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IZVLECEK

Od kalifornijskih postrvi iste plemenske jate smo pridobili ikre v prvi in drugi drsti. Za vsako
samico smo pri vsaki od drsti dolocili maso telesa (Mpy,) ter absolutno plodnost (Paps). Na
podlagi teh podatkov smo izracunali relativno plodnost (Pre). Od vsake plemenke smo
individualno stehtali 50 iker v fazi iker z ocmi, ter tri vzorce po 50 potomcev v razli¢nih fazah
rasti. Potomce smo tehtali 11 dni po izvalitvi (T1), nato pa Se 6 tednov (T2) ter 10 tednov po
izvalitvi (T3). Na ta nain smo dobili podatke o povpre¢ni masi iker (M) ter podatke o masah
potomcev pri tehtanju T1, T2 in T3 (MRlbl, Mgiv2 in Mgijb3). Na podlagi teh podatkov smo s
statisticnim modelom par01alne regresije, ki je kot neodvisni spremenljivki vkljuceval relativno
plodnost in povpreéno maso iker, ocenili vpliv Mk na Mgiv1, Mrip2 in Mrip3. Rezultati kazejo,
da se iz tezjih iker izvalijo tezje larve. Vpliv My, je relativno kratek, saj parcialni regresijski
koeficient Myer na Mrips ni statisticno znacilen ne pri ikrah iz prve ne pri ikrah iz druge drsti.
Rezultati kazejo, da je za produkcijo smiselno uporabljati tudi ikre iz prvi drsti, Ceprav so
majhne. Deset tednov po izvalitvi se povprecna masa rib, izvaljenih iz majhmh iker, pI‘ldOblj enih
pri prvi drsti, ne razlikuje bistveno od povprecne mase r1b izvaljenih iz vecjih iker, pridobljenih
v drugi drsti.

Kljucne besede: akvakultura / ribe / postrvi / kalifornijska postrv / Onchorynchus mykiss / reprodukcija / ikre / larve

/ masa

ABSOLUTE AND RELATIVE FECUNDITY, EGG WEIGT AND INFLUEBCE OF EGG
WEIGHT ON BODY WEIGHT OF LARVAE AND ALEVINS IN RAINBOW TROUT
(Onchorynchus mykiss) AT FIRST AND SECOND SPAWNING

ABSTRACT

From a certain number of females, eggs were collected during their first and second spawning.
Body mass at spawning (Mp,,) and absolute fecundity (Paps) was registered for each female. On
the basis of these data the relative fecundity was calculated (Pge). For each female 50 eyed eggs
as well as 50 offspring at different stages of growth were individually weighted. Weightings
were done 11 days (T1), 6 weeks (T2) and 10 weeks (T3) after hatching. By such procedure
mean weight of the eggs (M) and the mean body mass of alevins attained at T1, T2 in T3
(MRib1, Mrib2 and Mgijp3) were obtained. The statistical model of partial regression including Pge;
and My as independent variables was used to evaluate the influence of My on Mgibi, MRib2
and Mgjp3. Results indicate that from heavier eggs heavier larvae are hatched. Nevertheless, the
influence of egg weight on body mass is only short termed. Partial regression coefficient of My,
on Mgip3 1S not statistically significant regardless whether relation between eggs and alevins at
first or second spawning is observed. According to our results it is suggested that eggs collected
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at first spawning should not be discarded even they appear to be too small for production. At age
of 10 weeks after hatching, average size of alevins hatched from small eggs collected at first
spawning did not to essentially differ from average size of alevins hatched from large eggs
collected at second spawning

Key words: aquaculture / fish / trouts / rainbow trout / Onchorynchus mykiss / reproduction / eggs / size / larvae /
mass

UvOD

Od samic kalifornijskih postrvi lahko pridobimo ikre s postopkom, ki ga imenujemo
smukanje, samo enkrat na leto. V vecini primerov lahko samice prvi¢ osmukamo Ze pri starosti
dveh let. Ikre, pridobljene od prvesnic, so manjSe in lazje od iker, ki jih dobimo od starejSih
zivali. Na splo$no velja, naj v proizvodnih pogojih, iker, osmukanih od prvesnic, ne bi
uporabljali. (Skalin, 1993). Ker ikre od prvesnic zavrzemo, se stroSki za reprodukcijo povecajo.
Ce izvajamo selekcijo, je zaradi tega letni genetski napredek manjsi, saj se generacijski interval
podaljsa z dveh na tri leta.

Podatki o tem, v kaksni meri velikost oziroma masa iker vpliva na velikost oziroma maso, ki
jo ribe, izvaljene iz teh iker, dosezejo v kasnejSih fazah rasti, so v literaturi redki in se med
razliénimi avtorji razlikujejo. V literaturi nismo nasli podatkov, ki bi porocali o spremembi
povprecne mase iker iste plemenske jate v zaporednih drsteh. Prav tako nismo nasli podatkov o
tem ali se pri istih plemenkah med prvo in drugo drstjo spremeni vpliv mase iker na kasneje
doseZene tezZe rib.

PREGLED LITERATURE

Absolutna plodnost, merjena kot Stevilo iker, ki jih osmukamo od posamezne zivali, se pri
salmonidih povecuje s starostjo in velikostjo (maso) plemenk. S starostjo in velikostjo plemenk
naj bi se povecala tudi povprecna velikost oziroma masa iker, kar je bilo ugotovljeno tako za
kalifornijsko postrv (Bromage in Camaratung, 1988; Bromage in sod., 1992) kot za poto¢no
postrv (Ojanguren in sod., 1996) pa tudi za atlantskega lososa (Thorpe in sod, 1984; Heinimaa in
Heinimaa, 2004). Potrebno je poudariti, da sta Heinimaa in Heinimaa (2004) ugotovila, da je
absolutna plodnost odvisna od mase plemenk, vpliv velikosti plemk na povprecno velikost iker
pa je bil zelo majhen. Do podobnih ugotovitev je pri kalifornijski postrvi prisel tudi Kortoglu s
sedelavci (1998). Barnes s sod. (2000) pri eni izmed vrst tthoocenskaga lososa (Ocorhynchus
tshawytscha) ni nasel povezave med velikostjo plemk in velikostjo osmukanih iker.

Glede na to, da imajo ribe t.i. nedeterminirano rast (Weatherley in Rogers, 1978), so lahko
prvesnice v Casu drsti enako velike in tezke kot ribe, ki se drstijo drugi¢ ali celo tretji¢. Tako je
zelo tezko lociti vpliv mase plemenk na povprecno maso iker od vpliva starosti oziroma
zaporedne drsti.

Springate in Bromage (1984) zagovarjata stalisCe, da je pri kalifornijskih postrveh s stalisca
ekonomike reprodukcije bolj smiselno uporabljati za pridobivanje iker manjSe in mlajse ribe, ker
se relativna plodnost, merjena kot Stevilo iker na enoto telesne mase, s starostjo in velikostjo rib
zmanjSuje. V nasprotju s tema avtorjema Estay in sodelavci (1994) niso nasli povezave med
telesno maso in relativno plodnostjo.

Berg in sod. (2001) pri atlantskem lososu ugotavljajo, da se vecina variabilnosti v velikosti
iker, ki jo opazimo v populaciji, pojavlja kot komponenta variance med zivalmi in le man;jsi
delez kot komponenta variance znotraj zivali. To pomeni, da so ikre, ki jith dobimo od
posamezne samice, zelo izenacene.

Avtorji za razli¢ne salmonidne vrste navajajo, da se iz ve¢jih iker izvalijo vecje larve (Pitman,
1997; Springate in Bromage, 1985; Ojanguren in sod. 1996; Heath in sod., 1999; Berg in sod.,
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2001; Pakkasmaa in Jones, 2002; Einum, 2003; Bascinar in Okumus 2004). Mnenja o tem kdaj
ta vpliv izgine, so razli¢na. Zelo redki so podatki o statisticnih parametrih, s katerimi bi lahko
kvantitativno vrednotili vpliv mase iker na teZo rib, izvaljenih iz teh iker, ki jo Zivali dosezejo pri
doloceni starosti.

MATERIAL IN METODE DELA

Material

V poskusu smo proucevali vpliv mase iker na maso larv ter zaroda izvaljenega iz teh iker pri
isti populaciji rib, osmukani v dveh zaporednih drsteh. Poskus je potekal na ribogojnici PSata, ki
jo napaja izvirska voda s stalno temperaturo 10 °C. Oskrba poskusnih zivali je bila enaka
standardni oskrbi plemenskih Zivali.

Ob prvi drsti so bile ribe stare dve leti. Osmukali smo 145 prvesnic. Po smukanju smo ribe
individualno oznacili in jih vzrejali v istem bazenu skupaj z drugimi plemenskimi Zivalmi. Leto
dni kasneje, ko so bile ribe stare tri leta, smo lahko na osnovi oznak zanesljivo identificirali 33
rib, ki smo jim dolo¢ili prouc¢evane parametre ze prej$nje leto. Te ribe smo osmukali in pri njih
dolocili iste parametre kot pri prvem smukanju.

Poskusne zivali smo v ¢asu drsti tedensko pregledovali, da bi ugotovili, pri katerih zivalih je
ze nastopila ovulacija. Vse ikre vsake od samic, pri kateri je ze nastopila ovulacija, smo z
abdominalno masazo iztisnili iz trebusne votline v posodo, kjer smo jih oplodili z meSano
spermo vecjega Stevila samcev. Vsaki osmukani samici smo po smukanju individualno dolocili
telesno maso (Mpim). Po oploditvi in nabrekanju smo presteli ikre, ki smo jih dobili od vsake
samice, in dolocili absolutno plodnost vsake plemenke (Paps). Na osnovi mase plemenke in
absolutne plodnosti smo izra¢unali tudi relativno plodnost (Pgel) kot Stevilo iker na 100 g telesne
mase. Od vsake samice smo naklju¢no odbrali 400 iker in jih lo¢eno inkubirali v kalifornijskih
valilnikih. Iz njih izvaljene larve in zarod smo lo¢eno vzrejali v individualnih bazenih.

Ko so ikre dosegle fazo razvoja, ki jo poznamo kot »fazo z o¢mi«, smo izmed iker vsake od
samic naklju¢no odbrali 50 iker, jih individualno stehtali in izraunali povpre¢no maso ikre
vsake od plemenk (My). Na 11. dan po izvalitvi, 6 tednov po izvalitvi in 10 tednov po izvalitvi
smo iz vsake skupine nakljucno odbrali vzorec 50 rib in vsak osebek individualno stehtali.
Povprec¢no maso rib, izracunano za prvo tehtanje (T1), drugo tehtanje (T2) in tretje tehtanje (T3),
smo oznacili kot Mgip1, MRiv2 in MRib3.

Odrasle zivali smo tehtali na mehanic¢ni tehtnici; v prvem letu do 5 gramov, v drugem pa do
10 gramov natanc¢no. Ikre, larve in zarod smo tehtali na elektronski laboratorijski tehtnici do
tiso¢ine grama natancno.

Statistiéne metode

Za statisticno vrednotenje podatkov o vplivu mase iker na maso larv in zaroda smo uporabili
naslednji model:

Vi = u+b(x, —xX)+by(z, - 2) +e,
kjer je:

Y; — povpreCna masa osebkov, izvaljenih iz iker i-te plemenke, doseZena pri T1, T2 in T3

M — srednja vrednost

X, — relativna plodnost i-te plemenke

X — povprecna relativna plodnost
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Z, — povpreCna masa iker i-te plemenke

z — povprecna masa vseh iker

b, — parcialni regresijski koeficient povpre¢ne mase rib, dosezene pri T1, T2 in T3, na relativno plodnost

b2 — parcialni regresijski koeficient povpreéne mase rib, dosezene pri T1, T2 in T3, na maso iker

e, — ostanek

Enostavne korelacijske koeficiente med My, in Mgibi, Mgib2 , Mribs Smo izracunali po
naslednji formuli:

cov
roo= al

Xy .
c,0,

kjer je:
Yy -

cov,, -
xy

xy

REZULTATI IN DISKUSIJA

standardni odklon prve spremenljivke (M)

kovarianca med paroma spremenljivk (Mg, in Mgip1, MRiv2, MRib3)

standardni odklon druge spremenljivke (Mgib1, Mgib2 in Mgip3)

korelacijski koeficient med paroma spremenljivk (Mg in Mgip1, MRin2, MRib3)

V preglednici 1 so prikazani osnovni statisticni parametri za lastnosti, ki smo jih merili pri
prvesnicah, in sicer: telesna masa, absolutna plodnost, relativna plodnost, masa iker v fazi »z
ofmi« in masa larv in zaroda na enajsti, dvainstirideseti in sedemdeseti dan po izvalitvi.

Enaki statisticni parametri izmerjeni pri ribah pri drugi drsti, so prikazani v preglednici 2.

Preglednica 1.

Osnovni statistiéni parametri za maso plemenk (Mpyy), absolutno plodnost
(Pavs), relativno plodnost (Pgrej), povpre¢no maso iker (M) ter povpre¢no maso
rib pri prvem, drugem in tretjem tehtanju (Mgibi, Mrib2, Mrib3) pri prvem

smukanju
Table 1. Basic statistical parameters for body weight of females (Mpyy,), absolute
fecundity (Paps), relative fecundity (Pgrer), average weight of eyed eggs (Miker)
and weight of alevins at first, second and third weighting (Mrib1, MRib2, Mrib3) at
first spawning
Stevilo Srednja Standardni Minimalna Maksimalna  Koeficient
Spremenljivka  skupin dnost odklon vrednost vrednost variabilnosti, %
Variable Number of vrednos Standard Minimal Maximal Coefficient of
Mean value . -
groups deviation value value variation, %
Mpim, € 145 1134,31 165,99 785 1540 14,63
P abs 138 2745,73 597,66 1497 4614 21,77
Prel 138 244,64 56,22 134,29 405,98 22,98
Mier, Mg 88 42 4 30 52 11,20
Mgib1, mg 81 64 7 43 82 11,88
Mgip2, mg 45 214 31 143 291 14,72
Mgipz, Mg 36 562 87 366 742 15,49

Podatki iz preglednice 1 kazejo, da se je Stevilo Zivali, pri katerih smo lahko opravili dolo¢ene
meritve, zmanjSevalo. Ce smo lahko dolocili Stevilo iker pri 138 prvesnicah, je bilo mogoce
dolociti povpre¢no maso iker samo pri 88 zivalih, maso zaroda pri starosti sedemdeset dni pa le
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pri 36 Zivalih. TakSno zmanjSevanje je posledica smrtnosti skupin, ki se je pojavila med
poskusom.

Preglednica 2. Osnovni statisticni parametri za maso plemenk (Mpyy), absolutno plodnost
(Pabs), relativno plodnost (Prer), povpre€no maso iker (M) ter povpre€no maso
rib pri prvem, drugem in tretjem tehtanju (Mgibi, Mgib2, Mgib3) pri drugem
smukanju

Table 2. Basic statistical parameters for body weight of females (Mpy,), absolute
fecundity (Paps), relative fecundity (Pre), average weight of eyed eggs (Miker)
and weight of alevins at first, second and third weighting (Mgrib1, Mrib2, Mrib3) at
second spawning

Stevilo Srednia Standardni Minimalna Maksimalna Koeficient
Spremenljivka  skupin vre dng) ot odklon vrednost vrednost variabilnosti, %
Variable Number of Standard Minimal Maximal Coefficient of

Mean value . L.

groups deviation value value variation, %
Mpim, g 33 2730,45 587,00 1170 4010 21,49
Paps 32 4916,61 1306,30 3020 8835 26,57
Pra 32 182,73 39,85 166,15 289,67 21,93
Mier, Mg 30 72 9 56 99 13,40
MRgip;, mg 30 100 14 68 129 14,15
MRgip, mg 27 281 51 194 385 18,23
MRgip3, Mg 25 644 176 296 946 27,14

Pri drugi drsti smo lahko proucili parametre pri manjSem Stevilu rib, ker so v ¢asu od prve do
druge drsti nekatere ribe poginile, nekatere pa so izgubile znacko.

Do najvecjega zmanjSanja skupin je prislo pri prvesnicah v ¢asu od drsti do faze iker z o¢mi,
ko se je Stevilo skupin zmanjSalo od 138 na 88, pa tudi v ¢asu med enajstim in dvainstiridesetim
dnevom po izvalitvi, ko se je Stevilo skupin zmanjSalo od 81 na 45. Prvo zmanjSanje lahko
pripiSemo nizki stopnji oploditve iker v posameznih skupinah, drugo pa nesposobnosti
sprejemanja eksogene hrane.

Pri ribah v drugi drsti je zmanjSanje Stevila skupin v posameznih obdobjih bistveno manjse.
Na podlagi tega podatka bi lahko sklepali, da je oploditvena sposobnost iker pridobljenih v drugi
drsti vecja, prav tako je mogoce zakljucevati tudi, da se je pri manjSem odstotku skupin kot pri
prvi drsti ob prehodu na eksogeno hrano pojavila visoka smrtnost pri dolocenih skupinah.
ManjSo smrtnost pri prehodu na eksogeno hrano bi lahko razlozili z dejstvom, da so bile ikre,
pridobljene pri drugi drsti, vec¢je kot v prvi. Heath in sod., (1999) namre¢ ugotavljajo, da je
prezivitvena sposobnost v zgodnjih fazah rasti pozitivno povezana z velikostjo iker.

Primerjava povpre¢nih mas rib ob prvi in drugi drsti kaZe, da se je v enem letu masa rib ve¢
kot podvojila, kar pa seveda ne velja za Stevilo iker. Relativna plodnost je bila po teh podatkih v
drugem letu niZja in je znaSala 182 iker na 100 g telesne mase, medtem ko je pri prvesnicah
znaSala relativna plodnost 245 iker na 100 g telesne mase. Nasi rezultati so v skladu s podatki iz
literature. Tako Kurtoglu in sod. (1998) navajajo, da je povprecna relativna plodnost v populaciji
kalifornijskih postrvi, ki so jo proucevali, znasala 1364 iker na kg telesne mase, Springate in
Bromage (1984), pa ugotavljata, da imajo vecje ribe manjSo relativno plodnost.

Masa iker v fazi z o¢mi je pri drugi drsti za ve¢ kot 70 % vecja kot masa iker, dobljenih od
iste populacije rib pri prvi drsti. Seveda ni mogoce trditi, da gre za iste ribe, saj je Stevilo rib v
drugi drsti le vzorec rib, ki smo jih proucevali, ko so bile prvesnice. Vendar ni nobenega razloga,
da ne bi predpostavljali, da so ribe, ki smo jih proucevali pri drugi drsti, naklju¢en vzorec rib, ki
smo jih proucevali pri prvi. Da gre dejansko za naklju¢ni vzorec, vsaj glede mase rib in
povprecne mase iker, bi lahko sklepali na podlagi dejstva, da se koeficient variabilnosti za obe
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lastnosti pri populaciji rib pri drugi drsti ni zmanjSal glede na koeficient variabilnosti za ti dve
lastnosti pri prvesnicah.

