyu %-kal
(Klawuhn és Staufenbiel, 1997).

A bor alatti faggyu vastagsaganak mérése az ultrahang képek alapjan megoldhato,
de a far tajékon — a nagyobb variancia miatt — kedvezébb a mérés, mint a rostelyos
régiojaban (Walter, 2002).

Koéztudottan a bor, ill. a boralatti faggyuréteg régidja tobb részbol all a
szarvasmarha far tdjekan: 1, bo,r 2, laza zsirszovet; 3, kemény zsirszévet, 4, fascia
superficialis; 5, inrefascialis zsir; 6, fascia profunda; 7, izom. Ennek nagysaga a bortdl
az izom régiodjaig 5-40 mm kodzott mozoghat.

Tobb kutatd szoros Osszefiiggéseket talalt az in vivo és a vdgds utdn mért
eredmények kozott: hati faggyivastagsag: r=0,58 (Field és mtsai., 2000); illetve r=0,75
(Song és mtsai., 2002); bordataji faggyuvastagsag: r=0,90 (Robinson és mtsai., 1992);
farokt6i faggyuvastagsag: 1=0,92 (Robinson és mtsai., 1992); mérsékelt ovi fajtak,
1,=0,80; ill. tropusi fajtak, r,=0,88 (Reverter és mtsai., 2003).

Brito és mtsai. (2000) ultrahangos mérések alapjan becsld egyenleteket dolgoztak
ki a vagott test sszetevSinek elbrejelzésére. A legnagyobb megbizhatésaggal (R*=0,82)
a vagoértéket lehet becsiilni az élosuly, a 12. bordanal mért bor alatti faggytréteg
vastagsaga ¢és az ugyanitt mért hosszll hatizom teriilte alapjan. Devitt és Wilson (2000) a
tenyészbika-jeloltek éves korban végzett ultrahangos mérési eredményeit az ivadékaik
vagasi adataival vetette Ossze. Eredményeik alapjan (r=0,66-0,88) javasoljak a
tenyészbika-jeldltek ultrahangos mérését a szelekcios rendszerbe beépiteni.

Hazankban ez ideig csak magyar sziirke és charolais fajtaban végeztek ultrahangos
méréseket a hosszu hdtizom teriiletének becslésére 18 cm-es real-time ultrahangkésziilékkel.

Magyar sziirke bikdakon végzett mérések alapjan a rostélyos becsiilt feliilete és a
csontozasi paraméterek kozott kozepes, illetve szoros Osszefiiggéseket szamitottak (hus,
kg: 1. =0,88, P<0,05; II. r=0,66, P<0,05; kivagott faggyu, kg: 1. r=-0,59; II. r=0,52;
csont, kg: 1. r=0,89, P<0,05; II. =0,57).

Eredményeik szerint az ultrahangkésziilékkel valdo mérések a hliishasznl tenyészbika-
jeloltek mindsitési rendszerébe beilleszthetdk, jol kiegészitik a novekedési intenzitasra, -
kapacitasra, és kiillemre vonatkozo6 eredményeket (7dzsér és mtsai., 2004/a).

A charolais fajtaban is végeztek méréseket. Megallapitottdk, hogy az azonos
kornyezetben nevelt charolais bikak és itisz6k becsiilt rostélyos feliilete — 545, ill. 540
napos életkorban — szignifikans mértékben nem kiilonbozott egymastol (86,4 cm?; 80,2
cm?) (T6zsér és misai., 2004/b).

Vizsgalatunk célja szarvalt, ill. szarvatlan charolais tenyészbika-jeliltek, valamint
holstein-friz és magyartarka hizobikak far boralatti faggytvastagsaganak (P8) in vivo
becslése volt real-time scannerrel készitett képek értékelésével.
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ANYAG ES MODSZER

Az elsé vizsgalatban 2004-ben, egy gazdasagban charolais szarvalt (elsé csoport, n=13,
¢életkor: 382+19,91 nap; él6suly: 469+54,81), ill. szarvatlan (mdsodik csoport, n=23,
életkor: 390+40,97 nap; ¢élosuly: 484+61,39; homo- és heterozigotak egyiitt) bikakat
értékeltiink. A masodik vizsgalatban szintén 2004-ben a Kaposvari Egyetem Tan- és
Kisérleti Uzemében holstein-fiiz (elsé csoport, n=13; életkor: 354+11,62 nap, élésuly:
434+38,07), és magyartarka (mdsodik csoport, n=11; életkor: 357+23,47 nap; él6suly:
475+51,39) bikékat vizsgaltunk.

Tartas és takarmdnyozas: a bikdkat mindkét helyen kis csoportban, mélyalmos
istalloban, tomegtakarmannyal (kukoricaszilazs, széna) és abrakkal etetve neveltiik.
Az ultrahangos képalkotast in vivo, hordozhatd Falco 100 (Pie Medical) késziilékkel
végeztiik, 61 fokuszpontnal, 5 cm-en. A 18 cm-es linedris méréfej athatoloképessége
(mélysége) 30 cm, hulliamhossza 3,5 MHz. A képeket és mérési eredményeket
merevlemezre mentettilk (16 kép/lemez). A far bor alatti faggytvastagsag mérésére a
gépre telepitett szarvasmarha husvizsgalatot értékeld programot hasznaltuk.

A megfelelo mindségii képalkotas feltételei: az allat rogzitése (nyakszoritos
karamban) és nyirasa, ha sziikséges. Az /. kép a mérendd feliilet napraforgd olajjal
torténd bekenését mutatja.

1. kép:

A fartajék olajozasa

Photo 1: Oiling of P8 site (fat depth of rump)

Merés: boralatti faggyuvastagsag a faron (P8: a 3. keresztcsonti csigolya magassadgaban
a gerincoszlopra bocsatott merdleges és az ilogumotol a gerincoszloppal parhuzamos
egyenes metszéspontjan, mely a valdsagban kb. 1 tenyérnyi tavolsagot jelent a
gerincoszloptdl.). A mérés helyét és modjat 2. kép illusztralja. A 3-5. kép az
ultrahangképeken végzett mérések eredményét szemlélteti fajtanként.
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2. kép

A P8 mérésének helye és médja

Photo 2: Scanning position on P8 site (fat depth of rump)

3. kép

A P8 (fartajéki boralatti faggytvastagsag) mérése a faron charolais bikan

Photo 3: Measurement of P8 (fat depth of rump) in Charolais bull
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4. kép

A P8 (fartajéki boralatti faggyuvastagsag) mérése a faron holstein-friz bikan

Photo 4: Measurement of P8 (fat depth of rump) in Holstein Friesian bull

5. kép:

A P8 (fartajéki boralatti faggyuvastagsig) mérése a faron magyar tarka bikan

Photo 5: Measurement of P8 (fat depth of rump) in Hungarian Simmental bull

Mindkét vizsgalatban a csoportok kdzotti kiilonbségek megallapitasra egymintas t-probat

alkalmaztunk. A tulajdonsagok kozotti Osszefiiggések szamitasara korrelacio-analizist
végeztiink.



Acta Agr. Kapos. Vol 9 No 2

EREDMENY ES ERTEKELES

Az elsé vizsgalatban a P8-ra vonatkozo atlagértékeket, szorasokat és standard hiba
értékeket az /. dbra, tovabba az I. tablazat szemlélteti. A charolais bikak P8 atlagértékei
a kovetkezok voltak: szarvalt: 0,46+0,08 cm, szarvatlan: 0,47+0,14 cm, P>0,05. Ahogy
az 1. dbran is latszik a szarvatlan csoportban az atlagérték hibaja és a szoras érték
valamelyest nagyobb a szarvalt csoport hasonlo értékénél.

1. abra

P8 atlagértékei a charolais bikacsoportokban

0.66

0.6

0.54

0.48 -

0.42

0.36

P8 (faggyuvastagsag a faron, cm)(3)
a

+Std. Dev.
+Std. Err.
Mean

0.3

= [JH

1 2

Csoportok (1: szarvalt, 2: szarvatlan)

Figure 1: Averages of Charolais bull groups on P8 site
Horned (1), Polled (2), P8 (fat depth of rump)(3)
1. tablazat

Szarvatlan és szarvalt charolais, valamint magyartarka
és holstein-friz bikak bor alatti faggytvastagsaga a fartajékon (P8)

Vizsgalat(1) Fajta(2) Eletkor, nap(8)E16t6meg, kg(9) P8
| Charolais(3)| Szarvalt(4) 382+19,91 469+54,81 0,46+0,08
: Szarvatlan(5)| 390+40,79 484+61,39 0,47+0,14
I Magyartarka(6) 354+11,62 434438,07 0,30+0,14
) Holstein-friz(7) 357+23,47 475+51,39 0,39+0,17

Table 1: Subcutaneous rump fat thickness (P8) of horned and polled Charolais bulls,
and Hungarian Simmental and Holstein-Friesian bulls.

Experiment(1), Breed(2), Charolais(3), Horned(4), Polled(5), Hungarian Simmental(6),
Holstein-Friesian(7), Age, days(8), Live weight, kg(9)
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Ez az eredmény egybevag a kiilfoldi adatokkal (Stooky és mtsai., 1996; Goonewardene
és mtsai., 1999), amelyek szerint nincs kiilonbség az éves kori sulyban, a vagasi
jellemzokben, és a herekdrméretben a szarvalt és a szarvatlan egyedek kozott.

A nemzetkdzi szakirodalomban kevés adat all rendelkezésre a fajtatiszta charolais és a
keresztezett egyedek P8 értékére. A P8 mérési eredményeire vonatkozo adatokat csak ausztral
kozleményben taldlunk mivel ennek mérése Ausztralidban mar a gyakorlat részévé valt
(Wolcott, 2003). Megallapitottak, hogy az angus, hereford, murray grey és shorthorn fajtaju
tinok P8 atlagértékei 0,97-1,14 cm kozott valtoztak. Tapasztalatok szerint Ausztralidban a P8
érték megallapitasanak (scannelésének) feltétele az, hogy a bér alatti faggyl mennyisége
legalabb 3-5 mm kozotti legyen (Sundstrom, 2004). Mérési eredményeink a charolais bikdk
esetében kozel fele olyan nagyok voltak, mint az elézéekben leirt ausztral adatok.

Az eltérések a takarmanyozasi killonbségekkel és azzal magyarazhatok, hogy mi bikakkal
dolgoztunk. Hazai mérési adatok és tapasztalatok nincsenek, mivel az angus és a hereford
fajtakban 1999-t6] kezd6dden végzett mérések szerint — az STV zarasakor — a far bor alatti
faggyuvastagsaganak jellemzésére a német modszert alkalmaztdk (Rump fat: a mérési pont az
légumot és a kiilsd csipbszogletet 0sszekotd egyenes felénél talalhatd). A masik fontos
szempont, hogy Amerikaban és Ausztralidban egyarant a szarvasmarha hizlalasba altalaban
tinokat allitanak be, melyeket 600 kg-os élosuly eléréséig intenziven nevelnek.

A masodik vizsgalatban a P8 atlagértékei a kovetkezoképpen alakultuk: holstein-
friz: 0,30£0,14 cm, magyartarka: 0,39+£0,17 cm, P>0,05. A 2. dbra és az 1. tabldzat is
érzékelteti, hogy a két csoport atlagainak hibaja, valamint szoras értéke kozel azonos. Az
azonos atlagéletkora két csoportban az €19stlykiilonbség (41 kg, P<0,05), a magyartarka
javara volt kimutathat6. A stlytdbblet ellenére a faggyiusodds mértéke azonos volt a
holstein-frizzel, ugyanakkor a magyartarka kedvez6bb husformakat mutatott.

2. abra

P8 atlagértékei a holstein-friz és a magyar tarka bikacsoportokban

0.6

[
2]

o
IS

o
w
=

P8 (faggyuvastagséag a faron, cm)

0.2
— T _[— +Std. Dev.
[ +Std. Err.
0.1
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Csoportok: 1: holstein-friz, 2: magyar tarka

Figure 2: Averages of Holstein Friesian and Hungarian Simmental young bulls groups
on P8 site

Holstein Friesian (1), Hungarian Simmental (2), P8 (fat depth of rump)(3)
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Az élésuly és az életkor, valamint a P8 érték kozotti dsszefiiggéseket az alabbiakban

Osszegezziik:

— A szarvalt charolais bikacsoportban az életkor és az ¢élésuly a P8 értékével r=0,26-
0s, ill. =-0,01-es viszonossagban volt.

— A szarvatlan charolais bikék esetében az életkor hasonl6 (nagyon laza r=0,17), az
¢lésuly viszont szorosabb (1=0,42, P<0,05) sszefliggésben allt a P8 értékkel, mint
amelyet a szarvalt csoportban tapasztaltunk.

— A masodik vizsgalatban a korrelacios egyiitthatok az alabbiak voltak: holstein-friz
bikéak (életkor-P8: r=-0,05, él6suly-P8: r=0,63, P<0,05), magyartarka bikék (életkor-
P8: r=0,17, €l6suly-P8: r=0,75, P<0,01).

Megallapithato tehat, hogy vizsgalatainkban érdemi linedris osszefiiggést csak az €losuly

¢és a P8 érték kozott tudtunk kimutatni, négy esetbdl harom alkalommal.

KOVETKEZTETESEK

— Vizsgélatunkban nem talaltunk statisztikailag igazolhaté kiilonbségeket a P8
értékekre vonatkozoan sem a szarvalt €s szarvatlan charolais bikdk, sem pedig a
holstein-friz és a magyartarka bikdk vonatkozasaban.

— Vizsgéalataink alapjan ugy tiinik, hogy a fartdjéki bor alatti faggyuvastagsag (P8) —
hasonlo életkoru bikdik esetében — kézepes, ill. szoros pozitiv, dsszefiiggésben all az
¢él6sullyal (r=0,4-0,7; P<0,05), bar egy esetben negativ osszefiiggést mértiink.

— Az UH képalkotas ezen modszere — tapasztalataink szerint — jol beillesztheté a havi,
két havi, vagy negyed éves mérlegelések munkafolyamataba, de a bevezetést
megeldzden tovabbi vizsgalatokat tartunk sziikségesnek.

KOSZONETNYILVANITAS
A kutatdmunkat az OTKA (T-30751) és az OM - 00368/2001 tamogatta.
IRODALOM

Agabriel, J., Giraud, J.M., Petit, M. (1986). Détermination et utilisation de la note d' état
d' engraissement en élevage allaitant. Bul. Tech. C.R.Z.V. Theix, INRA, 66. 43-50.

Brito, T.D., Pringle, T.D., Williams, R.E., Bertrand, K.J. (2000). Segregating feedlot
steers into compositional outcome groups using serial ultrasound measurements. J.
Anim. Sci., 78. (suppl) 3.

Claus, A. (1957). Die Messung natiirlicher Grenzflachen in Schweinerkorper mit
Ultraschall. Fleischwitsch, 9. 552-554.

Devitt, C.J.B., Wilson J.W. (2000). Genetic correlations between yearling bull ultra-
sound measurements and finished steer carcass measurements. Ann. Meeting of
ADSA-ASAS, July 24-28, Baltimore, Maryland, J. Anim. Sci., 78. (suppl) 57-58.

Dobrowolski, A., Horeth, R., Branscheid, W. (1993). Apparative Klassifizierung von
Schweinehalften. Kulmbacher Reiche, 12. 1-26.

Field, C.M., Williams, A.R., Mckinley, W.B., Jefcoat, L.R., Smith, R.G. (2000). Use of
live animal carcass ultrasound in stocker grazing in Mississippi. J. Anim. Sci., 78.

(suppl) 11.



Tozseér et al.: A fartajék boralatti faggyuvastagsaganak (P8) merése real-time ...

Goonewardene, L.A., Price M.A., Liu, M.F., Berg, R.T., Erichsen, C.M. (1999). A sudy
of growth and carcass traits in dehorned an polled composite bulls. Can. J. Anim.
Sci., 79. 383-385.

Herring, W.O., Miller, D.C., Bertrand, J.K., Benyshek, L.L. (1994). Evaluation of
machine, techician, and interpreter effects on ultrasonic measures of backfat and
longissimus muscle area in beef cattle. J. Anim. Sci., 72. 2216-2226.

Klawuhn, D., Staufenbiel, R. (1997). Aussagekraft der Ruckenfettdicke zum
Korperfettgehalt beim. Rind. Tierarztliche-Praxis, 2. 133-138.

Reverter, A., Johston, D.J., Ferguson, D.M., Perry, D., Goddard, M.E., Burrow, H.M.,
Oddy, V.H., Thompson, J.M., Bidon, B.M. (2003). Genetic and phenotypic
characterisation of animal, carcass, and meat quality traits from temperate and
tropically adapted beef breeds. 4. Correlations among animal, carcass, and meat
quality traits. Australian J. of Agricultural Research, 2. 149-158.

Richard, M.W., Spitzer, J.C., Warner, M.B. (1986). Effect of varying level of postpartum
nutrition and body condition at calving on subsequent reproductive performance in
beef cattle. J. Anim. Sci., 62. 300-306.

Robinson, D.L., Mcdonald, C.A., Hammond, K., Turner, JJW. (1992). Live animal
measurement of carcass traits by ultrasound: assessment and accuracy of
sonographers. J. Anim. Sci., 70. 1667-1676.

Song, Y.H., Kim, S.J., Lee, S.K. (2002). Evaluation of ultrasound for prediction of
carcass meat yield and meat quality in Korean-native cattle (Honwoo). Asian-
Australasian J. of Anim. Sci., 4. 591-595.

Stooky, J.M., Goonewardene, L.A. (1996). Comparison of production trais and welfare
implications between horned and polled beef bulls. Can. J. Anim. Sci. 76. 1-5.
Sundstrom, B. (2004). Carcasse EBV (Version 4.2). National Beef Recorcing Scheme

BREEDPLAN, 04/2. 1-5.

Temple, R.S., Stnaker, H.H., Howry, D., Posakony, G., Hazaleus, H.H. (1956).
Ultrasonic and conductivity methodes for estimating fat thikness in live cattle. Am.
Soc. Anim. Prod. West Section. Proc., 7. 477.

Tézsér J., Agabriel, J., Domokos Z. (1995). Hushasznositasu tehenek kondicidoponto-
zasadnak modszere Franciaorszagban. A Hus, 4. 223-225.

Toézsér J., Domokos Z., Alfoldi L. (2001). A francia és az amerikai husmarha
kondiciobiralati rendszer 6sszehasonlitasa. Acta Agronomica, 4. 39-47.

Tozsér J., Hollo G., Hollo 1., Seregi J., Repa 1. (2004/a). A szarvasmarha hosszi hatizom
teriiletének mérése real-time ultrahangkésziilékkel. Allattenyésztés és Takarmanyozas,
6. 539-553.

To6zsér J., Domokos Z., Bujdos6 M., Szentléleki A., Bakus G., Zandoki R., Minorics R.
(2004/b). Hosszi hatizom teriiletének mérése real-time ultrahangkésziilékkel a
charolais fajtaban. Acta Agraria Kaposvariensis, 8. 2. 11-21.

Walter, B.H. (2002). Cattleman’s Ultrasound Glossary. Charolais Journal, January, 18-19.

Wilson, D.E., Rouse, G.H., Haya, C.L., Hassen, A. (2000). Carcass expected progeny
differences using real-time ultrasound measures from developing Angus heifers.
Ann. Meeting of ADSA-ASAS, July 24-28, Baltimore, Maryland, J. Anim. Sci., 78.
(suppl) 58.

Wolcott, M.L. (2003). The prediction of percent retail beef yield from live animal
ultrasound measurements. Thesis of Master of Rural Sciences, The University of
New England, Armidale, Australia, 126.

10



Acta Agr. Kapos. Vol 9 No 2

Levelezési cim (corresponding author):

Tozsér Janos

Szent Istvan Egyetem, Mez6gazdasag- és Kornyezettudomanyi Kar

2103 Godolls, Pater Karoly u. 1.

Szent Istvan University, Faculty of Agricultural and Environmental Sciences
H-2103 Gédélio, Pater Karoly u. 1.

Tel.: 28-410-200/1644, fax: 28-410-804

e-mail: Tozser.Janos@mkk.szie.hu

11


mailto:Tozser.Janos@mkk.szie.hu




Acta Agraria Kaposvariensis (2005) Vol 9 No 2, 13-22
Kaposvari Egyetem, Allattudomanyi Kar, Kaposvar
University of Kaposvar, Faculty of Animal Science, Kaposvar

A BLUP alapu tenyészértékek és tenyészethatasok
kapcsolatanak vizsgalata hazai sertésfajtakban

Vigh Zs., Nagy 1., Farkas J., Csato L.

Kaposvari Egyetem, Allattudomanyi Kar, Kaposvér, 7400 Guba Sandor u. 40.
OSSZEFOGLALAS

A hazai sertésfajtak hizékonysagi és vagoerték vizsgalata (HVT) keretében 1993-1999
kozott gyujtott adatokat eértékeltiik. A vizsgalt tulajdonsdgok: a hizlalasi napok szama, a
fogyasztott takarmany és az értékes husrészek mennyisége. Az egyedeknek az egyes
tenyészetek kozotti véletlenszerii eloszlasdt elemeztiik. A vizsgalt tulajdonsdagokra
vonatkozo eredmények pozitiv Osszefiiggést mutattak a szdrmazdsi tenyészettel. A legjobb
egyedek onnan keriiltek ki, ahol a vizsgalat megkezdése eldtt kedvezé kornyezeti
koriilményeket biztositottak szamukra. Ezt a hatast a BLUP jelentdsen mérsékelte, a
tenyészértékek a tenyészethatastol tébbnyire fiiggetlenek voltak. Az eredmények alapjan
a BLUP mddszerrel becsiilt tenyészértékek kevésbé torzitottak, mint a fenotipusosak.
(Kulesszavak: fenotipus, tenyészérték, kornyezeti hatas, kdlcsonhatas)

ABSTRACT

Analysis of the connection between the Best Linear Unbiased Prediction (BLUP)
based breeding values and estimated herd effects in Hungarian pig breeds
Zs. Vigh, L. Csatd, J. Farkas, K. Tisza, [. Nagy

University of Kaposvar, Faculty of Animal Science, H-7400 Kaposvar, Guba Sandor str. 40.

The analysis was conducted using station test data of several Hungarian pig breeds that
was collected between 1993-1999. Duration of the test, total amount of consumed feed
and valuable cuts were taken into account in the analysis. Based on these traits the
random distribution of the animals across the herds of origin was tested. The phenotypic
measurements of all traits were positively associated with the herds of origin. Animals
with favourable measurements originated from herds that provided good environmental
circumstances prior to the station test. This environmental effect was substantially
reduced by BLUP, as the predicted breeding values were mainly independent from the
predicted herd effects. Based on the results it could be concluded that the BLUP based
breeding values were much less biased than the phenotypic measurements.

(Keywords: phenotype, breeding value, environmental factor, and interaction)

BEVEZETES

Barmely tenyésztési program megvalositasakor a tenyészcélban szerepld tulajdonsagok
javitdsa a mérési adatok alapjan meghozott szelekcios dontésekre épiil. A szelekcios
kritérium tulajdonsagok mérése kiilonb6z6 teljesitményvizsgalatok keretében torténik. A
szelekcios dontésnek azonban a fenotipusos (mért) érték nem lehet az alapja, mert az
nem azonos a genotipussal. Kozismert, hogy a fenotipusos érték genetikai és kornyezeti
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hatésra oszthat6 fel. A genetikai hatas tovabb bonthatd tenyészértékre (additiv genetikai
érték), dominancia-eltérésre és episztatikus hatasra. Jelenlegi ismereteink szerint a
szelekcios dontéseket a BLUP modszer altal becsiilt tenyészértékek alapjan érdemes
meghozni, mely leginkabb megkdzeliti az egyedek valodi tenyészértékét.

Bar a BLUP modszer elméleti kidolgozasa 30 éve tortént (Henderson, 1975), csak
az 1980-as évek végétdl kezdodden fejlesztettek ki olyan szoftvereket, melyekkel a
gyakorlati tenyészértékbecslés lehet6ve valt.

Sajnalatos modon annak ellenére, hogy a legtobb eurdpai orszag sertéstenyésztési
gyakorlata ezt a modszert alkalmazza (Komlosi, 1999), a hazai sertéstenyésztés a BLUP
mobdszert csak mint egy nem hivatalos informativ eszkozt hasznalja a szelekcios
dontések segitése céljabol (Csato, 1999). A szelekcids dontések a HVT index alapjan
sziiletnek (OMMI, 2004), mely eljaras a tobb mint 60 évvel ezeldtt kifejlesztett un.
Hazel féle index egyik valtozatanak tekinthet6 (Hazel, 1943).

A BLUP modszer bevezetését legjobban az azzal szemben fennallo tenyésztdi ellenallas
akadalyozza. A tenyészték véleménye szerint ugyanis az eljaras a kdrnyezeti hatasokat talzott
mértékben korrigalja, kiilondsen a tenyészethatds esetében (ahonnan a vizsgalati egyedek
szarmaznak). Ezek szerint a HVT el6tt a vizsgalati egyedek részére jo koriilmények biztositasa
hatranyos lenne, mert a BLUP modszer ilyen esetben a tenyészértékeket alabecsiilné.
Véleményiik szerint az ellenkez0 szituacio is lehetséges, vagyis a HVT elétti gyenge kdrnyezeti
koriilményeket a BLUP eljaras tilkompenzalja és érdemtelentiil magas tenyészértékeket becsiil.

