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IVADAS

Lietuvoje mésos, pieno tkiai vieni i§ prioritetiniy Zemés ikio Saky,
orientuoti vidaus ir uZsienio rinkoms, o galvijininkysté — vis dar pirmaujanti
gyvulininkystés Saka. Tam jtakos turi tinkamos Lietuvos gamtinés salygos,
gyvuliy auginimo tradicijos. Gyvulinikystés produkty gamyba uzima labai
svarbig vieta Europos Zemés tkio sektoriuje. Geri Sios veiklos rezultatai
labai priklauso nuo to, ar naudojami saugls ir geros kokybés paSarai.
Aukstas zmoniy ir gyviiny sveikatos apsaugos lygis yra vienas i§ svarbiau-
siy maisto teisés (EB) Nr. 183/2005 tiksly [132].

Europos Sajungos Salyse keliami dideli saugumo reikalavimai pasarams.
Jie neturi biiti uztersti biologinémis, cheminémis ir fizinémis priemaiSomis.
Nuo 2005 mety jsigaliojo Pasary higienos reglamentas (EB 183/2005), kurio
privalo laikytis visos ES Salys, taip pat ir Lietuva. Higienos reikalavimai
taip pat yra taikomi ir pirminei pasary gamybai, prie kurios yra priskiriamas
zoliy ir kity zaliyjy augaly konservavimas (silosavimas), uztikrinantis pasa-
ro higiening kokybe. | rekomendacijas geros praktikos gairéms turi buti
jtraukta ir mikotoksiny kontrolé Salia kity pavojy, kylan¢iy pirminés paSary
gamybos metu, nes Sie toksiniai junginiai turi neigiamg poveikj zmoniy ir
gyviny sveikatai, sukelia vidaus rinkos ir tarptautinius ekonominius nuosto-
lius [124, 132].

Svarbiausias paSaras galvijams ir karvéms yra Zoliniai (Zalieji) paSarai.
Lietuvoje yra pakankama paSary baz¢ galvijams auginti. Kulttirinés ir nati-
ralios ganyklos bei pievos Salyje sudaro apie 14 proc. zemes tkio naudme-
ny. Vidutiniskai 1 karvei tenka 1,2 ha pievy. Per 2009 metus paSariniy Sak-
niavaisiy, zolés, Sieno, kukuriizy siloso pagaminta apie 1,5 mln. t, kuriy
pakanka esamai galvijy bandai i§laikyti ir didinti [106]. Siuolaikiniy techno-
logijy metu daugéja intensyviy tikiy, kuriuose gyvuliai visus metus Seriami
paruostais, mechaniskai apdorotais pasarais, nebeginant j ganyklas [79].
Taciau ir ekologiniai tikiai be konservuoty ar kitaip mechaniskai pagaminty
pasary neiSsiversty, nes Lietuvoje zoliy ir kity zaliyjy pasariniy augaly vege-
tacija trunka tik 5-5,5 ménesio. Sezoninis $iy augaly augimas neiSvengiamai
vercia juos konservuoti, kad biity sukaupta paSary galvijy laikymo tvarti-
niam laikotarpiui, kuris tgsiasi apie 210 dieny. Kita vertus, Zolés ir kiti Zalie-
ji augalai pasizymi augimo sezoniSkumu, t. y. pavasarj ir vasaros pradzioje
7olés auga labai intensyviai, ir viso derliaus nejmanoma gyvuliams suserti.
Todél augaly perteklius jy intensyvios vegetacijos metu turi biiti konservuo-
jamas [80]. Siloso gamyba — vienas i§ senesniy pasary gamybos metody,
taikoma norint iSvengti mikroorganizmy, jskaitant ir mikroskopiniy gryby,
dauginimosi ir jy sukeliamo zalingo poveikio.



Atsizvelgiant ] Siy pasary sunaudojimo mastg ir svarba gyviiny mitybai,
démesys jy kokybei ir saugai Siuo metu yra nepakankamas. Gaminamy
zoliniy pasary kokybé visos Salies mastu néra sistemingai moksliSkai tiria-
ma. Turimi moksliniy tyrimy duomenys rodo, kad galvijy mitybai naudoja-
mo S$ieno ir siloso kokybé dazniausiai yra gana bloga, nes ne visuomet
laikomasi §iy pasary gamybos technologiniy reikalavimy, pasary gamybai,
naudojama ne pacios geriausios kokybés ir ne labiausiai tinkama Zaliava.
Turimi fragmentisky tyrimy duomenys neleidzia objektyviai jvertinti esa-
mos situacijos. Tod¢l yra biitina daugiau démesio skirti minéty paSary koky-
bés ir saugos klausimams, kadangi Seriant netinkamos kokybés paSarais
maz¢ja gyviuny produktyvumas, kyla pavojus gyviny bei Zmoniy sveikatai
[84]. Gyvuliy sveikatingumg jtakoja daugelis veiksniy. Svarbiausi jy — tai
laikymo salygos, prieziiira ir pasarai. Pastaruoju metu, kintant klimatinéms
salygoms, suaktyvéjo nepageidaujamy mikroorganizmy, o tarp jy ir mikro-
skopiniy gryby, paplitimas bei vystymasis, kurie, esant tam palankioms
salygoms ar patiriant ,,stresa”, geba produkuoti i toksiSkus Zzmonéms ir
gyvuliams junginius — mikotoksinus [42, 46].