Direktna primerjava podatkov o masi larv in zaroda iz naSega poskusa s podatki drugih
avtorjev ni mogoca, ker mase nismo dolo¢ali ob enaki starosti kot drugi avtorji. Se najbolj
ustrezna je primerjava nasih podatkov s podatki, ki jih navajajo Kurtuglu in sod. (1998). Avtorji
pisejo, da so njihove larve 40 dni po izvalitvi tehtale v povprecju 305 mg (+/— 56 mg), medtem
ko smo v naSem poskusu ugotovili, da so 42 dni po izvalitvi tehtale larve, ki so se izvalile iz iker
prvesnic, 214 mg, larve, izvaljene iz iker, dobljenih v drugi drsti, pa 281 mg.

Iz primerjave podatkov, prikazanih v preglednici 1 in preglednici 2, lahko ugotovimo, da se
razlika v masi larv in zaroda, izvaljenega iz iker, pridobljenih iz iker rib iz iste populacije v prvi
in drugi drsti, s ¢asom zmanjSuje. Razlika v povprec¢ni masi zaroda enajst dni po izvalitvi znaSa
36 mg, kar pomeni, da je pri tej starosti zarod, izvaljen iz iker druge drsti, ve¢ kot 50 odstotkov
tezji od zaroda, izvaljenega iz iker prve drsti. Ta razlika znasa 10 tednov po izvalitvi 78 mg, kar
pomeni, da je zarod, izvaljen iz iker druge drsti, manj kot 15 odstotkov tezji od zaroda,
izvaljenega iz iker prve drsti.

Ta podatek ze nakazuje, da se vpliv velikosti oziroma mase iker na maso larv in zaroda s
c¢asom zmanjsuje.

Podatke o vplivu mase iker na maso larv in zaroda na enajsti dan ter Stiri in deset tednov po
izvalitvi, izraCunane po statisticnem modelu prikazanem v prejSnjem poglavju, prikazujemo za
prvo drst v preglednici 3, v preglednici 4 pa za drugo drst.

Preglednica 3. Srednja vrednost (p) in parcialni regresijski koeficienti relativne plodnosti (Pgei)
in povprecne mase iker (M) pri prvem smukanju (b;, b2) na povpreéno maso
(mg) rib pri prvem, drugem in tretjem tehtanju (Mgib1, Mrib2, MRib3)

Table 3. Mean value (n) and partial regression coefficient of relative fecundity (Pre;) and
average weight of eyed eggs (Myr) at first spawning (b, b,) on weight (mg) of
alevins at first, second and third weighting (Mgrib1, MRrib2, MRib3)

Statisti¢ni parametri
Lastnost Statistical parameters
Trait
W, mg by b,
Mgibi 65,155 —0,011 1,313%*
MRibz 212,881 0,168 3,063*
MRgibs 558,789 0,411 4,849

*_p<0,0001

Preglednica 4. Srednja vrednost (p) in parcialni regresijski koeficienti relativne plodnosti (Pge;)
in povprecne mase iker (M) pri drugem smukanju (b;, by) na povpre¢no maso
(mg) rib pri prvem, drugem in tretjem tehtanju (Mgib1, Mrib2, MRib3)

Table 4. Mean value (u) and partial regression coefficient of relative fecundity (Pre) and
average weight of eyed eggs (M) at second spawning (b;, by) on weight (mg)
of alevins at first, second and third weighting (Mgib1, Mrib2, MRib3)

Statisti¢ni parametri
Lastnost Statistical parameters
Trait
1, mg b b,
Mrib 100,657 0,062 1,236*
MRib2 281,394 0,215 0,711
Mgib3 558,789 0,407 —-3,723

*_p<0,0001
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Kot je razvidno iz preglednice 3 in preglednice 4, na maso larv in zaroda, doseZeno v
razliénih obdobjih po izvalitvi, ne vpliva relativna plodnost plemenk, saj se parcialni regresijski
koeficienti, ki merijo, koliko se spremeni povprecna masa larv, ¢e se spremeni relativna plodnost
statisti¢no znacilno ne razlikujejo od ni¢. Povprecna masa iker pa vpliva na povpre¢no maso larv
enajst dni po izvalitvi pri prvi in drugi drsti. Oba parcialna regresijska koeficienta se statisticno
znacilno razlikujeta od ni¢. Parcialni regresijski koeficient povpre¢ne mase iker na povprecno
maso rib 6 tednov po izvalitvi se statisticno znacilno razlikuje od 0 pri prvi drsti in znasa 3,063,
pri drugi drsti pa se vpliv mase iker na maso zaroda pri starosti Stirih tednov izgubi. Na maso rib,
doseZeno enajst tednov po izvalitvi, povpre¢na masa iker ne vpliva vec.

Povezava med povprecno maso iker in maso rib v kasnejSih obdobjih rasti prikazujemo v
preglednici 5, z enostavnimi korelacijskimi koeficienti.

Preglednica 5. Enostavni korelacijski koeficienti med povprecno maso iker (M) in maso rib
dosezeno pri prvem drugem in tretjem tehtanju (Mgib1, MRib2, MRib3)

Table 5. Simple correlation coefficients between weight of eyed eggs (Mi.r) and weight
of alevins at first, second and third weighting (Mgib1, MRrib2, MRib3)

Korelacijski koeficient / correlation coefficient

Miker X MRibi Miker X MRib2 Miker X MRib3
E.r"a drst 0,8679 0,5071 0,2789
irst spawning
Druga drst 0,8863 0,1015 0,2865

Second spawning

Podatki kazejo, da obstaja zelo mocna povezava med maso larv, dosezeno 11 dni po izvalitvi,
in maso iker. Povezava med maso zaroda 10 tednov po izvalitvi in maso iker pa je zelo Sibka. To
velja tako za prvo kot tudi za drugo drst. V obeh premerih je korelacija med Miyer X Mgipi
statisticno znacilno razlicna od ni¢, korelacija med My X Mrip3 pa se ne razlikuje statisticno
znacilno od vrednosti 0.

Rezultati kazejo, da je povezava med velikostjo iker in maso iz teh iker izvaljenega zaroda na
zacetku rasti visoka in predstavlja tipicen maternalni vpliv. Ta maternalni vpliv pa se zelo hitro
1zgubi. Dva meseca po izvalitvi masa zaroda ni ve¢ pod vplivom velikosti iker, iz katerih so se
ribe izvalile. Pri Zivalih, ki imajo tako imenovano determinirano rast, kar pomeni, da ne rastejo
celo zivljenje, pac pa dosezejo kon¢no velikost, je povsem razumljivo, da se vpliv »rojstne« teze
na tezo v kasnejSih obdobjih izgubi. V to skupino spadajo prakti¢no vse domace Zivali. Pri
postrveh, za katere je znacilno, da imajo nedeterminirano rast, pa bi lahko razlika v »rojstni«
tezi, ki bi nastala zaradi tega, ker so se doloCene ribe izvalile iz vecjih iker, pomenila, da se bo ta
razlika v ¢asu rasti Se povecevala. Vendar nasi rezultati govorijo prav nasprotno.

ZAKLJUCKI

Nasi rezultati kazejo, da je nesmiselno za produkcijske namene ikre prvesnic zavreci.
Ugotovili smo namre¢, da je bil deset tednov po izvalitvi zarod, ki se je izvalil iz iker,
pridobljenih v prvem smukanju, le malo lazji kot zarod, izvaljen iz iker, pridobljenih pri drugem
smukanju, ¢eprav so bile ikre, pridobljene pri drugem smukanju, precej vecje.

Ceprav stroski za proizvodnjo iker ne predstavljajo v celotni kalkulaciji stroskov tako
velikega deleza, kot je delez za reprodukcijo pri drugih domacih Zivalih, je kljub temu vredno
uporabljati ze ikre prvesnic in na ta nacin stroSke za reprodukcijo znizati. Z uporabo iker,
pridobljenih od prvesnic, bi lahko skrajSali generacijski interval pri postrveh od treh na dve leti,



10  Acta agriculturae Slovenica, 88(november 2006)1.

torej za tretjino. To pomeni, da bi se genetski napredek lahko povecal za enak delez. Prav dolg
generacijski interval pri selekciji postrvi predstavlja omejitveni dejavnik za hitrej$i genetski
napredek.
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ABSTRACT

PPARGC-1 gene is assumed to be a candidate gene with a major effect on fatness and meat
quality. In this study, frequency of T/A substitution at position 1378 in PPARGC-I gene in pigs
was examined in boars of 4 different breeds. Frequency of genotypes and alleles were compared
between animals with the thinnest and with the thickest backfat. Differences in genotype
frequency between groups were significant in dam line of Slovenian Landrace (SL11) and sire
line of Large White breed (LW66). Allele A was predominantly present in animals with thick
backfat in SL11 (71.05%), LW66 (58%) and in sire line of Slovenian Landrace (67.65%).
Differences in allele frequency were significant in SL11. We found a significant effect on
phenotypic and breeding values for backfat in population of Large White breeds, where
homozygotes TT had the thickest backfat, and heterozygotes the thinnest. In population of
Slovenian Landrace breed the thickest backfat had homozygotes AA and the thinnest
homozygotes TT. Similar results were obtained by analysis of gene effect on breeding values.
Inconsistency could be explained by different background of allele, epistasis and intensity of
selection.

Key words: pigs / backfat / genetics / PPARGC-1 gene / polymorphism

POVEZAVA GENA PPARGC-1 Z DEBELINO HRBTNE SLANINE

IZVLECEK

Gen za PPARGC-1 je kandidatni gen z velikim u¢inkom na zamascenost in kvaliteto mesa. V
prispevku smo preucevali frekvence tockovnih mutacij A — T na mestu 1378 v 8. eksonu gena
za PPARGC-1 pri merjascih $tirih razli¢nih linij dveh pasem. Frekvence genotipov in alel smo
primerjali med merjasci s tanjSo (skupina A) ter merjasci z debelejSo hrbtno slanino (DHS),
(skupina B). Razlike v frekvencah genotipov so bile znacilne med skupinama merjascev pri
maternalni liniji pasme slovenska landrace (SL11) ter pri terminalni liniji pasme large white
(LW66). Alela A je bila pogostejSa pri zivalih z debelejSo DHS pri SL11 (71,05 %), LW66
(58 %) ter pri terminalni liniji pasme slovenska landrace (67,65 %). Razlike v frekvencah alel so
bile znacilne v populaciji SL11. Genotip je znacilno vplival na DHS v populacijah LW11 in
LW66, kjer so imeli debelejSo slanino homozigoti TT in tanjSo heterozigoti. V populacijah SL11
in SL55 so imeli najdebelejSo slanino genotipi AA in najtanjSo slanino homozigoti TT.

" This article is part of a graduation thesis "Effect of polymorphism T1378A in PPARGC-1 gene on fattening and
growth rate traits in pigs’, issued by Tina Flisar, supervisor prof. Peter Dov¢, Ph.D.

" Prispevek je del diplomskega dela Tine Flisar z naslovom "Vpliv polimorfizma T1378A v genu za PPARGC-1 na
pitovne lastnosti pri prasic¢ih’, mentor prof. dr. Peter Dov¢.
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Nasprotujoci rezultati so lahko posledica genetskega ozadja alel, epistaze in intenzivnosti
selekcije.

Kljuéne besede: prasici / debelina hrbtne slanine / genetika / gen PPARGC-1 / polimorfizem

INTRODUCTION

Although most genetic progress in pigs has been made by selection on predictor of breeding
values, information, acquired from molecular genetics, can clarify some genetic factors with
effect on production traits. Due to quantitative nature of production traits, the majority of
genetics is oriented to identification and mapping quantitative trait locus (QTL) with effect on
economically important traits. One of the most important traits is also meatiness, because in
Slovenia the carcasses are still paid regarding the lean meat content.

Growth of adipose tissue is a quantitative trait regulated by many transcription factors,
included in the process of adaptive thermogenesis and biosynthesis of mitochondria (Rosen et
al., 2000). One of them is protein PPARGC-1 (peroxisome proliferator-activated receptor-
gamma coactivator-1), which is a transcriptional coactivator of the nuclear receptor PPARy
(peroxisome proliferator-activated receptor-gamma). It is an important factor in the process of
adipocyte differentiation and muscle fibre type determination (Lin et al., 2002; Rosen et al.,
2000). PPARGC-1 stimulates mitochondrial biogenesis and respiration in muscle cells. It induces
activity of the genes included in adaptation of organism on temperature and nutritional changes
(Knutti and Kralli, 2001; Puigserver ef al., 1998). The mechanism of adipogenesis regulation and
the role of PPARy and PPARGC-1 were also described by Milosevic Berlic ef al. (2004).

The porcine PPARGC-1 gene (GenBank acc. no. AY346131) is located on chromosome 8
(Milosevic Berlic, 2002; Jacobs et al., 2006). The sequencing, polymorphisms analysis and
mapping of porcine PPARGC-1 gene were reported by Jacobs et al. (2006). Substitution T/A at
nucleotide position 1378 causes amino acid substitution (Cys—Ser) at position 430. According
to Jacobs et al. (2006) Cys/Ser substitution could have major effects because of influences on
disulfide bridges that might be present in the protein.

Frequency distribution of mutation A1378T in PPARGC-1 was studied in Chinese and
Western pig breeds because of remarkable differences in fatness (Kunej et al., 2005). Allele T
was associated with fat type Chinese pig breeds, whereas the A allele was more frequent in lean
type Western pigs (Kunej et al., 2005). Jacobs et al. (2006) studied the PPARGC-1 gene effect
on performance in Meishan x White Composite resource population and the study did not reveal
the effect of A1378T on performance. They found a significant correlation between SNP in exon
9 (A1747C) and leaf fat weight, backfat, and weight of the belly. Several QTLs with effect on
backfat, located on chromosome 8 were reported (Bidanel and Rothschild, 2002; Rohrer, 2000;
Bidanel et al., 2001). Some of these regions correspond to the location of PPARGC-1. PPARGC-
1 is assumed to be a candidate gene with a major effect on backfat and other characteristic
associated with fatness. This gene can be also considered as a candidate gene for meat quality
(Knutti and Kralli, 2001).

The purpose of this study was to find the frequency of mutation of PPARGC-1 gene in boars
of different phenotype for backfat. The effect of PPARGC-1 gene on phenotypic and breeding
values was analyzed using a linear model.
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MATERIAL AND METHODS

Data Preparation

In this study, boars of dam and sire line of Slovenian Landrace (SL11 and SL55) and Large
White (LW22 and LW66) breed were included. Boars were selected at intermediate selection
stage in the year 2003 in the performance test and finished the test at 100 kg. Animals were
divided in two groups based on backfat thickness (Table 1). Animals of each breed with the
thinnest backfat were assigned to group A and those with the thickest backfat to group B. The

total number of genotyped animals was 166. The differences between groups are evident
(Table 1).

Table 1. Statistics for backfat in group A and B
Preglednica 1. Osnovna statistika za debelino hrbtne slanine v skupinah A in B

A B

Breed — . — .

n X min max n X min max
Pasma
LW22 25 7.97 6.67 8.67 21 12.48 11.33 15.00
LW66 19 7.51 6.33 8.67 25 10.29 9.33 12.67
SL11 22 7.55 6.00 8.00 19 13.26 12.33 16.67
SL55 18 8.63 7.67 9.33 17 15.86 14.67 17.67

n —number / §tevilo; X —mean / povpredje; min — minimum / najmanj; max — maximum / najvec;
PCR-RFLP analysis

Genomic DNA was isolated from skin tissue samples by standard phenol-chloroform-isoamyl
alcohol (25:24:1) extraction (Ausubel et al., 2000). The 200-bp fragment of PPARGC-1 gene
was amplified with PCR reaction, which was carried out in a volume of 10 pl: 2 pul of template
DNA, 1 x PCR buffer (Fermentas, Vilnius, Lithuania), ImM MgCl,, 200 uM dNTP, 0.5 U Tagq
DNA polymerase (Fermentas, Vilnius, Lithuania) and 5 pmol of each primer. The primers used
for amplification of target sequences were:

PPARGC-1 - SSCP.F (5'- TAAAGATGCCGCCTCTGACT - 3")
PPARGC-1 - SSCP.R (5§'- CTGCTTCGTCGTCAAAAACA - 3").

The following amplification parameters were applied: 95 °C for 5 min followed by 31 cycles:
95 °C for 1 min, 56 °C for 1 min and 72 °C for 1 min. The reaction was completed by the final
synthesis at 72 °C for 7 min. The PCR products were digested with 2U of A/ul (Fermentas,
Vilnius, Lithuania) at 37 °C overnight and analyzed on 2% agarose gels.

Statistical Analysis

Frequency distribution of genotypes and alleles were calculated. The statistical package SAS
was used (SAS Inst. Inc., 2001). Genotype and allele frequencies between groups were tested
using the multinomial model in proc logistic (SAS Inst. Inc., 2001).

The effect of PPARGC-1 genotype on phenotypic values was analyzed with the following
statistical model:
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Vi =H+G +S8, +b(xy, —X)+ey

[1]
For analysis the effect of PPARGC-1 genotype on breeding values the following statistical
model was used:

Yy =u+Gitey [2]

where y,; is the phenotypic respectively breeding value for backfat, x is intercept, G, is
PPARGC-1 genotype (i=1, 2, 3), S, is the season of selection at intermediate selection stage in

performance test (=1, 2, 3, ..., 11, 12), b is the regression coefficient for body weight at the end
of performance test, and e, is a residual.

RESULTS AND DISCUSSION

Following digestion of PCR product with A/ul, the T allele was cut into fragments of 121, 27,
31 and 21 bp (Figure 1). Allele A had one restriction site more at position 1379 and 121 bp band
was cleaved into 61 and 60 bp band, consecutive the allele A had: 61, 60, 27, 31 and 21 bp
bands. On agarose gels were defined: genotype AA had =60 and =30 bp, genotype TT 121 and
~30 bp and heterozygote AT had 3 bands: 121, =60 and =30 bp.

1 2 3 4 5 6

<+— 500 bp
<— 200bp

121 bp ——> pa—

60 bp — e+ 80bp

Rt L
27 bp
21 bp TT AT AA AT TT AA

Figure 1. Restriction patterns of samples.
Slika 1. Restrikcijska analiza vzorcev.