A fenti gondolatmenettdl fiiggetlen modon a BLUP eljaras valoban becsiilhet torzitott
eredményeket, ha az egyedek tenyészetek kozotti eloszlasa - tenyészértékiik alapjan - nem
véletlenszerli (Frey és mtsai., 1997). Ez a helyzet tobbféleképpen is megvalosulhat. Az
egyik valtozat szerint a nagy tenyészértékekkel rendelkez egyedek valamennyien azokban
a tenyészetekben helyezkednek el, ahol a HVT el6tt szamukra a legjobb kornyezeti
feltételeket biztositottak. A masik lehet6ség az, hogy a legjobb tenyészértéki egyedek a
HVT el6tt a legrosszabb feltételeket biztositd tenyészetekbdl szarmaznak.

A tenyészértékbecslési folyamat ezzel szemben akkor idedlis, ha az egyedek eloszlasa
tenyészértékiik alapjan a tenyészetek kozott véletlenszerd, tehat a legjobb és legrosszabb
tenyészértékli egyedek az tigynevezett jo és rossz koriilményeket biztosito tenyészetekben
egyarant megtalalhatok.

A vizsgélat célkitlizése - korabbi kutatasaink folytatasaként - az ivadékvizsgalatban
szerepld egyedek tenyészetek kozotti véletlenszerl eloszlasanak (a becsiilt tenyészérték
alapjan) elemzése volt Ez alapjan lehetséges annak a kérdésnek a megvalaszolésa, hogy
a tenyésztdi aggodalom a BLUP eljarassal szemben megalapozott-e?

ANYAG ES MODSZER

Az elemzésben az 5, 10, 12, 28, 29, 31, 34, 53, 56, 57, 59 fajtak()ddal1 rendelkezd
populaciok vettek részt. Az elemzéshez hasznalt adatokat az 1993-1999 kozotti HVT
adatbazis szolgaltatta. A vizsgalt tulajdonsagok a hizlalasi napok szama, a fogyasztott
takarmany mennyisége és az értékes husrészek mennyisége voltak.

A statisztikai analizis négy egymast kdvetd 1épésben valdsult meg. Az elsé 1épésben
tortént a vizsgalatba vont tulajdonsagokat szignifikans mértékben befolyasold tényezok meg-
hatarozasa, melyhez a SAS szoftver GLM eljarasat hasznaltuk (Cody és Smith, 1997). A
kovetkezd 1épésekben hasznalt modellben csak a szignifikansnak bizonyuld hatasok szerepel-
tek. A vizsgalt tulajdonsagok egyes statisztikai jellemzdit az /., 2., 3. tabldzatban adtuk meg.

'A fajtakodokkal jelzett fajték tételes felsoroldsat az 1. tablazat tartalmazza.
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1. tablazat

A hizlalasi napok szamara vonatkozé statisztikai jellemzék

Tulajdonsag(1) |Fajtakod(3) Vizsgalat(15) Egyedszam(17) Atlag(lS) le}

5(4) 260 91,46 13,88

D 10 (5) 836 86,97 12,40
g 12 (6) 627 96,78 12,98
8 28 (7) § 1229 87,02 12,90
2 29 (8) et 324 92,27 13,68
§ 31(9) % 988 93,40 13,79
ks 34 (10) :é“ 1779 89,13 13,93
3 53 (11) M 786 79,32 13,43
%’] 56 (12) 326 90,80 14,20
<= 57 (13) 237 88,87 12,40
59 (14) 140 92,41 12,80

Belga Lapaly(4), Duroc(5), Pietrain(6), DurocxBelga Lapaly(7), Belga LapalyxHamp-
shire(8), PietrainxHampshire(9), PietrainxDuroc(10), Kahyb A-vonal(11), Kahyb C-
vonal(12), Kahyb D-vonal(13), Kahyb E-vonal(14),

Table 1: Basic statistic measures for the duration of station test

Trait(1), Duration of test(2), Genotype(3), Belgian Landrace(4), Duroc(5), Pietrain(6),
DurocxBelgian Landrace(7), Belgian LandracexHampshire(8), PietrainxHampshire(9),
PietrainxDuroc(10), Kahyb A-line(11), Kahyb C-line(12), Kahyb D-line(13), Kahyb E-
line(14), Type of test(15), Station test(16), Number of records(17), Mean(18)

2. tablazat

A fogyasztott takarmany mennyiségére vonatkozé statisztikai mérdészamok

Tulajdonsag(1) Fajtakéd(3) Vizsgalat(15) Egyedszam(17)| Atlag(18) fo]

5(4) 260 205,39 17,65

S 10 (5) 836 211,40 2421
g ) 12 (6) 627 211,62 23,86
52 28 (7) S 1229 208,54 23,07
L E _ 29 (8) = 324 208,05 20,38
R 31(9) g 988 208,42 23,85
S e 34 (10) S 1779 209,27 24,40
= é 53 (11) v, 786 204,33 21,29
2 s 56 (12) 326 204,02 22,44
S = 57 (13) 237 209,73 21,92
59 (14) 140 211,00 19,96

Table 2: Basic statistic measures for the consumed feed

Trait(1), Consumed feed(2), (3)-(14) See Table 1, Type of test(15), Station test(16),
Number of records(17), Mean(18)
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3. tablazat

Az értékes husrészek mennyiségére vonatkozé statisztikai mérészamok

Tulajdonsag(1) Fajtakod (3)|Vizsgalat(15) Egyedszam(17) Atlag(lS) o
5 (4) 260 43,70 2,92
10 (5) 836 38,63 2,34
e 12 (6) 627 45,09 2,71
N < 28 (7) 9 1229 40,00 3,24
j-pe 29 (8) = 324 42,88 3,27
2 5 31 (9) g 988 43,80 3,22
&2 34 (10) @ 1779 41,32 3,83
e g 53 (11) v 786 40,31 2,74
mog 56 (12) 326 41,52 3,59
57 (13) 237 40,91 3,55
59 (14) 140 39,70 2,78

Table 3: Basic statistic measures for the valuable cuts

Trait(1), Valuable cuts(2), (3)-(14) See Table 1, Type of test(15), Station test(16),
Number of records(17), Mean(18)

A masodik 1épésben a vizsgalt tulajdonsagok variancia-kovariancia komponenseinek
becslése tortént a REML moddszer felhasznalasaval, melyhez a PEST és VCE
szoftvereket hasznaltuk fel (Groeneveld, 1990; Groeneveld, 1998).

A vizsgalt tulajdonsagok esetében az alkalmazott linearis modell az alabbi:
y=Xb+Za+Wc+e
Ahol Mrode (1996) alapjan:

y=megfigyelések vektora, b=kornyezeti tényezok vektora, a=additiv genetikai hatas vektora,
c=alombhatas vektora, e=rezidudlis hatas vektora, X, Z, W, sorrendben a kornyezeti tényezok,
additiv genetikai hatasok és az alom (kdzos kdryezeti hatés) el6fordulasi matrixa.

A tenyészet, ivar, év-honap kornyezeti tényezOk valamennyi vizsgalt tulajdonsagot
szignifikans modon befolyasoltak. A testtomeg hatasa a HVT esetében kovarialo tényezoként
keriilt be a felhasznalt modellbe. A modellben y normal eloszlast valtozoként szerepelt,
tovabba a vizsgalt tulajdonsagra nézve végtelen szami - egymassal nem kapcsolt - gén
hatasat feltételeztiik, melyek az adott tulajdonsagot additiv modon hataroztak meg.

A harmadik lépésben, az elézdekben meghatarozott variancia-kovariancia
komponensek felhasznalasaval keriilt sor a tenyészértékek becslésére a PEST szoftver
(Groeneveld, 1990) felhasznalasaval. A tenyészértékek meghatarozasaval egyidoben a
BLUP eljaras a kornyezeti tényezok hatasat is becsli (BLUE), ahol a becsiilt tenyészethatas
szolgalt a tenyészetek kedvezo vagy kedvezdtlen voltanak meghatarozasara.

Végezetiil a SAS szoftver segitségével megallapitottuk a HVT-ben szereplé egyedek
tenyészértékei, illetve a kapcsolodd tenyészethatdsok kozotti korrelacios koefficienseket
(Cody és Smith, 1997). Amennyiben a becsiilt korrelacios koefficiensek a nullatol nem térnek
el szignifikansan, Gigy az egyedek tenyészetek kozotti eloszlasa véletlenszertinek tekinthetd.
Ezen kiviil a tenyészértékeket linearisan illesztettiik a szarmazast jelentd tenyészethatasokra
abbol a célbol, hogy ez utdbbinak az elobbire gyakorolt lehetséges hatasat megallapithassuk.
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EREDMENY ES ERTEKELES

Vizsgalatunkban az els6 elemzett tulajdonsag a hizlalasi napok szama volt. A fenotipusos
értékekkel kapcsolatos eredményeket tekintve megallapithatd, hogy mérsékelten szoros
pozitiv Osszefiiggés tapasztalhatd a vizsgalati napok szama ¢és a szarmazasi
tenyészethatasok kozott (4. tablazat). A pozitiv korrelacio azt jelzi, hogy a vizsgalati napok
szama €s a szarmazasi tenyészethatasok egyszerre ndvekednek, illetve csokkennek. Ennek
megfelelden a vizsgalati napok szamat a szarmazasi tenyészethatas egyértelmiien befolya-
solta. A linedris regresszios koefficiensek értéke egy eset kivételével (59-es fajtakod)
szignifikansan eltért nullatol (4. tablazat). A tapasztalt jelenség igen kedvezdtlen, hiszen a
kapott eredmények alapjan a HVT - amely a szelekcios dontések alapjaul szolgal -
egyértelmiien torzitott. Azaz elényt élveztek azok az egyedek, melyeknek a vizsgalat elott
jobb koériilményeket biztositottak, mint tarsaiknak. Ezt a fenotipust befolyasold hatast a
BLUP modszer korrigalta. A kapott korrelacios, illetve regszesszios koefficiensek értéke a
vizsgalt populaciok tobbségénél gyakorlatilag nulla volt (5. tdbldazat), tehat a becsiilt
tenyészértékek - a hizlalasi napok szamara vonatkozdan - ezeknél a populacioknal
figgetlenek voltak a tenyészethatasoktol.

4. tablazat
A hizlalasi napok szama és a becsiilt tenyészethatasok kozotti korrelacios

koefficiens (r), illetve a hizlaldsi napok szamanak a becsiilt tenyészethatasokra
torténo illesztésével kapott linearis regressziés koefficiensek (b)

Tulajdonsag (1) Fajtakéd (3) r (15) b (16)
5(4) 0,32%%* 1,52%*

D 10 (5) 0,13%* 0,84%*
z 12 (6) 0,19%* 0,64%*
g 28 (7) 0,08%* 0,29%*
o 29 (8) 0,30%* 0,41%*
2 31 (9) 0,21%* 0,85%*
& 34 (10) 0,23%* 0,86**
3 53 (11) 0,20%* 0,51%*
= 56 (12) 0,34%* 0,84%*
e 57 (13) 0,09%* 0,25%*
59 (14) 0,01™° 0,07

** P<0,01; nem szignifikans (nonsignificant)

Table 4: Estimated correlation coefficents between the duration of test measurements
and herd effects and linear regression coefficients of the duration of test measurements
on the herd effects of the analysed pig populations

Trait(1), Duration of test(2), (3)-(14) See Table 1, Correlation coefficient(15), Linear
regression coefficient(16)

Kiilon meg kell emliteni a 10-es, 28-as €s a 29-es fajtakoddal rendelkezd csoportokat.
Ezeknél a populacioknal ugyanis a BLUP altal végzett korrekcid6 nem volt teljes
meértéki. A 10-es és a 28-as fajtakodok esetében a kapott korrelacios koefficiensek
nagysaga a tenyészérték és a tenyészethatas kozott elhanyagolhato. Kovetkezésképpen a
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tapasztalt enyhe negativ regresszios egyiitthatonak nincs tal nagy jelent6sége, hiszen az
egyenesre torténd illeszkedés eltérésének mértéke csekély. Az 29-es fajtakdd esetében
pedig a kapott regresszios egyiitthatd nagysaga volt jelentéktelen.

5. tablazat

A hizlalasi napok szamara becsiilt tenyészértékek és a becsiilt tenyészethatiasok
kozotti korrelaciés koefficiens (r), illetve a hizlalasi napok szamara becsiilt
tenyészértékek a becsiilt tenyészethatasokra torténd illesztésével kapott linearis
regresszios koefficiensek (b)

Tulajdonsag (1) Fajtakéd (3) r (15) b (16)
5(4) 0,05 0,03

D 10 (5) -0,11%* -0,23%*
z 12 (6) 0,007 0,01™
g 28 (7) -0,09%* -0,09%*
Z 29 (8) 0,18** 0,11%*
2. 31(9) -0,04™ -0,06™
& 34 (10) 20,007 20,01
8 53 (11) 0,007"° 0,003
= 56 (12) 0,11™ 0,09™
e 57 (13) 0,128 -0,10™
59 (14) 0,06™° 0,03

** P<0,01; “°nem szignifikéns (nonsignificant)

Table 5: Estimated correlation coefficients between the duration of test breeding values
and herd effects and linear regression coefficients of the duration of test breeding values
on the herd effects of the analysed pig populations

Trait(l), Duration of test(2), (3)-(14) See Table 1, Correlation coefficient(15), Linear
regression coefficient(16)

A HVT soran a 105 kg-os vagétomeg eléréséig fogyasztott takarmany mennyiségét
tekintve megallapithato, hogy a vizsgalatot megel6z6 idoszakban jo korlilmények kozott
tartott egyedek altalaban kevesebb takarmanyt fogyasztottak, mint kedvezétlen
koriilmények kozott tartott tarsaik (6. tabldzat). Ezzel szemben a becsiilt tenyészértékek
a tenyészethatasokkal az esetek tobbségében nem mutattak semmilyen Osszefiiggést (7.
tablazat). A 29-es fajtakdod esetében a tenyészérték és tenyészethatds kozott tapasztalt
laza pozitiv korrelacid jelentGsége csekély, hiszen a regresszids koefficiens nullahoz
kozelit, vagyis a tenyészethatds tenyészértékre gyakorolt hatdsa gyakorlatilag nulla. A
28-as és 57-es fajtakodnal enyhe tilkompenzaciot tapasztaltunk.

A hizlalasi napok szama, a 105 kg-os vagotomeg eléréséig elfogyasztott takarmany
mennyisége és az értékes husrészek mennyisége tulajdonsagok esetében a mért értékek,
tenyészértékek ¢és a szarmazasi tenyészethatdsok kozotti korrelaciés és regresszios
egyitthatok nagy hasonlésagot mutattak korabbi vizsgalataink soran kapott eredményekkel
(Nagy és mtsai., 2002). Korabbi elemzésiinket magyar nagy fehér hussertés, illetve magyar
lapélysertés fajtakon végeztiikk nagy vizsgalati elemszamok alapjan. Jelen vizsgalat soran
kapott eredményeink tendencidit ezért nem tekinthetjik az esetenként kis elemszam
hatdsanak, hiszen nagy adatbazisok alapjan is hasonl6 tendenciakat tapasztaltunk.
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6. tablazat

A fogyasztott takarmany mennyisége és a becsiilt tenyészethatasok kozotti
korrelacios koefficiens (r), illetve a fogyasztott takarmany mennyiségének a becsiilt
tenyészethatasokra torténd illesztésével kapott linearis regresszios koefficiensek (b)

Tulajdonsag (1) Fajtakéd (3) r (15) b (16)
5(4) 0,15% 0,42%

o 10 (5) 0,08* 0,44*
g _ 12 (6) 0,25%* 1,03%*
EQ 28 (7) 0,16%* 0,55%*
£H_ 29 (8) 0,35%* 0,28**
22 31 (9) 0,29%* 0,97**
5 E 34 (10) 0,14** 0,427+
g 2 53 (11) 0,27%* 0,68**
= 56 (12) 0,20%* 0,37%*
- 57 (13) 0,25%* 0,83%*
59 (14) 0,33%* 0,92

** P<0,01; * P<0,05

Table 6: Estimated correlation coefficients between the consumed feed measurements
and herd effects and linear regression coefficients of the consumed feed measurements
on the herd effects of the analysed pig populations

Trait(1), Consumed feed(2), (3)-(14) See Table 1, Correlation coefficient(15) Linear
regression coefficient(16)

7. tablazat

A fogyasztott takarmany mennyiségére becsiilt tenyészértékek és a becsiilt
tenyészethatasok kozotti korrelacios koefficiens (r), illetve a fogyasztott takarmany

mennyiségére becsiilt tenyészértékek a becsiilt tenyészethatiasokra torténo
illesztésével kapott linearis regresszios koefficiensek (b)

Tulajdonsag (1) Fajtakéd (3) r (15) b (16)
5 (4) 0,07 0,07
. 10 (5) -0,09™ -0,22™8
g 12 (6) -0,001™ -0,001™
EQ 28 (7) 20,11+ -0,19%*
£5H_ 29 (8) 0,20%* 0,06**
=28 31 (9) 0,01 0,02~
S 2> NS NS
5 E 34 (10) -0,02 -0,03
s 2 53 (11) 0,06™° 0,03
= 56 (12) 0,028 0,01
- 57 (13) -0,22%* -0,36%*
59 (14) -0,001™ 0,00

** P<0,01; “°nem szignifikéns (nonsignificant)

Table 7: Estimated correlation coefficients between the consumed feed breeding values
and herd effects and linear regression coefficients of the consumed feed breeding values
on the herd effects of the analysed pig populations

Trait(1), Consumed feed(2), (3)-(14) See Table 1, Correlation coefficient(15), Linear
regression coefficient(16)
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8. tablazat

Az értéKkes huisrészek mennyisége és a becsiilt tenyészethatasok kozotti korrelacios

koefficiens (r), illetve az értékes husrészek mennyiségének a becsiilt

tenyészethatasokra torténd illesztésével kapott linearis regresszios koefficiensek (b)

Tulajdonsag (1) Fajtakéd (3) r (15) b (16)
5(4) 0,30%* 1,52%%*

10 (5) 0,37+* 1,27+*

% _ 12 (6) 0,09* 0,28*
NQ 28 (7) 0,32%* 1,51%*
) 29 (8) 0,30%* 0,91%*
2 ?2; 31(9) 0,06* 0,34*
8 E 34 (10) 0,09%* 0,55%*
22 53 (11) 0,26%* 0,65%*
A 56 (12) 0,40%* 0,73%*
57 (13) 0,32%* 3,15%*

59 (14) 0,53%* 1,01%*

#% P<0,01; * P<0,05; N*nem szignifikans (nonsignificant)

Table 8: Estimated correlation coefficients between the valuable cuts measurements and
herd effects and linear regression coefficients of the valuable cuts measurements on the
herd effects of the analysed pig populations

Trait(1), Valuable cuts(2), (3)-(14) See Table 1, Correlation coefficient(15), Linear
regression coefficient(16)

9. tablazat

Az értékes husrészek mennyiségére becsiilt tenyészértékek és a becsiilt
tenyészethatasok kozotti korrelacios koefficiens (r), illetve az értékes hiisrészek

mennyiségére becsiilt tenyészértékek a becsiilt tenyészethatasokra torténo
illesztésével kapott linearis regresszios koefficiensek (b)

Tulajdonsag (1) Fajtakéd (3) r (15) b (16)
5 (4) 0,06™ 0,22

10 (5) 0,004 0,006

2 _ 12 (6) -0,04™ -0,09™
NS 28 (7) 0,05* 0,12%
G % 29 (8) 0,15%* 0,23%*
2 § 31 (9) -0,02™ -0,04™
8 £ 34 (10) -0,02™8 -0,04™°
22 53 (11) 0,13 0,15
e 56 (12) 0,15 0,05™°
57 (13) 0,19%* 1,05%*

59 (14) 0,03 0,02

*% P<0,01; * P<0,05; “>nem szignifikans (nonsignificant)

Table 9: Estimated correlation coefficients between the valuable cuts breeding values
and herd effects and linear regression coefficients of the valuable cuts breeding values
on the herd effects of the analysed pig populations

Trait(1), Valuable cuts(2), (3)-(14) See Table 1, Correlation coefficient(15), Linear
regression coefficient(16)
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Ugarte és mtsai. (1992) az altalunk elemzett problémat mas oldalrdl kozelitették meg.
Szamitogépes szimulacio segitségével olyan adatbazisokat hoztak Iétre, melyeknél az
egyedek ecloszlasa (a tenyészértékek alapjan) véletlenszerdi, illetve nem véletlenszerii volt.
A nem véletlenszeri eloszlas pozitiv korrelacidt eredményezett a tenyészértékek és
tenyészethatasok kozott. Ezzel szemben véletlen eloszlas esetén az egyedek becsiilt
tenyészértékei €s a tenyészethatasok kozott a korrelacios koefficienseknek gyakorlatilag
nullanak kell lennie. Elméleti megfontolasok alapjan Visscher és Goddard (1993)
megallapitottak, hogy ha a vizsgalt egyedek eloszldsa — tenyészértékeiket figyelembe véve
— véletlenszerti a tenyészetek kozott, akkor a kapott eredmény torzitatlan, fliggetleniil attol,
hogy a tenyészethatas az alkalmazott modellben fix vagy random hatasként szerepel.
Ugarte és mtsai. (1992), valamint Visscher és Goddard (1993) megallapitasai a jelen
vizsgalat szemszogébdl dontének tekintheték. A nulla korrelaciés koefficiens a
tenyészértékek ¢és tenyészethatdsok kozott ugyanis véletlenszerii egyedeloszlast jelent
(Ugarte és mtsai., 1992), ami torzitatlan tenyészertékbecslést tesz lehetdvé (Visscher és
Goddard, 1993), s ez korrekt szelekcids dontések alapjaul szolgalhat.

Hangsulyozni kell azonban, hogy nem véletlenszerii eloszlas esetén az eloszlas altal
létrehozott torzitas eltavolithatdo azaltal, hogy a tenyészethatast, mint fix hatast
szerepeltetem a modellben. Az algebrai bizonyitast Frey és mtsai. (1997), valamint Van
Vieck (1987) adjak meg. Visscher és Goddard (1993) azonban megjegyezték, hogy
abban az esetben, ha egyes egyedek csak az ugynevezett j6 tenyészetekben hoznak 1étre
utédokat, a tenyészértékbecslés torzitott eredményt ad, amennyiben a tenyészethatas
értelmezése random (a fix hatés torzitatlan becslést eredményez). Ezzel szemben, ha a
legjobb tenyészértékli egyedeket ugy parositottak, hogy azok utddai csak az tgynevezett
legjobb tenyészetekben termelnek, akkor a tenyészértékbecslés mindenképpen torzitott
eredményt ad. Ez utobbi megallapitas, illetve annak eredményébdl fakadd kovetkezmény
azonban esetlinkben nem érvényes.

KOVETKEZTETESEK

Osszefoglalasképpen megallapithato, hogy a magyarorszagi sertéstenyésztésben jelenleg
hasznalt HVT index kozvetleniil mért, fenotipusos értékmérékre ¢épiilé indexnek
tekinthetd. Ezért a HVT megkezdése elotti kedvezd vagy kedvezdtlen tizemi
koriilmények kozvetleniil befolyasoljak az egyedek HVT indexpontszamat. A BLUP
eljaras ezt, a kornyezet eltérései altal okozott torzitottsagot korrigalni tudja. Ezt
bizonyitja, hogy a BLUP modszerrel becsiilt tenyészértékek alapjan az egyedek
tenyészetek kozotti véletlenszert eloszlasa volt tapasztalhato.