Three genotypes were identified in the studied populations: AA, TT and AT (Table 2). The
distribution of PPARGC-1 genotypes frequencies demonstrated significant differences between
group A and group B in dam line of Slovenian Landrace (SL11) and sire line of Large White
breed (LW66). In the populations of SL11 the frequency of heterozygote was 54.5% in group A
and 57.9% in group B. The frequency of TT was 22% in group A, whereas no genotype TT was
found in group B. In populations of LW66, the difference of frequency of AT between groups
was larger (78.9% in group A and 44% in group B). In group B genotype TT was present in
20%, whereas in group A in 5.3%.

Group A and B of dam line of Large White (LW22) had a similar distribution of genotypes
(Table 2). In both groups genotype AA was the most frequent (80 and 81%) and the frequency of
heterozygote was similar (20% and 18%). In populations of SL55 the most frequent was
genotype AT (50% and 64.7%). In group A the frequency of genotype TT was 11%, whereas in
group B was not present.
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Table 2. Frequency of genotypes of PPARGC-1 gene and test of differences between
groups
Preglednica 2. Frekvence genotipov gena PPARGC-I in test razlik med skupinama

Total AA AT TT Test
Breed  Group
Pasma  Skupina n n frequency n  frequency n frequency P-value
% % %
Lw22 A 25 20 80.0 5 20.0 0 0.0 1.0000
B 21 17 81.0 3 18.0 1 1.0
LW66 A 19 3 15.8 15 78.9 1 53 0.0772
B 25 9 36.0 11 44.0 5 20.0
SL11 A 22 5 22.7 12 54.5 5 22.7 0.0472
19 8 42.1 11 57.9 0 0.0
SLS55 A 18 7 38.9 9 50.0 2 11.0 0.8330
17 6 35.3 11 64.7 0 0.0
Table 3 Frequency of alleles of PPARGC-1 gene and test of differences between groups

Preglednica 3 Frekvenca alelov gena PPARGC-1 in test razlik med skupinama

Total Allele A Allele T Test
Breed Group
Pasma Skupina n n frequency n frequency P-value
% %

LW22 A 50 45 90.00 5 10.00 0.7703
B 42 37 88.10 5 11.90

LW66 A 38 21 55.26 17 44.74 0.7974
B 50 29 58.00 21 42.00

SL11 A 44 22 50.00 22 50.00 0.0550
B 38 27 71.05 11 28.95

SLS55 A 36 23 63.89 13 36.11 0.7407
B 34 23 67.65 11 32.35

Allele A was predominantly present in animals with thick backfat (group B) in SL11
(71.05%), LW66 (58%) and in 67.65% was present in SL55 (Table 3). In LW22 allele A was
more frequent in animals with thin backfat. Differences in frequency of alleles were significant
in SL11.

The analysis revealed significant differences in frequency distribution of genotypes and
alleles of PPARGC-1 gene between animals with different phenotype for backfat in populations
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of SL11 and LW66. These results support the assumption that T/A substitution at 1378

nucleotide position in PPARGC-1 gene influences the fatness characteristics (Kunej et al., 2005).

Table 4 Least square means (LSM) and standard errors (SE) for phenotypic values for

backfat for different breeds

Preglednica4 Ocenjene srednje vrednosti (LSM) in standardne napake (SE) za debelino hrbtne
slanine (v mm) po pasmah in genotipih

Breed Trait Analysis
Pasma Lastnost Analiza AA AT TT P-value
Lw22 BF-2 1 10.34 £ 0.39 8.94 +£0.82 10.95 +2.54 0.3006
2 10.30 +0.38 8.89 £0.82 0.1339
BF-3 1 10.15+0.36 8.62+£0.76 10.17 £2.35 0.2104
2 10.11+0.35 8.58+0.76 0.0809
LW66 BF-2 1 10.20 £ 0.59 8.67+0.34 10.40 £0.70 0.0248
2 10.00 £ 0.67 8.46 +0.34 0.0735
BF-3 1 9.92 +£0.54 8.46 +£0.32 10.13 £0.65 0.0184
2 9.73 £0.61 8.46 +£0.34 0.0615
SL11 BF-2 1 11.16 £ 0.83 9.92 +0.66 8.38 £1.30 0.1624
2 11.13+0.86 9.93 +£0.68 0.2666
BF-3 1 11.24+0.84 9.91 +£0.66 8.44 +£1.32 0.1603
2 11.22+0.88 9.92 +0.69 0.2370
SL55 BF-2 1 11.30+1.34 11.73 +1.13 7.30£2.67 0.2928
2 11.38+1.41 11.70 £ 1.16 0.8754
BF-3 1 11.56 +1.39 1217 +1.17 7.60+£2.77 0.3010
2 11.67 £ 1.46 12.12+1.20 0.8281

LW22 — dam line of Large White breed; LW66 — sire line of Large White; SL11 — dam line of Slovenian Landrace;
SL55 — sire line of Slovenian Landrace; BF—2 — average of two measurements of backfat; BF-3 — average of 3
measurements of backfat; Analysis 1 — least square means for different genotypes AA, AT, and TT; Analysis 2 —
comparison between homozygotes AA and heterozygotes AT;

LW22 — Zenska linija pasme Large White; LW66 — moska linija pasme Large White; SL11 — Zzenska linija slovenske
landrace; SL55 — moska linija slovenske landrace; BF-2 — povprecje dveh meritev hrbtne slanine; BF-3 — povpredje
treh meritev hrbtne slanine; Analiza 1 — povpre¢ja najmanjsih kvadratov za razli¢ne genotipe AA, AT in TT;
Analiza 2 — primerjava homozigotov AA in heterozigotov AT;

Results of analysis of the effect of PPARGC-1 genotype are shown as the least square means
(Table 4). The analysis 1 was done to compare all three genotypes (AA, AT, and TT), whereas in
the analysis 2 homozygotes TT were excluded because of the low number of observations and
the estimates of mean values were less reliable. In population of Large White boars the thinnest
backfat had heterozygotes, what could be the consequence of non-additive effects. The thickest
backfat had homozygotes TT, what was in agreement with results obtained by Kunej et al.
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(2005). In population of Slovenian Landrace boars the homozygotes had the thinnest backfat,
whereas the homozygotes AA had the thickest backfat. A significant effect of PPARGC-1
genotype was found in population of Large White boars.

The estimation of PPARGC-I gene effect on breeding values revealed similar results
(Table 5). The heterozygotes had the smallest predicted breeding values in Large White
populations but in population of Slovenian Landrace boars the best predicted breeding values
had homozygotes TT. We found a significant effect of PPARGC-I gene on breeding values for
backfat in population of sire line of Large White breed.

Table 5 Least square means (LSM) and standard errors (SE) for breeding values for
backfat for different breeds and genotypes

Preglednica 5 Ocenjene srednje vrednosti (LSM) in standardne napake (SE) za plemenske
vrednosti za debelino hrbtne slanine po pasmah in genotipih

Breed Analysis

Pasma Analiza AA AT TT P-value

LW22 1 —1.0987 £ 0.1586 —-1.6916 £ 0.3411 0.0580 + 0.9648 0.1374
2 —1.0987 £ 0.1586 -1.6916 £ 0.3411 0.1223

LW66 1 0.4397 £ 0.1846 —-0.1128 £0.1254 0.2308 £ 0.2611 0.0491
2 0.4398 + 0.1864 —0.1128 £ 0.1266 0.0192

SL11 1 —1.9898 + 0.4490 -2.7588 £ 0.3376 -3.8344 £ 0.7241 0.0980
2 —1.9898 + 0.4742 -2.7589 £ 0.3565 0.2036

SL55 1 —0.5046 + 0.5650 —0.2923 +0.4555 -3.0280 + 1.4403 0.2097
2 —0.5046 + 0.5739 —0.2923 £ 0.4627 0.7752

LW22 — dam line of Large White breed; LW66 — sire line of Large White; SL11 — dam line of Slovenian Landrace;
SLS55 —sire line of Slovenian Landrace; Analysis 1 — least square means for different genotypes AA, AT, and TT;
Analysis 2 — comparison between homozygotes AA and heterozygotes AT;

LW22 — zenska linija pasme Large White; LW66 — moska linija pasme Large White; SL11 — Zenska linija slovenske
landrace; SL55 — moska linija slovenske landrace; Analiza 1 — povprec¢ja najmanjSih kvadratov za razli¢ne genotipe
AA, AT in TT; Analiza 2 — primerjava homozigotov AA in heterozigotov AT;

CONCLUSIONS

The comparison of the genotype frequency between groups of the thinnest (group A) and the
thickest (group B) revealed differences in population of sire line Large White breed and dam line
of Slovenian Landrace breed, but the distribution of allele differed between group only in
population of dam line of Slovenian Landrace breed. The estimation of PPARGC-1 gene effect
showed a significant effect of PPARGC-1 gene on phenotypic values in population of Large
White boars, but the analysis of gene effect on breeding values revealed a significant effect only
in sire line of Large White breed. Such conflicting results may be the consequences of different
background of allele, epistasis, intensity of selection, and deficiency of experiment design.
Although these results did not confirmed the effect of allele A to be involved in inhibited fat
deposition in both populations this type of analysis (especially as data size increases) with
porcine candidate genes provides useful information for better understanding of the process of
fat deposition. Further evaluations and researches of effect of T1378A substitution in porcine
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PPARGC-1 gene should be studied on performance traits in different commercial pig
populations.
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IZVLECEK

Namen ¢lanka je predstaviti vpliv spremenjene sestave krme in spola prasi¢ev na senzori¢ne in
instrumentalne lastnosti suSenih vratin. V raziskavo je bilo vklju€enih 12 kastratov in 12 svinjk.
Razdelili smo jih v §tiri skupine glede na razli¢ne dodatke h krmi (laneno seme, ogr§¢i¢no seme,
ogrs¢i¢no seme+tvit. E in kontrolna meSanica). V vseh 24 vzorcih susenih vratin smo dolocili
skupno koli¢ino mascob, jih senzori¢no ocenili ter instrumentalno dolocili barvo (CIE -L, -a, -b)
in teksturo (strizna trdnost — Kramerjeva celica). Rezultati so pokazali, da razli¢ni dodatki h krmi
ne vplivajo na skupno vsebnost masc¢ob, medtem ko ima spol statistiCno znacilen vpliv. Priokusi
se pO_]aVl_]O pri skupinah, krmljenih z dodatkom lanu in ogrs¢ice. Dodatek vitamina E poslabsa
senzoricne lastnosti (vonj, aroma, tekstura) in da mesu najsvetlejSo barvo. Tekstura je
najcvrstejsa pri krmljenju z dodatkom ogrscice. SuSena vratina kastratov je temnejSe barve in
cvrstejSe teksture kot vratina svinjk.

Kljucne besede: prasic¢i / prehrana zivali / krma / krmi dodatki / spol / meso / suSena vratina / kakovost / senzori¢ne

lastnosti / instrumentalne lastnosti

THE INFLUENCE OF PIG FODDER COMPOSITION ON QUALITY OF DRIED PORK
NECK '

ABSTRACT

The aim of the article is to show the influence of diet composition and sex on sensory and
instrumental quality of dried pork neck. For the research we used 12 hogs and 12 sows. They
were separated into 4 groups regarding different food mixture (flaxseed, rapeseed,
rapeseed+vit.E and control mixture). All 24 samples of dried neck were analyzed on fat content.
Sensory analysis of dried necks and instrumental measurement of colour (CIE -L, -a, -b) and
texture (Kramer shear cell) were performed. The results showed that different fodder
composition had no influence on fattiness of the product, while sex had a significant influence.
Aftertaste was perceived by feeding with addition of flaxseed and rapeseed. Added vitamin E
decreased sensory characteristics (smell, aroma, texture) and gave lighter colour. The firmer

" Prispevek je del diplomskega dela Marjete Furman z naslovom "Vpliv sestave krme prasi¢ev na kakovost susenih
vratin’, mentor prof. dr. Bozidar Zlender.

¥ This article is part of a graduation thesis "The influence of pig fodder composition on quality of dried neck’, issued
by Marjeta Furman, supervisor prof. Bozidar Zlender, Ph.D.



20  Acta agriculturae Slovenica, 88(november 2006)1.

texture was shown by feeding with rapeseed. Neck from hogs had darker colour and firmer
texture than neck from sows.

Key words: pigs / animal nutrition / feed / feed additives / sex / meat / dried pork neck / quality / sensory properties /
instrumental properties

UvOD

Kakovost mesnih izdelkov je zelo Sirok pojem. Vklju€uje lastnosti, ki prispevajo k prehranski
vrednosti izdelkov, oblikujejo gastronomski ucinek mesnin in zagotavljajo »varnost« zdravju
porabnika. Prehransko vrednost mesnih izdelkov ugotavljamo s kemijskimi metodami,
senzori¢no kakovost pa s senzori¢no analizo (Rajar, 2002). Na kakovost surovine lahko vpliva
prehrana Zzivali, spol, genotip, starost in masa zivali. Na suSeno meso pa poleg nastetih
dejavnikov pomembno vpliva $e obdelava mesa (Ber¢i¢, 2004; Zlender, 1997).

Vpliv krme

Nacin prehrane je klju¢ni dejavnik poteka rasti in posledicno vpliva na klavno kakovost.
Prehrana zivali je najodlocilnejsi dejavnik nivoja mascob v klavnih trupih oziroma mesu. Pri
pitanju zivali za prirejo mesa zelimo prirediti najvecjo mozno koli¢ino najkakovostnejSega mesa
ob primerni stopnji zamas¢enosti, kar nam pogosto ne uspe zaradi nepravilne prehrane. Pogosto
energijsko prebogat obrok (prehrana po volji), zlasti ob zakljucku pitanja, povzroci prekomerno
nalaganje mascob, kar negativno vpliva na kakovost oz. komercialno vrednost klavnih trupov
(Cepin in Zgur, 2000).

Krma zivali, obogatena z razlinimi prehransko pomembnimi mas¢obnimi kislinami, lahko
izboljSa prehransko vrednost mascob Zivali in posredno zagotovi boljSo preskrbljenost ¢loveka z
esencialnimi masc¢obnimi kislinami. Povecanje vsebnosti veckrat nenasi¢enih mascobnih kislin v
krmi lahko povzroci priokus po ribah, ki je posledica zarkih olj v prehrani Zivali (Scaife in sod.,
1994).

Dodatek lanu h krmi Zivali ima precejSen vpliv na kakovost mesnih izdelkov. Znano je, da
laneno seme vsebuje veliko nenasi¢nih mascobnih kislin, med katerimi sta v najvecji koli¢ini
zastopani ravno esencialni mas¢obni kislini (linolna in a-linolenska). Linolne kisline vsebuje
laneno seme okoli 16 uteznih odstotkov, medtem ko se delez trikrat nenasi¢ene o-linolenske
kisline povzpne kar na 53 ut. % (Otrhofer, 1996). Zaradi vsebnosti velike koli¢ine veckrat
nenasicenih mascobnih kislin obstaja nevarnost, da bi v izdelkih, pridobljenih iz zivali, krmljenih
z veliko koli¢ino lanenega semena priSlo do oksidacije nestabilnih mascobnih kislin. Take
spremembe bi se lahko kazale v doloCenih senzori¢nih lastnostih, kot so vonj in priokus po
zarkem. Hoz in sod. (2004) navajajo, da se suSeni mesni izdelki, pridobljeni iz Zivali, krmljenih s
krmo, obogateno z n-3 mascobnimi kislinami in a-tokoferolom, razlikujejo v masc¢obnokislinski
sestavi. Pri krmljenju s krmo, obogateno z lanenim semenom dobimo koné¢ne produkte z vec
nenasi¢enimi mascobnimi kislinami in ugodnejSim razmerjem n-6/n-3, pod 4 (Enser in sod.,
2001). Navaja tudi, da ob dodatku lanenega semena in a-tokoferola v krmo zivali ni zaznati
opaznih razlik v senzori¢nih lastnostih, kot so vonj, barva, tekstura, so¢nost in okus suSenih
mesnin. Pri dodatku lanu brez a-tokoferola pa je prisoten nezazelen odtenek zarkega okusa. Tudi
Deckel in sod. (1999) so ugotovili, da pri dodatku a-linolenske kisline v krmo ni zaznanih
bistvenih razlik v senzori¢nih lastnostih mesa kastratov in svinjk.

Ogrscicno seme prav tako vsebuje vecje koli¢ine nenasicenih mascobnih kislin. Med njimi je
najve¢ enkrat nenasicene oleinske (47 ut. %) in dvakrat nenasic¢ene linolne, ki je je okoli 31 ut. %
(Orthofer, 1996). PrecejSen delez (10 ut. %) je tudi a-linolenske kisline (Shahidi, 1990). Taksna
mascobnokislinska sestava ogrs¢icnega semena bi lahko pomenila tudi nekoliko boljSo

(B2 %
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krmljenju z lanom. Corino in sod. (2002) navajajo, da dodatek ogr§¢i¢nega semena v krmo za
prasice vpliva na porast a-linolenske kisline v mesu, oksidativna stabilnost se nekoliko poslabsa
po daljSem skladiS¢enju. Senzori¢nih sprememb pri takem mesu ni zaznati.

Vitamin E deluje kot antioksidant in §cCiti tkiva pred neencimsko oksidacijo, predvsem
oksidacijo veckrat nenasi¢enih ma$¢obnih kislin. Ena molekula a-tokoferola lahko za$¢iti 100 in
ve¢ molekul veckrat nenasi¢enih mascobnih kislin (VNMK) tako, da reagira s peroksi radikali, ki
nastanejo pri oksidaciji VNMK. Razmerje med a-tokoferolom in VNMK je pomemben kriterij,
ki vpliva tako na optimalno oksidacijsko zascito kot tudi na toksikoloSko neopore¢nost mascobe
(Kitts, 1996). Tudi Rey in sod. (2003) so ugotovili izboljSano lipidno stabilnost pri dodatku a-
tokoferola. Med dodanim lanenim oljem in a-tokoferolom ni bilo interakcij. Vitamin E naj bi
torej vplival na boljSo stabilnost maScob in s tem pripomogel, da se senzori¢ne lastnosti
izdelkov, pridobljenih iz zivali, krmljenih z dodatki veckrat nasicenih mascobnih kislin, ne bi
obcutno poslabsale. O’Sullivan in sod. (2002) so ugotovili, da je meso praSicev, krmljenih z
vitaminom E, bolj rdece in svetlejSe v primerjavi z drugimi vzorci.

Vpliv spola

Nekastrirane moske zivali v primerjavi z Zenskimi zivalmi so veliko manj nagnjene k
zamastitvi (Cepin in Zgur, 2000), saj imajo moske Zivali iste pasme ob enaki prehrani man;
mascob v sestavi trupov kot Zenske. Kastrirane moske Zivali imajo praviloma vmesne vrednosti,
pri prasicih in ovcah pa so kastrati celo mocneje zamasceni kot Zenske zivali. V delezu mesa in
kosti so razlike med spoloma veliko manjSe. Tudi Candek in Segula (1996) sta prisla do
podobnih ugotovitev, da se Zzivali razlicnega spola razlikujejo v rastnosti in telesni sestavi.
Kastrati rastejo hitreje od svinjk, a manj u¢inkovito izkori§¢ajo krmo in imajo slabSo mesnatost.
Armero in sod. (1999) opazajo, da imajo svinjke vecja stegna, moc¢nej$i zadnji del, manj hrbtne
slanine, merjene na vratu, in manjsi trebuh glede na kastrate.

Beltram (2000) ugotavlja, da spol znacilno vpliva na mesnatost praSi¢ev, marmoriranost
miSic, na delez intramuskularne mas¢obe v miSicah in L- a- in b- vrednosti instrumentalno
izmerjene barve. Svinjke so v povprecju tezje in tudi bolj mesnate kot kastrati, medtem ko imajo
kastrati v povpre€ju debelejSo hrbtno slanino kot svinjke. Spol vpliva tudi na marmoriranost
misic, saj je pri vseh miSicah senzoricna in kemijska analiza marmoriranosti pokazala vecjo
zamascenost kastratov v primerjavi s svinjkami. Instrumentalno izmerjena barva misic kastratov
je nekoliko temnejs$a, manj rdeca in rumena glede na miSice svinjk. V nasprotju z opisanim pa
Skvarca (2001) navaja, da na barvo mesa posredno vpliva tudi zamascenost, saj je marmorirana
misi¢nina svetlej$a. Latorre in sod. (2003) pa so v skladu z ugotovitvijo Beltram (2000) opazili
pri svinjkah bolj intenzivno barvo (bolj rdeco) kot pri kastratih.

V ¢lanku Zelimo predstaviti ugotovitve, kako spol in razli¢ni dodatki h krmi (lan, ogrséica in
ogrs¢ica v kombinaciji z vitaminom E) vplivajo na skupno vsebnost mascob ter na senzori¢no in
instrumentalno ocenjene parametre susenih vratin.

MATERIAL IN METODE

Material

V poskus je bilo vkljucenih 24 prasicev istega genotipa — hibrida 12 (krizanci med slovensko
landrace, linija 11 in large white). Vsaka skupina je zajemala tri kastrate in tri svinjke. Tekace so
pri 25 kg razdelili v §tiri skupine in jih priceli krmiti z osnovno krmno meSanico (kontrolna
skupina; skupina 1) ter dodatki lanu (skupina 2), ogrs¢ice (skupina 3) in ogrs¢ice+vitamina E
(skupina 4). Pri skupini 1, smo v obrok dodali 3 ut. % lanu, pri skupini 2 smo dodali 15 ut. %
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ogrscice, medtem ko je pri skupini 3 bilo zraven 15 ut. % ogrs¢ice dodanega Se 50 mg vit.E / kg
krmne meSanice. Vse krmne mesanice so bile izohranilne, kar pomeni, da so imele enako ali vsaj
priblizno enako metabolno energijo in vsebnost surovih beljakovin. Do mase 60 kg so jih krmili
z eno vrsto krmne mesSanice, potem je bila sestava osnovne krmne mesanice spremenjena, brez
spremenjene koli¢ine dodatkov.

Metode

Zakol 6 mesecev starih in v povprecju 105 kg tezkih praSicev je potekal po ustaljenih
postopkih. Po hlajenju polovic 24 h post mortem in razseku so surove vratine zamrznili, da bi
preprecili zorenja mesa. Po mesecu in pol so vratine odtajali, stehtali in suho solili. Nanesli so
mesanico morske soli (2,5 %), sofosalta (2,5 %), izomiksa, popra in Cesna. Razsoljevanje je
trajalo 10 dni, nato $e 6 dni tako imenovano pocivanje (riposo), oboje pri temperaturi okoli 3 °C.
Po razsoljevanju so spremembo mase tedensko spremljali. Vratine so se suSile 100 dni pri
temperaturi med 15 in 18 °C. Relativna vlaga na zacetku suSenja je znaSala 85-90 %, nato je
postopoma padla na 65-70 %. Vseh 24 vzorcev suSenih vratin je bilo do analiz vakuumsko
zapakiranih in shranjenih pri —30 °C.

SuSene vratine smo odtajali in odstranili embalazo vakuumskega pakiranja. Za dolocanje
vsebnosti skupnih mas¢ob smo priblizno 150 g vsakega vzorca sesekljali s kuhinjskim nozem na
drobne koscke in jih zmleli s kuhinjskim mlinckom. Tako homogenizirane vzorce smo s
¢immanj prisotnega kisika zapakirali v polietilenske vrecke in jih shranili v zamrzovalni komori
pri temperaturi —21 °C do nadaljnjih analiz. Za senzori¢no in instrumentalni analizi smo odvzeli
rezine vzorcev primerne debeline za vsako analizo.

Vsebnost skupne mascobe v vzorcih smo doloc€ili z metodo po Weibullu in Stoldtu (AOAC
991.36, 1997). Vzorec smo kuhali s HCI, da so se beljakovine popolnoma razkrojile. 1zloceno
mast smo odfiltrirali in ekstrahirali z organskim topilom (petroleter) v Soxhletovem aparatu. Po
koncani ekstrakciji smo ohlajeno bucko z mastjo stehtali in izraCunali vsebnost mascobe (g)
tako, da smo odSteli maso prazne bucke. Tako smo dobili vsebnost intramuskularne mascobe v
odstotkih (%).

Senzori¢no oceno nekaterih lastnosti suSenih vratin smo opravili na sveZzem prerezu vratin. Za
degustacijo smo za vsakega ocenjevalca odvzeli dve rezini vzorca debeline 2 mm. Senzori¢no
ocenjevanje je opravila Stiri Clanska degustacijska komisija, sestavljena iz izkuSenih
ocenjevalcev. Pri senzori¢ni analizi smo uporabili deskriptivni test z nestrukturirano to¢kovno
lestvico, kjer se senzori¢nim parametrom po pravilu dodelijo ocene od 1 do 7 tock, pri cemer
vi§ja ocena pomeni bolj izrazeno lastnost. Tekstura je ocenjena z lestvico 1-4-7 tocke, pri ¢emer
4 tocke pomenijo optimalno oceno. Na svezem prerezu vratine smo ocenili odtenek,
intenzivnost, enakomernost barve prereza miSi¢nine, odtenek barve masScobnega tkiva. Na
rezinah vratine smo ocenili vonj, tuje vonje, aromo, priokuse in teksturo.

Za instrumentalno analizo barve smo uporabili kromometer Minolta CR 200b, ki ima
priklju¢en racunalnik DATA DP 100. Barvo smo izmerili kot vrednosti -L, -a in -b na priblizno 5
cm debelem kosu suhe vratine. Pri vsakem vzorcu smo opravili po Stiri meritve na svezem
prerezu na razli¢nih mestih miSi¢nine izdelka.

Teksturo suSene vratine smo izmerili s Texture Analyser TA.XT plus aparatom, zmogljivosti
500 N. Za kontaktni nastavek smo uporabili Kramerjevo celico, opremljeno s 5 rezili
(HDP/KSS). Za vzorec smo vratinam odvzeli 3 rezine, debeline 3 mm, in jih oblikovali na
dolzino 8 cm in $irino 2,5 cm. Pri vsakem vzorcu smo izmerili silo v Newton (N) in delo v Joule
(J) so sledile tri ponovitve.

Podatke, zbrane v tem poskusu, smo statisticno obdelali s proceduro GLM (General Linear
Models) v programu SAS (Software Version 8.01, 1999). Statisti¢ni model je vkljuceval vpliv
krme Zivali (K) in spola (S):
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Vi =u+K, +S_/ +e,

kjer je yjk opazovana vrednost, p povprecna vrednost, K; vpliv krme oziroma skupine (i=1
skupina 1, 1=2 skupina 2, i=3 skupina 3, i=4 skupina 4); S; vpliv spola (j=1 kastrat, j=2 svinjka)
in ek ostanek.

REZULTATI Z RAZPRAVO

Vpliv krme

Na vsebnost skupnih mas¢ob razli¢ni dodatki h krmi (ogrs¢ica, lan in vitamin E) nimajo
znacilnega vpliva (preglednica 1). Rezultat je pricakovan, saj so vse krmne meSanice izohranilne,
torej je bila s krmo Zzivali vnesena energija enaka. Povpre¢en delez masCobe v suSeni vratini
zna$a 28,2 %, kar se ujema s podatkom Ber¢i¢ (2004), da 100 g suSene vratine vsebuje 26 —28 g
mascob.

Preglednica 1. Vpliv dodatkov v krmo na vsebnost mas¢ob in senzori¢ne lastnosti suSenih

vratin
Table 1. Effect of pig diet composition on fat content and sensory characteristics in dried
neck
Ogrséica +
Kontrola Lan Ogrscica vitamin E
Control Flax Rapeseed Rapeseed +  Znac.
vitamin E
LSM + SE LSM + SE LSM + SE LSM + SE
Vsebnost mascobe / Fat content 29,86 £1,04a 27,65+1,04a 28,84+ 1,06a 26,99+ 1,04a nz

Odtenek barve miSi¢nine
Shade of muscle colour

Intenzivnost barve miSicnine 581+£0,09  588+009a  571+0,09b 5,54 =0,09b
Intensity of muscle colour

Enakomernost barve miSi¢nine 544+0,12a  525+0,12a  528+0,12a  4,88+0,12b  **
Equability of muscle colour

Odtenek barve mascobnega tkiva
Shade of fat tissue colour

6,00 = 0,00a 6,00 = 0,00a 6,00 = 0,00a 6,00 = 0,00a nz

nz

5,23 £0,10a 5,21+0,10a 5,36+0,11a 5,35+0,10a nz

Vonj / Odour 5,88 +£0,08a 5,67+0,08ab  5,83+0,08ab 5,63 +0,08b *
Tuji vonji / Foreign odour 1,17 £0,08a 1,40 + 0,08a 1,25 +0,08a 1,38 £ 0,08a nz
Aroma / Aroma 5,83+0,07a 5,48 £0,07b 5,73 +£0,08a 5,48 £0,07b oK
Priokusi /Aftertaste 1,15+ 0,08b 1,44 £0,08a 1,35+ 0,08a 1,40 £+ 0,08ab *
Tekstura / Texture 4,46 +0,08ab 4,29 +0,08b 4,60 = 0,08a 4,63 +0,08a o
Skupni vtis / Common effect 5,81 +£0,08a 5,52 +£0,08a 5,62 +0,08ab 5,40 +0,08b **

LSM - tehtane srednje vrednosti; SE — standardna napaka ocene; ** —p < 0,01; * — p < 0,05; nz — statisticno neznacilen vpliv
(p > 0,05); skupine z enako ¢rko v indeksu se med seboj statisticno znacilno ne razlikujejo

LSM - least square means; SE — standard error; ** — P<0,01; * — P<0,05; nz — no significant influence (P>0.05); no difference
between group with the same index
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misi¢nine se ob dodatku vitamina E poslabsa. Tudi na vonj in tuje vonje krma nima vpliva, kar
se ujema z ugotovitvami Hoz in sod. (2004), da pri dodatku lanu in a-tokoferola v krmo zivali ni
znacilnega vpliva na senzori¢no ocenjen vonj in barvo suSenih mesnin. Zanimivo je, da je tudi
intenzivnost barve mascobnega tkiva ostala nespremenjena, saj bi lahko med suSenjem vratine
prislo do oksidacije veckrat nenasi¢enih mascobnih kislin in s tem do spremenjenega odtenka
barve mascob pri dolocenih dodatkih h krmi.

Aroma je slabSe ocenjena pri skupina 2 in 4. Lan vsebuje veliko a-linolenske kisline, ki lahko
oksidira in s tem prispeva k poslabsanju arome. Nase ugotovitve se ne skladajo s Hoz in sod.
(2004), saj le-ti med drugim navajajo, da ob dodatku lanenega semena in a-tokoferola v krmo
zivali ni zaznati opaznih razlik v so¢nosti in okusu susenih mesnin. Najbolje ocenjeno aromo pri
kontrolni skupini bi morda lahko povezali tudi s 3 % vec¢jo vsebnostjo mascobe kot pri skupini z
dodatkom vitamina E (preglednica 1), vendar ta razlika ni znacilna.

Priokusi so najbolj zaznavni pri skupinah lan in ogrs¢ica. Dodatek a-tokoferola priokuse
nekoliko zmanjSa, kar bi lahko povezali z njegovo antioksidativno sposobnostjo, preprecitvijo
oksidacije mascobnih kislin in s tem ublazitev priokusov. Nasi rezultati se ujemajo z ugotovitvijo
Hoz in sod. (2004), da je pri dodatku lanu brez a-tokoferola prisoten nezazelen Zarek okus.
Najmanj priokusov je bilo zaznati pri kontrolni skupini, saj le-ta ne vsebuje dodatkov z
nenasi¢enimi mascobnimi kislinami in tako oksidacija ni prisotna v tolik§ni meri, da bi lahko
zaznali znacilen priokus po Zarkem.

Tudi na teksturo ima krma precejSen vpliv. Najblizje optimalni je bila tekstura suSene vratine,
pridobljene iz mesa prasicev, krmljenih z dodatkom lanu. Prav tako sta skupini lan in kontrola
najbolje ocenjeni za skupni vtis. Tudi Deckel in sod. (1999) navajajo, da pri dodatku a-
linolenske kisline v krmo ni zaznati bistvenih razlik v senzori¢nih lastnostih mesa kastratov in
svinjk. Corino in sod. (2002) pa so ugotovili, da pri dodatku ogrS¢i¢nega semena h krmi prasicev
ni zaznati senzori¢nih sprememb v mesu, vendar se oksidativna stabilnost tako pridobljenih
izdelkov nekoliko poslabsa po daljSem skladis¢enju. Tudi v naSem primeru so skupni vtis in
priokusi slabse ocenjeni pri skupini 3 kot pri kontrolni skupini. Spremembe v kakovosti mascob
bi lahko pripisali postopku suSenja.

Preglednica 2. Vpliv dodatkov h krmi na instrumentalno izmerjeno barvo in teksturo susenih

vratin
Table 2. Effect of diet composition on instrumental measurement of colour and texture of
dried neck
Lan Ogrscica Ogrscica + vitamin E
Kontrola Control Flax Rapeseed Rapeseed + vitamin E ~ Znac.
LSM =+ SE LSM £ SE LSM + SE LSM £ SE
Barva (Minolta) / Colour (Minolta)
Vrednost -L / Value -L 32,53 +£0,56¢c 34,25+ 0,56ab 32,99 +0,57bc 35,04 +0,56a *%
Vrednost -a / Value -a 11,37 +0,30a  11,35+0,30a 11,94 £0,31a 12,05 £ 0,30a nz
Vrednost -b / Value -b 4,87 +0,28b 5,50 + 0,28ab 5,76 £ 0,28a 5,82 +0,28a *
Tekstura (Kramer) / Texture (Kramer)
Sila (N) / Force (N) 169,48 + 11,89bc 147,26+ 11,89c 233,51 +12,06a 189,36+ 11,89 ook
Delo (J) / Work (J) 538,24 £33,07bc 462,79 £33,07c 666,62 = 33,54a 572,99 + 33,07ab ko

LSM - tehtane srednje vrednosti; SE — standardna napaka ocene; *** — p < 0,001; ** —p < 0,01; * — p < 0,05; nz — statisticno
neznacilen vpliv (p > 0,05); skupine z enako ¢rko v indeksu se med seboj statisti¢no znacilno ne razlikujejo

LSM - least square means; SE — standard error; *** — P<0,001; ** — P<0,01; * — P<0,05; nz — no significant influence
(P>0.05); no difference between group with the same index

NajtemnejSa barva (najvisje vrednosti —L) susenih vratin se pokaze pri prasicih, krmljenih s
kontrolno meSanico in ogrs¢ico (preglednica 2). Suha vratina ima najsvetlejSo barvo v primeru
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dodanega vitamina E, kar se ujema z ugotovitvijo O’Sullivan in sod. (2002), ki navajajo, da je
meso prasi¢ev, krmljenih z dodatkom vitamina E, svetlejSe. Navajajo Se, da je tako meso bolj
rdece, Cesar pa nase ugotovitve niso potrdile, saj krma ni pokazala znacilnega vpliva na
vrednost -a.

Najbolj ¢vrsto teksturo, to je najve¢jo silo oziroma najve¢ potrebnega dela za pretrganje
vzorca, smo zaznali pri suseni vratini, pridobljeni iz prasicev, krmljenih z dodatkom ogricice
(preglednica 2), najmanjSo pa pri skupini, krmljeni z lanom. To se ujema z naso ugotovitvijo, da
je vpliv lanu na teksturo suSene vratine najblizje optimalnemu, medtem ko je pri skupinah 3 in 4
zaznana bolj ¢vrsta tekstura (preglednica 1).

Vpliv spola

SuSena vratina kastratov vsebuje 3 % ve¢ mascobe (p < 0,01) kot vratina svinjk
(preglednica 3). To se ujema z rezultati Beltrama (2000), da je miSi¢na zamascenost kastratov
vecja v primerjavi s svinjkami. Tudi Latorre in sod. (2003) navajajo, da so kastrati ob enakem
krmljenju debelejsi in imajo ve¢ misi¢ne mascobe kot svinjke.

Preglednica 3. Vpliv spola na senzori¢ne lastnosti susenih vratin

Table 3. Effect of sex on sensory characteristics of dried neck
Kastrati / Hogs Svinjke / Sows  Znac.
LSM £ SE LSM £+ SE

Vsebnost mas¢obe / Fat content 29,64 +0,71a 26,53 £0.76b  **
Odtenek barve miSi¢nine / Shade of muscle colour 6,00 + 0,00a 6,00+0,00a nz
Intenzivnost barve miSi¢nine / Intensity of muscle colour 5,62 +0,06b 5,86 +0,07a *
Enakomernost barve misi¢nine / Equability of muscle colour 5,18 £0,08a 5,25+0,09a nz
Odtenek barve mascobnega tkiva / Shade of fat tissue colour 5,26 £0,07a 5,31+£0,08a nz
Vonj / Odour 5,78 +£0,06a 5,72+ 0,06a nz
Tuji vonji / Foreign odour 1,30 £ 0,06a 1,30+ 0,06a nz
Aroma / Aroma 5,61 £0,05a 5,66 £0,06a nz
Priokusi /Aftertaste 1,33 £0,06a 1,33+£0,06a nz
Tekstura / Texture 4,49 £0,05a 450+0,06a nz
Skupni vtis / Common effect 5,55+ 0,06a 5,63+0,06a nz

LSM - tehtane srednje vrednosti; SE — standardna napaka ocene; ** — p < 0,01; * — p < 0,05; nz — statisti¢no neznacilen vpliv
(p > 0,05); skupine z enako ¢rko v indeksu se med seboj statisticno znacilno ne razlikujejo;

LSM - least square means; SE — standard error; ** — P<0,01; * — P<0,05; nz — no significant influence (P>0.05); no difference
between group with the same index;

V senzori¢nih lastnostih suSenih vratin med kastrati in svinjkami ni razlik (preglednica 3).
Izjema je le vecja intenzivnost barve miSi¢nine pri svinjkah kot pri kastratih (p<0,05), kar se
sklada z ugotovitvijo Latorre in sod. (2003).