Az altalunk alkalmazott modellek esetében a tenyészethatdsok fix hatasként
szerepeltek. Igy abban az esetben, ha a vizsgalati egyedek nem véletlenszerii eloszlasa
lett volna tapasztalhato (vizsgalatunk nem ezt igazolta), a becsiilt tenyészértékek
torzitatlanok maradtak volna. Kivéve természetesen, ha a legjobb tenyészértekii
egyedeket ugy parositottak volna, hogy azok ivadékai csak az tigynevezett ,legjobb
tenyészetekben” helyezkedjenek el.
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OSSZEFOGLALAS

vizsgaltuk két vaddisznos kertben és a kornyezd szabad teriileten a Zselicségben a 2003/04-es és
a 2004/05-6s vadaszati idényben. Az elejtett egyedeket novembertol januarig a zsigerelés helyén
vizsgaltuk. A tidokbol kigyijtott fergeket sztereomikroszkoppal, laboratoriumban szamoltuk
meg. A zsigerelchelyeken gyiijtottiik a veséket és a vese koriili zsirt is, majd ezeket digitalis
kijelzésii mérlegen mertiik 1 g-os pontossaggal. A statisztikai szamitasok elvegzéséhez
Quantitative parasitology 2.0 programcsomagot hasznaltunk. A vaddszatok sordn elejtett
vaddisznokban a sasostoi kertben (n=66) 81,8%-os prevalenciat mértiink 42,3 atlagos és 22,5
median intenzitdssal, valamint 34,7 atlagos abundanciaval. A totfalusi kertben (n=63) 54,0%-
os prevalenciat kaptunk a vizsgalatok soran 25,2 dtlagos, 15,0 median intenzitassal és 13,6
atlagos abundancidaval. Ezen értékek a szabad teriileten elejtett vaddisznok (n=47) esetében
63,8%-o0s prevalencidat, 41,2 atlagos, 19,5 median intenzitdas, valamint 26,3 atlagos abundancia
eértekeket mutattak. Szignifikans (P<0,05) kiilonbséget csak a prevalencia és az atlagos
abundancia tekintetében talaltunk a szabad teriilet és a sasostoi kert, valamint a két kert
dllomanydnak értékei kozott. A vizsgalt vaddisznok kora és ivara kozott nem taldltunk
szignifikans eltérést a kiilonbozd korcsoportokban a prevalencidban, az intenzitas értékekben és
sordn a kifejlett egyedeket a két ivarra elkiilonitetten is értékeltiik. A vesezsir-index vizsgalatok
eredményei azt mutattak, hogy a legrosszabb kondicioban a malacok voltak (1,99 vesezsir-
index), mig a siildok kondicioja kozepesnek mondhato (2,45 vesezsir-index), a kifejlett egyedek
pedig jo kondicioban voltak (kanok: 3,44 vesezsir-index, kocdk: 4,42 vesezsir-index).
Szignifikans (P<0,05) eltérés csak a kocak és a tobbi korcsoport vesezsir indexei kozott
mutatkozott. Eredményeink alapjdan évente legfeljebb egy nyadr eleji féreg ellenes gyogykezelés
sziikséges a vaddisznok sulyos tiidoférgességének megelozésere.

(Kulcsszavak: antiparazitikum, vaddisznés kert, Metastrongylus, prevalencia, vesezsir-index)

ABSTRACT

Lungworm occurence and the physical condition of wild boar in middle Somogy
Gy. 'Varga, L. *Sugar
'The Somogy Forestry and Wood Industry Plc., Kaposvar, H-7400 Bajcsy Zs. u. 21.
University of Kaposvar, Faculity of Animal Science, Kaposvar, H-7400 Guba Sandor u. 40.

Lungworm (Metastrongylus spp.) occurrence and the physical condition of wild boar (Sus
scrofa ferus) was examined in two boar enclosures (fenced areas) and the surrounding open
area of middle Somogy county, SW-Hungary, in the 2003/04 and in the 2004/05 hunting
season. During the hunting season (November - January) animals that were shot were
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investigated at the carcass collecting sites. Worms were collected from the lungs (lower
airways) and were counted using a stereomicroscope in the laboratory. Kidneys and kidney fats
were collected at the carcass collecting sites, too, and were measured with digital scales. A
quantitative parasitology 2.0 program was applied for the statistical analysis. Lungworm
occurrence of boars shot in Sasosto (n=66) showed 81.8% prevalence with 42.3 mean and 22.5
median intensity and 34.7 mean abundance. Boars shot in Totfalu (n=63) had 54.0%
prevalence with 25.9 mean and 15.0 median intensity and 13,6 mean abundance. The open
hunting area boars (n=47) had 63.8% prevalence with 41.2 mean and 19.5 median intensity
and 26.3 mean abundance. Significant (P<0.05) difference was proved between the open
hunting area and the Sasosto enclosure as well as between the two enclosures in the prevalence
and mean abundance. According to the age groups, there were no significant differences
among the three sample groups in the prevalence, mean intensity, median intensity and mean
abundance. In the case of kidney fat index, (KFI) individuals animals were separated into two
sexes. The piglets were in the worst conditions (KFI: 1.99), the yearlings were in middle
conditions (KFI: 2.45) and the adults were in the best conditions (male: 3.44; female: 4.42). In
respect of KFI, only the adult sows’ value differed significantly (P<0.05). On the basis of the
above findings,it is thought that at most one anthelmintic treatment (either with albendazole or
ivermectin) during the summer is enough to avoid the outbreak of a serious lungworm disease.
(Keywords: Anthelmintics, enclosure, Metastrongylus, prevalence, kidney fat index)

BEVEZETES

A vaddisznoval (Sus scrofa ferus) vald gazdalkodas, kiilondsen annak zarttéri tartasa
egyre nagyobb jelent6ségii a vadgazdalkodasi agazatban. Ennek fobb okai: a vaddisznd
az egyetlen idénykorlatozas nélkiil elejthetd, hajtasban is vadaszhatdo nagyvadfajunk,
valamint orszagos elterjedésének koszonhetéen vadaszata minden vadasz szamara
elérhetd. Vadaszata gyakorlatilag a szabad teriileti vadaszattal azonos élményt nyujt
vadaskerti viszonyok kozott is. A vaddiszno Sefag Rt. vadgazdalkodasban betoltott
jelentds szerepét tamasztjak ald a nagyvadlelovési mutatok, az export arbevétel és a
feldolgozott vadhusmennyiség is (/. tabldzat).

1. tablazat

A vaddiszné jelentsége a Sefag Rt. vadgazdilkodasaban (2004)

Nagyvadlelovés | Arbevétel | Ertékesitett vadhiis

(db) (7) (mFt) (8) ® )
Gimszarvas (1) 2.174 94.572 115,7
Vaddiszné (2) 2.724 158.499 132,6
0z (3) 741 10.179 7,9
Dam (4) 2.133 45.037 31,9
Muflon (5) 35 1.454 0,4
Vaddisgr}é afénya az 0sszes 34,9% 51,2% 46,0%
mennyiségbodl (6)

Table 1: The impontance of wild boar in the game management of the Sefag Plc. (2004)

Red deer(1), Wild boar(2), Roe deer(3), Fallow deer(4), Mouflon(5), The proportion of
wild boar(6), Bag size(7), Total income(8), Quantity of venison purchased
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A vaddiszn6 kedvez6 szaporasaga miatt az allomany szinten tartasdhoz a tavaszi becsiilt
allomany 120-150%-at kellene elejteni. Ez azonban csak kevés vadaszteriileten valosul
meg, ami természetszerlileg az allomany ndvekedéséhez vezetett, igy a vaddiszno
jelentds szerephez jutott az erdei, és méginkabb a mezOgazdasagi vadkarok
emelkedésében. A megnovekedett vadaszati igény kielégitése és a vadkarok csokkentése
céljabol az utdbbi 2-3 évtizedben kezdtek elterjedni a nagyvadfajok — koztiik elsdként és
foleg a vaddisznd — zarttéri tartasara szolgalo kertek.

Az Orszagos Vadgazdalkodasi Adattar (OVA, 2004) aktualis kimutatdsa szerint
jelenleg Magyarorszagon 16 megyében Osszesen 106 vadaskert miikodik. Utdbbiakbol
52 a vaddisznoskert és 47 a vegyes vadaskert, amelyek koziil 43-ban talalhaté vaddiszno.
A magyarorszagi vadaskertek teriilete meghaladja a 63.000 ha-t (2. tdblazat).

2.tablazat

Vadaskertben tartott nagyvad allomany (6sszesen db; 1997, 2004)

. 1997 2004

Vadfaj (1) b b

0z (2) 593 925
Vaddiszno (3) 8392 10668
Dam (4) 5378 5662
Muflon (5) 1158 1336
Gimszarvas (6) 3359 3732

Szikaszarvas (7) 65 59

Forras (source): Orszagos Vadgazdalkodasi Adattar (National Game Management
Database), G6do6116

Table 2: The number of big game in fenced area in Hungary (total, 1997, 2004)

Big game species(1), Roe deer(2), Wild boar(3), Fallow deer(4), Mouflon (5), Red
deer(6), Sika deer(7)

A vaddisznoskertek a felsorolt elonyok mellett azonban bizonyos problémakat is rejtenek
magukban. Ezek féleg a megfeleld technologia be nem tartasabol, a tal magas
egyedsiiriiségbdl és a helytelen takarmanyozasbol adodnak. Ennek kdvetkezményeként az
allatok élohelyiiket felélik, a stresszhelyzet allandosuldsa miatt pedig altalanos
ellenalloképességiik csokken. Az allomany egészségi allapotanak romlasa miatt kicsi a
szaporulat — ugy létszamat mint testnagysagat tekintve — és helyenként az elhullds is
jelentdés mértékii lehet. Ez anyagi karként jelentkezik. Azonban a célratord, gazdasagilag
eredményes vadgazdalkodas egyik alapvetd feltétele az egészséges, minden szempontbol
stabil allomany. Ezért fontos tehat allomanyunk egészségi allapotanak az ismerete. A
természetes rendszerek normalis miikddésének, ezekben az egyedi szervezet egészségének
is fontos feltétele a folytonos anyag- és energiaforgalom. Ezen forgalomnak az allapotat, a
felhalmozott tartalékok mennyiségét jelzi az allat taplaltsagi allapota, kondicidja. Sugar
(2000) szerint a kondicio mértékének megallapitasara tobb lehetdség kinalkozik. Minden
olyan modszer alkalmas a kondicid mérésére, amely a szervezet zsirtartalékait veszi
szamba. A modszerek koziil a vese koriili zsirszovet mérése tiinik a legjobbnak, mert ez
konnyen hozzaférhetd és jol koriilhatarolhatd. Farago (1997) megéallapitja, hogy a
vesezsir-index kiszamitasaval a kondicié magasabb fokozatairdl kapunk informaciokat.
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Caughley és Sinclair (1994) véleménye szerint a kondicio becslése egy populaciobdl vett
véletlen mintabol pontatlan, mert az elhullott, vagy elhullas el6tt allo, nagyon gyenge

s

o

Az elhullasok nyomon kovetése és a taplaltsagi allapot megallapitasa mellett lehetoség
kinalkozik az allatok parazitologiai vizsgalatara is, amely nem egy elsddleges
allategészségiigyi probléma, de allomanyunk altalanos egészségi allapotara vonatkozoan
kitlind indikatorként miikodik. Vadpopulaciokban és természetes koriilmények kozott a
parazitdk nem okoznak megbetegedéseket, hanem dinamikus egyensulyi allapot alakul ki a
gazdaszervezet ¢és parazitai kozott. A zarttéri tartds sordn azonban beavatkozunk a
természetes viszonyokba, igy a tovabbiakban a vadgazda feladata és feleldssége, hogy ezen
természetes viszonyokat fenntartsa, megérizze (Sugar, 1978). A parazitdknak huméan-
egészségligyl vonzatai is vannak, hiszen az ember a kdzdnséges holyagféreg (Echinococcus
granulosus) koztigazdaja is lehet (Tusdn, 2001). A vaddiszn6 parazitait Eurdpaban tobb
szerzO is vizsgalta. Haupt és Stubbe (1975) Németorszagban, Humbert és Henry (1989)
Franciaorszagban, Jezierski (1977) Lengyelorszagban, Kutzer (1992) Ausztriaban, Lepojev és
Kulisic (1992) a volt Jugoszlavia teriiletén, Takdacs (1996) pedig Magyarorszagon. A felsorolt
szerzOk a vaddisznok magas tiid6féreg-fert6zottségét tapasztaltak, ezért a parazitas bantalmak
kozill a tidoférgességnek (metasztrongilozis) kiemelt jelentdséget tulajdonitanak.

A vaddiszné vadgazdalkodasban betoltott szerepe és a tiidoférgesség fontossaga
miatt célul tliztik ki tobb vadgazdalkodasi egység teriiletén €16 vaddisznoallomany
egészségi allapotanak felmérését. Erre iranyuld vizsgalatainkat 1996 6szét6l kezdédéen
végeztilk a Zselicségben talalhatd, SEFAG Rt. kezelésében levd vadaszteriileten. Jelen
kozleménylinkben a 2003/04, valamint a 2004/05-0s vadaszati szezonban, két
vaddisznos kertbol és a kornyezd szabad teriiletrdl szarmazo vaddisznok tiid6féreg
vizsgalatok eredményeit mutatjuk be.

Vizsgalataink 6 céljai az alabbiak voltak.

— Adatok gytlijtése a tiidoférgesség gyakorisagarol és intenzitisardl a két vaddisznos-
kert és a szabad teriilet 6sszehasonlitasahoz,

— Az eltéré gazdalkodas és kezelés hatasanak Gsszehasonlitasa, s az eredmények isme-
retében optimalis kezelési elvek kidolgozasa.

ANYAG ES MODSZER

Vizsgalati anyag

A vaddisznok vizsgalata a 2003/04 és a 2004/05-6s vadaszati idényben, a téli (novembertol
januarig) idészakban tortént a Zselicségben (K6zép-Somogy). A téli mintavétel idopontjat
tobb tényezd is indokolja: egyfeldl az éves teriték kozel 90%-a ebben az idoszakban, a
hajtovadaszatok soran esik el, masfeldl a téli kornyezeti feltételek (hideg id6, beszikiilt
taplalékforras) és az intenziv vadaszatok altal okozott megnodvekedett stresszhelyzet
gyengébb kondiciot és kisebb ellendllo-képességet okoz, aminek kovetkeztében az
esetleges megbetegedésekre ebben az iddszakban fokozottabban fogékonyak
alloméanyaink. A mintakat két vadaskerti és a kornyezé szabad teriileten -elejtett
vaddisznokbol gytjtottilk. A kertekben vizsgalatainkat megel6z6en nem végeztek
parazitologiai felméréseket. A vizsgalatokat részben a teriileten a zsigereléskor végeztiik,
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részben a késé esti idészakban az erdészet hiitékamrajanal. Utobbi helyen tortént az adatok
felvétele és a pontos mérlegelés is hitelesitett tizedes mérleggel. A vizsgalat soran az
allatokat egyedi azonositd szammal lattuk el, ami segitette a késGbbi adatfeldolgozast és
lehetbséget adott az utdlagos ellendrzésre is.

A zsigerel6 helyeken allapitottuk meg az allatok ivarat, korat, valamint mértiik a
testtomeget is. Az allatok korat fogazatuk alapjan hatiroztuk meg és harom csoportot
kiilonitettiink el (korcsoport 1: 1 év alatti egyedek — malacok, korcsoport 2: 1,5 éves
egyedek — siildok, korcsoport 3: 2 évesnél idosebb egyedek).

A mintagytijtés ideje alatt 11 alkalommal, 6sszesen 176 allatbol szarmazé mintat
vizsgaltunk meg.

A vizsgalat soran az alabbi adatokat vettiik fel:
— vizsgalat helye
— vizsgalati id6pontok,
— ivar és korcsoportok,
— testtomeg,
— tidoféregszam,
— vese ¢s vese koriili zsir tomege.
A légzdszerveket a 18gcsotol a fohorgok végso elagazasaig olloval felvagtuk és az igy
lathatova valt tiidoférgeket csipesszel kigyujtottik. A tiidokbol kigyljtott férgeket
szteredmikroszkop alatt a laboratoriumban szamoltuk meg.
1 g-os pontossaggal megmeértiik a vese, valamint a vese koriil talalhatod zsir tomegét. A
vesezsir mérése a kotészovetes tokkal egyiitt tortént. Az index kiszamitdsa az alabbi
képlet alkalmazasaval tortént:

a vese + a vese koriili zsir tomege

Vesezsirindex = " (Sugar, 2000).
a vese tomege

A vizsgalati teriiletek

Sasostoi kert (K1)

300 ha nagysagl, melynek erddsiiltsége 88%-0s. A vadaszati szezon el6tti
allomanynagysag 220 db (allomanysiiriiség: 0,7db/ha). Az alkalmazott terapias modszer
szerint majus végén a befogasok befejeztével csak a malacokat kezelik ivermectinnel
(Ivomec® inj., Merial), amit a kertek feltoltésekor végeznek el. A kertben alkalmazott
kezelési eljaras €s tartasi mod intenzivnek mondhato, hiszen a malacok nevelése kutricas
malacnevelében torténik, ami lehetdvé teszi az egyedi gyogyszeres (injekcios) kezelést.
Emellett a kertben kiilon tenyész-, vadasz-, és kan korosbito kertek is talalhatoak.

Totfalusi kert (K2)

213 ha-os, melynek erddsiiltsége 61%-0s. A feltoltott kert allomanya 170 db-ra tehetd
(4lloménysiriiség: 0,8db/ha). A gyogyszeres kezelés soran albendazol-t (Vermitan®,
Phylaxia-Sanofi) hasznalnak, melyet takarmanyba keverve juttatnak ki, két izben 1-1
hétig folyamatos etetve, majus €s junius végén. A kertek feltoltése minden évben szabad
teriiletrél vald befogassal torténik. A kertben a vadaszkerten kiviil csak egy 18 ha-os
karantén talalhato, ezért ez a kert a sasostoihoz viszonyitva extenzivnek mondhato.

Az allomanysiir(iség (allomanynagysag [db] / teriilet nagysag [ha]) tekintetében a kertek egyike
sem ¢éri el a Palkovics és mtsai. (1986) éltal kritikusnak tartott 1 db/ha-os allomanystirtiséget,
mely esetben rovid idon beliil bekovetkezik a teriilet felélése és a stresszhelyzet fokozodasa.
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Szabad teriilet (SZT)
Mintegy 6.000 ha-os kiterjedésti teriilet, 67%-0s erd0siiltséggel. A szabad teriileti
populaciot 250-300 egyedre becsiilik (allomanysiiriség: 0,05 db/ha).

Adatok feldolgozasa

A mintavétel soran felvett adatok alapjan kiszamitottuk a tiidoféreg-fertézottség
prevalencia értékeit (fertdzott egyed/Osszes vizsgalt egyed, %), atlagos intenzitasat
(6sszes talalt tiidoféreg/fert6zott allat), illetdleg abundancidjat (6sszes talalt tiidoféreg/
Osszes vizsgalt egyed).

A statisztikai  szamitdsok elvégzéséhez  Quantitative parasitology 2.0
programcsomagot hasznaltuk (Rozsa és mtsai, 2000). A kiilonbozé csoportok
prevalenciainak statisztikai Gsszehasonlitisara Chi® probat, mig az atlagos intenzitas- és
abundanciaértékek elemzésére Bootstrap 2 mintas t-probat alkalmaztunk. A
vesezsirindex adatok feldolgozasa az SPSS 11.0 statisztikai programmal tortént. A
kiilonb6z6 korcsoportok adatainak &sszehasonlitasa egytényezds varianciaanalizissel
tortént, a csoportok kozti eltérések szignifikanciajat LSD teszttel vizsgaltam.

EREDMENY ES ERTEKELES

A tlidoféreg-fertdzottség mértéke (prevalencia, intenzitds és abundancia) a mintdk
szarmazasi helye szerint a 3. tablazatban talalhatdak szerint alakult.

3. tablazat

A vizsgalt vaddisznéteritékek tiidéféreg prevalencia, intenzitias és abundancia

adatai
Mintak (1) n | Prevalencia | Atlagos int. | Median int. |Atlagos abundancia
Sasosto (2) 66 | 81,8" 424 22,5 34,7°
Totfalu (3) 63 | 54,0° 252 15,0 13,6
Szabad teriilet (4) | 47 | 63,8 41,2 19,5 26,3
Osszesen (5) 176 67,0 37,1 20,0 24,9

P<0,05

Table 3: Lungworm prevalence, intensity and abundance data in wild boar bags
sampled

Samples (1), Sdsosto enclosure(2), Totfalu enclosure (3), Open hunting area(4), Total(5)

A kapott eredmények az elézetesen vartnal és a szakirodalomban leirt értékeknél
alacsonyabb szinten alakultak a totfalusi kertben, valamint a szabad teriileten, mig a
sasostoi kertben magas prevalenciat tapasztaltunk. A vizsgalati teriiletek kozti eltéréseket
statisztikailag is igazolni tudtuk, hiszen a kiilonb6z6 vizsgalati helyszinek adatainak
statisztikai elemzése soran szignifikans kiilonbséget tapasztaltunk a szabad teriiletrdl
szarmazo mintak és a sasostoi kertbdl szarmazé mintak kozott, valamint a két kertbol
szarmaz6 mintak kozott a prevalencia és az atlagos abundancia értékek esetében is. Az
atlagos ¢és a median intenzitas értékeket tekintve a vizsgalati helyszinek kdzott nem volt
statisztikailag kimutathato eltérés.

28



Acta Agr. Kapos. Vol 9 No 2

A kiilonb6z6 korcsoportok tiidoféreg-fertézottségének mértéke a 4. tdbldzat szerint
alakult.

4. tablazat

Vaddiszné korcsoportok tiidéféreg prevalencia, intenzitas és abundancia adatai

Mintak (1) n | Prevalencia Atlagos int. Median int. |Atlagos abundancia
Korcsoport 1 (2) | 13 61,5 % 35,3 6,5 21,7
Korcsoport 2 (3) | 40 67,5 % 28,4 15,0 19,2
Korcsoport 3 (4) | 123 67,5 % 40,2 24,0 27,1

Table 4: Lungworm prevalence, intensity and abundance data of different wild boar age groups
Samples (1), Age group 1(2), Age group 2(3), Age group 3(4)

A malac, siildé és kifejlett korcsoportba tartozo egyedek fertézottsége gyakorlatilag
azonosnak mondhatdé, mig az atlagos abundancia-, és intenzitasértékek kis mértéki
ingadozast mutattak. Az adatok értékelése soran azonban a harom korcsoportbol
szarmaz6 mintak kozti eltérés statisztikailag nem volt igazolhato.

A makroszkdpos vizsgalat soran tliidoférgeket rendszerint csak a fohorgék végso
szakaszaban €s az innen kidgazd horgécskékben (a rekeszi lebenyek hatulsd szélén)
taldltunk. A férgek koriil kisebb-nagyobb mennyiségli sargassziirke szinli, kodzepes
konzisztenciaju nyalka volt megfigyelhetd. Az ilyen tiid6részek bemetszés nélkiil is
felismerhet6k, a normalis tiid6felszinhez képest vilagosabbak, tomott tapintastak,
altalaban csak néhany cm®-nyi kiterjedéstiek.

A vesezsirindex adatoknal a feln6tt egyedeknél kiilon értékeltiik a két ivart,
mintakat négy csoportra osztottuk (felndtt kanok, felndtt kocak, siildék és malacok). A
kapott eredmények azt mutatjak, hogy a malacok kondicidja volt a leggyengébb, a
stildék 2,45-6s indexe kozepesnek mondhatd, a felndtt kanok jo (3,44) kondicioban
voltak, mig a legjobb kondicioban (4,42) a kocdk voltak. A vizsgalt minta egészét
tekintve megallapithatjuk, hogy az allatok atlagos jo kondicioja ellenére mindegyik

s

5. tablazat

A vesezsir index alakulidsa korcsoportok és ivarok szerint

Mintak (1) n Atlagos index (7) s.d. (8) Minimum | Maximum
Kanok (2) 49 3,44° 1,94 1,07 9,13
Kocak (3) 36 4,43 2,52 1,20 12,40
Siildok (4) 21 2,99 0,94 1,23 4,81
Malacok (5) 6 1,99° 1,00 1,33 3,83
Osszes (6) 112 3,50 2,10 1,07 12,40

Table 5: Kidney fat indexes of different age groups

Samples(1), Tuskers(2), Adult sows(3), Yearlings(4), Piglets(5), Total(6), Mean index(7),
Standard deviation(8)
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A kapott adatok statisztikai elemzése soran a kocaknal mért jo kondicios allapot egyuttal
szignifikansan kiilonbozott a masik harom csoport vesezsirindex értékétol.

KOVETKEZTETESEK

A tiuidoférgek elofordulasa gyakori (Totfalu és Szabad teriilet), illetdleg igen gyakori
(Sésostd) volt a vizsgalt vaddiszné allomanyokban a nyar eleji parazita ellenes kezelések
dacara is. A férgeket tartalmazé tiidorészekben jelentds koros elvaltozast nem
tapasztaltunk, amint azt Mennerich-Bunge és mtsai. (1993) is leszogezték. Az itt
ismertetett vizsgalataink tapasztalatai alapjan nem tudjuk megerdsiteni a bevezetésben
emlitett szerzOk tiidéférgekre vonatkozd erds patogenitds meglétét. A vaddisznok
ujrafertdzédése kiilondsen az intenziven tartott allomanyok esetében az etetOhelyek
kozelében elfogyasztott fertdzott foldigilisztak miatt gyakorlatilag folyamatos. Azonban
a malac, majd sildé korban viszonylag gyorsan kialakult szerzett immunitas
kovetkeztében — megfeleld tartasi és takarmanyozasi koriilmények esetén — a tiidéférgek
feldtsulasaval nem kell szdmolnunk. Ezért véleménylink szerint évente legfeljebb egy
nyar eleji féreg ellenes gyogykezelés szikséges a vaddisznok sulyos tiidéférgességének
megeldzésére.