Vratina kastratov je znacilno temnejSa (nizje vrednosti-L) kot vratina svinjk (preglednica 4).
Vzorci svinjk in kastratov se med seboj ne razlikujejo v odtenkih rdece (vrednost -a) in rumene
(vrednost -b) barve. Tudi Teixeira in sod. (2005) menijo, da ima meritev -L pri Zenskem spolu
vi§jo vrednost kot pri samcih, hkrati pa navajajo, da spol Zivali nima vpliva na vrednosti -a in -b.
Beltram (2000) ugotavlja podobno, da je barva miSic kastratov nekoliko temnejSa od miSic
svinjk, hkrati pa ugotavlja tudi znacilen vpliv spola na rde¢ (vrednost -a) in rumen (vrednost -b)
odtenek barve.

Ugotovitev, da je susena vratina kastratov bolj zamascena (preglednica 1) vendar temnejSa v
primerjavi z vratino svinjk (preglednica 2 in preglednica 3), se ne sklada s trditvijo Skvarca
(2001), da na barvo posredno vpliva tudi zamaSCenost mesa in je marmorirana misic¢nina
svetlejSa.
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Instrumentalno izmerjena tekstura suSenih vratin kastratov je bolj ¢vrsta (vi§je vrednosti za
silo in delo) od vratin svinjk (preglednica 4), kar se ne sklada s senzoricno oceno teksture, ki
med spoloma ni pokazala razlik. (preglednica 3).

Preglednica 4. Vpliv spola, na instrumentalno izmerjeno barvo in teksturo susenih vratin

Table 4. Effect of sex on instrumental measurement of colour and texture of dried neck
Kastrati / Hogs Svinjke / Sows Znac.
LSM £ SE LSM £ SE

Barva (Minolta) / Colour (Minolta)

Vrednost -L / Value -L 33,03 £0,38b 34,37 +0,42a *
Vrednost -a / Value -a 11,45+0,21a 11,90 £0,22a nz
Vrednost -b / Value -b 5,28 £0,19a 5,70 £ 0,20a nz
Tekstura (Kramer) / Texture (Kramer)

Sila (N) / Force (N) 204,63 + 8,12a 161,58 + 8,83b *

Delo (J) / Work (J) 569,26 + 22,58a 549,41 +24,57a nz

LSM - tehtane srednje vrednosti; SE — standardna napaka ocene; * — p < 0,05; nz — statisticno neznacilen vpliv (p > 0,05);
skupine z enako ¢rko v indeksu se med seboj statisticno znacilno ne razlikujejo

LSM - least square means; SE — standard error; * — P<0,05; nz — no significant influence (P>0.05); no difference between
group with the same index

SKLEPI

Prehrana praSi¢ev z izohranilno krmno meSanico in razlicnimi dodatki za izboljSanje
suSenih vratin. Bolj so zamaScene suSene vratine, pridobljene iz kastratov, kot iz svinjk.

Senzori¢no ocenjen skupni vtis susenih vratin je najbolje ocenjen pri skupinah, krmljenih s
kontrolno mesanico in z dodatkom lanu. Enakomernost barve misicnine se v skupini z dodatkom
vitamina E obcutno poslabSa. NajslabSe ocenjena aroma je pri skupinah z dodatkom lanu in
vitamina E. NajveC prisotnih priokusov je zaznati pri suSenih vratinah prasicev, krmljenih z
lanom in ogrsc¢ico, dodatek vitamina E k ogrs¢ici pa te priokuse nekoliko ublazi.

Instrumentalne meritve so pokazale naj¢vrstejSo teksturo suSenih vratin skupine z dodatkom
ogrscice in najsvetlejSo barvo skupine z dodatkom vitamina E. Barva suSene vratine svinjk je
intenzivnejSa vendar svetlejSa od barve vratine kastratov. SuSena vratina kastratov je ¢vrstejSa od
vratine svinjk.

SUMMARY

Feeding with different diet to improve fatty acid composition of muscles lipids do not have an
influence on fat contain. There is more fat found in dried neck of hogs than sows.

Sensory estimate common effect of dried neck has the highest mark at the group feeding by
control and with adding flax. Adding of vitamin E in pig fodder make equability of colour worse.
Aroma was the worst by the diet with flax and vitamin E. The most of aftertaste are known by
feeding with addition of flax and rapeseed. Diet with rapeseed and vitamin E alleviate aftertaste.

Instrumental measurements have shown the strongest texture of dried neck by feeding with
adding of rapeseed. The lighter colour is notice by adding of vitamin E. Colour of dried neck of
sows is more intensely but lighter then colour of hogs. Hogs have more tightly dried neck as
SOWS.
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ABSTRACT

Salivary cortisol was evaluated as stress measure in pigs of two malignant hyperthermia (MH)
genotypes (NN and Nn), housed individually in metabolic cages and in comfortable large pens
with straw. Three replicates were done, each including 8 German Landrace barrows, four (2 NN,
2 Nn) housed in pens and four (2 NN, 2 Nn) in metabolic cages. Altogether there were 24
animals included in the experiment. Saliva samples of all animals were collected simultaneously
every 15 minutes between 8.00 and 11.00 a.m. on days 8, 22 and 36 of the experiment. Pigs in
more stressful conditions (metabolic cages) had higher salivary cortisol values than pigs in pens,
indicating that salivary cortisol might be a suitable indicator of stress in pigs. Higher salivary
cortisol values in NN- in comparison to Nn- pigs indicated stronger response to stressful
conditions in NN-genotype.

Key words: pigs / animal physiology / endocrinology / malignant hyperthermia / saliva / plasma / cortisol

MHS — STATUS IN KONCENTRACIJA KORTIZOLA V SLINI PRI INDIVIDUALNO
UHLEVLJENIH PRASICIH *

IZVLECEK

Kortizol v slini je bil ovrednoten kot pokazatelj stresa pri prasi¢ih dveh MH — genotipov (NN in
Nn) v dveh individualnih uhlevitvah (metabolne kletke in prostorni boksi z nastilom). V vsaki od
treh ponovitev je bilo 8 kastratov pasme nemska landrace. Stiri Zivali (2 NN, 2 Nn) so bile
uhlevljene v bokse, §tiri (2 NN, 2 Nn) pa v metabolne kletke. Skupno je bilo v raziskavo
vkljucenih 24 Zivali. Vzorci sline so bili odvzeti istocasno od vseh Zivali, vsakih 15 minut med 8.
in 11. uro, in sicer 8., 22. in 36. dan poskusa. Zivali v bolj stresnem okolju (metabolne kletke) so
imele visjo koncentracuo kortizola v slini kot zivali v boksih, kar nakazuje, da je kortizol v slini
primeren pokazatelj stresa pri prasicih. Visje koncentracije kortizola pri zivalih NN — genotipa v
primerjavi z genotipom Nn kaZejo na moc¢nejsi odziv na stresne razmere pri genotipu NN.

Kljucne besede: prasici/ fiziologija zivali / endokrinologija / maligna hipertermija / slina / plazma / kortizol

" The paper presents a part of the results from the Ph.D. thesis "The estimation of the degree of stress in pigs with
the evaluation of cortisol concentration in plasma, urine and saliva’, issued by Natasa Siard, supervisor prof. Ivan
Stuhec, Ph.D.

"'V prispevku je predstavljen del rezultatov doktorske disertacije Natae Siard ‘Ocenjevanje stopnje stresa pri
prasi¢ih z dolo¢anjem koncentracije kortizola v krvni plazmi, urinu in slini’, mentor prof. dr. Ivan Stuhec.
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INTRODUCTION

The adrenocortical hormone cortisol measured in plasma is often used as a stress indicator in
pigs. However, the procedures for obtaining blood can, in itself, stimulate cortisol release,
especially in case of venipuncture. The use of vein catheters is considered less stressful, but
health problems can occur and only a very limited number of animals can be included in the
experiment. In addition, insertion of catheters is a skilled technique and catheters are often
difficult to maintain over longer periods. Measurement of cortisol in saliva is a noninvasive way
of sampling. Saliva samples can be obtained also on farms, without any health risk for the
animals. Furthermore, since there is no question of catheter functioning, the experiments can last
for a longer period.

Salivary cortisol measurement was found to be a suitable replacement for plasma cortisol
measurement in various species. In man, Vining et al. (1983) described the correlation between
salivary and serum cortisol as excellent. High correlations were found in different situations: in
patients with adrenal insufficiency and in healthy people, in tests of adrenal function
(dexamethasone suppression, ACTH stimulation) and circadian variation as well as in random
samples. The results of Laudat ez al. (1988) confirmed excellent correlation in normal people and
in patients with adrenal disfunction. According to Fell ef al. (1985) and Fell and Shutt (1986),
salivary cortisol was a reliable indicator of stress in sheep (transport and confinement) and calves
(transport, castration) as well as in goats during transport (Greenwood and Shutt, 1992).
Steinhardt and Thielscher (2000) confirmed good agreement between plasma and salivary
cortisol in calves. Patzl et al. (1992) tested reliability of salivary cortisol in dogs in non-stressful
conditions. Results were in good agreement with plasma cortisol. For horses, van der Kolk et al.
(2001) found high correlations between total plasma and salivary cortisol, while Elsaesser et al.
(2001) did not find salivary cortisol a reliable marker of the training status and fitness in horses.
The results for pigs are unclear. In prepubertal boars and gilts housed in metabolic cages the
response to ACTH stimulation was lower in salivary than in plasma cortisol, indicating that
salivary cortisol was less sensitive indicator of adrenal activity than plasma cortisol. However, it
was concluded, that salivary cortisol is of use for stress assessment in intensively housed pigs
(Parrott et al., 1989). Other research confirmed the usefulness of salivary cortisol as stress
indicator in pigs: in prepubertal boars, stress (transport, mixing) resulted in salivary cortisol
levels similar to those seen after ACTH stimulation (Parrott and Misson, 1989). On the other
hand, Blackshaw and Blackshaw (1989) did not find salivary cortisol useful in the assessment of
cortisol secretion, because the correlations between salivary and either total or free plasma
cortisol in different categories of pigs housed in intensive conditions were low. The research of
Cook et al. (1996) gave different results. High correlations were found between serum and
salivary cortisol values following ACTH stimulation and restraint in female pigs. In the study of
Bushong et al. (2000), the correlation between total cortisol concentration in plasma and saliva
was affected by the duration of ACTH stimulation.

Despite unclear results, salivary cortisol is frequently used as a stress measure in pigs; for
example, in the evaluation of different treatments of pregnant sows (Spoolder et al., 1996) and in
the investigation of welfare of the pigs during transport (Bradshaw et al., 1996; Geverink et al.,
1998). More recently, salivary cortisol was used as a stress measure in mixing of unfamiliar pigs
(de Groot et al., 2001), as a physiology measure of coping styles in gilts (Geverink ef al., 2002;
Ruis et al., 2002) and as a measure of individual responses to weaning (van Erp-van der Kooij et
al., 2003; Mason et al., 2003). O'Connell ef al. (2003) used salivary cortisol as a stress measure
in sows of different social status.

Salivary cortisol was used also in the evaluation of housing conditions in pigs. Space
allowance, social contacts and control of the environment are important factors in adaptation to
the environment. Ekkel et al. (1995) compared so called Specific-Stress-Free (SSF) housing
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system to a conventional housing system and found lower cortisol concentrations in SSF pigs. In
the study of Broom et al. (1995), pregnant sows in three housing systems did not show clear
differences in salivary cortisol responses on different environment, while in the study of de Jong
et al. (1998) enriched-housed growing pigs had higher salivary cortisol values than poor-housed
pigs. The results of de Groot ef al. (2000) are even more complex. Enriched-housed pigs showed
higher concentrations of cortisol in saliva than barren-housed pigs, but only in the light period of
the day. In the dark period of the day salivary cortisol concentrations were low in both housing
conditions. Klont et al. (2001) compared the reactions to transport between poor- and enriched-
housed pigs. Pigs from the barren environment had higher increase in salivary cortisol from farm
to slaughter. De Leeuw et al. (2003) found higher salivary cortisol values in individually housed
gilts with no substrate in comparison with those on wood shavings litter spread on the foraging
area.

Adrenocortical response to stressful conditions is one important aspect, the other interesting
one is the possible connection between malignant hyperthermia syndrome (MHS) and
adrenocortical action. MHS is a reaction to acute stressors, like transport, high ambient
temperature, mixing with unknown animals. It is inherited by a single recessive gene (n) and
characterised by hyperthermia and muscle rigidity. These symptoms are often followed by
sudden death within minutes of acute stress. Two malignant hyperthermia (MH) genotypes (NN
and Nn) differed in adrenocortical response to stressful conditions. NN animals had higher
cortisol concentration in plasma (Siard et al., 2003a) and urine (Siard et al., 2003b). To our
knowledge, no comparisons between different MH genotypes have been made for salivary
cortisol concentration in pigs.

The aim of the study was to evaluate two individual housing conditions of fattening pigs, pens
with straw (enriched individual housing system) and metabolic cages (very barren environment),
with salivary cortisol monitoring. Further aim was to assess the relationship between two MH
genotypes (NN and Nn) and salivary cortisol concentration.

MATERIAL AND METHODS

The experiment was done in three replicates, each including eight German Landrace barrows
housed individually, four in large pens with litter (1.98 x 1.93 m) and four in metabolic cages
with wire mesh floor. Altogether, there were 24 animals included in the experiment. Pens bedded
with straw were separated by solid wooden partitions. In the metabolic cages without straw,
animals were able to stand up and lie down, but not to turn around.

The MH genotype was determined by a DNA-based test (Fujii ef al., 1991). Altogether, 95
animals were checked. There were only six animals with nn-genotype and they were unevenly
spred over the three replicates. Thus, it was not possible to include nn animals into the
experiment. Therefore, half of the pigs in each housing condition were dominant homozygous
(NN) and the other half were heterozygous (Nn).

Pigs were housed in the experimental environment 14 days prior to the experiment. The
animals had no previous experience with the two housing conditions. The health condition of the
animals was followed by daily measurement of body temperature. Dry meal and water were
available ad libitum. The illumination and ventilation were natural.

Pigs were made familiar with chewing the cotton buds for saliva collection in a 14-day period
prior to the experiment. There were three sampling days, in-between each day of collection there
was a 14-day interval. Saliva samples were therefore collected on days 8, 22 and 36 of the
experiment. On each sampling day the samples were collected simultaneously from all animals
between 8.00h and 11.00h in 15 min. intervals. The collection of saliva did not take more than
one minute; no restraint was needed. During the sampling period the water was withdrawn. Pigs
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were always handled by a familiar person. They chewed the buds until they were thoroughly
moistened. The buds were then fitted into glass centrifuge tubes. The saliva was extracted from
the buds by centrifugation. All samples were centrifuged immediately at 2500 x g for 15 minutes
and stored at —20 °C.

The volumes of saliva samples were not larger than 300 pl. Due to low volumes, salivary
cortisol was determined by chemiluminescence method (kit provided by Nichols Institute
Diagnostica). The intra-assay variability was up to 10%.

Salivary cortisol data had to be logarithmically transformed (yijiamn) to achieve normality. The
following fixed effects were included in the model: the three replicates (R;), the two housing
conditions (H;), the two MH genotypes (Gy), the individual animals (Ajj) and the sampling day
(Dim). Possible changes of cortisol concentration within sampling day (trial) were described by
the linear regression (bim). The model also included two and three level interactions, which
showed the significant effects in the preliminary analysis:

Yijkimn = L+ Ri + Hj + G + Ajjg + Dim + bim(Ximn — 5.5) + RHjj + RGix + RHGjjk + €jkimn

RESULTS

Salivary cortisol values for individual pig from the three replicates are presented in Figure 1.
Considerable variability between and within the animals was observed in all replicates (Figure
1). The average values per animal were ranging from 3.3 to 36.0 ng mI'. Standard deviation
within animal was high. However, the average cortisol concentration in saliva was the smallest
in replicate three (in the first replicate the average + SD was 17.3 + 11.7 ng ml™', in the second
16.8 + 7.9 ng ml™" and in the third replicate 8.9 + 6.3 ng ml™"). Transformed data from the model
included also the extreme values from Figure 1, which presents untransformed data.

Table 1. Statistically significant effects on salivary cortisol concentration
Preglednica 1. Statisti¢na znacilnost vplivov na koncentracijo kortizola v slini

Effects Degrees of freedom P-value
Vplivi Stopinje prostosti p-vrednost
Replicate 2 0.0001
Ponovitev

Animal

Fival 12 0.0001
Housing condition

Uhlevitev ! 0.0001
MH genotype

MH - genotip ! 0.01
Sampling day 6 0.0001
Dan odvzema vzorca

Trial — 11negr regression 9 0.0001
Odvzem — linearna regresija

Replicate x housing ) 0.002

Ponovitev x uhlevitev

High variability of salivary cortisol values between and within the animals (Figure 1) was
reflected in the high significance of animal and replicate. The effects of housing condition and
MH genotype were significant (Table 1). Pigs in metabolic cages had higher cortisol values than
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pigs in individual pens. In addition, NN animals had higher cortisol values than Nn animals
(Table 2). The effect of sampling day within the replicate was highly significant. There was no
trend up or down in the 4-week period within the replicates. The effect of trial (3-hr period of
sampling within the sampling day) was also highly significant. The possible reason for the
significant effect of interaction between replicate and housing (Table 1) is again high variability
in cortisol values between and within the animals.

replicate 1 replicate 2
= 180 pens metabolic cages 180~ PeMS metabolic cages
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Figure 1. Salivary cortisol values for each pig respectively in the three replicates. Boxes represent
the second and the third quartile and bars represent the first and the fourth quartile. The lines in the
boxes are medians, the points are extreme values (by default the values larger than 3 SD).

Slika 1. Koncentracija kortizola v slini pri posameznih zivalih v treh ponovitvah. Boksi
predstavljajo drugi in tretji kvartil, navpi¢ne ¢rte pa prvi in Cetrti kvartil. Preéne ¢rte v boksih so
mediane, tocke pa ekstremne vrednosti (ve¢je od treh standardnih odklonov).

Table 2. Least square means (LSM) and standard errors (s.e.) for salivary cortisol in two
housing conditions and in two MH genotypes
Tabela 2. Vrednosti LSM in s.e. za koncentracijo kortizola v slini pri razli¢nih uhlevitvah

in MH — genotipih

Effects

Vplivi LSM £ S.E. Difference

Housing / Uhlevitev

Individual pens / Individualni boksi 0.78 £ 0.021 -0.244 +0.029
Metabolic cages / Metabolne kletke . LO3£0020
MH genotype / MH-genotip

NN 0.94 +0.020 0.069 + 0.028

Nn 0.87 £ 0.020
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DISCUSSION

High variability in salivary cortisol values between and within the animals was found. That
was observed also in plasma (Siard et al., 2003a) and urine (Siard ef al., 2003b). High variability
is reflected in the significant effects of replicate and housing, and presumably also in the effect
of interaction between replicate and housing (Table 1).

The animals in metabolic cages had higher salivary cortisol values than pigs in pens (Table 2).
This is in line with the results for plasma cortisol (Siard et al., 2003a) and with the results of de
Leeuw et al. (2003), who found higher salivary cortisol values in individually housed gilts with
no substrate in comparison with those on substrate. However, considering other studies in which
they evaluated different housing conditions with salivary cortisol, the picture is not clear. In the
study of de Jong et al. (1998), pigs in enriched, presumably less stressful environment, had
higher salivary cortisol values than pigs in poor environment. They found these results surprising
and they tried to explain them with the possible underlying physiological mechanisms. One of
the possible explanations was flattened circadian rhythm in stressed animals. De Groot et al.
(2000) indeed found blunted circadian rhythm of salivary cortisol secretion in more stressful
conditions (small pens with no straw in comparison to large pens with bedding). However, in
their study the samples were taken every two hours and that is quite a long interval. Considering
our results, where the linear regression within 3-hr period was significant (Table 1), the 2-hr
interval might have not reflected adequately the circadian rhythm of cortisol secretion. The effect
of sampling day was also significant (Table 1), however, no trend was observed in a 4-week
period.

NN animals had higher cortisol values than Nn animals. This is in line with plasma (Siard et
al., 2003a) and urine (Siard et al., 2003b) cortisol results. To our knowledge, no studies were
done on the relationship between salivary cortisol concentration and MH genotypes. However,
results from this study and from the previous ones on plasma and urine cortisol with relation to
MH status, show higher adrenocortical activity in stress resistant NN-animals. These results are
comparable with the results of Mitchell and Heffron (1981). They found higher plasma cortisol
values in stress resistant pigs (the animals were classified into resistant and susceptible groups by
the halothane test). They suggested that reduced cortisol secretion contributed to the activation of
MHS. Higher ability of adrenal cortex reactivity is perhaps good for better acute stress coping in
NN genotype.

CONCLUSIONS

The animals in metabolic cages (more stressful environment) had higher salivary cortisol
values than pigs in large individual pens with straw. This indicates that saliva cortisol might be,
like plasma cortisol, a suitable indicator of stress in pigs. This is important, because saliva
sampling can be done in practice, while blood samples can only be taken in research conditions.
Furthermore, contrary to blood sampling, saliva collection is not an invasive method. Higher
cortisol concentration in saliva in NN- in comparison to Nn- pigs indicates stronger response to
stressful conditions in stress resistant NN-genotype. Presumably that is in favour for better acute
stress coping in this genotype.
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ABSTRACT

The presence of pathogenic and some indicator micro organisms was studied in 40 samples of
cheese comprising 14 curd samples, 13 samples of soft ripened salted or non-salted cheese and
13 samples of semi-hard cheese manufactured at five small dairy-processing plants The mean
number of coagulase-positive staphylococci 1 in all tested samples was 2.5 x 10* c¢fu” g, while
the number of E. coli bacteria was 1.4 x 10° cfu g”'. In 20.0% out of 40 samples tested the
number of coagulase-positive staphylococci exceeded the prescribed regulations, particularly in
soft cheese (12.5%) and curd (7.5%). About 17.5% of samples were contaminated with E. coli in
higher concentrations than national valid regulations allowed. The number of E. coli was mostly
exceeded in soft cheese and curd in 12.5% and 5.0% of all examined samples, respectively. One
sample of semi hard cheese was contaminated with sulphite-reducing clostridia. Proteus was
detected in 3 samples (7.5%) and L. grayi in 1 (2.5%) sample. Salmonela and L. monocytogenes
were not detected. According to the valid regulations 9 (22.5%) samples in our investigation did
not reach the adequate microbiological quality. Both, yeasts and moulds were isolated from 60%
of tested cheese samples with average concentrations of 5.8 x 10%cfu g 'and 2.0 x 10%*cfu g
respectively. The genera Geotrichum (91.9%), Moniliella (5.4%) and Aspergillus (2.7%) were
the most frequently isolated strains from examined cheese samples. The Aspergillus strains did
not belong to the species A. flavus or A. parasiticus and did not produce aflatoxins.

Key words: milk products / cheese / microbiology / pathogen micro-organisms / yeasts / moulds / aflatoxins

PRISOTNOST NEKATERIH PATOGENIH MIKROORGANIZMOYV, KVASOVK IN
PLESNI V VZORCIH SIRA, PROIZVEDENIH V MALIH MLEKARSKO-
PREDELOVALNIH OBRATIH

IZVLECEK

Proucevali smo prisotnost patogenih in nekaterih indikatorskih mikroorganizmov v 40 vzorcih
sira, od tega v 14 vzorcih skute, 13 vzorcih soljenega ali nesoljenega svezega (mehkega) sira in
13 vzorcih poltrdega tipa sira, proizvedenih v petih malih mlekarsko- predelovalmh obratih.
Povprecno Stevilo koagulaza-p021tlvn1h stafilokokov v Vseh Vzor01h je znaalo 2,5 x 10° KE' g,

medtem ko je bilo 3tevilo bakterij vrste E. coli 1,4 x 10° KE g '. Izmed 40 vzorcev je v 20.0 %
Stevilo koagulaza- pozitivnih stafilokokov presegalo slovenske Veljavne normative, posebno v
vzorcih mehkega sira (12,5 %) in skute (7,5 %). Okrog 17,5 % vzorcev je bilo okuzeno z

" Cfu: colony forming units
" KE: kolonijske enote



38  Acta agriculturae Slovenica, 88(november 2006)1.

bakterijami E. coli v vi§jih koncentracijah, kot to dovoljujejo slovenski veljavni predpisi. Stevilo
bakterij E. coli je bilo previsoko v vzorcih mehkega sira (12,5 %) in skute (5,0 %). En vzorec
poltrdega sira je vseboval sulfid-reducirajoce klostridije. Vrste rodu Proteus smo ugotovili v 3
(7,5 %) in L. grayi v 1 (2,5 %) vzorcev. Salmonella in L. monocytogenes nista bili ugotovljeni v
nobenem izmed preiskanih vzorcev. Izmed 40 preiskanih vzorcev jih 9 (22,5 %) ni ustrezalo
veljavnim slovenskim normativom glede njihove mikrobioloSke kakovosti. Tako kvasovke kot
plesni so bile izolirane iz 60 % prelskamh vzorcev. Povpreéno $tevilo kvasovk je bilo 5,8 x 10*
KE g in plesni 2,0 x 10* KE g vzorca. Najpogosteje so bile izolirane plesni iz rodov
Geotrichum 91,9 %) Moniliella (5,4 %) in Aspergillus (2,7 %). Sev iz rodu Aspergillus ni
pripadal vrstama A. flavus /parasiticus in tudi ni tvoril aflatoksinov.

Kljuéne besede: mle¢ni izdelki / siri / mikrobiologija / patogeni mikroorganizmi / kvasovke / plesni / aflatoksini

INTRODUCTION

The number and types of micro-organisms present in milk and dairy products depends on the
microbial quality of milk used, heat treatment of milk, the conditions in which the products are
manufactured, the temperatures and duration of storage, feeding of the animals, season, area,
general sanitation in the plant, quality of starter cultures, occurrence of phages, quality of rinsing
water, etc. (Bramley, 1990; Anonim., 1994; Harkye and Ebenezer, 2002).

Examination for the presence and number of specific micro-organisms is, therefore, an
integral part of any quality control or quality assurance plan and it may be applied to a number of
areas: raw materials, intermediate samples, finished products, or environmental/equipment sites.
The most common spoilage micro-organisms in milk and dairy products are Pseudomonas,
coliforms, Bacillus spp, Clostridium spp, lactic-acid producing bacteria, yeasts and moulds,
enterococci, etc. On the other hand, milk-borne and milk-product borne outbreaks, caused mostly
by cheeses, represent 2—6% of bacterial food-borne outbreaks reported by surveillance systems
from several countries. The cheeses represent a large risk of bacterial food-borne outbreaks
because of pathogen micro-flora, divided into pathogens of current concern (Salmonella spp.,
Campylobacter spp., coagulase-positive staphylococci, Listeria monocytogenes etc.), and those
which cause disease only occasionally (Escherichia coli, Bacillus cereus, Clostridium
perfringens, etc.) (De Buysier et al., 2001).

L. monocytogenes is a food-borne pathogen that can contaminate dairy products (Menendez et
al., 2001). It is a psychrotroph and can grow on contaminated cheese at low temperatures. This
bacteria is fairly heat-tolerant, widely distributed in dairy farms, and frequently found in raw
milk. Some strains can survive pasteurization, and adapt to acidic environments. The most
commonly occurring species in food are L. innocua and L. monocytogenes. Although Listeria is
mostly inactivated under normal conditions of pasteurization (Farkye and Vedamuthu, 2002),
problems can arise from post-pasteurisation contamination. A seasonal effect (with peaks in
winter) was observed. The farm milk contamination is, most often, a sporadic event. The number
of bacterial cells of Listeria was also very low which are very likely to be due to environmental
contamination (Meyer Broseta et al., 2003).

The contamination of raw milk with Sa/monella usually occurs as a result of transfer of faeces
from an animal to the milk via unclean teats and udders. Such contamination can pass into milk
during milking and, once present on milking parlour equipment, it can then readily proliferate
and spread if such equipment is not adequately cleaned and sanitised. Its growth in milk should
be limited by effective refrigeration (<8 °C). Effective milking parlour hygiene (cleaning and
disinfection of udders and teats), cleaning and sanitisation of milking equipment and subsequent
milk storage systems are essential elements in preventing the spread of this organism (McManus
and Lanier, 1987).

Sulphite-reducing clostridia (mostly CL perfringens) are spore-forms that are present in
sediment of various types and in the intestinal tracts of man and animals. They gain entry to milk
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via faeces, soil and feedstuff, especially silage. Strains may be psychrotrophic, mesophilic or
thermophilic. Since most strains are strictly anaerobic, they have the greatest potential
importance as spoilage organisms of cheese and canned milk products. They produce a number
of soluble toxic substances (Gilmour and Rowe, 1990).

Examination of the presence of E. coli as an indicator of faecal contamination and/or poor
hygienic practices has traditionally been done in dairy plants. It is well known that some strains
might be enteropathogenic or enterotoxigenic. Both of these groups have been responsible for
outbreaks of diseases involving cheese and milk (Anonim., 1994).

Coagulase-positive staphylococci (Staphylococcus aureus and related species) may cause
human disease through the production of toxins. The formation of effective levels of toxin
requires a high number of micro-organisms (approximately 10°~10° micro-organisms per gram
of food) at a pH value greater than 5 and so the presence of coagulase-positive staphylococci at a
low level does not necessarily constitute a hazard. Dairy-related outbreaks of staphylococcal
intoxication have been attributed to raw milk, dried milk, cheese and ice cream. Coagulase-
positive staphylococci may be present in raw milk from the udder and teat canals of a cow,
particularly if lesions are present. Also, the nasal area and hands of humans are recognised sites
of contamination: poor personal hygiene can result in the contamination of milk and dairy
products. Essential to the production of toxin is the growth of micro-organisms. In general,
Staphylococcus aureus and the related species Staphylococcus intermedius and Staphylococcus
hyius do not multiply at temperatures below 8 °C while 10 °C is the minimum for toxin
production. These micro-organisms are, however, resistant to salt. Pasteurization will be
effective against them but if toxins are present, they will not be inactivated. Therefore, toxins
may be present in the absence of viable micro-organisms. The higher counts of Staphylococcus
recorded in spring, when milk yields are at their peak, are a cause for concern and mammary
infections (Anonim., 1994).

Pasteurization cannot guarantee the absence of pathogenic micro-organisms when they are
present in large numbers in raw milk or due to post-pasteurization contamination (Salmeron et
al., 2002).

The production of milk products should be in accordance with legal regulations for good
sanitary practice on removal from the processing establishment. The microbiological criteria for
cheese are L. monocytogenes and Salmonella (absent in 25 g or 1 g of sample), S. aureus
(m=1 000, M=10 000, n=5, c=2, for fresh cheese: m=10, M=100, n=5, c=2), E. coli (m=10 000,
M=100 000, n=5, c=2, for soft cheese m=100, M=1000, n=5, ¢=2) and coliforms at 30 °C for soft
cheese (m=10 000, M=100 000, n=5, C=2) (Off. J. of the European Communities, 1992,
consolidated in 2004; Pravilnik...., Ur. 1. RS, 2004). The microbiological criteria for foodstuffs
according the Regulation EU no. 2073, (Off. J. of the European Communities, 2005) are more
strict for E. coli in cheese (m=100, M=1000, n=5, ¢=2). The allowed number of S. aureus
depends on the type of examined cheese and on the thermization of the milk, used for cheese
production. These criteria are designed for the food products during or at the end of the
production process, except for the presence of Salmonella, which should be estimated in milk
products on the market.

Yeasts and moulds in some cheese types can periodically cause problems, both economic and
sensory. Usually present in raw milk, they do not survive pasteurization; their presence in
pasteurized milk and other milk products is caused by re-infection during manufacturing
(Nelson, 1987; Jodral et al., 1993). The contamination of milk products, particularly cheeses is
due to yeasts and moulds presence in environment of cheese factories, like walls and shelves of
ripening rooms, air, equipment, water, milk, brine, etc. (Chapman and Sharpe, 1990; Jay, 1992).

Yeasts themselves are not commonly the cause of defect in dairy products unless they ferment
lactose. In this case they can grow rapidly and produce a typical yeasty or fruity flavour and
obvious gas (Davis and Wilbey, 1990).
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On the other hand, some specific strains in a starter cultures for soft cheese production or in
the maturation and aroma formation play an important role in many cheese varieties,
contributing with their metabolic properties to the ripening process. They metabolize lactic acid
in the cheese, and raise the pH of the microenvironment in the area adjacent to the surface, and
allow good growth and metabolic activities of the bacteria in the smear. Additionally, the lysis of
yeast cells liberates vitamins and amino acids, which stimulate the bacteria, and provide flavour
precursors. They also produce metabolites, e.g. short-chain fatty acids and other compounds,
with known toxic effects against undesired micro-organisms in the intestinal tract (Jakobsen and
Narvhus, 1996).

Although moulds have little practical importance in raw milk, they are important in
pasteurized milk, particularly when it is used for the manufacture of cheese and other dairy
products. The characteristic feature of some mould-ripened cheese types is extensive proteolysis
and lipolysis. The presence of wild types of moulds is undesirable as they may influence the
organoleptic characteristics of the cheeses, they can produce mycotoxins and represent a
potential health risk (Jodral et al., 1993; Wouters, ef al., 2002). The major toxigenic species of
fungi belong to genera Aspergillus, Fusarium, Acremonium and Phomopsis (D’Mello and
Macdonald, 1997).

For this purpose we wanted to find out the presence of pathogens and indicator micro-
organisms including yeasts and moulds in 40 samples of curd, soft and semi-hard cheese from
individual small dairy-processing plants that sold their products on the market. The objective of
this study was also the identification of isolated mould strains and detection of their aflatoxin
production.

MATERIAL AND METHODS

Sampling

A total of 40 samples of cheese comprising 14 curd samples, 13 samples of soft salted or non-
salted cheese and 13 samples of semi-hard cheese were collected from November 2004 to
January 2005. The cheeses were manufactured at five individual small dairy-processing plants
that sold their products on the market.

The samples were taken in accordance with the instructions given in ISO/DIS 707, (1995).

Methods

Media

For the detection of L. monocytogenes according to EN ISO 11290-1 (1996), Listeria
Enrichment Broth (Biokar Diagnostics, France) as pre-enrichment (inc. 30 °C/24-48 h) and 1
Fraser broth (Merck, Germany) as enrichment broth (inc. 37 °C/24-48 h) were used. Palcam
(Biokar Diagnostics, France), Oxford (Biokar Diagnostics, France) and ChromAgar Listeria
(Mast Diagnostica, Germany) were used for isolation. The immunological method Tecra Unique
Listeria (Tecra, Australia) and API Listeria strips (Biomerieux, France) were used for
confirmation and identification.

For the detection of Salmomella in cheese samples Buffered peptone water (Biokar
Diagnostics, France) as a non-selective pre-enrichment medium and Selenite cystein buffer
(Biokar Diagnostics, France) as an enrichment medium (ISO 6579, 2002) were used. XLD agar
(Biokar Diagnostics, France), BSA agar (Biokar Diagnostics, France) and Rambach agar (Merck,
Germany) were used for isolation. The immunological method Tecra Unique Salmonella (Tecra,
Australia) and API 10 S strips (Biomerieux, France) were used for confirmation and
identification.
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Detection of Proteus spp. was carried out with inoculation of the sample into Nutrient broth
(Biokar Diagnostics, France (inc. 37 °C/24 h), spreading the colonies on the Brilliant Green Agar
according to Edel and Kampelmacher (Biokar Diagnostics, France), typical colonies were
confirmed and identified on a Kligler iron slant agar (Merck, Germany) and with API 10 S strips
(Biomerieux, France).

For the enumeration of bacteria Escherichia coli the chromogenic medium COLI ID
(Biomerieux, France) (inc. 37 °C/24 h) and identification of the selected colonies with API 10 S
strips (Biomerieux, France) were used.

For the enumeration of coagulase positive staphylococci (Staphylococcus aureus and other
species) the Baird Parker with RPF supplement agar (Biokar Diagnostics, France) was used
(SIST EN ISO 6888-2, 1999). The Petrifilm"™ Staph Express Count System (3 M™, USA) was
used for confirmation.

The presence of sulphite-reducing clostridia spores was detected after heating the samples at
the temperature of 80 °C/10 minutes, inoculating the SPS agar according to Angelotti, (1962)
(Merck, Germany) and incubation in anaerobic conditions (inc. 35 °C/24-48 h).