A vaddiszndk j6 kondicidja arra enged kovetkeztetni, hogy kielégité mennyiségl és
valtozatos takarmanyozassal az allatok megfeleld taplaltsagi allapotban tarthatok. A
idopontja a vehemnevelés idejével esik egybe, mikor is a magzatok fejlodéséhez az
allatok jelentds zsirtartalékot halmoznak fel.
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ABSTRACT

The most perfect method for the determination of the amino acid composition of pure
protein feeds or biological fluids is still the ion exchange column chromatography (IEC).
With the help of the lithium buffer system, most of the problems in the field of free amino
acid analysis of biological fluids can be solved. At IEC, most contaminants move rapidly
through the post-column system and are discarded before the separation of amino acids
begins, resulting in better performance. The time required for the sample preparation is
minimal compared to pre-column methods, and the detection (with ninhydrin or OPA) is
chemically specific for amino acids. A new off-line sample preparation method has been
introduced before analysis by an ion-exchange chromatography and integrated
amperometric detection, which eliminates carbohydrates from amino acid samples.
However, the major problems remained in the hydrolysis of the protein, the de-
proteinization of the biological fluids and the partial decomposition of methionine,
cysteine and tryptophan during the sample preparation for analysis. At the moment the
traditional IEC with post-column ninhydrin derivatization seems to be the best method to
analyse both pure proteins and feeds and complex mixtures, but in some comparison the
HPLC methods were found to be similar to that of the IEC.

(Keywords: ion exchange column chromatography, IEC, high performance liquid
chromatography, HPLC, amino acids, determination)

OSSZEFOGLALAS

Az aminosavak elvalasztasa és meghatarozasa ioncserés oszlopkromatografiaval,
oszlop utani szarmazékképzés alkalmazésaval

Csapd, J., Loki, K., Csapo-Kiss, Zs., Albert, Cs.
Kaposvari Egyetem, Allattudomanyi Kar, Kaposvar, 7400 Guba Sandor u. 40.
2
Sapientia Erdélyi Magyar Tudomanyegyetem, Csikszeredai Campus, Csikszereda, R-530104 Szabadsag tér 1.

Tiszta fehérjék, élelmiszerek, biologia eredetii folyadékok aminosav-Osszetételének
meghatarozasara a legtékéletesebb modszer még mindig az ioncserés oszlop-
kromatogrdfia (IEC). Biologiai eredetii folyadékok szabadaminosav-tartalmanak
meghatarozasa litium pufferek alkalmazdsaval kénnyen megvalosithato. IEC esetén a
szennyezdé anyagok tobbsége gyorsan keresztiil jut az oszlopon, mielétt az aminosavak
szétvalasztisa megkezdodne, ami megnéveli a modszer hatékonysagat. A minta-
elokeészités ideje az oszlop eldtti szarmazékképzést alkalmazokhoz képest minimalis, és az
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aminosavak kimutatisa OPA-val vagy ninhidrinnel specifikus az egyes aminosavakra.
Ujabban egy off-line minta-elékészitést alkalmaznak anioncseréld kromatogrdfiaval és
amperometrias detektalassal kombindlva, melynek segitségével a szénhidratok zavaro
hatasa kikiiszobélhets. A legfontosabb problémak tovabbra is a fehérjehidrolizis, a
biologiai eredetii mintak fehérjementesitése, és a metionin, a cisztein és a triptofan
részleges elbomlisa a minta-elokészités soran. Jelenleg a hagyomdanyos IEC oszlop
utani ninhidrines szarmazékképzés tinik a legjobbnak tiszta fehérjékre, élelmiszerekre és
komplex keverékekre is, bar néhany esetben a nagyhatékonysagu folyadékkromatografia
is hasonloan jonak bizonyult.

(Kulcsszavak: ioncserés oszlopkromatografia, IEC, nagyhatékonysagi folyadék-
kromatogréafia, HPLC, aminosav-meghatarozas)

INTRODUCTION

Moore and Stein (1951, 1958) devoted much time to the separation and very precise
determination of amino acids in the middle of the 20" century. In 1958, together with
Spackman they published the description of the automatic amino acid analyser for
quantitative and qualitative determination of amino acid content of the protein, which
was based on ion exchange column chromatography (IEC) after post-column
derivatization with ninhydrin. For this work in 1972 they have been awarded the Nobel
Prize. After they published their method, many researchers tried to improve it, so many
elaborate ameliorations were tried, but the principles of the method were unchanged.
Most of the amino acid analyser operates by the traditional principle of Moore and Stein
and uses ninhydrin or some different post-column derivatization methods (Friedman,
1975; Amino acid analysis Handbook and application 1982; Holm and Peck 1998; Belitz
and Grosch 1999; Moughan et al., 2000; Cooper et al., 2001; Amino acid analyser AAA
400, 2002; Walker, 2002; Bologa, 2002).

By, Parvy et al., 1990, approximately 94% of the laboratories used an ion-
exchanging technique coupled with colorimetric detection after reaction with ninhydrin
for determination of the amino acid content of proteins and free amino acids from
biological fluids, and only 6% used gas chromatography. Interestingly, no participating
laboratory using high performance liquid chromatography (HPLC) with pre-column
derivatization was able to provide usable results, despite several requests to participate
and to dispatch samples. This confirms that the use of HPLC with pre-column
derivatives cannot yet be considered to be a routine for determining all the amino acids
in biological fluids.

Recently, HPLC has become very popular in the field of amino acid analyses, but
the determination of the amino acids by means of HPLC brought a number of problems
in comparison with the classical Moore and Stein method. These problems explain the
small number of HPLC methods in the practice today. For HPLC analysis of amino
acids, perfectly clean samples are required, otherwise the impurities of the sample
destroy the pre-wash or analytical columns, or the derivatization of the amino acids is
not successful. The IEC method is not as sensitive regarding the impurities of the
sample, and there is no need for pre-column derivatization of the amino acids.

Since the original publications, several researchers published improvements in the
technique, but these meant no fundamental changes. They intend to improve the sample
preparation method, the hydrolysis of the protein, and the determination of the sensitive
amino acids (methionine, cystine, tryptophan) by different protein hydrolysis methods,
and mark the trend to faster analysis and higher sensitivity. The original two columns
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system described by Moore and Stein (1951, 1958) was used for a long time, but lately
the single column system has increased. An accelerated single column lithium buffer
system was examined for determination of the ninhydrin positive compounds of
biological fluids, and others investigated the different post-column derivatization method
with different agents for improving the sensitivity of the determination (Davies, 1992;
Pickering, 1981; Ashworth, 1987).

There have been relatively few methodological advancements in the past 15 years,
but the technique is still very wide-spread. In comparing post-column and pre-column
methodologies, some advantages of the post-column methods should be noted. Since ion
exchange properties dominate when the sample is loaded, most contaminants move
rapidly through the post-column system and are discarded before separation of amino
acids begins, resulting in a more favourable performance. Sample preparation is minimal
compared to pre-column methods. Detection (with ninhydrin or OPA) is chemically
specific for amino acids. Considerable literature exists concerning retention times of
amino acids and derivatives (over 500 have been catalogued). The accuracy and
precision of the data can be maintained at a high level with a reasonable amount of effort
(Andersen, 1994).

SAMPLE PREPARATION

The most correct separation of the samples is the base of the accurate and repeatable
analysis of amino acids by automatic IEC. Before the preparation of the samples the
protein content or the approximate content of amino acids should be known for the
selection of the optimum weighing of the original sample. The sample has to be as pure
as possible, because some of the constituents of the sample can assist in the destruction
of the sensitive amino acids. The volume of the sample which can be applied to the ion
exchange column vary for the different instruments. With refinements in
instrumentation, the tendency has been pointing towards a decrease of the sample
volume to 50 ul or less. The preparation of the sample can be divided into two parts
depending on the purpose of investigation: releasing the amino acids from protein and
peptides by means of hydrolysis, and preparation of samples containing free amino acids
when the protein and other disturbances are removed. This paper does not deal with the
hydrolysis methods (acidic hydrolysis, performic acid oxidation before hydrolysis for the
determination of the sulphur containing amino acids, the hydrolysis methods for the
determination of tryptophan and recent developments in the hydrolysis) of the proteins.

ION EXCHANGE CHROMATOGRAPHY OF AMINO ACIDS

Introduction

After sample preparation, in most cases meaning hydrolysis of the protein or preparation
of the sample for free amino acid analysis, depending on the amino acids present in the
sample, sodium or lithium buffers are prepared for separation of the amino acids by IEC.
The eluate from the ion exchange column is passed through in a Teflon coil placed in a
boiling water bath or other heating apparatus. Before entering the column, the column
effluent is mixed with reduced ninhydrin reagent, which is dissolved in acetate buffer.
The ninhydrin reacts with amino acids forming a dye complex. The absorption is
determined in a flow photometer, and registered on the chart of a recorder or a computer.
The area under the peaks corresponds to the amount of amino acids present in the
sample. The evaluation can be done manually or automatically with an integrator or a
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computer. The circumstances of the analysis make it possible to quantitate as little as one
nanomol amino acid with a high degree of accuracy (Moore and Stein 1951; 1958,
Amino acid analysis Handbook and application 1982; Amino acid analyser AAA 400,
2002).

The original two-column system for separation all of the protein building amino
acids were described first by Spackman, et al., and this method was used for manual and
automated systems for many years. Today this method is not used because of problems
are related to reliability, accuracy, sensitivity and the sample loading system. Currently,
the simple single column system is generally used. Using the method of Moore and
Stein, the amino acids are separated on a cation exchange resin with buffers of carefully
defined salt concentration and pH Moore and Stein (1951, 1958). The ion exchange
takes place on resin, consisting of small spherical beads of polystyrene, reacted with
divinylbenzene to achieve the required degree of cross linkage between the two
polymerised chains of styrene, and sulphonated to provide an electrical charge. The
chromatographic column is filled with resins of negative charge, and the amino acids are
put on the column at a low pH value (pH=2.2), hence all of them bear a positive charge.
In these conditions, all of the amino acids will link to the resin, no chromatographic
division will occur, and the amino acids are waiting at the beginning of the column for a
change in conditions. If the pH and the ionic strength of the elution buffers increase, the
isoelectric point of the amino acids will be reached, and the attraction of the ions towards
the resin diminishes and so the amino acids will be eluted from the column. The
isoelectric point of an amino acid molecule is defined as the pH value, at which the
molecule, in the solution, do not dispose of any charge. The isoelectric point of amino
acids is a function of the pH values of the ionisable groups in the molecule. The
conditions of the separation of the amino acids can be modified in a way that the
isoelectric points for all amino acids are to be reached at various times. For example in
the case of aspartic acid (Equation I) the different charges at different pH is the
following (Holm and Peck, 1998; Belitz and Grosch, 1999).

Equation 1
H3Ntc‘:H—COOH HgNtc‘:H—COO' HgNtc‘:H—COO' HzN—c‘:H—COO'
CH, —_— CH, B CH, — » CH,
| - | - | -
COOH COOH COO- COO-
pH 1 pH 2.8 pH 6.6 pH 11

At pH=1 the molecule has one positive charge, but if the pH value is increasing, larger
number of molecules situated in the o-carboxil group will have a negative charge up to
the limit of pH=2.8, when all of them dispose of it. This is the isoelectric point of the
aspartic acid. The carboxylic group in the side chains is less acid than the a-carboxilic
acid, and the concentration of the hydrogen ions is sufficient enough to prevent its
ionization. If the pH value rises to 6.6, the carboxylic group of the side chain will be
ionised, and the molecule will get two negative and one positive charge, and if the pH
rise to 11.0, the molecule will dispose only two negative charges.

The lysine has an amino group on its side chain, its isoelectric point is at pH=9.7.
At pH=1 the lysine possesses two positive, at pH=5.6 two positive and one negative, at
pH=9.7 one positive and one negative and at pH=11 one negative charge (Equation 2)
(Holm and Peck, 1998; Belitz and Grosch, 1999).
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Equation 2
H3N+*(‘3HfCOOH H3N+*(‘3H*COO' NHZ*C‘ZH*COO' NHZ*C‘ZH*COO'
H
(C‘3H2)4 (?H2)4 ‘CH2)+4 . C‘3 24
NHz" <~ NHz" =< NHg =~ NH;
pH 1 pH 5.6 pH 9.7 pH 11

The theoretical treatment of the separation of amino acids supposes that the
concentration of the individual amino acids is small, therefore the ratio between the
amino acids bound to the resin and free in the solvent have to be regarded as independent
of concentration. The process of ion exchange is the following (dmino acid analysis
Handbook and application, 1982).

Equation 3
Matrix-SO ; —Na" + H3N*~CH(R)COOH = Matrix-SO 3 -HsN*~CH(R)COOH + Na".

The distribution coefficient a;mino acig* for the amino acid is defined as the ratio between
free and bound ion in a given section of the column (equation 3).

Qamino acid* =

k\/latrixr— SO3 —HsN'CH(R) QOOHJ
HaN* - CH (R) COOH|

Where: k\/latrix—SO§ —H3N+—CH(R)COOHJ is the concentration of amino acid

bound to the resin, k—|3 N* —CH(R) COOHJ is the concentration of the free amino acids
in the buffer.

For the ion exchange process, the law of mass action can be applied, and from the
equilibrium constant (K), the amino acid concentration bound to the resin, the free amino
acid concentration, the counter ion concentration bound to the resin, and the free counter
ion concentration, we can get information about the elution of the amino acids and the
retention time.

lon exchange resins

Today, spherical ball shape ion exchange resins are used (4dmino acid analyser AAA 400,
2002). The synthesis is carried out by means of co-polymerization of styrene and
divinylbenzene. The share of divinylbenzene applied in the synthesis is approximately
8%. The concentration of divinylbenzene is very important as it forms cross links in the
styrene chains leading to the formation of the ball shape, and as depending on the
quantity of cross links the resin has more or less favourable properties: terms of rigidity,
swelling capacity and porosity. The structure of the resin and the procedure of the ion
exchange is the following:
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—CH—CH,~CH,—CH—CH,—CH,—CH—CH,—CH,—CH—CH,

© © <) NH; R,COO

SOz Na" SO; Na*

—CH,—CH—CH,—CH,—CH—CH,—CH,—CH—CH,
NH; R,COO’

SO; NH; R,COO SO; NH3 R3COO°

The cross-linked resin structure is referred to as resin matrix, and if it is sulfonated, then
the strongly acid cation exchange resin is obtained. The sections situated inside of the
skeleton are called pore, and for the charged ions —SO3 the term linked ions are used.
The ions bearing the opposite charge are referred to as exchangeable ions being assigned
to the matrix by means of heteropolar links. These are positively charged groups in
buffers or amino acids. During the ion exchange the buffer ions bearing opposite charges
penetrate to the matrix pores, and exchange places with the ions with opposite charges,
which are linked there.

The dimension of the particles, the level of sulphonation and cross linking varies in
the case of resins used for the amino acid analysis (Friedman, 1975; Amino acid
analyser AAA4 400, 2002).

As the divinylbenzene concentration increase, the cross-linking occurs at shorter
intervals and the effective particle size or permeability is reduced, contrarily, the anchor
group is brought closer to one another so that the separating power is increased. The low
cross-linking resins with 1-4% divinylbenzene have a higher permeability, their
equilibrium is reached more rapidly, and they are capable of handling larger molecules.
The capacity of the resins, because the swollen volume is smaller, the separation power
for certain ions is reduced, and the physical stability of the resin is also less. The low
cross-linking resins with 8-16% divinylbenzene have small pore size, lesser
permeability, but are sufficient for more minor ions, and the swelling is slight.

Examining the particle size of the resin it is advisable, that the smallest possible
particle size is the best. The exchange rate increases with decreasing particle size, since
the diffusion path between the active groups become shorter. Short diffusion values
improve the sharpness of the separation, and permit to use shorter columns reducing the
separation time. Smaller particles have a higher mechanical stability, which is to be
considered very important, because the resin expands and contrasts in the column
through the continuous changes in pH and concentration during the analysis.

The dimension of the separating column is very important as regard to the high
resolution separation between the amino acids. The diameter of the columns nowadays is
1-2 mm, but earlier columns with 5-9 mm diameter were widely used. The larger
diameter columns are preparative columns. The separating performance depends in
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addition to the diameter of the ion exchange particles, on a length factor and the column
diameter. It is preferable to keep the column as narrow as possible in order to have the
largest possible number of the theoretical plate number in the column.

The flow rate of the eluting buffer on the column is very important, as it determines
the time of the analysis. If the flow rate through the column is more than the optimal, the
fractions leaving the column become unsymmetrical, leading to tailing, in addition the
amino acid peaks can overlap. Increasing flow rate leads to a higher back pressure,
which is undesirable for safety.

The regeneration of the ion exchange column is indispensable after the sufficient
number of amino acid analysis. During the regeneration sodium hydroxide or lithium
hydroxide is used to wash the impurities from the column and replace the Na* or Li" ions
used during the analysis. Some authors suggest 0.2-1.0 M, but the optimum
concentration seems to be 0.4 M for sodium hydroxide and 0.3 for lithium hydroxide. If
cation resins contaminated with heavy metals, proteins or other bigger molecules, the
resin have to be removed from the column, treated with 1% EDTA in 2 M hydrogen
chloride solution for some hours at room temperature, regenerated by boiling the resin in
6 M HCI for half an hour, cooled at room temperature, diluted to 3 M HCI, filtered and
washed with 500 cm® two times distilled water. Remove the resin from the filter and
suspend in 2 M NaOH or LiOH depending fro Na or Li system. Boil the resin for some
minute, and dilute to 0.5 M base. This resin is ready to fill in the analytical column
(Amino acid analysis Handbook and application, 1982; Amino acid analyser AAA 400,
2002).

The chromatography activity of the amino acid analysers is still influenced by the
column dimensions, eluent flow rate, temperature and the presence of organic solvent in
the buffers.

Buffer systems for separation of the amino acids

Choice of buffer system

Generally protein hydrolysates contain most of all 18 amino acids normally found in
proteins, they are easily separated with three sodium buffer system. Physiological fluids
contain some of all the 40-50 ninhydrin positive compounds present in different
physiological mixtures. For this purpose four or five sodium buffer system is suitable to
achieve the satisfactory separation between the ninhydrin positive compounds. The
lithium buffer system is suitable for these purposes, but the application of this system is
justified rather in the case that simultaneous separation of aspartic acid, asparagine,
glutamic acid and glutamine is required. The lithium system is more sensitive to
variations than the sodium system.

The salts used for making buffers should be at the highest purity. The salts should
be dissolved in deionized or carefully distilled water. Not only the ninhydrin positive
impurities, but others may cause irregularities in the baseline, for this reason freshly
drawn deionized water is preferred. The acidic buffers have a tendency to take up
ammonia and other ninhydrin positive compounds, therefore it is advisable to add the
HCI as late as possible to the buffers. The source of ammonia is tobacco smoke, cleaning
fluids, urine of the laboratory animals and toilets, and vapour of different chemicals.

Sometimes thiodiglycol is added to the buffers to prevent oxidation of methionine,
which can under certain circumstances influence the baseline shifts. Organic solvents
(ethanol, propanol, 2-methoxyethanol) in the case of some resins is also added to the first
buffer to improve the separation between threonine and serine. These peaks become
slightly broader as the column ages a further additional organic solvent may be
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necessary later. It appears that different solvents are more adequate to different resins.
Preservatives are added to the buffers to inhibit the growth of micro organisms. Several
different chemicals (0.1% phenol, 0.01% pentachlorophenol, 0.01% caprylic acid) can
be used for this purpose (dmino acid analysis Handbook and application, 1982; Amino
acid analyser AAA 400, 2002).

Effect on separation by pH, temperature, organic solvents and column flow rate

The pH of the buffer is very critical for the separation of various amino acids. All of the
peaks of amino acids emerge earlier and sharper if the pH is too high, and peaks the
chromatograph later if the pH is too low. The cystine is the most sensitive for the pH,
temperature and the concentration of the ions with an opposite charge of the buffer.
Cystine should be eluted and completely separated directly after alanine. With increasing
pH and temperature the column accelerates the cystine, thereby shortens its elution time
and if the temperature and pH are lower, its elution times become longer, and cystine
falls behind. The pH value and temperature must be selected in a way, that cystine can
just be positioned between alanine and valine. The pH change has a greater influence on
the cystine movement than a change in temperature.

The temperature affects the separation in two different ways: by changing the pH
and by altering the affinity of the amino acids to the ion exchange resin. The separation
between threonine and serine can be improved by lowering the temperature, but at the
same time the backpressure is increased substantially, and it influences the separation of
the glutamic acid. Therefore it is important to have a temperature gradient after the
separation of the two hydroxy amino acids. Cystine is also sensitive to temperature, but
any changes in the retention time caused by the temperature can easily be compensated
by the pH. In the system for hydrolysates the increase of the temperature from 50°C to
70°C or higher is recommended to decrease the time of analysis, but this rise should not
take place before the separation of isoleucine and leucine. The optimum temperature for
separation of aspartic acid, hydroxy proline, threonine, serine, asparagine, glutamic acid
and glutamine is 37-38°C with both sodium or lithium buffer systems, as glutamic acid
is particularly sensitive even to minor changes of temperature.

The organic solvent added to the first buffer changes the solubility of the different
amino acids. It is particularly the extra —CH3 group of threonine as compared to serine
that results in melioration in separation. The most frequently used compounds are
methanol, ethanol, propanol, isopropanol and methyl cellosolve. The drawback of these
techniques is a slight loss of separation between glycine and alanine and an increased
back pressure. It is possible to use as much as 25% of organic solvent, but the normally
used concentration is between 2% and 5%. The analysis should be started at a rather low
percentage of organic solvent, providing an acceptable separation between threonine and
serine, and increases the amounts when the column becomes older, and the peaks
slightly broader. The limiting factor should be the separation between glycine and
alanine.

A steady buffer flow rate is required for successful and reproducible separations of
amino acids by IEC. This can be achieved with a constant pressure or a constant
displacement pump. At most of the analysers the pumps are pulse-free and feature an
even power output and their utilisation guarantees conformity of the retention times of
individual peaks. The pressure limit of the pumps is 1 to 8 MPa, and is controlled by the
software. The choice of flow rate is dependent upon the type of resin, the dimensions of
the column and the overall design of the instrument, and it varies between models
(Friedman, 1975; Amino acid analyser AAA 400, 2002).

40



Acta Agr. Kapos. Vol 9 No 2

Preparation of the sodium citrate buffers

Sodium citrate buffers are mainly used for the determination of amino acids in protein
hydrolysate (Table I). List of necessary chemicals: citric acid, sodium citrate, sodium
chloride, sodium hydroxide, boric acid, thiodiglycol, sodium azide. The table for
computation of the quantity of the individuals for the preparation of the sodium citrate
buffers is below (Amino acid analyser AAA4 400, 2002).

Table 1
The composition of the sodium buffers
Buffers

1 2 3 4
M Na 0.2 0.2 04 1.12
M citrate 0.066 0.066 0.066 0.066
pH 2.60 3.00 4.25 -
Citric acid (g/dm®) 30 30 32 -
Sodium citrate (g/dm°) 19.6 19.6 19.6 19.6
Sodium chloride (g/dm®) 11.7 11.7 23.4 52.6

1. tablazat: A natrium-puffer osszetétele

Diluting buffer of 0.2 M sodium with pH=2.2 will be used for the dilution of both the
samples and standards to a required concentration. The regeneration solution is 0.2 M
sodium hydroxyde. The first sodium buffer (0.20 M Na, pH=2.95) elutes the following
amino acids: aspartic acid, threonine, serine, glutamic acid, proline, glycine, alanine and
cystine. This buffer is designed for the determination of the amino acid content of the
hydrolysate, and this buffer is suitable for assaying cysteic acid and methioninesulphone
as well. It is also used when it is necessary to determine proline exactly, or when you
want to determine the amino acids with the best separation, and the time of the analysis
is not a limiting factor. In this buffer smaller ionic strength is used, therefore cystine is
eluted after glycine and alanine. With an increased value of pH and increased
temperature cystine elute earlier. The separation of threonine and serine as well as
glycine and alanine is very good in the case of this buffer. These two groups of peaks
behave in the same way as a balancing mechanism, if the separation is improved at one
pair, the separation of the other ones become worse. It means that if cysteine is separated
well, both of the pairs will be separated at a very good extent.

The second sodium buffer (0.30 M Na, pH=3.50) elutes the following amino acids:
aspartic acid, threonine, serine, glutamic acid, proline, cystine glycine, alanine and
valine. This is a classical buffer designed for the single column system of the
determination of the hydrolysate. The cysteine is very sensitive for pH, temperature and
concentration of ions with an opposite charge. An increasing pH and temperature
accelerates its movement on the column and cystine thereby shortens its elution time.
The pH value of the buffer and temperature must be selected in a way that cystine can
just be positioned between proline and glycine.

The third sodium buffer (0.40 M Na, pH=4.25) elutes the following amino acids:
methionine, isoleucine, leucine. This buffer is not problematic as all of the amino acids
are separated very well. The fourth sodium buffer (1.12 M Na, pH=7.9) elutes the rest of
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the amino acids: tyrosine, phenylalanine, histidine, lysine and arginine, and among the
amino acids elute ammonia.

Preparation of the lithium citrate buffers

Lithium citrate buffers are used especially for the determination of the free amino acids
from physiological samples (7able 2). List of necessary chemicals are: citric acid,
lithium citrate, lithium chloride, lithium hydroxide, boric acid, thiodiglycol, lithium
azide. The table for computation of the quantity of the individuals for the preparation of
the lithium citrate buffers is below (Amino acid analyser AAA 400, 2002; Pickering,
1989).

Table 2
The composition of the lithium buffers
Buffers
1 2 3 5

M Li 0.18 0.20 0.35 0.33 1.20
M citrate 0.053 0.060 0.070 0.100 0.220
pH 2.90 3.10 3.35 4.05 4.65
Citric acid (g/dm®) 27.26 30.07 35.17 38.48 41.65
Lithium citrate (g/dm°) 14.92 16.92 19.74 28.20 62.04
Lithium chloride (g/dm®) 7.62 8.47 14.83 13.98 50.87

2. tablazat: A litium-puffer osszetétele

Diluting buffer of 0.1 M lithium with pH=2.2 will be used for the dilution of both the
samples and standards to a required concentration. The regeneration solution is 0.3 M
lithium hydroxyde. The first lithium buffer (0.18 M Li, pH=2.80) elutes the following
amino acids: cysteic acid, taurine, phosphoetanolamine, urine, aspartic acid,
hydroxyproline, threonine, serine, asparagine, glutamic acid, glutamine. Elution is
carried out at the basic temperature of 37 to 40°C. In terms of pH and temperature the
most sensitive ones are asparagine, glutamic acid and glutamine. Glutamic acid is the
most responsive and most moveable at a change in pH and temperature, therefore the pH
and temperature must be prepared in a way that glutamic acid can just be positioned in
the middle between asparagine and glutamine.

The second lithium buffer (0.20 M Li, pH=3.05) elutes the following amino acids:
a-amino adipic acid, proline, glycine, alanine, citrulline, a-amino butiric acid and
valine. Citrullin is very sensible to temperature and pH, its position can be set by the pH
of the buffer. The third lithium buffer (0.36 M Li, pH=3.35) elutes the following amino
acids: cystine, methionine, cystathionine, isoleucine, leucine. At this buffer only the
cystahionine is problematic, which is receptive for both pH and temperature. It is
recommended to switching to the higher temperature (60°C) so that the cystathionine
will be positioned in the middle between methionine and isoleucine. In the case of a
latter switching of temperature cystathionine is eluted afterwards and it is not sufficiently
separated from isoleucine, in opposite case it is eluted with methionine.

The fourth lithium buffer (0.33 M Li, pH=4.05) elutes the following amino acids:
tyrosine, phenylalanine, B-alanine and B-amino butyric acid. This buffer is not
accompanied by any problem if the buffer change has been performed in the right place.

42



Acta Agr. Kapos. Vol 9 No 2

The fifth lithium buffer (1.20 M Li, pH=4.65) elutes the following amino acids: y-amino
butyric acid, ornithine, lysine, histidine, 1-methyl histidine, 3-methyl histidine and
arginine. This buffer is trouble free. The buffer change must be performed after $-amino
butyric acid.

Lithium buffers are much more aggressive than Na buffers, that is why it is suitable
to rinse approximately once a month with distilled water at the maximum throughput of
the pump. Because of Li buffers are more aggressive towards all metals, it is not
recommended to leave them for longer times in contact with surfaces of varnishes and
metals. At Figure 1 the chromatogram of the hydrolysate after performic acid oxidation,
at Figure 2 the chromatogram of the free amino acid can be seen.

Figure 1

Determination of the amino acids from hydrolysate after performic acid oxidation
of the sample

1500

=100

Ly 8200

1. abra: Az aminosavak meghatarozdsa perhangyasavas oxiddcio utdan

The standard contains 25 nmol of each component except for ammonia. Operating
parameters are given below (Amino acid analyser AAA 400, 2002). The amino acids in
order of appearance on the chromatogram are: 1. cysteic acid, 2. methionine sulphone, 3.
aspartic acid, 4. threonine, 5. serine, 6. glutamic acid, 7. proline, 8. glycine, 9. alanine,
10. cystine, 11. valine, 12. methionine, 13. isoleucine, 14. leucine, 15. tyrosine, 16.
phenylalanine, 17. histidine, 18. lysine, 19. ammonia, 20. arginine.
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Instrument: INGOS AAA400, packing of column: OSTION Lg ANB, column height: 35
x 0.37 cm, buffers: 1: pH 2.7, 0.2 M Na"; 2: pH 4.25, 0.5 M Na"; 3: pH 6.9, 1.12 M Na*;
4: 0.2 M NaOH.

Program
Time (min) Temperature (°C) Buffers

0.00 50.00 1

1.00 50.00 1

29.00 50.00 2

44.00 60.00 3

63.00 74.00 3

66.00 74.00 4

71.00 74.00 1

77.00 60.00 1

82.00 53.00 1

87.00 50.00 1

101.00 50.00 1

Figure 2
Determination of the free amino acids
1400
28
1
24 24
20
2 25

000 136'00

2. dbra: A szabad aminosavak meghatdarozadsa
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The standard contains 25 nmol of each component except for ammonia. Operating
parameters are given below (Admino acid analyser AAA 400, 2002). The amino acids and
the ninhydrin positive compounds in order of appearance on the chromatogram are: 1.
cysteic acid, 2. taurine, 3. phosphoserine, 4. urea, 5. aspartic acid, 6. hydroxyproline, 7.
threonine, 8. serine, 9. asparagine, 10. glutamic acid, 11. glutamine, 12. a-aminoadipic
acid, 13. proline, 14. glycine, 15. alanine, 16. citrulline, 17. a-aminobutyric acid, 18.
valine, 19. cystine, 20. methionine, 21. cystathione, 22. isoleucine, 23. leucine, 24.
tyrosine, 25. phenylalaine, 26. B-alanine, 27. 3-aminoisobutyric acid, 28. y-aminobutyric
acid, 29. chlorophenylalanine, 30. ethanolamine, 31. ammonia, 32. ornithine, 33. lysine,
34. histidine, 35. 1-methylhistidine, 36. 3-methylhistidine, 37. arginine.

Instrument: INGOS AAA400, packing of column: OSTION Lg FA, column height: 20-
22 x 0.37cm, buffers: 1: pH 2.8, 0.18 M Li"; 2: pH 3.1, 0.20 M Li"; 3: pH 3.35, 0.35 M
Li*; 4: pH 4.05, 0.33 M Li"; 5: pH 4.65, 1.20 M Li"; 6: 0.3 M LiOH.

Program
Time (min) Temperature (°C) Buffer

0.00 38.00 2
33.00 38.00 3
45.00 70.00 3
50.00 70.00 4
63.00 70.00 5
95.00 74.00 5
120.00 74.00 6
136.00 53.00 5
139.00 74.00 1
144.00 38.00 1
160.00 38.00 1

Recent developments in the chromatographic separation

Sample preparation and postcolumn derivatization

For separation of the amino acids after deproteinization or hydrolysis of the sample the
column chromatography proved to be the best method. It means high performance liquid
chromatography (HPLC) consisting ion exchange column chromatography (IEC) and
reversed phase chromatography (RPC) with post- or precolumn derivatization of the
amino acids, and gas liquid chromatography (GLC). During IEC the amino acids are
separated by sulphonated polystyrene cation exchange resin, mixed with derivatization
agent (mainly ninhydrin), passed through a coil and a detector and depending on
derivatization agent spectrophotometer or fluorometer. During the last two decades the
analysis time of IEC was reduced by improvement of the ion exchange resins. The
shorter analysis time has been achieved by the use of complex buffer and column
temperature systems. During the short time analysis the resolution of the peaks
sometimes was not sufficient, and very expensive instruments, ready to use buffers and
ninhydrin produced by the manufacturers, had to be used. The detection of the amino
acids was mainly based on ninhydrin system but instead of methylcellosolve sulfolane
was used as solvent agent of the reduced ninhydrin. This solution buffered with lithium
acetate not so toxic, and the stability, the signal to noise ratio, the resolution of the peaks
and the baseline is also better than at normal ninhydrin. This reagent does not form
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precipitates and blockages in the flow lines and in the reaction column, but it is three
times as expensive as the normal ninhydrin solution. Other derivatization reagents
(fluorescamine,  dabsylchloride,  4-fluoro-7-nitro-2,1,3-benzoxadiazole and  o-
phthaldialdehyde) were introduced to improve the sensitivity and the accuracy of the
method, but many problems, particularly considering derivatization of proline and
hydroxiproline had to be solved. From these reagents only the OPA/mercaptoethanol and
the OPA/3-mercaptopropionic acid could be used widely for postcolumn derivatization
of the amino acids.

Separation of the free amino acid composition of the biological fluids by lithium buffer
system

In the past 25 years, reversed-phase high-performance liquid chromatography (RP-
HPLC) has been pervading as a preferred method for the amino acid analysis of protein
hydrolysates, but not used widely for physiological samples, because they are so
complex that application of RP-HPLC has resulted in poor peak resolution Teik et al.
(1991). Analysis of physiological amino acids is traditionally carried out by ion-
exchange chromatography (IEC) followed by post-column ninhydrin or o-
phthaldialdehyde derivatization. Recently with the advances in instrumental design a
new generation of amino acid analysers using IE emerged. This system offers the
advantage of ease of operation and highly adaptable for analyses of substances than
amino acids. Teik et al. (1991) in their study described the preparation of lithium citrate
buffers and their application in physiological amino acid analysis. Quantitative analysis
of results obtained for physiological amino acids was examined in terms of accuracy and
precision. The composition of the laboratory-prepared lithium citrate buffers used in
obtaining a satisfactory separation of amino acids was the following: lithium Eluent 1
contained lithium ion 0.24 N, pH 2.75; the lithium Eluent 2 contained lithium ion 0.34
N, pH 3.60, and the lithium regenerant encompassed lithium ion 0.3 N with 0.002 N of
EDTA. A complete analysis of the 44 components in the standard took about 120 min in
each case, a somewhat shorter time than reported in the literature for other systems. With
these conditions most amino acids were satisfactorily resolved, the exceptions were Trp
and HyLys; 1-MeHis and His; and 3-MeHis and Ans. The system reported provided
equivalent analytical strengths but also has the advantage of cost saving based on
component equipment and laboratory-prepared buffers.

Grunau and Swiader (1992) adapted a high-performance liquid chromatographic
system to the high-resolution determination of free amino acids. The lithium-based
eluent gradients used to allow good separations to be achieved isothermally in 2 h.
Although the overall elution pattern correlates strongly with those established automated
methods, the differences can be large, and are numerous enough that one type of system
cannot serve as a predictor for the other. Relative retention times in the Pickering system
were determined for 99 ninhydrin-positive compounds: imino acids, ureides, amino
sugars, amino acids and derivatives, with emphasis on those occurring in plants.

Several methods are suitable for the determination of amino acids (AAS) in
biological fluids, including gas chromatography, reversed-phase chromatography with
pre-column derivatization with various reagents such as orthophthalaldehyde (OPA), 9-
fluorenylmethyl-chloroformate,  phenylisothiocyanate  (PITC),  dimethylamino-
naphthalenesulfonyl chloride, dimethylaminoazobenzene sulfonylchloride, 4-fluoro-7-
nitrobenzo-2-oxa-1,3-diazole and ion-exchange chromatography with post-column
derivatization utilizing OPA or ninhydrin (Le Boucher et al., 1997). The latter remains
the most widely used because of several technical and practical advantages. The classic
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ion-exchange separation followed by post-column derivatization with ninhydrin has been
considerably improved since its initial inception particularly with availability of modern
dedicated AA analyzers. However one remaining problem is the relative instability of
the ninhydrin reagent, limiting the use of the ninhydrin/acetate buffer mixture to
approximately 2 weeks. Probably it also explains why within-run precisions are so poor
for an automated technique.

Separation of the amino acids by anion-exchange chromatography

Non-derivatized amino acids and sugars can be separated and detected simultaneously
using anion-exchange chromatography in combination with integrated pulsed
amperometric detection (IPAD). The simultaneous separation and detection is
advantageous for samples containing approximately equimolar levels of amino acids and
sugars (Jandik et al., 2001). If amino acids are to be analyzed in samples containing much
higher concentrations of sugars, anion-exchange/IPAD analysis must be preceded by a
sugar-eliminating step. Since both classes of compounds interact with cation and anion
exchangers, a combination of the two chromatographic materials appears to be a logical
choice for such sample preparation. Therefore Jandik et al. (2001) described a new,
automated chromatographic procedure eliminating carbohydrates from amino acid samples
prior to their analysis by anion-exchange chromatography and integrated amperometric
detection. In the first step, a sample was brought onto a short cation-exchange column (trap
column) in hydrogen form. Carbohydrates were passing through this column while only
amino acids were retained. Subsequently the cation-exchange column, holding the amino
acid fraction, was switched in-line with the gradient pump and separator column. The
mobile phase used at the beginning of the separation (NaOH; pH 12.7) transferred amino
acids from the trap column onto the anion-exchange column and the amino acid separation
was completed without any interference by carbohydrates. All common amino acids were
recovered following the carbohydrate removal step. The average value of their recovery
was 88.1%. The calibration plots were tested between 12.5 and 500 pmol. The mean value
of correlation coefficients of calibration plots was calculated as 0.99. The value of relative
standard deviations from five replicates was 3.9%.

Ding et al. (2003) introduced a new off-life sample preparation that eliminates
carbohydrates from amino acid samples containing a high carbohydrate content before
analysis by anion-exchange chromatography and integrated amperometric detection. First
the sample was introduced into a cation-exchange column in the hydrogen form.
Carbohydrates were removed completely using 0.22% formic acid as a transfer fluid, while
only amino acids were retained. Amino acids were then extracted from the cation-exchange
resin by 10 cm® of 1 M ammonia. The collected ammonia was evaporated to dryness and
residue redissolved in water containing 20 mg/dm?® NaN; for injection. All amino acids were
recovered following the carbohydrate removal step. The average recovery was 97.2%. The
relative standard deviation for seven replicates was less than 5.2%.

Hanko et al. (2004) used anion-exchange chromatography with integrated pulsed
amperometric detection for separation and direct detection of amino acids,
carbohydrates, alditols and glycols in the same injection without pre- or post-column
derivatization. These separations use a combination of NaOH and NaOH/sodium acetate
eluents. They previously published the successful use of this technique, to determine free
amino acids in cell and fermentation broth media. They showed that retention of
carbohydrates varies with eluent NaOH concentration differently than amino acids, and
thus separations can be optimized by varying the initial NaOH concentration and its
duration. Unfortunately some amino acids eluting in the acetate gradient portion of the

47



Csapo et al.: Separation and determination of the amino acids by ion exchange column

method were not completely resolved from system-related peaks and from unknown
peaks in complex cell culture and fermentation media. They presented changes in
method that improve amino acid resolution and system ruggedness.

Comparison of IEC with HPLC at amino acid analysis of physiological fluids

Davey and Ersser (1990) compared the high performance liquid chromatography with
phenylisothiocyanate derivatization and a conventional ion-exchange method for
determination of free amino acid content of physiological fluids. The correlation
coefficient for all the amino acids tested was greater than 0.9 except for proline and
tryptophan. Various forms of sample preparation were tried for plasma and amniotic
fluid; it was finally decided that protein precipitation with acetonitrile was the most
suitable. Ultrafiltration was finally decided that protein precipitation while urine was
treated the same as a standard mixture. During the ion-exchange chromatography of free
amino acids in physiological fluids sulphosalicylic acid was used for protein
precipitation and norleucine was the internal standard. Amino acids were separated on a
heated (42-56°C) column (350 mm x 3 mm, cation-exchanges resin, 7 um, 8% DVB) in
the Li* form using a pH gradient of 2.8-11.5. Post-column reaction was by heating
(95°C) with strongly buffered (pH 6) reduced ninhydrin and the derivatives were
detected at 570 and 440 nm. The imprecision compared favourably with standard ion-
exchange method although each had specific amino acids for which the imprecision was
poor. They reported that the HPLC technique is suitable for the same routine clinical
analysis purposes as high-resolution ion-exchange chromatography. It also offers the
advantages of speed of analysis, sensitivity and equipment versatility over the
conventional ion-exchange methods.

By the opinion of Sarwar and Botting (1993) the IEC is still the main method in
use. Its use is, however, being replaced by the faster high-performance liquid
chromatographic (HPLC) methods of derivatized amino acids. The intra-laboratory
variation of the HPLC method was found to be similar to that of IEC. When similar
hydrolytic conditions were used in preparing protein hydrolysates, amino acid results
obtained with the PITC derivatization method were generally in close agreement with
those obtained IEC. There is, however, room for improvement in the HPLC analysis of
amino acids in physiological samples.

Schwarz et al. (2004) tested whether plasma amino acids can be analyzed using
reverse-phase high performance liquid chromatography (HPLC). The reference method
for amino acid analysis is ion-exchange chromatography (IEC) with ninhydrin detection
because of its ability to resolve in one analysis all clinically important amino acids, its
precision and minimal sample preparation. The HPLC method evaluated correlated well
with 1EC (0.89< r <1.00) with linearity up to 2500 umol/dm?®. The between and within-
run CV; were <6.0%. In addition, this method is able to separate argininosuccinic acid,
homocystine and allo-isoleucine, rare but clinically significant amino acids. This HPLC
method was comparable to IEC and could represent an alternative for amino acid
analysis. The advantages of this method are its ability to separate all amino acids present
in plasma in a short time, although two injections per sample are required, and the wide
analytic measurement range obtained using a photodiode array detector. The only
disadvantages of this method are the column washes needed to maintain column integrity
and the fact that it requires two injections per sample in order to achieve separation of all
amino acids. This method, however, represents an alternative to ion-exchange
chromatography for analysis of amino acids in plasma.
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Determination of the tryptophan

Hanko and Rohrer (2002) presented a new method to rapidly quantify tryptophan (Trp)
in proteins, animal feed (Mehaden fishmeal), cell cultures, and fermentation broths. Trp
is separated from common amino acids by anion-exchange chromatography in 12 min
and directly detected by integrated pulsed amperometry. The estimated lower detection
limit for this method is 1 pmol. Alkaline (4 M NaOH) hydrolysates can be directly
injected, and therefore we used this method to determine the optimum alkaline
hydrolysis conditions for the release of Trp from a model protein, bovine serum albumin
(BSA). This method accurately determined the Trp content of BSA and fishmeal. High
levels of glucose (2% wi/w) do not interfere with the chromatography or decrease
recovery of Trp. They used this method to monitor free Trp during an Escherichia coli
fermentation.

Ravindran and Bryden (2005) developed a chromatographic method for the
determination of tryptophan content in food and feed proteins. The method involves
separation and quantitation of tryptophan (released from protein by alkaline hydrolysis
with NaOH) by isocratic ion-exchange chromatography with o-phthaldialdehyde
derivatization followed by fluorescence detection. In this procedure chromatographic
separation of the tryptophan and a-methyl tryptophan, the internal standard, complete in
15 min, without any interference from other compounds. The precision of the method
was 1-4% relative standard deviation. Accuracy was validated by agreement with the
value for chicken egg while lysozyme, a sequenced protein, and by quantitative
recoveries after spiking with lysozyme. The method allows determination in a range of
feed proteins, containing varied concentrations of tryptophan and is applicable to
systems used for routine amino acid analysis by ion-exchange chromatography.

DETECTION SYSTEMS

The colour or fluorescence produced of amino acids varies for different amino acids and
it have to be determined for quantification. It can be made by loading a mixture of amino
acids containing the same concentration of each amino acid (including the chosen
internal standard) and from the areas of the peaks on the recorder trace calculating each
response factor in the used way Williams and Cockburn (1988). Sometimes an internal
standard, absent from the sample, is used for every analysis carried out. For instance the
non-physiological amino acids norleucine or a-amino-f-guanidinobutyric acid may be
used. This should be added in a known amount to the sample prior to any sample pre-
treatment. If the amount of the internal standard is known, the concentration of the
unknown amino acids can be determined using peak area relationship. This paper does
not deal with the reaction of the amino acids with ninhydrin, preparation of the ninhydrin
reagent and the reaction of the amino acids with other reagents.

CONTROLLING OF THE APPARATUS AND EVALUATION OF THE
CHROMATOGRAMS

At most of the modern amino acid analysers a software serving helps for controlling the
apparatus and subsequent assessment of the results Amino acid analyser AAA 400, 2002.
The evaluation of the results can be done manually or automatically. On a good
chromatogram amino acids with the exception of tryptophan give almost symmetrical
peaks. For quantitative evaluation the curve with the highest absorption values is used, in
most cases the 570 nm curve. Proline and hydroxiproline give their highest absorption at
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440 nm, for this reason the suggested evaluation of these two peaks is at 440 nm if it is
possible. When two amino acids are not completely separated, an error is introduced. If
the separation is better than 65% of the peak height, it is possible to assume that the two
peaks are symmetrical and to calculate the width of the peak at a height where the
influence of the neighbouring peak is negligible.

During the manual peak evaluation the baseline, total height, net height, half height
and the width of the peak at the half height have to be determined, and from these data
the basic area of the peak can be calculated by multiplying the net height with the width.
This value represents the area under the peak, which is linear in function to the
concentration of the amino acids. If the area is known for a given amount of an amino
acid the amount corresponding to any peak size can be determined. If computer program
is used for determination of the quantity of amino acids, the peak parameters can be
edited directly in the graph or in the peak table. In the graph you can also edit the
baseline and the integration marks of the peaks.
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Use of dried microalgal biomasses to stimulate acid
production and growth of Lactobacillus plantarum and
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ABSTRACT

Microalgae have been commercially cultured for nearly four decades with the main
species grown being Chlorella and Spirulina. The effect of dried Spirulina platensis and
Chlorella vulgaris biomasses, added at a concentration of 3 g/dm’, on acid production and
growth of Lactobacillus plantarum and Enterococcus faecium strains used for feed
fermentation purposes was evaluated in milks with total solids contents ranging from 12%
to 30%. Our results showed that acid development by and growth rate of L. plantarum and
E. faeccium were stimulated significantly (P<0.05) by S. platensis and C. vulgaris,
respectively, in all culture media formulations tested. In conclusion, the powdered
Chlorella and Spirulina biomasses rich in biologically active compounds are potentially
suitable for use in cost-effective production of novel, milk-based fermented feeds.
(Keywords: Chlorella vulgaris, Spirulina platensis, Enterococcus faecium, Lactobacillus
plantarum, milk)

OSSZEFOGLALAS

Lactobacillus plantarum és Enterococcus faecium savtermelésének valamint
szaporodasanak serkentése tejben, szaritott mikroalga biomasszak felhasznalasaval
Gyenis B., Szigeti J., Molnar N., Varga L.

Nyugat-magyarorszagi Egyetem, Mez6gazdasag- és Elelmiszer-tudomanyi Kar, Elelmiszer-tudoményi Intézet
Mosonmagyardvar, 9200 Lucsony u. 15-17.

A mikroalgak (elsosorban a Chlorella és Spirulina fajok) kereskedelmi célu termesztése
kozel négy évtizedes mulltra tekint vissza. Kisérleteink sordn szdritott, 3 g/dm’
koncentracioban alkalmazott Spirulina platensis, i/l. Chlorella vulgaris biomasszanak
takarmanyfermentalasra hasznalt Lactobacillus plantarum és Enterococcus faecium
torzsek szaporodasdara és savtermelésére gyakorolt hatdsat teszteltiik 12-30%
szarazanyag-tartalmu modell tej-tapkozegekben. A kapott eredmények azt mutattik, hogy
a S. platensis, ill. a C. vulgaris szaritott biomasszajanak adagolisa szignifikansan
(P<0,05) serkentette a L. plantarum és az E. faccium szaporoddsi sebességét, tovabba
savtermeld aktivitasat, az dsszes alkalmazott tapkozegben. Megdllapithato, hogy a
bioaktiv  komponensekben gazdag, szaritott Chlorella ill. Spirulina biomassza
potencialisan alkalmas uj tipusu, tejalapu fermentadlt takarmanyok gazdasdagos
eléallitasara.

(Kulcsszavak:  Chlorella vulgaris, Spirulina platensis, Enterococcus faecium,
Lactobacillus plantarum, tej)
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INTRODUCTION

Microalgae are photosynthetic microorganisms that can be used to produce high value
compounds (Kreitlow et al., 1999). Spray-dried microalgal biomasses typically contain
3% to 7% moisture, 46% to 63% protein, 8% to 17% carbohydrates, 4% to 22% lipids,
2% to 4% nucleic acid, 7% to 10% ash, and a wide range of vitamins and other
biologically active substances. Microalgae have been commercially produced for
approximately 40 years now with the main species grown being Chlorella and Spirulina
for health food (Borowitzka, 1999). Chlorella vulgaris is a green algal species that
produces astaxanthin, canthaxanthin and, in minor amounts, B-carotene and luthein
(Mendes et al., 2003). Spirulina platensis is a planktonic cyanobacterium belonging to
prokaryotic algae. It produces y-linolenic acid in large amounts (Cohen, 1997).