The number of yeasts and moulds in samples the yeast-extract-glucose-chloramphenicol agar
(YGC) (Merck, Germany) was used. Yeast and mould colonies growing on the plates were
counted after 5 days incubation at 25 °C. (ISO 6611/IDF 94, 2004).

Inoculation

For the enumeration of yeasts, moulds, coagulase-positive staphylococci and E. coli the
primary suspensions of cheese samples were prepared with 3—5 min homogenization of 10 g of
the sample in 90 ml of sterile 20% di-potassium hydrogen phosphate (Merck, Germany) using
Bagmixer® 400 (Interscience, France). The primary suspensions of cheese samples were
prepared with quarter-strength Ringer's solution and inoculated by pouring the plates with
chosen medium (EN ISO 8261 (E), 2001). For detection of Listeria spp., Salmonella spp. and
Proteus spp., after the previous pre-enrichment, the culture has been spread out onto the solid
selective media and later the identification took place.

Moulds isolation and identification

Each morphologically different mould colony from the plates was picked up, transferred on to
the YGC and AFPA (Oxoid, England) mediums and incubated at 25 °C/5 days and 30 °C/42
hours, respectively.

Primary classification of colonies from solid mediums YGC and AFPA was based on colony
characteristics (pigmentation, shape, background colour and on microscopic examination of
moulds using immersion objective magnified 100/1.30 (160/0.17), according to Malloch and
Samson and Hoekstra (2000). The identification of strains A. flavus and A. parasiticus was
confirmed by reverse, yellow to orange pigmentation on AFPA medium (Pitt, 1983).The
reference strains A. flavus EXF 523 and A. flavus EXF438 were kindly given as a gift from the
University of Ljubljana, Biotechnical Faculty, Department for Biology.

Statistical analyses

For statistical analyses the SAS/STAT (SAS/STAT User's Guide, 2000) and Excel XP were
used.

Descriptive statistics including average, standard deviation, minimum and maximum were
calculated.

The CORR Procedure was taken for calculating the correlation coefficients between variables
log number of yeasts, moulds, coagulase-positive staphylococci and E. coli in different types of
products and in products offered by different producers.
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RESULTS

Pathogen micro-organisms in cheese samples

The mean number of coagulase-postive staphylococei in all tested samples was 2.5 x 10* cfu
g, while the number of bacteria E. coli was 1.4 x 10° cfu g'. Because the samples were
collected in one instead of in five units (n=1 instead n=5), we estimated that the product was
unsuitable according regulations, when the number of micro-organisms exceed the maximum
value M. In 20% out of 40 samples tested the number of coagulase-positive staphylococci
exceeded the prescribed regulations (Pravilnik...., 2004), particularly in soft cheese (12.5%) and
curd (7.5%). About 17.5% of samples were contaminated with E. coli in higher concentrations
than regulations according Pravilnik...., (2004) allowed. The number of E. coli was mostly
exceeded in soft cheese (12.5%) and in curd (5.0% of samples) (Tables 1 and 2, Figure 1).
According the regulations ES 2073/2005, the number of E. coli and S. aureus exceeded in 37.5%
and 20% of samples, respectively. One sample of semi-hard cheese was contaminated with
sulphite-reducing clostridia. Proteus sp. was detected in 3 samples (7.5%) and L. grayi in 1
(2.5%) sample. Salmonela sp. and L. monocytogenes were not detected in any sample.

Table 1. The number of coagulase-positive staphylococci in cheese samples (in cfu g™
Preglednica 1. Stevilo koagulaza-pozitivnih stafilokokov v vzorcih sira (v KE g ™)

Samples
Vzorci
Stat}sqgal. parameters Mean
Statistiéni parametri Curd Soft cheese Semi-hard cheese (all samples)
Skuta Mehki sir Poltrdi sir Povprecje
(vsi vzorci)
Mean / povprecje 1.4 x 10 7.2 x 10 5.0 x 10 2.5x 10
Min <10 <10 <10 <10
Max 1.3 x10° 1.0 x 10° 3.0 x 10" 1.0 x 10°
Sd 3.6 x 10 2.7 x10° 9.6 1.6 x 10°

Sd — standard deviation / standardni odklon; Min — minimal values / minimalne vrednosti; Max — maximal values /
maksimalne vrednosti;

Table 2. The number of E.coli in cheese samples (in cfu g™
Preglednica 2. Stevilo E. coli v vzorcih sira (v KE g ™)

Samples
Vzorci
Stat%sqgal. paramete.rs Mean
Statisticni parametri Curd Soft cheese Semi-hard cheese (all samples)
Skuta Mehki sir Poltrdi sir Povprecje
(vsi vzorci)
Mean / povpredje 1.6 x 10° 2.2x10° 1.0 x 10° 1.4 x10°
Min <10 <10 <10 <10
Max 2.3 x 10 1.5 x 10 9.1 x 10° 2.3 %107
Sd 6.1 x 10° 5.2 % 10° 2.6 x10° 4.7 x10°

Sd — standard deviation / standardni odklon, Min — minimal values / minimalne vrednosti, Max— maximal values /
maksimalne vrednosti
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The correlation coefficient between the number of coagulase-positive staphylococci and the
number of E. coli in curd is r=0.93 (P<0.01** significant) in soft cheese r=0.64 (P<0.01%*
significant) and in hard cheese r=—0.16 (P>0.05, not significant).

The correlation between the number of coagulase-positive staphylococci in all three types of
cheese samples is negative as well as between the number of E. coli, except between the number
of E. coli in soft and semi-hard cheese (r=0.59, P<0.05 * significant).

Yeasts and moulds in cheese samples

The yeasts in concentration above 10 cells per gram of the sample were determined in 24
(60%) out of 40 samples. In this concentration yeasts were present in 9 (64.3%) out of 14 of curd
samples, in 11 (84.6%) out of 13 soft cheese samples and in 4 (21.4%) out of 13 semi-hard
cheese samples. The statistical parameters are represented in Table 3.

Moulds were present in the number up to 10 per gram of the sample in 24 (60%) out of 40
tested samples. In this concentration moulds were found in 10 (71.4%) out of 14 of curd samples,
in 9 (69.2%) out of 13 soft cheese samples and in 5 (38.4%) out of 13 semi-hard cheese samples.
The statistical parameters are presented in Table 4.

Table 3. The number of yeasts in cheese samples (in cfu g™
Preglednica 3. Stevilo kvasovk v vzorcih sira (v KE g ™)

Samples
Vzorci
Statistigal. parameters Mean
Statisticni parametri Curd Soft cheese Semi-hard cheese (all samples)
Skuta Mehki sir Poltrdi sir Povprecje
(vsi vzorci)
Mean / povpredje 1.4 x10° 1.5 x 10 1.3 x 10 5.8 x10°
Min <10 <10 <10 <10
Max 7.8 x 10° 1.5 % 10° 1.6 x 10° 7.8 x 10°
Sd 2.8 x 10° 3.9 x 10* 4.4 x10* 1.8 x 10°

Sd — standard deviation / standardni odklon, Min — minimal values / minimalne vrednosti, Max— maximal values /
maksimalne vrednosti

Table 4. The number of moulds in cheese samples (in cfu g™
Preglednica 4. Stevilo plesni v vzorcih sira (v KE g )

Samples
Vzorci
Staqsqgal‘ paramete.rs Mean
Statisticni parametri Curd Soft cheese Semi-hard cheese (all samples)
Skuta Mehki sir Poltrdi sir Povprecje
(vsi vzorci)
Mean / povpredje 2.1 x10* 4.0 x 10* 5.8 x 10 2.0 x 10*
Min <10 <10 <10 <10
Max 12 x10° 4.7 x10° 3.8 x 10° 4.7 x10°
Sd 42 x10* 1.2 x10° 1.1 x 10? 7.8 x 10*

Sd — standard deviation / standardni odklon, Min — minimal values / minimalne vrednosti, Max— maximal values /
maksimalne vrednosti
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The correlation coefficient between number of yeasts and moulds in curd is r=0.55 (P<0.05*
statistically significant) in soft cheese r=0.10 (P>0.05 statistically not significant) and in hard
cheese r=—0.24 (P>0.05, statistically not significant).

The comparison between the numbers of micro-organisms in different cheese samples is
represented in Figure 1.

no. of micro-organisms (in logyg)
§t. mikroorganizmov (v log;g)

curd/skuta soft cheese/mehki siri semi-hard
cheese/poltrdi siri

cheese type
tip sira

‘lyeasts/kvasovke Elmoulds/plesni OCPS EE. coli ‘

Figure 1. The logjy values of the mean number of yeasts, moulds, coagulase-positive
staphylococci (CPS) and E. coli per g (g”') of different types of cheese samples.

Slikal. Logjo vrednosti povprecnega Stevila kvasovk, plesni, koagulaza-pozitivnih
stafilokokov (CPS) in E. coli v gramu (g ) vzorca razli¢nih tipov sira.

The microbiological quality of samples from different small food-processing plants

The samples of cheese were collected from five small food-processing plants that offered their
milk products on the market. At sampling we tried to take approximately the same number and
type of product at every plant. But some of them are specialized on specific types of cheeses. In
spite of this we compare the microbiological quality of samples between plants. The results of
the comparison are expressed in the Figure 2.

The samples collected from plants A and B were particularly most often highly contaminated
(in 43% of cases), while plant C offered faultless products. Only one sample of the plant D and
plant E, respectively did not correspond to valid regulations, because they contained very high
number of E. coli. The samples collected at plant E contained also Proteus sp. and L. grayi,
while the number of other micro-organisms was very low.

From 24 cheese samples we isolated 37 mould strains that mostly belonged to genus
Geotrichum (91.9%) as found out after morphological and microscopic examinations. Only 2
(5.4%) isolates were classified in genus Moniliella and 1 strain (2.7%) in genus Aspergillus.
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no. of micro-organisms (in logye)
St. mikroorganizmov (v logyo)

processing plant
predelovalni obrat

Elyeasts kvasovke Omoulds plesni EICPS BEE. coli ‘

Figure 2. The log;y values of the mean number of yeasts, moulds, coagulase-positive
staphylococci (CPS) and E. coli per g (cfu g') of cheese samples produced by small
dairy-processing plants (signed from A to E).

Slika 2. Logjo vrednosti povprecnega Stevila kvasovk, plesni, koagulaza-pozitivnih
stafilokokov (CPS) in E. coli na gram(KE gfl) vzorcev sirov, proizvedenih v malih
mlekarsko-proizvodnih obratih (oznac¢enih od A do E).

The growth on AFPA medium and aflatoxin production

All isolated mould strains including standard strains A. flavus were inoculated on A. flavus
and A. parasiticus agar (AFPA). Isolated Aspergillus strain grew on the medium, but it did not
produce a distinctive bright orange yellow reverse colour on AFPA medium after 42-48 h
incubation at 30 °C (Fradberg, et al., 2003) as it was detected at standard strains.

Only about 70% out of 24 Aspergillus sp. strains, growing on YGC medium, were able to
form the colonies on YES medium supplemented with methyl-p-cyclodextrin and 0.6% sodium
deoxycholate. On these mediums none of isolated strains could produce colonies with typical
white under UV light fluorescent zone.

DISCUSSION

About 40% of all cow milk produced in Slovenia each year is processed into different sorts of
cheese (Valjavec, 2000). There is not so many data about the microbiological quality of cheeses
which are not processed in larger dairies. Therefore we evaluated the presence of pathogen
micro-organisms, yeasts and moulds in 40 samples of cheese comprising 14 curd samples, 13
samples of soft salted or non-salted cheese and 13 samples of semi-hard cheese, which were
manufactured at individual small dairy-processing plants selling their artisan products on the
market.

Pathogen micro-organisms in cheese samples

Coagulase-positive staphylococci (S. aureus) and E. coli in cheese are frequently used as
indicators of hygienic quality and show lack of microbiological safety (IFST, 1998). In our study



46  Acta agriculturae Slovenica, 88(november 20006)1.

the number of coagulase positive staphylococci and E. coli was rather high (2.5 x 10%cfu g™ and
1.4 x 10° cfu g, respectively). The samples of curd and particularly soft cheese were
contaminated most often in the range from 10* to 10* cfu g™ for staphylococci and in the range
of about 10° cfu

g for E. coli. The samples of semi-hard cheese were less contaminated with E. coli (10° cfu
g ") and staphylococci (10" cfu g ') and fulfilled the criteria of valid Slovenian regulations
(Pravilnik....Ur.l., 2004), but one sample was contaminated with clostridia and one with Proteus.
Salmonella and L. monocytogenes were not detected in any of cheese samples tested.

According Pravilnik.., Ur.l. RS (2004) nine (22.5%) samples in our investigation did not
reach the adequate microbiological quality, while the normatives EU (ES 1073, 2005) of the
number of coagulase-positive staphylococci and E. coli were exceeded in 37.5% of samples.

Sk et al., (2004) reported about 24% of white pickled cheese samples where the number of S.
aureus (coagulase-positive staphylococci) was unacceptable according to Turkish microbial
standards. These numbers are higher than our results.

Higher results were reported also by Borges et al. (2003) who evaluated the hygienic-sanitary
quality of 43 Coalho cheese samples produced in different regions of Brazil. E. coli was
confirmed in 93.1% of samples. Coagulase-positive staphylococci were observed in 93.1% of
samples ranging from 1.0 x 10" to 2.0 x 10° cfu g . The presence of Salmonella was confirmed
in 34.9% and Listeria sp. in 6.9% of cheese samples (Borges et al., 2003).

Very close to our results is the number of coagulase positive staphylococci according to the
study of Brindani ef al. (2001) where only one out of 50 samples of Ricotta cheese was
contaminated with coagulase-positive staphylococci (4.0 x 10* cfu g), but Salmonella was
present in one sample and L. monocytogenes in two samples.

On the other hand, Menendez ef al. (2001) established low average numbers of S. aureus (<61
per g of cheese) and E. coli (<52 per g of cheese) in 24 Tetilla cheese samples. L. monocytogenes
was detected in two of the 24 samples. None of the samples yielded Salmonella spp.

The reasons for higher contamination of soft cheeses lay in their relatively high moisture and
low acid content, which makes them easily susceptible to microbiological spoilage. The high salt
content of brine and its dehydrating effect provide a few more days of shelf life, but the
coagulase-positive staphylococci are, however, resistant to salt. (Anonim., 1994; Farkye and
Vedamuthu, 2002; Tekinsen and Ozdemir, 2005).

There were differences in microbiological quality of cheese samples offered by different
processing plants. These differences were not only the consequence of the offering the different
types of cheese with different quality, but also of the hygienic conditions at milking process and
cheese production.

The best way to ensure good shelf life of soft cheeses is to observe strict sanitary practices
throughout the milking, manufacture steps, and post-manufacture handling. All the equipment
used should be properly cleaned and sanitized. The quality and the pH of water used for washing
the curd are very important. The water should be of potable quality and pH preferably slightly
acidic or neutral (Farkye and Vedamuthu, 2002).

Yeasts and moulds in cheese samples

The samples of cheese were obtained in autumn and winter season, when the pasture or the
hay was replaced by conserved or ensiled feed. Many authors reported on the higher number of
yeasts, moulds and consecutively the higher concentration of mycotoxins in ensiled feed which
is used mostly in winter season (Blanco, et al., 1988; Lopez; et al., 2003; Kamkar, 2005). For the
needs of Slovenian cattle-breeding, about a half of the whole required voluminous forage should
be conserved (Babnik and Verbi¢, 2003), but data on its contamination with yeasts and moulds
are rare. The contamination of the feed also varies according to the area, moisture, climatic
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differences and temperature (Jay, 1992; Sassahara, 2005). Some moulds like 4. flavus and A.
parasiticus can easily grow in feed having moisture between 13% and 18% and environmental
moisture between 50% and 60%, furthermore they can produce toxin (Jay, 1992).

Beside the feed, the main sources of contamination of milk and milk products with yeasts and
moulds are also environment and, particularly, the air (Finne Kure, et.al., 2004)

It is documented that yeasts occur in raw milk at insignificant numbers (Fleet, 1996) probably
due to competitive utilization for the growth substrates by psychrotrophic bacteria of milk or
owing to inhibition by metabolites excreted by bacteria (Viljoen, 2001).

Yeasts were found in our study in 60% of tested cheese samples in the mean number of 5.8 x
10* (4.7 logjo) cfu g'. More contaminated cheese samples were offered by plants A and B.
Producers A and B processed mostly more contaminated curd and soft cheese, while the plant E
more low contaminated semi-hard cheese (Figure 2). The soft cheese samples were contaminated
more frequently (84.6%), while the semi-hard cheese samples only in 21.4%. The mean values
of yeasts were in samples of curd a bit higher (5.1 log;o) than in samples of soft cheese and semi
hard-cheese (4.1 logjg). The higher contamination was probably the consequence of improper
hygienic conditions during processing. Robinson and Tamime (2002) explicitly reported that
yeasts as spoilage organisms generally enter in milk and cheese as contaminants from the air, or
from improperly stored containers used for packaging the product. Brines are a potent source of
yeasts too. The manufacturing process, the pH and a,, values, ripening time, etc., might also be
the reasons of differences in number of yeasts in various types of cheese. Var et al. (2006)
reported on the increase of yeast number between the 15" to the 30" day of ripening of the
Kashar cheese and the decrease was observed after 30 to 60 day of ripening, depending on the
antimicrobial agent or packaging material used. In the further ripening the number of yeasts was
not changed drastically. Our results are in range or even lower than data obtained in other
studies. For example, the number of yeasts in Spanish Armanda cheese samples after 1 month-
ripening counts 10° cfu g (Tornadijo et al., 1998). Mean yeast counts of artisan Portuguese
ewes’ cheese ranged from 2.7 to 6.4 logjo cfu g (Pereira-Dias ef al., 2000) and yeast counts
from 10° in curd and 10° cfu g ' in one month old cheese were shown by Hatzikamari ef al.
(1999). Borges et al. (2003) reported that all (43) tested Coalho cheese samples from Brazil were
contaminated with yeasts and moulds in from 1.7 x 10* to 1.6 x 10° cfu g .

About 60% of cheese samples were contaminated with moulds in concentration of about 2.0 x
10* cfu g ', which is probably the consequence of contamination from the environment. Higher
number of yeasts and moulds in cheese samples were also obtained in one of our previous
studies (Godi¢ Torkar and Golc Teger, S., 2004). The contamination with moulds in samples of
curd and soft cheese was in the range of 10° cfu g ' and was much higher than the contamination
level of semi-hard cheese samples (mean value 58 cfu g '). For this reason the number of moulds
in the samples collected from plant E that offered mostly semi-hard cheese was lower than in
samples offered by other producers. The non-contaminated samples were available mostly at
plants D and E. The samples from plant C were of the worst quality and were highly
contaminated with yeasts and moulds.