Particular microorganisms such as Lactobacillus plantarum or Enterococcus
faecium have been increasingly used as probiotics in animal nutrition for more than 15
years, and have been strictly regulated since 1993 (Vescovo et al., 1993; McAllister et
al., 1998; Becquet, 2003). Lactobacillus plantarum is a Gram-positive, non-motile, non-
sporeforming bacterium. Its cells are straight rods with rounded ends, occurring singly,
in pairs or in short chains. Lactobacillus plantarum is a widely distributed species in
most fermented products of animal and plant origin, where it is either used in controlled
fermentation or is derived from the environment (Corsetti & Gobbetti, 2003). As for E.
Jfaecium, it is a Gram-positive, catalase-negative, coccus-shaped bacterium, characterized
by its capability to grow at 10°C and 45°C, in 6.5% NaCl at pH 9.6 and its ability to
survive heating at 60°C for 30 min. Thus, it is among the most thermotolerant species of
non-sporeforming bacteria. Enterococcus faecium is significant in dairy manufacturing
by having both beneficial and detrimental effects in products. Beneficial effects include
desirable flavor enhancement, bacteriocin production, and probiotic impact, whereas
detrimental effects include product spoilage (Flint, 2003).

Varga et al. (1999) reported that a cyanobacterial biomass significantly stimulated
(P<0.05) growth and acid production of thermophilic dairy starter bacteria, therefore, it
proved to be suitable for cost-effective manufacture of novel functional fermented dairy
foods. The aim of this work was to test the capability of Spirulina and Chlorella
microalgal biomasses, in milks with various total solids contents, to stimulate selected
lactobacilli and enterococci used for feed fermentation purposes.

MATERIALS AND METHODS

Reconstituted skim milks with total solids contents ranging from 12% to 30% were used
as raw material, which were heated to 90°C and held for 10 min before being cooled to
inoculation temperature.

The L. plantarum and E. faecium freeze-dried starter cultures were kindly supplied
by the Department of Animal Nutrition, University of West Hungary (Moson-
magyarovar, Hungary). Before the start of the trials, the strains were subcultured twice at
30°C for 24 h in De Man—Rogosa—Sharpe (MRS) broth and MRS agar (L. plantarum)
and at 37°C for 24 h in Casein-peptone Soymeal-peptone (CASO) broth and Citrate
Azide Tween” Carbonate (CATC) agar (E. faecium). All these culture media were
purchased from Merck (Darmstadt, Germany).

The S. platensis and C. vulgaris biomasses were obtained from the Institute of
Cereal Processing (Bergholz-Rehbriicke, Germany). Previous work (Springer et al.,
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1998) indicated that 3 g/dm’ of microalgal biomass was optimal in regards to sensory
properties and cost.

The heat-treated and cooled microalgae-supplemented and control milks were
inoculated with L. plantarum or E. faecium at the rate of 1%, corresponding to approxi-
mately 6.5x10° cfu/cm® of milk, and were then incubated at 30°C or 37°C, respectively.

The pH value of three replicate samples from each treatment at each sampling time
was measured with an HI 8521 pH-meter and combined glass electrode (Hanna
Instruments, Karlsruhe, Germany).

Viable cell counts were determined by using the standard pour-plate technique. MRS
agar was employed for enumeration of L. plantarum. The plates were incubated at 30°C
for 24 to 48 h. CATC agar was used to enumerate E. faecium. The inoculated plates were
incubated at 37°C for 24 h. The entire experimental program was repeated twice.

The influence of microalgal biomasses on acid production and growth of L.
plantarum and E. faecium during the fermentation process was analyzed with the
Student’s #-test, by means of the STATISTICA data analysis software system, version
6.1 (StatSoft, Tulsa, OK, USA). Significance of difference was set at P<0.05 in all cases.

RESULTS AND DISCUSSION
Tables 1 to 3 show the results obtained.
Table 1

Effect of 3 g/dm® Chlorella vulgaris biomass on acid production® of Enterococcus
faecium in milks with total solids contents ranging between 12% and 30%

Time _ _ Milk with _ _
h 12% total solids (2) | 18% total solids (3) | 24% total solids (4) | 30% total solids (5)
1) Control |Chlorella| Control |Chlorella| Control |Chlorella| Control |Chlorella
©® | @ (6) (@) (6) (7) (6) ()
0 16.31£0.07%6.31+0.08%6.33=0.066.33+0.05%6.34+0.07%6.34+0.09%6.31+0.08%6.3 1+0.06"
10 16.130.08"5.64£0.12°6.060.09°5.20£0.07°5.95+0.065.150.12°5.8420.06/5.23+0.08"
12 [5.76+0.07%5.37+0.10°5.80-£0.0874.92+0.09°5.83+0.09°4.91+0.11°%5.64+0.0774.89+0.06"
14 [5.40+0.09%5.04:£0.08°5.42+0.08"4.55£0.11°5.7040.08°4.50:0.08"5.43%0.09°4.55+0.06"
17 [5.32+0.06"4.44:0.08°5.36+0.06°4.48£0.05°5.4120.07°4.190.07°5.39+0.09°4.520.06"
20 [5.13+0.07°4.10+0.07°5.14+0.0874.16+0.07°5.14+0.0674.07+0.09°5.21+0.10%4.51+0.09"
22 [5.07+0.05%4.04+0.06"5.08+0.05"4.06:£0.10"5.06+0.0873.92+0.06°5.15+0.06°4.49+0.10"
'Values are pH means=SD based on 6 observations: 3 samples, 2 replicates. ('Az adatok
6 mérés — 3 pdrhuzamosx2 ismétlés — pH-dtlagattszérasat jelolik.); “*Values bearing
different superscript letters within a row in the same total solids subcolumns differ
significantly. (“?Az azonos szdrazanyag-tartalmat jelzé oszlopok ugyanazon soraiban
szereplo eltérd betiik szignifikans kiilonbseget jeleznek.) (P<0.05)

1. tdblizat: 3 g/dm’ Chlorella vulgaris biomassza hatdsa Enterococcus faecium
savtermelésére' 12-30% szdarazanyag-tartalmii tej-tapkiozegekben

1do, ora(l), 12% szarazanyag-tartalmu tej(2), 18% szarazanyag-tartalmu tej(3), 24%

szarazanyag-tartalmu tej(4), 30% szarazanyag-tartalmu tej(5), Kontroll(6), Chlorellaval
kiegészitett(7)
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Table 2

Effect of 3 g/dm? Spirulina platensis biomass on acid production® of Lactobacillus
plantarum in milks with total solids contents ranging between 12% and 30%

Fime _ _ Milk with _ _
h 12% total solids (2) | 18% total solids (3) | 24% total solids (4) | 30% total solids (5)
1) Control |Spirulina| Control |Spirulina| Control | Spirulina| Control |Spirulina

(6) (1) (6) (1) (6) ) (6) )
0 16.45+0.06%6.48+0.05%6.47+0.06%6.47+0.06%6.45+0.08%6.47+0.0796.47+0.0676.47+0.05"
10 5.92+0.05%5.37+0.07°5.93+0.06%5.540.09°5.94+0.075.55+0.11°5.95+0.065.74+0.05"
12 15.73+0.06%5.09+0.09%5.76+0.0775.32£0.10°5.75+0.0675.31+0.107%5.83+0.05%5.55+0.09°
14 [5.55+0.08%4.95+0.06"5.60+0.08%5.17+0.11°5.61+0.0975.16+0.12°%5.70+0.08%5.41+0.06°
17 5.40+0.10%4.8120.05%5.38+0.06%5.00£0.07°5.47+0.0675.02+0.12%5.50+0.05%5.23+0.06°

20 [5.24+0.11%4.7120.08%5.29+0.054.930.08°5.34+0.0974.94-0.08°5.42+0.07%5.15+0.05"
22 [5.15+0.064.62+0.10%5.20:0.0774.85£0.06°5.29+0.08"4.86+0.0975.34+0.05%5.10+0.06"

I-2.5Gee Table 1 (ldsd 1. tabldzar)

2. tdbldzat: 3 g/dm’ Spirulina platensis biomassza hatdsa Lactobacillus plantarum
savtermelésére' 12-30% szdrazanyag-tartalmii tej-tapkozegekben

(1-6) Lasd 1. tablazat, Spirulinaval kiegeszitett(7)
Table 3

Effect of 3 g/dm? Chlorella vulgaris biomass on growth® of Lactobacillus plantarum
and Enterococcus faecium in milk with 12% total solids content

. Control (2) [Chlorella-enriched (3)| Control (4) |Chlorella-enriched (5)
Time, h —— -
1) milk inoculated with
Lactobacillus plantarum Enterococcus faecium

0 6.78+0.12° 6.88+0.08" 6.83+0.10° 6.93+0.09"

8 8.18+0.09° 8.52+0.07° 8.26+0.09" 8.66+0.08°

12 8.31+0.10° 8.92+0.09" 8.41+0.11° 8.96+0.06"

22 8.61+0.10° 8.98+0.08° 8.72+0.10° 9.08+0.07°

'"Values are log cfu/cm’ means+SD, based on 6 observations: 3 samples, 2 replicates. ('Az
adatok 6 vizsgdlat — 3 pdrhuzamos=2 ismétlés — log cfu/cm’-dtlagdttszérasat jelolik.);
**Values bearing different superscript letters within a row in the same bacterial
subcolumns differ significantly. (“’Az azonos baktériumfajt jelzé oszlopok ugyanazon
soraiban szerepld eltérd betiik szignifikans kiilonbséget jeleznek.) (P<0.05)

3. tabldzat: 3 g/dm’ Chlorella vulgaris biomassza hatdsa Lactobacillus plantarum és
Enterococcus faecium szaporoddsdra' 12% szdrazanyag-tartalmii tej-tapkozegben

1dé, ora(l), Lactobacillus plantarummal beoltott kontroll-tej(2), Lactobacillus

plantarummal beoltott Chlorella-tartalmu tej(3), Enterococcusus faeciummal beoltott
kontroll-tej(4), Enterococcus facciummal beoltott Chlorella-tartalmu tej(5)
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As can be seen, acid production and growth of E. faecium and L. plantarum were
stimulated significantly (P<0.05) by C. vulgaris and S. platensis, respectively, in all
culture media formulations used. Our findings are consistent with those of Varga et al.
(1999), who demonstrated that acid production and growth rate of thermophilic dairy
starter cultures, such as Streptococcus thermophilus, L. delbrueckii subsp. bulgaricus, L.
acidophilus, and Bifidobacterium bifidum, could be stimulated significantly (P<0.05) by
a S. platensis biomass. In accordance with previous reports by various authors (Shirota
et al., 1964; Stengel, 1970; Zielke et al., 1978; Kurita et al., 1979; Webb, 1982), the
substances responsible for the stimulatory properties of this cyanobacterial biomass were
identified as adenine, hypoxanthine, and free amino acids (Varga et al., 1999).

Considerable work on acid production of Enterococcus species in milk has been
reported. In general, enterococci exhibit low milk acidifying ability (Giraffa, 2003).
Recent investigations on enterococci of dairy origin confirmed the poor acidifying
capacity of these microorganisms in milk with only a small percentage of the strains
showing a pH below 5.0 to 5.2 after 16 to 24 h of incubation at 37°C (4ndrighetto et al.,
2001; Durlu-Ozkaya et al., 2001; Sarantinopoulos et al., 2001). It was also demonstrated
that E. faecalis is generally a stronger acidifier than E. faecium. A high acidifying
potential in skim milk with a pH lowering to approximately 4.5 after 24 h of
fermentation was observed for E. faecalis strains isolated from an Italian artisanal cheese
(Giraffa et al., 1993; Suzzi et al., 2000). The specific enterococcal strain used in our trial
showed good acidification properties by lowering the pH of control milks to between
5.06 and 5.15 after 22 h of fermentation at 37°C (Table ). The acidity levels of 3.92 to
4.49 reached by the same E. faecium strain in Chlorella-supplemented milks under
identical conditions were even lower than the value of 4.5 reported by Giraffa et al.
(1993) and Suzzi et al. (2000) for the strong acidifier E. faecalis.

Lactobacillus plantarum proved to be a slightly poorer acidifier than E. faecium
because the pH value of products ranged from 5.15 to 5.34 and from 4.62 to 5.10 in
control and Spirulina-enriched samples, respectively, after 22 h of fermentation at 30°C.
However, similar to what was experienced with E. faecium, the addition of microalgal
biomass had a significant stimulatory effect (P<0.05) on L. plantarum throughout the
entire fermentation process (7able 2).

CONCLUSIONS

The stimulatory properties of microalgal biomasses on acid production and growth of L.
plantarum and E. faecium are of practical importance because, thus, shorter time is
needed for the manufacture of the same amount of fermented feed and, consequently,
productivity will improve. In addition, a rapid rate of acid production also prevents the
growth of undesirable microorganisms. Therefore, Chlorella and Spirulina biomasses
rich in bioactive compounds are potentially suitable for use in cost-effective production
of novel, milk-based fermented feeds.
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OSSZEFOGLALAS

Meghataroztuk az érett ardrahan ir és a camembert sajt fél cm vastag kiilsé rétegének, ill. belso
részének, a dan kék, az ementadli, a gouda, a mozzarella, a parmezan, tovabba a kiilonbézo
modszerekkel eloallitott cheddar sajt szabad dsszes aminosavtartalmat (AS) ioncserés oszlop-
kromatogrdfiaval; a szabad D-aszparaginsav (D-Asp), a D-glutaminsav (D-Glu) és a D-alanin
(D-Ala) tartalmat nagyhatékonysagii folyadékkromatografiaval. Megallapitottuk, hogy a
parmezan és a gouda sajt tartalmazza a legtobb szabad AS-t (39000-24000 umol/100 g). A
mozzarella és a kiilonbozé technologiakkal eldallitott cheddar pedig a legkevesebbet
(2400-7400 umol/100 g). A tobbi sajt szabad AS tartalma 13000-19000 umol/100 g kézott
valtozott. A szabad D-aminosavak kéziil a D-Asp datlagosan 58 umol/100 g (30,3%); a D-Glu
117 umol/100 g (15,8%); a D-Ala pedig 276 umol/100 g (37,2%) koncentracioban fordult elo
a kiilonbozo sajtokban. A zardjelben lévo szamok a D-AS-ak %o-at mutatjak az osszes szabad
AS szazalékaban. A D-AS-ak mennyiségében jelentos volt a kiilonbség az egyes sajtok kozott. A
D-AS-ak szazalékos Osszetétele a D-Asp-ban 13,9-46,3%,; a D-Glu-ban 12,9-26,6%, a
D-Ala-ban 16,1-48,1% kozétt valtozott. A harom D-aminosavon kiviil a tobbi D-AS csak
nyomnyi koncentrdcioban, a kimutathatosag hataran volt jelen a sajtokban. Nagyobb
D-aminosav tartalmat mértiink azokban a cheddar sajtokban, ahol laktobacillusokat is
hasznaltak az eléallitasban.

(Kulcsszavak: kiilonb6z6 technologiaval késziilt sajtok, szabad aminosavak, szabad D-
aminosavak)
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The concentration of total free AA and free D-AA were determined by ion exchange column
chromatography and by high performance liquid chromatography in the outer layer and inner
part of Ardrahan (Irish smear-ripened cheese) and Camembert cheeses, Danish blue, Emental,
Gouda Mozzarella, Parmezan and five Cheddar cheeses produced by different technologies. It
was established that the total free AA concentration was highest in Parmezan and Gouda
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cheeses (39000-24000 umol/100 g), and lowest in Mozzarella and Cheddar cheese produced
by different technologies (2400-7400 umol/100 g), while the other cheeses examined contained
13000-19000  umol/100 g free AA. The average concentrations of free
D-AA in the different cheeses were the following: D-Asp 58 umol/100 g (30.3%), D-Glu
117 umol/100 g (15.8%), D-Ala 276 umol/100 g (37.2%). The values in brackets are the free
D-AA concentration as a percentage of total free (D+L) AA. The amount of free D-AA showed
differences between cheeses. D-AA as a percentage of total free AA was changed 13.9-46.3%
Jor D-Asp, 12.9-26.6% for D-Glu and 16.1-48.1% for D-Ala. Except for these three D-AA, the
other D-AA were present in the cheeses at very low concentrations, at the limit of the
identification and determination. In the case of Cheddar cheese concentrations of the D-AA
were a little higher, when lactobacilli were added during cheese making.

(Keywords: free amino acids, free D-amino acids, cheeses produced by different technologies)

BEVEZETES

Az utobbi évek kutatasai tisztaztak, hogy élelmiszereink vagy a technologiai beavatkozas
kovetkeztében vagy az élelmiszer mikrobiologiai allapotaban torténd valtozasnak
koszonhetden (Boehm és Bada, 1984; Bunjapamai és mtsai., 1982; Csapo és Henics, 1991
Friedman és mtsai., 1981; Fuse és mtsai., 1984; Hayashi és Kameda, 1980; Liardon és
Lederman, 1986; Lubec és mtsai., 1990; Man és Bada, 1987; Masters és Friedman, 1980)
jelentés mennyiségben tartalmazhatnak D-aminosavakat. Tobb cikk jelent meg tej és
tejtermékek D-aminosav tartalmaval kapcsolatban is (Briickner és Hausch, 1990a, 1990b;
Gandolfi és mtsai., 1992; Palla és mtsai., 1989). Ezekbdl nyilvanvalova valt, hogy a D-
aminosavak elsésorban nem a technoldgiai beavatkozas (hdkezelés, hdntartas) miatt jonnek
létre, hanem a mikrobidlis hatdsok kovetkezményei. Kevés adattal rendelkeziink a
kiilonbozo sajtok Osszes szabad és a szabad D-aminosav tartalmardl. Nem tudunk arrdl,
hogy a kiilonféle sajtok D-aminosav tartalmat hazankban rajtunk kiviil mas is mérte volna,
ezért gy gondoljuk, hogy a kdzleménylinkben szereplé adatok hézagpdtlonak tekinthetdk
és a tejipari szakemberek érdekl6désére tarthatnak szamot.

A masztitiszes t6gybdl szarmazo tej €s az egészséges togybdl fejt elsd tejsugarak
D-aminosav tartalmat vizsgalva (Csapo és mtsai., 1995) megallapitottuk, hogy a normal
tejhez viszonyitott magas D-aminosav tartalom a bakterialis fertdzottség eredménye.
Jelen kozleményiinkben arra keressiik a valaszt, hogy a kiilonb6zd sajtok eldallitasa
soran felhasznalt mikroorganizmusok mennyiben jarulnak hozza a sajt szabad és a
szabad D-aminosav tartalmahoz, hisz a D-aminosavak a mikroorganizmusok anyagcsere
termékeiként keriilnek a tejbe.

ANYAG ES MODSZER

Nagyhatékonysagu folyadékkroatografia (HPLC) és ioncserés oszlopkromatografia
(IEC) a D, tovabba az 6sszes szabad aminosav meghatarozasara

Késziilékek
Vizsgalatainkat a University of Goteborg and Chalmers University of Technology,
Analitikai és Tengerkémiai Tanszékén; a Veszprémi Egyetem, Georgikon
Mezogazdasagtudomanyi Kar, Kémiai Tanszékén, tovabba a Kaposvari Egyetem,
Allattudomanyi Kar, Kémiai Intézetében végeztiik.

A Goteborgban alkalmazott Varian LC gradiens képzésre alkalmas rendszerrel,
Varian 9090 mintaadagoloval és gazmikodtetési, 25 pl-es hurokkal ellatott (belsé atmérd
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0,25 mm) Valco injektorral rendelkezett. Shimadzu RF-535 fluoreszcencias detektort
hasznaltunk a szarmazékok mennyiségének mérésére. A gerjesztési €s az emisszios
hullamhossz 325 és 420 nm volt. Az elvalasztds folyamatanak és az automatikus
mintaadagolé munkajanak ellendrzésére, a mintafelvitelre és a kromatogrammok tarolasara
a Varian DS 651 vezényl6 rendszert alkalmaztuk.

Kaposvaron ISCO 100 DM syringe pumpakbol, 20 pl-es hurokkal ellatott
Rheodyne injektorbol allitottuk 6ssze kromatografias rendszeriinket. Az elvalasztas
folyamatanak ellenérzésére és a kromatogrammok tarolasara a ISCO Chem Research
rendszert alkalmaztuk. A szdrmazékképzést és a mintafelvitelt kézzel végeztiik.

Vegyszerek
Az acetonitrilt és a metanolt a Rathburn (Walkerburn, U.K.) cégt6l, az aminosav
standardokat, az o-ftadlaldehidet (OPA) ¢és a 2,3,4,6-tetra-O-acetil-1-tio-f-
gliikopiranozidot (TATG) a Sigmatol (St. Louis, Mo) vasaroltuk. Az elucids puffereket
mono- ¢és dinatrium-hidrogén-foszfatbol allitottuk el6. A pH-t natrium-hidroxiddal
allitottuk be.

Szarmazékkeépzés
A reakciot 120 pl-es mikroampullaban végeztik, melyet 1,8 ml-es térfogatu,
teflonbevonata belsé zarolappal és kupakkal ellatott ampullaba helyeztiink. Az
automatikus mintaadagolot Ugy programoztuk, hogy a 90 pl boratpufferben (0,4M;
pH=9,5) oldott mintat (szabad aminosavak vagy nitrogén aramban beparolt fehérje
hidrolizatum) keverjen dssze 15 ul reagenssel (8 mg OPA ¢és 44 mg TATG feloldva 1 ml
metanolban). Ezt kovetéen az oldatot 100 pl levegd atbuborékoltatasaval jol
Osszekevertiik, majd 6 percig allni hagytuk. E reakcidelegybdl — az injektalod apparatus
elozetes atoblitése utan — 25 ul-t injektaltunk az analitikai oszlopra. Az injektalast
befejezve a rendszert 100 pl aceton: viz 70:30 aranyu elegyével haromszor atoblitettiik.
Az ISCO rendszernél végzett elvalasztaskor a kézi szarmazékképzés soran az
elézéekben ismertettekkel azonos modon jartunk el azzal a kivétellel, hogy a
szarmazekképzési 1épések soran a keverést IKA Vibro Fix késziilékkel végeztik.

Az enantiomerek szétvalasztasa és meghatdrozasa

Az enantiomerek szétvalasztasat Einarsson és mtsai. (1987) modszere szerint forditott
fazist (250x4,6 mm belsé atmérd, 5 pum részecskeméret, Kromasil oktil (C8) toltet)
analitikai oszloppal végeztiik. Az oszlop élettartamanak megndvelésére a mintaadagold
¢és az analitikai oszlop koz¢é egy biztonsagi oszlopot (RP8, Newguard, 25x3,2 mm bels6
atmérd, 7 pm részecskeméret, Brownlee), a pumpa ¢és a mintaadagold kozé pedig egy
tisztitdoszlopot (C18, 36x 4,5 mm belsé atmérd, 20 um részecskeméretii Rsil)
csatlakoztattunk. Az enantiomerek szétvalasztasara két komponensbodl alloé gradiens
rendszert alkalmaztunk, melynek Osszetétele az aldbbi volt: A=40% metanol
foszfatpufferben (9,5 mM, pH=7,05); B=acetonitril. Az 4ramlas sebessége 1 ml/perc
volt, a gradiens pedig az alabbiak szerint valtozott az id6 fiiggvényében:

1dé (perc) A% B%

0 95 5

10 95 5

35 83 17
55 72 28
56 67 33
74 67 33
75 62 38
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Az dsszes szabad aminosav meghatdrozadsa
Ioncserés oszlopkromatografiaval, automatikus aminosav-analizatorral végeztiik
natrium-citrat pufferekkel és ninhidrinnel torténd oszlop utani szarmazékképzéssel.

A vizsgalt sajtok
Nyolc kiilonb6z6 technoldgiaval késziilt sajt szabad- és szabad D-aminosav dsszetételét
hataroztuk meg. A vizsgalt sajtok a kdvetkezok voltak:

- érett ardrahan ir sajt kiils6 (kb. fél cm vastag) rétege és belso része,
- camembert sajt kiils6 (kb. fél cm vastag) rétege és belsé része,

- dan kék sajt,

- ementali sajt,

- gouda sajt,

- mozzarella sajt,

- parmezan sajt,

- kozonséges cheddar sajt,

- Kiilonb6z6 maodszerekkel eldallitott cheddar sajt.

Az 1. kisérlet csak starterrel,

a 2. kisérlet starterrel és laktobacillusokkal,
a 3. kisérlet csak starterrel,

a 4. kisérlet starterrel és laktobacillusokkal
eléallitott cheddar sajt.

A sajtok eldkészitése analizisre

A sajtokat 4°C-on taroltuk (két hét) az analizisek kezdetéig. A sajtmintakbol 25-30°C-ra
torténd felmelegités utan 2,5-5,0 g-ot mértiink be egy homogenizatorba, és a szabad
aminosavakat 20 ml 0,1 moélos sosavoldattal egy oran at 2850 fordulaton végzett
homogénezéssel oldottuk ki. Az igy kapott anyagot 5000 g-n centrifugaltuk 20 percig,
melynek soran egyrészt eltavolitottuk a sajtban 1évé alakos elemeket, melyek
leiilepedtek a centrifugacsé aljara, masrészt elvégeztiik a szuszpenzid zsirtalanitasat is.
Ezt kévetéen 10 cm® mintahoz hozzaadtunk 1,25 g triklorecetsavat, majd 30 perc alls
utan a kivalt csapadékot 10000 g-n centrifugaltuk 30 percig. A kapott feliiliszo pH-jat
az 0sszes szabad aminosav meghatarozasa esetén 4M natrium-hidroxiddal pH=2,2-re, a
D-aminosavak meghatarozasakor pedig pH=7-re allitotuk be. Az igy kapott oldatokat
liofilezével 10°C-os talcafiitést alkalmazva beszaritottuk, majd az Osszes szabad
aminosav meghatarozasakor a beszaritott anyagot 10 cm® pH=2,2-es citratpufferben, a
szabad D-aminosavak meghatérozasakor pedig 1 cm’ bidesztillalt vizben oldottuk fel.
Az igy eldkészitett mintakat -25°C-on taroltuk az analizisek megkezdéséig.

EREDMENY ES ERTEKELES

A kilonbdzo sajtok  ioncserés oszlopkromatografiaval ~meghatarozott Gsszes
szabadaminosav-tartalmat az /-4. tablazafban, szabad D-aminosav-tartalmat pedig az 5.
tablazatban foglaltuk 0Ossze. A tablazatokban az aminosavak pmol/100 g
mértékegységgel szerepelnek.

A kiilonboz6 sajtok Osszes szabadaminosav-tartalmat vizsgalva megallapithato,
hogy a legtobb szabad aminosavat — 39677 umol/100 g-ot, amely 128-as atlagos
aminosav molekulatdmeggel szamolva mintegy 5,1 g szabad aminosavnak felel meg 100
g sajtban — a parmezan sajt tartalmazza. A legkevesebbet pedig 2446 pmol/100 g-mal a
mozzarella. A szabad aminosavak mennyiségét illetéen a masodik helyen a gouda sajt
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talalhato 24010 pmol/100 g-mal. Ezt koveti az ardrahan sajt belso, ill. kiils6 része 19982
és 19521 pmol/100 g-mal. Otédik helyre az ementéli sajt keriilt 18460 umol/100 g-mal
alig maradva el az ardrahanétol. A camembert kiilsé rétegének (16458 pumol/100 g)
szabad aminosav koncentracidja némileg nagyobb, mint a belsé résznél (14709
pmol/100 g), ellentétben az ardrahannal, ahol a kiilsé és belsé rész kozott a szabad
aminosavakban nem volt Iényeges kiilonbség. Kissé kevesebb szabadaminosav-tartalmat
mértiink a dan kék sajtban 13008 umol/100 g-mal.

1. tablazat

Az ardahan ir és a camembert sajt kiils6 rétegének, tovabba belso részének osszes
szabadaminosav-tartalma (umol/100 g)

Amino- | Erett ardrahan ir | Erett ardrahan ir | Camembert sajt Camembert sajt
savak (1)|sajt kiilso rétege(2)| sajt belso része(3) | kiilsé rétege(4) | belsé része(5)
Asp 272 337 302 259
Thr 274 320 209 195
Ser 364 465 337 232
Glu 1325 1634 945 1193
Pro 1169 1207 1970 1544
Gly 938 708 875 616
Ala 1598 1395 1858 1613
Cys 194 145 24 29
Val 1850 1826 1629 1264
Met 639 558 623 530
Ile 972 904 938 790
Leu 2661 3078 1836 1533
Tyr 340 260 625 524
Phe 1327 1467 1081 945
His 3256 3116 1353 1584
Lys 1062 1389 1393 1336
Arg 1280 1173 487 522

Table 1: Total free amino acid content of outer layers and inner parts of Ardrahan Irish
and Camembert cheeses (umol/100 g)

Amino acids(1), Ardrahan Irish smear ripened cheese outer layer(2), Ardrahan Irish
smear ripened cheese inner part(3), Camembert outer layer(4), Camembert inner

part(5)

A cheddar sajtok szabadaminosav-tartalma lényegesen kisebb volt az el6bbiekben
felsoroltaknal. A kozonséges cheddarban kaptuk a legkisebb szabadaminosav-tartalmat
(3977 pmol/100 g). A kisérletben elballitott cheddar sajtban pedig ott volt nagyobb a
szabadaminosav-tartalom, ahol nemcsak starterkultarat (6567, ill. 5393 pmol/100 g),
hanem laktobacillusokat is felhasznaltak (7359, ill. 6028) az eldallitas soran.

Az egyes aminosavak mennyiségét kiilon-kiilon vizsgalva megallapithato, hogy
legkisebb koncentracidban a cisztin (Cys) fordul el6 (2,4-194 pmol/100 g). Ezen beliil
az ardrahan kiilsé és belsd rétege valamint az ementali tartalmazta a legtobb cisztint
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(118-194 pmol/100 g). A camembert, a dan kék és a gouda cisztintartalma mintegy
20%-a, a mozzarella, a parmezan és a cheddar sajtok cisztintartalma pedig csak mintegy
2-5%-a volt a az els6ként emlitetteknek.

2. tablazat

A dan kék, az ementali, a gouda és a mozzarella sajt 6sszes szabad D-aminosav

tartalma (umol/100 g)

Aminosavak(l)| Dan kék(2) Ementali(3) Gouda Mozzarella
Asp 286 157 214 18
Thr 360 613 980 44
Ser 773 661 2223 110
Glu 739 734 1077 40
Pro 827 2425 3446 226
Gly 426 865 1306 117
Ala 500 888 1204 156
Cys 36 118 24 24
Val 735 1657 2360 197
Met 712 504 712 130
Ile 569 928 1546 139
Leu 1467 2380 2586 299
Tyr 787 471 468 126
Phe 964 1120 1610 190
His 2137 2616 1541 360
Lys 1314 1672 2231 256
Arg 376 651 482 106

Table 2: Total free amino acid content of Danish Blue, Ementhal, Gouda and
Mozzarella cheeses (umol/100 g)

Amino acids(1), Danish Blue(2), Ementhal(3)

Az ardrahan és a camembert kiilsd és belsd részénak szabad aminosav Osszetételét
vizsgalva megallapithatd, hogy az aszparaginsav (Asp), a treonin (Thr), a szerin (Ser) és
a tirozin (Tyr) mennyisége 200-600 pmol/100 g kdzott, a metionin (Met), a glicin (Gly)
¢és az izoleucin (Ile) mennyisége pedig 550-950 pumol/100 g kozott valtozik. Ezeket
koveti névekvo sorrendben az arginin (Arg), a lizin (Lys), a glutaminsav (Glu), a valin
(Val), a prolin (Pro), a fenilalanin (Phe) és az alanin (Ala) 1000-2000 pmol/100 g
koncentracioval, mig a sort az ardrahan sajt zarja a maga igen magas leucin (Leu, 2600-
3100 umol/100 g) és hisztidin (His, 3100-3300 pmol/100 g) tartalmaval.

A parmezan ¢s a gouda vonatkozasaban a helyzet 1ényegesen megvaltozik egyes
aminosavakban. Ezekben a sajtokban jelentésen megnétt a Thr , de kiilondsen a szerin
és a prolin mennyisége. A parmezanban a Pro-ban mértiik az Osszes sajt és Osszes
vizsgalt aminosav vonatkozasdban a legnagyobb értéket 6193 umol/100 g-mal, a
masodik legnagyobbat pedig a Ser-ben 4433 pmol/100 g-mal. A tobbi aminosav
mennyisége hasonloan alakul az ardrahannal és a camembertnél targyaltakhoz azzal a
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kiilonbséggel, hogy a parmezanban a Lys-tartalmat is nagynak (3457 pmol/100 g)
mértiik.

3. tablazat

A parmezan, a kereskedelmi forgalomban kaphat6 cheddar és a kiilonb6z6
technologiaval késziilt cheddar sajt 6sszes szabadaminosav-tartalma (umol/100 g)

Amino- Parmezan Kereskedelmi | Cheddar 1-es | Cheddar 2-es
savak(1) cheddar(2) kisérlet(3) kisérlet(4)
Asp 273 160 170 215
Thr 2120 95 151 179
Ser 4433 218 401 479
Glu 678 319 497 527
Pro 6193 432 560 610
Gly 2096 139 212 262
Ala 2018 212 331 343
Cys 5.4 4.8 2.4 4.7
Val 3542 234 495 490
Met 1156 158 204 243
Ile 2742 154 213 276
Leu 3391 352 999 1250
Tyr 1153 189 188 156
Phe 2162 268 646 673
His 1727 521 805 933
Lys 3457 362 481 562
Arg 2531 159 212 157

Table 3: Total free amino acid content of Parmezan, Commercial Cheddar and Cheddar
cheeses manufactured under different conditions (umol/100 g)

Amino acids(1), Commercial Cheddar(2), Cheddar Cheese Trial 1(3), Cheddar Cheese
Trial 2(4)

A cheddar sajtokban nem volt 1ényeges kiilonbség a kiilonb6zé mddszerekkel eldallitott
sajtok kozott a szabad aminosavak aranyat tekintve. Egyediil a kdzonséges cheddar tért
el jobban a masik négytdl a lényegesen alacsonyabb Val-, Leu- és His-tartalmaval.
Amennyiben a cheddar sajtokat a camemberthez vagy az ardrahanhoz hasonlitjuk
megallapithato, hogy a szabad aminosavak kozotti aranyok egy-két esettdl eltekintve
gyakorlatilag megegyeznek. Emlitést érdemld kiilonbség az, hogy a cheddar sajtokban
alacsonyabb az Ala és a Val részardnya, ezzel ellentében viszont lényegesen nagyobb a
Ser-¢.

Amennyiben az Osszes altalunk vizsgalt sajt szabad aminosavainak aranyait
hasonlitjuk 6ssze akkor megallapithatd, hogy az ardrahan ¢s a cheddar sajt a Leu ¢és a
His igen magas részaranyaval, a parmezan €s a gouda a magas Ser és Pro, tovabba a
viszonylag alacsonyabb Glu ¢és His részaranyaval tiinik ki. A tobbi sajtban
kiegyenlitettebb szabad aminosav arany mutatkozik.
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4. tablazat

A kiilonbozo technologiaval késziilt cheddar sajtok 6sszes szabadaminosav-
tartalma (umol/100 g)

Aminosavak(1) Cheddar 3-as Kisérelet(2) Cheddar 4-es Kisérlet(3)
Asp 130 137
Thr 104 100
Ser 241 285
Glu 426 384
Pro 437 605
Gly 187 198
Ala 336 271
Cys 2,4 2,4
Val 378 445
Met 175 214
Ile 106 112
Leu 932 1069
Tyr 155 192
Phe 587 671
His 778 874
Lys 316 363
Arg 103 106

Table 4: Total free amino acid content of Cheddar cheeses manufactured under different
conditions (umol/100 g)

Amino acids(1), Cheddar Cheese Trial 3(2), Cheddar Cheese Trial 4(3)

A sajtok szabad D-aminosavait vizsgalva megallapitottuk, hogy a 14 vizsgalt minta
atlagaban a D-Asp mennyisége a legkisebb (5,2-89 umol/100 g), a D-Ala-¢é a legnagyobb
(52-752 umol/100 g), mig a D-Glu-¢é kozbiilso értéket foglal el 9,6-244 pmol/100 g-mal. A
D-aminosavak mennyiségét az dsszes szabad aminosav szdzalékaban kifejezve a D-Glu-
ban kaptuk a legkisebb értéket 15,84%-ot, mig a D-Asp (30,31%) és a D-Ala (37,15%)
szazalékos Osszetétele Iényegesen kisebb mértékben kiilonbozott egymastol.

Az egyes sajtokat tekintve mind a szabad D-aminosavak mennyisége, mind
szazalékos aranya jelentds eltérést mutat. Az ardrahan és a camembert kiilsé és belsé
rétegében a szabad D-aminosavak mennyisége gyakorlatilag megegyezik. Mind a négy
vizsgalt mintdban a D-Asp mennyisége a legkisebb (36-42 umol/100 g a camembertnél és
70-74 umol/100 g az ardrahannal). A D-Glu kozbiilsé helyet foglal el (122-235 pmol/100
g), mig a legnagyobb mennyiségben a D-Ala talalhato a mintakban (259-433 umol/100 g).
Egészen mas a helyzet ha a D-aminosavak szazalékos aranyat tekintjiikk az 6sszes aminosav
szazalé¢kaban. Ekkor az ardrahannal a D-Asp (23,2-27,2%) és a D-Ala (27,1-28,2%)
szazalékos aranya lényegesen nagyobb mint a camemberté (13,9-14,0%, ill. 16,1-18,0%).
A D-Glu szazalékos aranyaban viszont nincs kiilonbség a két sajt kozott (13,1-14,4% az
ardrahanban és 12,9-14,8% a camembertben). Sem a D-aminosavak mennyiségében, sem
azok részaranyaban nem taldltunk lényeges kiilonbséget a kiilsé réteg és a belsd rész
kozott.
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5. tablazat

A kiilonboz6 sajtok fo **D-aminosav-tartalma (umol/100 g)

Sajtok(1) D-aminosavak(2)
J D-Asp D-Asp %,*| D-Glu |D-Glu %,*| D-Ala [D-Ala %,*
Erett ardrahan ir
sait kiilsé rétege(3) 74 27,2 173 13,1 433 27,1
Erett ardrahan in 5, 232 235 14.4 393 28,2
sajt belsd része(4)
Camembert  sajt
Kiilsd rétege(S) 42 13,9 122 12,9 334 18,0
Camembert  sajt
belsd rétege(6) 36 14,0 176 14,8 259 16,1
Dan kék sajt(7) 89 31,1 149 20,2 212 42.4
Ementali(8) 42 26,8 195 26,6 405 45,6
Gouda sajt 61 28,5 244 22,7 462 38,4
Mozzarella 5.2 28.9 9,6 24,0 52 33,3
Parmezan 57 20,8 72 10,6 752 37,3
Kereskedelmi
cheddar(9) 74 46,3 45 14,1 96 45,3
Cheddar 1-es
Kisérlet(10) 74 43,5 62 12,5 153 46,3
Cheddar 2-es
Kisérlet(11) 89 41,4 65 12,4 165 48,1
Cheddar 3-as
Kisérlet(12) 59 454 53 12,5 161 47,9
Cheddar 4-es
Kisérlet(13) 41 33,4 42 10,9 125 46,1
*D% = x100
+L

**Az Osszes D-aminosavat analizdltuk, de néhany kivételtdl eltekintve, a D-aminosav
kis koncentracioban volt jelen. Ezen D-aminosavak meghatarozasa bizonytalan volt. (4/]
of the D-amino acids were analysed, but except some cases, the other D-amino acids
were present only in very few concentrations, and the determination of these D-amino
acids were uncertain.)

Table 5: Main free **D-amino acid content of different cheeses (umol/100 g)

Cheeses(1), D-amino acids(2), Ardrahan Irish smear ripened cheese outer layer(3),
Ardrahan Irish smear ripened cheese inner part(4), Camembert outer layer(5),
Camembert inner part(6), Danish Blue(7), Ementhal(8), Commercial Cheddar(9),
Cheddar Cheese Trial 1(10), Cheddar Cheese Trial 2(11), Cheddar Cheese Trial 3(12),
Cheddar Cheese Trial 4(13)

Az el6zbekben elmondottakhoz hasonlé a helyzet akkor, ha a dan kék, az ementali, a
gouda a mozzarella és a parmezan szabad D-aminosavainak mennyiségét hasonlitjuk

69



Csapo et al.: Kiilonbozo technologiaval késziilt sajtok dsszes szabad- és szabad D-aminosav...

Ossze. Mindegyik sajtban a D-Asp mennyisége a legkisebb, a D-Ala-é a legnagyobb, a
D-Glu pedig kozbiilsé helyet foglal el. Szembeo6tld a mozzarella igen kis D-aminosav-
tartalma, ami nem meglepd ha tudjuk, hogy az &sszes szabad aminosav tekintetében is a
mozzarella van az utols6 helyen. Ugyancsak szembe6tld az, hogy a parmezan D-Asp-
tartalma nem kiilonbozik lényegesen a mdasik harométol, D-Glu-tartalma koziilik a
legkisebb, legnagyobb viszont — az Osszes tobbi sajttal dsszehasonlitva is — a D-Ala-
tartalma, amit talan magyaraz a parmezan kiemelked6en magas Osszes szabad Ala-
tartalma. Ha a D-aminosavak mennyiségét vizsgaljuk az Osszes szabad aminosav
szdzalékaban akkor megallapithatd, hogy az ementali kivételével — ahol a D-Asp és a D-
Glu szazalékos aranya gyakorlatilag megegyezik — a D-Asp %-o0s részaranya 5-20%-kal
nagyobb mint a D-Glu-¢. Lényegesen nagyobb a D-Ala részaranya az &sszes D-
aminosavon beliil 33,3-45,6%-kal.

A kiilonb6z6 technologiaval kapott cheddar sajtok szabad D-aminosav Gsszetételét
Osszehasonlitva a sajteléallitas technologiaja és a szabad D-aminosav-tartalom kozott
nem tudtunk térvényszeriiségeket megalapitani. A kiilonb6z6 technologiaval eléallitott
cheddar sajtok szabad D-Asp-tartalma 41-89, D-Glu-tartalma 42-65, D-Ala-tartalma
pedig 125-165 pmol/100 g kozott valtozott. Amennyiben a D-aminosavak %-os aranyat
hasonlitjuk 6ssze akkor megallapithato, hogy a negyedik kisérletben kapott sajt kissé
alacsonyabb D-Asp aranyatol eltekintve az Osszes D-aminosav aranya megegyezik
mindegyik altalunk vizsgalt — kiilonboz6 technologiaval késziilt — sajtban. Ugy tiinik,
hogy a sajteldallitds modszere a cheddar sajtokban nem befolyasolja a sajt D-aminosav-
tartalmat és a D-aminosavak aranyat.
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ABSTRACT

The finance of the Agribusiness Industry is a highly criticised issue both on national and
on international levels. Moreover, this will be one of the most questioned and negotiated
key issues of the forthcoming WTO negotiations in Hong Kong. The developing countries
continue to argue that the EU's agriculture subsidy system is not decoupled enough. This
paper discusses the major origins of these arguments and seeks an answer to whether these
arguments are correct. Also, it discusses the box system of the EU agricultural subsidies.
Moreover, it tries to exceed the decouplement issue to the new agricultural point of view of
the EU, namely the multifunctionality, and to show why this question can raise more
arguments from the developing world against the Common Agricultural Policy (CAP).
(Key words: agriculture, subsidy, decoupled, green box)

OSSZEFOGLALAS

Az eurdpai agrartamogatasok problémai a termelésfuiggetlenséggel kapcsolatban
* I y, .
Karpati B.I.
Readingi Egyetem, Elettudoményi Kar, Agrarpolitikai és Fejlesztési Iskola, Reading, Nagybritannia

Az agrar szektor finanszirozdasa erdsen vitatott kérdés, mind hazai mind nemzetkézi
szinten. A WTO is kiilonés figyelmet fordit rd, a soron kévetkezé honkongi csiicsnak ez a
szakteriilet lesz az egyik kozponti témdja. A fejlodd orszdagok folyamatosan tamadjak az
Eurdpai Unio finanszirozdsi és tamogatdasi rendszerét, amelynek legfobb oka az, hogy
nem piacfiiggetlen és a piaci-mechanizmusokat erdsen befolydsolo elemeket tartalmaz. A
tanulmany legfobb célja a rendszer elonyeinek, hatranyainak részletes bemutatasa.
Vizsgalja az Unios agrar tamogatasok és a WTO ,,doboz rendszerének” (piros, zdld,
sarga) kapcsolatat, roviden attekintve az egyes dobozok paramétereit. Végiil azt a
kerdeéskort is erinti, hogy vajon a mezégazdasag multifunkcios felfogasa és értelmezése
miért adhat okot a fejlodo orszagok ujabb tamadasaira.

(Kulcsszavak: agargazdasag, tamogatas, termelés-fliggetlen, zold-doboz, KAP)

INTRODUCTION

The financial condition of the agricultural sector is a broadly discussed and highly
debated issue; indeed, it is one of the most important items on the agenda of the current
WTO negotiations.
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The focus of this paper is on the “greenness” of the EU’s Agricultural subsidy system
before the newly implemented SFP (single farm payment) system'. (The paper will not
discuss the SFP system.) The study particularly will discuss the issues of the so-called
“decoupled” payment and agro-insurance (farmer income, etc.) systems and it will
debate the question: whether these support/ policy instruments were appropriate to the
Green box’s flag or whether the lack of neutral marketing resulted in the EU having to
reallocated them under the SPF. Moreover, the paper will briefly discuss the issue and
the awarding of the so-called Agri-Environmental Programs in the EU according to the
“multifunctional agriculture” theory.

The paper proceeds as follows. First, it briefly examines the “box system” of
agricultural finance, according to the Uruguay Round Agreement on Agriculture
(referred to as the URAA in this paper), by highlighting the Green box. Second, it gives
a short summary of the former EU agricultural support system under the previously
introduced boxes with the limitation on the land and COP (cereals, oilseed and protein
crops) payments. Third, it focuses on the issues of the decoupled payments and will
discuss some of the theoretical problems from recent studies as to whether it was “green
enough”. Fourth, it will consider the insurance issues as well, and find the cardinal
criticism against their “greenness”. Fifth, it notes some controversial issues of the Agri-
Environmental Programs.

DISCUSSION

The agricultural box system focused on the green box

To understand the question under discuss we recall briefly the box system of the URAA
(1994). According to this agreement, agriculture finance in all WTO members, thus in
the EU also, should follow the 3-box system: the Amber, the Blue and the Green box.
The Amber box encompasses those agricultural subsidies, which were considered to
distort trade and to be an obstacle to the fair trade situations; however, these should have
been reduced by 20% by 2000 (°Walter and Trine, 2001). These are, for instance, the
product specific supports (based on administrative prices etc.).

The second category is the Blue box supports, which are implemented under certain
production-limiting projects and programs, and which are exempt from reduction
requirements (Frandsen et al., 2002). There are subsidies such as the headage or area
payments, which have become less coupled during the CAP reforms, thus the EU wanted
to qualify them as Green box subsidies, but they were still declared in the Blue box
(Beard & Swinbank, 2001) by 2004, since the SFP reformed them.

Perhaps the most crucial question of the forthcoming WTO agricultural
negotiations will be the issue of the rearrangement of these two boxes. Some agro-
political groups would like to tighten the Amber box; however, there are members who
would like to move the entire Blue box into the Amber box (° Frandsen et al., 2002).

The third box is the Green box, which encompasses all those policy instruments
which have “no or at most minimal trade-distorting effects or effects on production”

'The EU launched the SFP in 2004, which changed and reformed the concept of the
CAP; information available: www.europa.eu.int/scadplus/leg/en/lvb/111089.htm

’The time period encompassed originally the years between 1995- 2000 (Walter and
Trine 2001)

The Blue box policies were protected until 2003 according to the “Peace Clause”, which
expired at the end of 2003 (13. article of URAA, cit Frandsen et al., 2002)
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(URAA, 1994). Here are found policy instruments such as domestic food aid, direct
payments, income insurance and income safety-net programmes, producer retirement
programmes, agri-environmental programmes and decoupled payments etc. (URAA,
1994). According to the URAA (1994), all the conditions and specifications, which
enable a policy to be declared as qualifying as a Green box category, are in the Annex 2.
As for decoupled payments, there are five main definitions in the 6" paragraph, which
declare the main features of a decoupled payment and define which subsidies are
endorsed here.

The EU support system according to the Box structure before the SFP
Before the Uruguay Round the preferred policy instrument of the EU agricultural policy
was the market price policy, which had to be changed after the Round in response to the
McSharry reform in 1993. According to this reform, two types of direct payments have
compensated farmers: area and headage payments (Walter and Trine, 2001). However,
the Agenda 2000* modified the payment system, both the amount and the proportion.
According to that structure, COP producer farmers had to decide between two different
types of finance system: the so-called general scheme and the simplified scheme
(Frandsen et al., 2002). The basic differences between these are in the set-aside
program® and in the connected support payments. In the simplified scheme, farmers
were not requested to participate in the set-aside program, but received a “non crop-
specific payment”. However, those producers who preferred the general scheme had to
set aside a certain percentage of the farmed area, but were able to receive a
“compensatory payment” based on the amount of the land which was being set-aside,
and also were eligible to receive the so-called “crop-specific payment” for the land
which was being farmed (Walter and Trine 2001; Frandsen et al., 2002). All EU
member countries have their own fixed “Member State basis” which declares clearly the
country’s quota for payments under COP reasons. Naturally, if the county exceeded its
own payments limit, the payments per hectare decreased proportionately. For example,
in Hungary the Member State basis was 3.48 million hectare and the basis output is 4.73
t/hectare and the payment is 298 Euro/hectare for the year 2004 (Szendrd, MARD, 2004).