We advised the producers that a lot of attention should be focused on the hygiene during
cheese processing. Finne Kure ef al., (2004) also think that it is important to have focus on the
air to reduce mould growth on the cheese. He recommended treating the mouldy cheese
carefully. The level of mould spores that are able to grow on cheese will increase dramatically in
the air if the mouldy cheese is not handled with care. The workers handling mouldy cheese
should not enter the production rooms after this operation. The ventilation system may also
contain a lot of mould spores and it is, therefore, necessary to have maintenance of this system in
order to reduce spreading of spores from the ventilation systems (Finne Kure et al., 2004).

It was not surprising that 91.9% of strains isolated from cheese samples in our investigation
were classified as Geotrichum spp., because Chapman and Sharpe (1990) reported that the high
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moisture soft cheeses, cottage cheese and cream cheese were subject to spoilage by species
Geotrichum. A member of the genus Geotrichum, G. candidum, also called Qospora lactis, is the
most important species in foods (Jay, 1992). It is recognised as real milk mould, which is very
often isolated from milk and, therefore, it is not surprising that this fungus plays also a role with
Penicillium and Mucor in the manufacturing of some dairy products (Wouters ef al., 2002). G.
candidum inhibits the growth of Listeria monocytogenes, produces several enzymes for the
breakdown of protein and fat and plays a key role in the ripening of camember cheese (Wouters
et al., 2002). It also plays an important role in competition with undesirable contaminants in the
cheese (Nielsen et al., 1998). Its lipases and proteases release fatty acids and peptides that
contribute to the development of distinctive flavour and aroma in cheese (Tornadijo et al., 1998).

Only 2 (5.4%) isolates were classified in genus Moniliella and 1 strain (2.7%) in genus
Aspergillus. Surprising, Penicillium spp. was not isolated from samples in spite of Scott (1989),
and Fine Kure and Skaar (2000) reported that genus Penicillium is most frequent mould in
cheese, followed by Aspergillus, Cladosporium, Geotrichum and Mucor. In our samples of
cheese the genus Aspergillus was rare too, probably owing to low temperatures of milk chilling
and cool season. Equaly Bullerman (1981) suggests that Aspergillus species, in contrast to
Penicillium species, cannot grow at low temperatures.

In cheese samples there are only a few different sorts of moulds because the pasteurisation
reduces the presence of contaminants from the group of yeasts and moulds. At the same time the
environmental factors in winter are not advantageous for secondary contamination during cheese
production (Scott, 1989, Fine Kure and Skaar, 2000).

A. flavus is not a common species on cheese too. Most studies showed that aflatoxins could
only be produced on cheese at temperatures higher than 10°C and a limiting a,, of 0.79 was found
for growth of A. flavus and aflatoxin production (Scott, 1989).

In our study we found out that only one strain of the genus Aspergillus, but it was not
identified as 4. flavus or A. parasiticus after typical growth on AFPA medium. This strain did
not produce the aflatoxin detected on YGC or YES medium supplemented with methyl--
cyclodextrin.

CONCLUSIONS

— In our study the coagulase-positive staphylococci (S. aureus) and E. coli present in
samples of cheese were most often the problem of hygienic quality and show lack of
microbiological safety.

— The samples of curd and particularly soft cheese were contaminated most often in the
range from 10” to 10* cfu g ' for staphylococci and in the range of about 10° cfu g' for E.
coli. The samples of semi—hard cheese were less contaminated with E.coli and
staphylococci and fulfilled the criteria of valid regulations.

— Salmonella and L. monocytogenes were not detected in any of the cheese samples
examined.

— According to the valid regulations 9 (22.5%) samples in our investigation did not reach
the adequate microbiological quality.

— About 60% of samples were contaminated with yeasts and moulds, which is probably the
consequence of the contamination from the environment.

— The contamination with moulds in samples of curd and soft cheese was in the range of
10* cfu g and was much higher than the contamination level of semi—hard cheese
samples (mean value 58 cfu g').

— There were differences in microbiological quality of cheese samples offered by different
processing plants.
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— The samples from the plant C were of the worst quality and they were highly
contaminated with yeasts and moulds.

— The samples collected from the plants A and B were particularly most often highly
contaminated (in 43% of cases).

—  91.9% of mould strains isolated from cheese samples in our investigation were classified
as Geotrichum spp.

— We advised the producers that a lot of attention should be focused on the hygienic
conditions during milking and cheese processing.

POVZETEK

V Sloveniji je kar nekaj individualnih majhnih Zivilsko—predelovalnih obratov, kjer
proizvajalci mleko predelajo v mlecne izdelke, zlasti v razli¢ne tipe sirov in skuto. Te izdelke
prodajajo na trznicah v vecjih mestih. Higienska kakovost in zdravstvena ustreznost
proizvedenih sirov in skute je odvisna od ustrezne mikrobioloske kakovosti namolzenega mleka
kot surovine, kakovosti molze, razmer, v katerih se mleko predeluje v sire, temperature hranjenja
mleka in sirov, krme, sezone, uporabe razli¢nih starterskih kultur, higiene mlekarskega pribora,
okolja, ne nazadnje tudi vode, ki se uporablja pri predelovalnem procesu.

Preverjanje prisotnosti in Stevila specificnih, posebno patogenih in potencialno patogenih
mikroorganizmov, je pomemben dejavnik pri kontroli in sistemu zagotavljanja kakovosti
proizvodnje in samih izdelkov.

Namen nasega dela je bil ugotoviti prisotnost nekaterih patogenih in potencialno patogenih
mikroorganizmov v 40 vzorcih skute in sirov, vzor¢enih pri petih malih mlekarsko—-
predelovalnih obratih, ki ponujajo svoje izdelke na eni izmed slovenskih trznic. Ugotavljali smo
tudi Stevilo in prisotnost kvasovk in plesni, saj zlasti plesni rodu Aspergillus, ki kot proizvajalec
aflatoksinov povzrocajo tudi zdravstveno rizi¢nost Zivila.

Najvecji problem je predstavljalo poviSano Stevilo koagulaza—pozitivnih stafilokokov (S.
aureus) in E. coli. Najpogosteje so bili kontaminirani vzorci skute in zlasti mehkih sirov v
obmo&ju od 10? do 10* KE g ' stafilokokov in okrog 10° KE g' za E. coli. Vzorci poltrdega sira
so bili manj pogosto kontaminirani in so vsi izpolnjevali zahteve veljavnih predpisov.
Salmonella in L. monocytogenes nista bili ugotovljeni v nobenem izmed preiskanih vzorcev. Po
veljavnih mikrobioloSkih kriterijih (Pravilnik..., Ur.l., 2004) je bilo 9 (22.5 %) preiskanih
vzorcev neustreznih. Okrog 60 % vzorcev je vsebovalo kvasovke in plesni. Koncentracija plesni
v skuti in mehkih sirih se je gibala v obmo&ju 10* KE g' in je bila veliko vigja kot koncentracija
v poltrdih sirih (povpregje 58 KE g '), medtem ko se je $tevilo kvasovk v vseh vzorcih gibalo v
obmo&ju od 10* do 10° KE g '. Ugotovili smo razlike v mikrobioloski kakovosti vzorcev sira pri
razli¢nih proizvajalcih.

Kar 91,9 % izoliranih sevov plesni je pripadalo rodu Geotrichum spp. Samo en sev je pripadal
rodu Aspergillus, ki pa ga nismo mogli uvrstiti v vrsti A. flavus/parasiticus in ni tvoril
aflatoksinov.
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Prispevki

Sprejemamo izvirne znanstvene ¢lanke, predhodne objave in raziskovalne notice s podro¢ja
zootehnike (genetika, mikrobiologija, imunologija, prehrana, fiziologija, ekologija, etologija,
mlekarstvo, ekonomika, zivalska proizvodnja in predelava zivalskih proizvodov, tehnologija in
dokumentalistika) v slovenskem in angleskem jeziku, znanstveno pregledne ¢lanke samo po
poprejSnjem dogovoru. Objavljamo tudi prispevke, podane na simpozijih, ki niso bili v celoti
objavljeni v zborniku simpozija. Ce je prispevek del diplomskega, magistrskega ali doktorskega
dela, navedemo to in tudi mentorja na dnu prve strani. Navedbe morajo biti v slovenskem in
angleskem jeziku.

Pri prispevkih v slovenskem jeziku morajo biti preglednice, grafikoni, slike in priloge
dvojezi¢ni, povsod je slovens¢ina na prvem mestu. Naslovi grafikonov in slik so pod njimi. Slike
in grafikoni so v besedilu. PriloZeni morajo biti tudi jasno oznaceni izvirniki slik (fotografije ali
lo¢ene grafi¢ne datoteke). Na avtorjevo zeljo jih vracamo. Grafikoni morajo biti ¢rno-beli, brez
rastrov. Dovoljeni so vzorci v ¢rno-beli kombinaciji. Latinske izraze piSemo lezece. V
slovens¢ini uporabljamo decimalno vejico, v angles¢ini decimalno piko. Prispevki v angles¢ini
morajo imeti povzetek v slovenscini in obratno.

Prispevki naj bodo strnjeni, kratki, najve¢ 12 strani. Uporabljamo Microsoft Word 97 ali
novejSo verzijo (Windows); pisava v besedilu in preglednicah je Times New Roman, velikost ¢rk
12, v obseznih preglednicah je lahko 10, pisava v grafikonih in slikah je Ariel, velikost ¢rk
najmanj 9, pisava za primerjave nukleotidnih in aminokislinskih zaporedij je Courier; zunanji
rob 2,0 cm, notranji 2,5 cm, zgoraj ziva pagina v eni vrstici, velikost ¢rk 10 z avtorjem oz.
avtorji in naslovom prispevka, zakljuéenim s piko. Ce je naslov daljsi, ga smiselno okrajsamo.
Primera: Stuhec, I. in Siard, N. Obnaganje pragi¢ev. Stibilj, V. in sod. Dolo¢itev mas¢obno-kislinske sestave ...
vzorcev mleka v Sloveniji.

Prva stran

Na prvi strani prispevka na desni strani ozna¢imo vrsto prispevka v slovens¢ini in anglescini,
sledi naslov prispevka, pod njim avtorji. Ime avtorjev navedemo v polni obliki (ime in priimek).
Vsak avtor naj bo oznacen z indeksom, ki ga navedemo takoj pod avtorji, in vsebuje polni naslov
ustanove ter znanstveni in akademski naslov; vse v jeziku prispevka. Navedemo sedez ustanove,
kjer avtor dela. Ce je raziskava opravljena drugje, avtor navede tudi sedeZ te institucije. Na Zeljo
avtorjev bomo navedli naslov elektronske poste.

Pod naslovi avtorjev je datum prispetja in datum sprejetja prispevka, ki ostaneta odprta. Sledi
razumljiv in poveden izvlecek z do 250 besedami. Vsebuje namen in metode dela, rezultate,
razpravo in sklepe. Sledijo klju¢ne besede.

Izvlecku v jeziku objave sledi naslov in izvle¢ek s klju¢nimi besedami v drugem jeziku.

Predlogo za pomo¢ pri oblikovanju prve strani prispevka najdejo avtorji na domaci strani:
http://aas.bfro.uni-lj.si/predloga-aas.dot.

Viri

V besedilu navajamo v oklepaju avtorja in leto objave: (priimek, leto). Ce sta avtorja dva,
piSemo: (priimek in priimek, leto), Ce je avtorjev vec, piSemo: (priimek in sod., leto). Sekundarni
vir ozna¢imo z »navedeno v« ali »cv.«. Seznam virov je na koncu prispevka, neostevilcen in v
abecednem redu. Vire istega avtorja, objavljene v istem letu, razvrstimo kronolosko z a, b, c.
Primer: 1997a. Navajanje literature naj bo popolno: pri revijah letnik, leto, Stevilka, strani; pri
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knjigah kraj, zaloZba, leto, strani. Za naslove revij je dovoljena uradna okrajSava, za okrajSanimi

besedami naj bodo vedno pike. Navedbo zaklju¢imo s piko. Nekaj primerov:

Fraser, A.F./ Broom, D.M. Farm animal behaviour and welfare. London, Bailliere Tindall, 1990, 437 str.

Hvelplund, T. Protein evaluation of treated straws. V: Evaluation of straws in ruminant feeding (ur.: Chenost, M./
Reiniger, A.). London, Elsevier Applied Science, 1989, 66—74.

Stekar, J.M.A. Vsebnost makro elementov v slovenski mrvi. V: Posvetovanje o prehrani domacih zivali
»Zadravéevi-Erjavéevi dnevi«, Radenci, 1997-10-27/28. Murska Sobota, Zivinorejsko-veterinarski zavod za
Pomurje, 1997, 105-117.

Stekar, J.M.A./ Golob, A./ Stibilj, V./ Kognan Raj$p, M. Sestava in hranilna vrednost voluminozne krme v letu 1990.
Zb. Bioteh. Fak. Univ. Ljubl., Kmet. Zivin., 58(1991), 149-155.

Stekar, J.M.A./ Pen, A. Sadrzaj natriuma, cinka i mangana u sto¢noj hrani sa travnatih povrSina. Agrohemija,
21(1980)1-2, 7-15.

Oddaja

Avtorji prispevke oddajo v dveh izvodih, enega z dvojnim razmikom med vrsticami in najvec
35 vrstic na strani, in na disketi. Prilozijo tudi izjavo s podpisi vseh avtorjev, da avtorske pravice
v celoti odstopajo reviji.

Prispevke recenziramo in lektoriramo. Praviloma posljemo mnenje prvemu avtorju, po Zelji
lahko tudi druga¢e. Ce urednik ali recenzenti predlagajo spremembe oz. izboljSave, vrne avtor
popravljeno besedilo v 10 dneh v dveh izvodih, enega z dvojnim razmikom. Ko prvi avtor vnese
Se lektorjeve pripombe, odda popravljeno besedilo v enem izvodu in na disketi ter vrne izvod z
lektorjevimi popravki.

Prispevke sprejemamo vse leto.
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NOTES FOR AUTHORS

Papers

We publish original scientific papers, preliminary communications and research statements on
the subject of zootechny (genetics, microbiology, immunology, nutrition, physiology, ecology,
ethology, dairy science, economics, animal production, technology and information science) in
Slovenian and English languages while scientific reviews are published only upon agreement.
Reports presented on conferences that were not published entirely in the conference reports can
be published. If the paper is a part of diploma thesis, master of science thesis or dissertation, it
should be indicated at the bottom of the front page as well as the name of mentor. All notes
should be written in Slovenian and English language.

Papers in Slovenian language should have tables, graphs, figures and appendices in both
languages, Slovenian language being the first. Titles of graphs and figures are below them.
Figures and graphs are part of the text. Clearly marked original figures should be added
(photographs or separate graphic files); they can be returned upon request. Latin expressions are
written in italics. Decimal coma is used in Slovenian and decimal point in English. Papers in
English should contain abstract in Slovenian and vice versa.

The papers should be condensed, short and should not exceed 12 pages. Microsoft Word 97 or
later version (Windows) should be used, fonts Times New Roman, size 12 in text and tables (in
large tables size 10 is allowed), Ariel for graphs and figures (letter size at least 9) and Courier for
nucleic- and amino acid sequence alignments should be used; right margin 2.0 cm, left margin
2.5 cm; pagina viva in one line, size 10, author(s) and abbreviated title of the paper ending with a

full stop. Examples: Stuhec, 1. and Siard, N. Pig Behaviour. Stibilj, V. et al. Determination of fatty acids
composition ... milk samples in Slovenia.

First page

The type of the paper should be indicated on the first page on the right side in Slovenian and
English language following by title of the paper and authors. Full names of authors are used (first
name and surname). Each name of the author should have been added an index, which is put
immediately after the author(s), and contains address of the institution and academic degree of
the author, in the language of the paper. The address of the institution in which the author works
is indicated. If the research was realised elsewhere, the author should name the headquarters of
the institution. E-mail is optional.

Under the address of the authors some space for dates of arrival and acceptance for publishing
should be left. A comprehensive and explicit abstract up to 250 words follows indicating the
objective and methods of work, results, discussion and conclusions. Key words follow the
abstract.

The abstract in the language of the paper is followed by the title, abstract and key words in
another language.

Help instructions for first page design can be found on home page:
http://aas.bfro.uni-lj.si/template-aas.dot.

References

References should be indicated in the text by giving author's name, with the year of
publication in parentheses, e.g. (surname, year). If authors are two, the following form is used:
(surname and surname, year). If authors are several, we use (surname et al., year). Secondary
literary sources should be quoted in the form "cited in". The references should be listed at the
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end of the paper in the alphabetical order and not numbered. If several papers by the same author
and from the year are cited, a, b, ¢, etc. should be put after the year of the publication: e.g. 1997a.
The following form of citation is used: for journals volume, year, number, page; for books place
of publication, publisher, year, pages. For journals official abbreviated forms can be used. A full
stop should be put after the abbreviated words. Each reference is also closed by a full stop.
Examples:

Fliegerova, K./ Pazoutova, S./ Hodrova, B. Molecular genotyping of rumen fungi based on RFLP analysis. Zb.
Bioteh. Fak. Univ. Ljubl., Kmet. Zooteh., 72(1998), 95-98.

Fraser, A.F./ Broom, D.M. Farm animal behaviour and welfare. London, Bailliere Tindall, 1990, 437 p.

Hvelplund, T. Protein evaluation of treated straws. In: Evaluation of straws in ruminant feeding (Eds.: Chenost, M./
Reiniger, A.). London, Elsevier Applied Science, 1989, 66—74.

Ristic, M./ Klein, F.W. Schlachtkoerperwert von Broilern verschiedener Herkunfte. Mitteilungsblatt der
Bundesanstalt fuer Fleischforschung, Kulmbach, 101(1988), 8045—-8051.

Stekar, J.M.A. Silage effluent and water pollution. In: 6" International Symposium "Animal Sciences Days",
Portoroz, 1998-09-16/18, Slovenia. Zb. Bioteh. Fak. Univ. Ljubl., Kmet. Supl., 30(1998), 321-325.

Delivery

Papers should be delivered in two hard copies, one with double-spacing and not more than 35
lines per page and on a floppy disc. A statement signed by all authors transfers copyrights on the
published article to the Journal.

Papers are reviewed and edited. First author receives a review. If reviewers suggest some
corrections, the author should forward them in 10 days and in two copies, one of them with
double space. After the first author considers the editor’s notes, the corrected paper should be
sent in one copy and on a floppy disc.

Papers are accepted all year.
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