Although the structure, introduced above, was planned to be market neutral, and
tended not to affect or just minimally affect the equilibrium, it was strongly criticized.
Therefore the EU changed it and launched the SFP system in 2004. According to this
regulation, the system may be more appropriate to the “Green box” declarations
(Europa, 2004).

But why was the former system not appropriate on international level? Why was it
so strongly criticised? In the following the paper will discuss these issues.

Problematic questions of the decoupled payments:

The first problem of the decoupled payments implementation may arise from the
theoretical point of view. There is a significant difference between the two leading
concepts. Namely, according to an OECD paper (2001), OECD has two possible
readings of these definitions. It is possible to define an “effective full decoupling” and a
“full decoupling (in the restrictive sense)” category. The basic difference between the
two concepts is in their objectives. While the former highlights the equilibrium

*More inform about the Agenda 2000 available at The European Commission’s
homepage: http://europa.eu.int/comm/agenda2000
*More information about the set-aside program is available by the OECD 2001 reference
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quantities, the latter is more focused on the adjustment processes. Consequently, in the
first case the emphasis on a decoupled payment is that the equilibrium level of
production and market should not change after applying the policy, if it is to be declared
a decoupled payment. However, in the second case, the stress is more on the reaction to
the policy, namely, not just that the market equilibrium should not change, but no
outside shock should be caused by the system (OECD, 2001). Therefore, there must be a
distinction between policy as influence and as design. Consequently, before judging a
whether a policy meets the declarations of the decoupled payments, policy makers also
should recognise the outside effects of the policy. It can easily happen, that although the
policy has been designed to be production and market equilibrium neutral, it has an
impact on another, unmeasured, factor in the market, which could lead to an increase in
the production or an outside shock. Thus, decoupled policies should give more attention
to their “market-environment” as well. This could be one of the reasons why some
decoupled subsidies, which are launched, according to the URAA definitions in the EU,
have received such a strong criticism among developing countries.

Connected to this theoretical issue, Frandsen et al. argues (2002), that decoupling
policies should be evaluated on a broader level rather than just as single instruments,
since they can have an impact on “non-targeted” commodities through cross-commodity
effects. Therefore the second basic problem of the decoupled payment system’s five
declarations, given by the URAA, could be that they allow policy instruments to be
treated as policy packages. However, as some experts suggest, these should be handled
as single instruments instead of packages, because of fair trade reasons (Gohin et al.,
1999).

As this section has showed the first and basic problem of the decoupled issue is that
there are differences in the theoretical concepts of understanding and interpretation,
which are quite opposite to each other. Thus, obviously there are arguments in its
implementation.

Does the “expectation mechanism” cause payments not to be decoupled?

Farmers’ investment decisions and production depend on three main issues, which are
interconnected: 1, recent policies; 2, expectations about the future policies; 3, risk
aversion. Theoretically in a given perfect market, where the policy instruments are
explicitly decoupled, farmers will have a quite steady investment and production level
and strategy, so the market equilibrium presumably will not change. However, markets
tend to be imperfect. Therefore, despite the strictly decoupled payments, farmers will not
be able to make clear decisions between investment and production or consumption, and
the policy will affect the level of the production. Thus, it will become coupled instead of
decoupled. Consequently, because of current policies, the farmer’s expectation will
change also, as the risk effect increases. It is like a “domino effect”.

The expectation factor has also another issue, which is interconnected with
decoupled payments. If farmers think future payments and supports — like the income
support under the URAA Green box — depend on former production levels, they will still
increase production because of the “expectation mechanism” (Frandsen et al., 2002). In
other words, farmers will expect the government to update the basic production level of
the payments; consequently, the current production will determine the future subsidies.
Thus, the current production should increase to guarantee a higher future payment
(OECD, 2001). Moreover, the briefly explained COP payment system was definitely not
separate from the current production but directly linked to it because of the farmers
expectation, since it stimulated farmers to farm on larger areas than they normally
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would. It is important to highlight that those rules did not require farmers to harvest the
reported field, just to sow it. Consequently, the final decision of the production depended
just on the cost of the harvest (Frandsen et al., 2002).

In other words, although the EU decoupled payments met the Green box
declarations, they could have been criticised as not “green enough” due to the
expectation mechanism of farmers. Since farmers will increase their production level
with the hope that the payments will also rise, these seems to be interrelated. Therefore,
the decoupled subsidy structure might become coupled instead of adhering to the initial
design.

The income and crop insurance systems and their criteria

As was mentioned above, the risk-aversion of the farmers also is a highly problematic
issue. Agricultural production contains a wide range of risk factors anyway, such as
weather and water or technological problems etc.; therefore, policies should aim to
minimising the risk of production. If policy failures increase the income risk-aversion of
farmers, they will try to change the production level as an automatic survival
mechanism. Thus, policies must try to launch instruments that are able to secure farmers’
income level. However, these instruments must also meet the URAA declarations.
Moreover, this issue is very sensitive, as the position of farmers is highly related to their
production.

In the Annex 2, there are two paragraphs that deal with the “insurance” concept: the
7™ which is focused on “income insurance and income safety-net programmes”; and the
8™ which deals with the “crop insurance schemes” (URAA, 1994). According to Rude
(2001), there are two main justifications of these programmes. The first is a simple
economic theoretical issue, explained by the market failures, saying that the contingency
markets® force farmers to deal with production and price risk. The second point of view
is a resource reallocation, so these kinds of programmes are originated and based on
income reallocation to the farmers from the industrial sector. Rude also argues (2001) the
redistribution is not the same across time and across individuals, which is an interesting
concept. He also claims that as the objectives of the two points of views are so different,
it is difficult to develop standard criteria for these programmes.

To insure farmers’ income, either the policy creates a “missing market” or tries to
raise a bridge system between good and bad income periods. Consequently, these policy
instruments are not neutral for the market, and can have a strong influence on the
equilibrium; however, they should be decoupled under the URRA. The income insurance
policies are extremely strong instruments, and to decouple them from production
decisions is not so straightforward, since they are designed to affect producers’
behaviour according to market failures. Moreover — as Rude claims (2001) — if an
insurance policy compensates for bad periods but does not tax in good times, it will
automatically raise the income level and stimulate a gradual rise in the production.
Therefore, the criteria contained in paragraph 7 are very important. These exclude the
possibility of distortion and place strict limits on the amount that can be used for these
programs. Also, a criteria which, for instance, declares that income safety payments must
be related to income and not to price or level of production, limits the possibility of a
market distortion effect and makes the policy more neutral (Rude, 2001).

More information about contingency market issues available at Contingency Analysis
http://www.contingencyanalysis.com
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Then, again, policies can achieve risk reduction by forcing and improving diversification
in the production and by adopting new technology. In this case, to reach the aim it could
be helpful to connect the policy with a credit policy, as has been done in Hungary, for
instance (MARD, 2005). However, the information channels must be clear between the
policy makers and the farmers, because if the flow of the information is not secure and
appropriate, although the aims are right and decoupled, the outcome may be different
than intended.

Crop insurance programs are also criticised as not being decoupled enough. This
criticism originates from theory that these programs may encourage farmers to farm on
fields where the production risk is higher (Rude, 2001). Consequently, although the
production at that field will be naturally poorer than in the areas that are more
appropriate for crop production, the aggregate level of production can increase.
Moreover, there is an argument whether these programmes encourage the aims of the
agri-environmental feature of the EU agriculture. According to Rude (2001), there are
two researcher groups who are arguing directly the opposite of each other. Whereas,
cited by to Rude (2001), Horowitz & Lichtenberg stated that crop insurance programs
lead to an increase in the use of pesticides and fertilisers, Smith & Goodwin concluded
exactly the opposite of this theory (Rude, 2001). Thus, in the former theory, the policy
will result in an increase in the production level, the latter will decrease the current
production, so from this point of view the system seems to be more neutral and
acceptable.

As can be seen, the issue of the insurance policies, which play a significant role in
the CAP, has not settled down yet, and has been widely criticised. The policies are
strongly objected to in both theoretical and implementation concepts. However, this kind
of support for farmers is vital to enable them to participate in the market system and to
produce on a steady level .

The issue of the agri-environmental programmes

As was mentioned above, improved diversification is also a good method to increase the
safety of the farmers, and it is decoupled and based on the URAA Annex 2, also. This
idea, additionally, fits well into the “multifunctional” theory of European agriculture.
Environmentally friendly agriculture, which puts less pressure on nature, is also a highly
debated issue. Although environmentally friendly production is widely accepted, there is
strong criticism against the EU’s “multifunctional” idea, which contains those elements.
In the URAA Annex 2, the 12" paragraph particularly deals with environmental
programmes. Albeit EU launched its agri-environmental policy according to those
determinations, this policy is strongly criticised by the developing countries as being just
an “umbrella” and “excuse” for a hidden and not decoupled subsidy system (Glebe,
2003). There are even voices which, although agreeing with the aims of the EU’s agri-
environmental policy, call it just a “new label and trick” of the European agro lobby “fo
do business as usual and to hide protectionist policies behind” this title (Mahe, 2001).
Moreover, according to Glebe (2003), the payment scheme before the SFP did not lead
to an improvement in the landscape and biodiversity, although one of the main aims of
the environmentally friendly and multifunctional system is to improve these and
analogues factors. In addition, there was another reason why these programmes were
widely discussed, namely in the EU countries farmers were given a premium for using

"During my research I could not find any new declaration about income insurance
projects in the SFP scheme.
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fewer chemicals, rather than tax incentives, which makes it a somewhat controversial
paradox (Glebe, 2003). However, Latacz-Lohmann and Hodge argues (2001) that
although the agri-environmental policies may have more than minimal effect on the
production and trade, they do not contradict the fair trade requirement agreements even
though they are not 100% decoupled.

As this section showed, the idea of “multifunctionality ” is strongly objected to,
also, and criticised as being just an extra “excuse” for the coupled and non-market
neutral support system of the EU. However, this issue will play a major role in the CAP
system in the future as environmental and conservation issues are getting to be more and
more important within the EU.

CONCLUSIONS

We have seen that the EU’s subsidy policy before the SFP was highly debated among
the professionals as to whether it was appropriate to the context of the URAA and its box
system. Moreover, it was directly questioned whether the policy could have been
defended and justified in the long term.

The system before the SFP was widely criticised. Firstly, there was a basic
theoretical argument among professionals since the idea of decoupling can be reflected
from two different points of view, according to the URAA declarations. Secondly,
according to the quoted professionals in the paper, the policy may did not pay enough
attention to the farmers’ “expectation mechanism", and, therefore, it became coupled and
led to market distortions. Thirdly, there were papers, which recommended the
restructuring of the whole Green box system and argued that it just operates as income
insurance for the farmers in the industrialised countries, and pushes the developing
countries into an even worse and more unfair market position. Finally, the EU’s Agri-
Environmental concept also is strongly criticised as being just an extra “excuse” for not
decoupling payments. In addition, there is no consensus among European professionals
about the agricultural finance, but it is agreed that the CAP is vital for European
Agriculture.

In the view of all these criticism and issues, it is not surprising that the EU changed
its CAP and launched the SFP. However, whether the SFP will be more accepted among
countries at the international level is still an issue.
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Roviditett atmutato a kéziratok elkészitéséhez

A folydirat targykore magaban foglalja az allati termék eldallitas teljes vertikumat, az
allatok elhelyezésétol a nemesitésen, takarmanyozason, szaporitason és egészségvédelmen
a az dlati termékek feldolgozasdig, ill. értékesitéséig, beledrtve e részterliletek eméeti,
alapoz6 vonatkozasait is, mint pl. az élettant, a mezdgazdasagi kémiat, valamint vizsgalati
modszereiket. Ezeken tilmenden helyet kapnak a novénytermesztés, az Okonomia, a
kornyezetvédelem targykorét érintd kézlemények is.

Az Acta Agraria Kaposvariensisben csak olyan irasok kozolhetok, melyek mas
kiadvdnyban még nem jelentek meg -kivéve a kongresszusi eléaddsokat-, ill. amelyeknek
nincs folyamatban publikaldsuk. A kéziratot az aldbbi cimre kell eljuttatni.

Acta Agraria Kaposvariensis Szerkesztobizottsaga

Pannon Agrértudomanyi Egyetem, Allattenyésztési Kar

7400 Kaposvar, Guba Sandor u. 40.

Tel.: 36-82-314-155, Fax: 36-82-320-175

e-mail: kutszerv@atk.kaposvar.pate.hu
A cikket 3 példanyban, dupla sorkdzzel, Winword 6.0 (vagy hasonlé és konvertd hato)
szovegszerkeszt6 programmal, Times New Roman CE betiivel (12-es nagysag) sorkizart
formaban, A4-es méretben, alapnak csak az egyik oldaléra gépelve kérjuk benyjtani. A
kézirat ne haladja meg a 8000 sz6t, ami kb. 20 oldalnak felel meg, mely abrékkal, dssze-
foglalassal és irodalomjegyzékkel egyiitt értendd. Kivételes esetben, a szerkeszto-
bizottsg hosszabb cikkek elfogadésara is javaslatot tehet. A cikkek nyelve magyar,
vagy angol.

A cim legyen tomor, maximum 20 sz6bol alljon, 20-as nagysagu félkovér betiivel
irva, kozépre igazitottan. Felette kérjiik adja meg a fejléc szovegét is. A szerzo(k) nevét
15-6s normal betiivel kérjiik irni, kozépre illesztve. Magyar nyelvii cikknél pl. Kiss J.,
Martin, T.G., T6th J.,, angolndl, J. Kiss, T.G. Martin, J. Téth legyen az ird&smdd. A
szerzOk neve ala 10-es normal betlivel irjdk a munkahelyet, cimmel egyiitt, kdzépre
rendezetten.

Az els6 dsszefoglalo a kézirat nyelvével megegyezd, a masodik - angol kézlemény
esetén magyar, magyar cikk esetén angol legyen. Az Osszefoglalas sz6t kozépre
illesztve, 15-6s dontott félkovér nagybetiivel, szovegét 12-es normal dontottel kérjiik
irni. Mindkét Gsszefoglalot kovetden zardjelben adjak meg a kdzlemény kulcsszavait,
normal betlivel (max. 5 szd, vagy fogalom). Az &sszefoglalas ne haladja meg a 200-250
sz6t (egy oldal). A kézirat nyelvével ellentétes dsszefoglal 6 cimét 12-es normd félkovér
bettivel, szerzdinek nevét 12-es, munkahelyét 10-es normallal kell irni, kdzépre igazitva.

Az egyes fejezetek (bevezetés sth.) cimét kdzépre illesztve 15-6s nagy, az a cimeket
balra rendezetten 12-es normal félkovér betiivel kérjiikk irni. A bekezdések (kivéve a
fejezet és alfejezet kezddt, ill. a tablazat, abra, kép, "francia jelzésii" (-) rész utani elsdt),
egy tabulator jellel kezdddjenek. A kiemelendd szavak €s mondatrészek jelolése dolt
betiivel torténjen.

A dolgozat tartalmaért iroi felelnek. A beérkezett kéziratot a szerkesztGség
lektoraltatja, majd visszakiildi a szerzonek javitasra, ha sziikséges. A javitott kéziratot
két pld.-ban kinyomtatva ill. 3.5”-es magneslemezen kérjik a szerkesztéséghez
eljuttatni.
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A kozlemény részei

Bevezetés

A szdvegben a hivatkozast a szerzd(k) csaladnevével (dolt betiivel irva) és a mii megjelené-
sének évszamaval (zérdjelbe téve) kérjiik megadni. A név kiemelésekor azérgjel elmarad.
Anyag és modszer

Eredmeény és értékelés

A megjelend cikkben, ebben a fejezetben nyernek majd elhelyezést a tablazatok, abrak stb.
A kéziratban, azonban csak azok tervezett helyét kérjik megjeldlni. A jobb szerkeszthe-
tdség érdekében a tablazatok és abrak a cikk végén, kiilon-kiilon oldalon szerepeljenek. A
szovegben hivatkozzon rajuk (a sorszam utan a tablazat szot dolt betiivel irva).
Kovetkeztetések

Kdszonetnyilvanitdas (ha szikséges)

Irodalom

Csak a kozleményben idézett miiveket tartalmazhatja. Ezeket sorszam nélkill, az els6
szerzd csaladi neve szerint ABC sorrendben kell felsorolni. Hivatkozasonként, az 6sszes
szerzOt tiintesse fel, vesszovel elvalasztva. Ezt, a megjelenés évszama kovesse, zarojelbe
téve, majd a mi cime, a folyoirat megnevezése (ha van, nemzetkozileg elfogadott
roviditéssel), az évfolyam- és kotetszam, a szam, ill. a koézlemény kezdd és befejezd
oldalszama (kétéjellel) irand6. Konyv esetén a szerzd(k) neve és az évszam utan a konyv
cime eredeti nyelven, a kiadd neve, székhelye és az oldalszdm kovetkezzen. A publikécio
masodik, ill. tovabbi sora egy tabulator jellel kezdddjon, az elsdé szerzé kiemelése
érdekében.

Levelezési cim (az els6 szerz0 posta, ill. e-mail cime, telefon- és faxszama)

Tablazat, abra, kép stb.

Elhelyezésiket a cikk végére kérjik, kilén-kilon oldara. Feezeten belil, csak azok
tervezett helyét jeldljék. A tablazat, dora... sorszamét balra rendezetten, cimét kdzépre
illesztve, 12-es félkovér betiivel kell irni. A diagramokat Excelben javasoljuk megrajzolni.
A tablazatokat a Winword tablazat szerkesztdjével készitsék, az abrakat azonban - a
konvertd hatésdg miatt - ne a beépitett rgjzoldjaval akossdk meg, hanem haszndjanak
helyette pl. Corel Draw, AutoCAD... programot. A tablazatok stb. alatt kozoljék el6szor a
cim, majd a szdveges rész (zargjelben szamozva) forditésat. A diagramok, rajzok... forras
fajljait is kérjiik mellékelni. A fekete-fehér fotok hatoldalan a szerzd(k) nevét és az abra
szémét tiintessék fel. Az utdbbit, a hozza tartoz6 cimmel egy(itt listn sziveskedjék csatolni.
(Részletes utmutatot a szerkesztébizottsag kérésre postan kiild!)

Roviditett atmutato az attekintd (review) cikk készitéséhez

Korlatozott szamban a szerkesztéség elfogad un. attekintd (review) kozleményt is,
amennyiben a feldolgozott téma szakmai aktualitdsahoz nem fér kétség és az elmult 3
évben az adott témakdrben nem jelent meg sem hazai, sem kilfoldi szakfolyGiratban
hasonl6 témaju dolgozat. Az attekintd cikk elkészitésének technikai kovetelményei
(sortavolsag, betiinagysag, szovegszerkesztd program stb.) és altalanos eldirasai
(terjedelem, akézirat nyelve...) megegyeznek a korabban leirtakkal.
Az attekintd cikknek az alabbi fontosabb fejezeteket kell tartalmaznia:

- Osszefoglalas

- bevezetés (célkitiizés)

- kovetkeztetések

- irodalom
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Guidelines in brief for the preparation of manuscripts

The subject sphere encompassed by the journal covers the entire spectrum of the production
of anima products, ranging from livestock accommodation, via breed improvement,
nutrition, reproduction and the maintenance of hedlth to the processing and marketing of
animal products, including the respective theoretica, fundamental aspects of these subfields,
such as physiology and agricultura chemistry, and also pertinent examination methods. In
addition to these topics space in the journd is also devoted to publications relating to the
fields of plant production, economics and environmenta protection.

The Acta Agraria Kaposvdriensis accepts only papers which have not appeared in
other publications, the exception being congress presentation,; nor should they be in the
process of publication. Scripts should be submitted to following address:

Acta Agraria Kaposvariensis Editorial Board

Pannon University of Agriculture, Faculty of Animal Science

H-7400 Kaposvér, Guba S. u. 40.

Tel.: 36-82-314-155. Fax: 36-82-320-175

e-mail: kutszerv@atk.kaposvar.pate.hu
Three copies of the paper should be submitted; these should be typed double spaced
using Winword 6.0 (or asimilar, convertible programme) in Times New Roman CE font,
with 12 pt character size and in justified paragraph form. Copies should be printed on A4
paper, only one side to be used. Manuscript length should not exceed 8000 words, which
corresponds approximately to 20 pages. This length of 20 pages is to include any tables
and illustrations used, in addition to the abstract and references. In exceptional cases the
editorial committee may recommend that longer articles be accepted. The language of
articles should be Hungarian or English.

Titles should be concise, consisting of a maximum of 20 words, and should be
typed in bold 20 pt size characters. Authors are requested to include the text for the
running head above the title. Authors names should be typed, centred, using normal 15
pt size characters. For articles written in Hungarian the form Kiss J., Martin, T.G., Téth
J. should be used; for articles written in English, J. Kiss, T.G. Martin, J. Téth. The place
of employment of each author and the address of the institution/company should be
entered, centred, beneath the authors names, using normal 10 pt size characters.

The first abstract is to be in the language of the paper; the second should be in
Hungarian for articles written in English and vice versa. Authors are requested to ensure
that the title of each abstract is written centred and in bold italic 15 pt upper case
characters, while its text should be written in 12 pt size normal italics. At the end of each
abstract the relevant keywords should be given in brackets, typed in normal characters
(max. 5 words or concepts). The abstract should not exceed 200-250 words (one page) in
length. The title of the abstract written in the language not used in the paper should be
written, centred, in 12 pt normal bold characters, followed by the names of the authorsin
normal 12 pt characters, and subsequently the place of employment of each author in
normal 10 pt characters.

Titles of the respective sections (introduction, etc.) should be written centred and in
15 pt size bold upper case characters. Subtitles are to appear aigned to the left in 12 pt
size bold lower case. Paragraphs (with the exception of those beginning sections or
subsections, and the first paragraph after table, diagram, illustration or text in French
style layout (i.e., points beginning with dashes or bullets)) should begin with one
tabulator space indentation. Authors are regquested to mark in italics any words or
phrases to be emphasised.
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Constituent sections of the publication

Introduction

Authors are requested to bracket after each reference the surname of the author(s) (in
italics) and the year of publication of the work to which reference is made. If the nameis
stressed as a component part of the text it should not be bracketed.

Material and method

Results and discussion

This section of any paper to be published should include table, diagrams, etc.. Authors
are however requested simply to mark in the text positions alocated to such graphic
items. In the interest of achieving better editability tables, diagrams, etc. should appear at
the end of the paper, on separate pages, in the script submitted. Reference should be
made in the text to such inclusions (in italics, the word fable followed by its number).
Conclusions

Acknowledgements (if applicable).

References

These should include only works referred to in the publication. References should be
listed without numbers, in alphabetical order of main author’s surname. For each citation
made the names of all authors contributing to article should be quoted, separated by
commas. The year of publication should follow in brackets, and subsequently the title of
the work, the title of the journal in which it appeared (where appropriate using
internationally recognised abbreviations), the year of publication or volume number and
the first and last page numbers (separated by a hyphen) in the publication of the relevant
paper. Where books are cited, the name(s) of the author(s) and the year of publication
should be followed by the original title of the book in its language of publication, the
name of the publishing company and the town/city in which it is based, and the numbers
of the pages cited. Authors are requested to ensure that the second and subsequent lines
of each reference begin with one tabulator space indentation, to give prominence to the
name of the main author.

Correspondence address

The postal and e-mail address of the main author, and telephone and fax numbers on
which he/she may be contacted, should be included.

Tables, diagrams, illustrations, etc.

Authors are requested to position such inclusions at the end of the paper, on separate
pages. The positions allocated to these should be marked within the appropriate section
of the text. Numbers of tables, diagrams, etc. should be aligned to the left and their titles
centred, both in 12 pt size bold characters. It is requested that Microsoft Excel be used
for the composition of diagrams. Tables may be compiled with the Winword table
facility; however, in the case of other figures, due to the need for convertibility, the
drawing facility installed with Winword should not be used, but a separate programme
such as Corel Draw or AutoCAD. Beneath each table etc. authors should include a
tranglation into the language (English or Hungarian) not used in the paper of the title and
the text components (with referring numbers in brackets). It is requested that source files
for diagrams, illustrations etc. be enclosed with the submitted paper. Black and white
photographs should be marked on the reverse side with the name(s) of the author(s)
submitting them and their illustration number. Authors should include a list of
illustration titles with their respective numbers.

(Detailed guidelines will be posted on request by the editorial board.)



Guidelines for the composition of review articles

The editorial board will also accept a limited number of review articles, should there be
no doubt as to the professiona topicality of the subject dealt with and providing that no
paper on a similar topic within the given subject sphere has been published in the
previous three years in any Hungarian or international journal. The technical stipulations
for the composition of review articles (length, language used, etc.) correspond to those
outlined above for the preparation of manuscripts.
Review articles should consist of the following:

- abstract

- introduction (objective)

- conclusions

- list of literature cited.
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