Nezitrint | tai, kad, norint sumazinti ar pilnai apsaugoti paSarus nuo
nepageidaujamy mikroorganizmy tarSos, derliaus nuémimo, sandéliavimo
metu yra taikoma daug prevenciniy priemoniy, tai neuZztikrina visapusés
apsaugos, net ir taikant Gerus praktikos metodus [83].

Iki Siol Lietuvoje yra mazai tyrinéta ir analizuota zaliavy ir i§ jy paga-
minty silosuoty pasary higieniné kokybé. Néra tyrinéti mikotoksiny kon-
centracijy pokyciai nuo zaliavos iki skirtingy periody po sudéjimo, taikant
skirtingas silosavimo technologijas, bei tikininkavimo sistemas. Taip pat
néra jvertinta, kokj poveik] gyviiny sveikatingumui gali sukelti didziausios
ir vidutinés mikotoksiny koncentracijos, nustatytos Lictuvoje pagamintuose
silosuotose pasaruose. Seriant gyvulius pasarais, uZterstais salyginai nedide-
lémis mikotoksiny koncentracijomis, taciau ilgg laikg, neigiamas mikotok-
siny poveikis gyvulio sveikatingumui bei produkcijai néra galutinai aiskus.
Nustadius Siy nepageidaujamy junginiy koreliacijas su cheminiais ir
fermentaciniais rodikliais, galima jvertinti jy susidarymo rizika, taip
apsaugant nuo jy patekimo ant §érimo stalo.

Darbo tikslas

Istirti Lietuvoje uzauginty zaliavy ir i§ jy pagaminto siloso higiening
kokybe, mikotoksiny koncentracijas juose bei jvertinti rizika galvijy
sveikatingumui.
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Darbo uzdaviniai:

1. Nustatyti ir palyginti zaliavy, i§ jy gaminamy silosuoty pasary
higieninius rodiklius ir mikotoksiny lygj skirtingais laikotarpiais po
sudéjimo bei taikant skirtingas tikininkavimo sistemas.

2. Nustatyti koreliacijas tarp siloso higieniniy rodikliy ir cheminiy bei
fermentaciniy rodikliy.

3. ISanalizuoti 2011-2015 metais silosuoty pasary savikontrolés ir
probleminiais atvejais pristatyty j Gyviiny gerovés tyrimy laborato-
rija mikotoksiny koncentracijas.

4. Jvertinti atskiry mikotoksiny bei silosuoty pasary, uzterSty miko-
toksinais, poveikj jvairioms organizmo sistemoms, panaudojant
skirtingas audiniy kultdiras in vitro.

5. [vertinti natiiraliai mikotoksinais uzter§ty pasary poveikj melzia-
moms karvéms in vivo ir detoksikuojancio preparato efektyvuma.

6. IStirti augaliniy ekstrakty panaudojimo galimybes siloso higieninei
kokybei pagerinti.

Darbo naujumas ir praktiné reik§mé

Iki Siol Lietuvoje néra atlikta tyrimy apie silosuoty pasary ir jy zaliavy
higiening kokybe¢ bei nepageidaujamy mikroorganizmy, tarp jy ir mikro-
skopiniy gryby bei jy antriniy metabolity, paplitimg juose bei Siuose pasa-
ruose nustatyty mikotoksiny koncentracijy poveikj galvijy sveikatingumui
in vivo ir in vitro. Tokie tyrimai atlikti pirma karta. Siame darbe nustatytos
mikotoksiny koncentracijos kukurtizy zaliavos ir siloso méginiuose skirtin-
gais laikotarpiais po sudé¢jimo surinktuose i$ skirtingy tkiy, esanc¢iy skirtin-
guose Lietuvos regionuose. Apzvelgti mikroskopiniy gryby antriniy meta-
bolity paplitimo skirtumai ] ritinius susuktame daugiameciy Zoliy silose,
taikant skirtingas tikininkavimo sistemas. Buvo nustatyta, kaip kito, taikant
skirtingas silosavimo technologijas, silosuoty pasary higienin¢ kokybé bei
mikotoksiny koncentracijos silosuotame pasare nuo jy zaliavos iki skirtingy
laikotarpiy po sud¢jimo. Tai ypa¢ aktualu vertinant pasary i$ ekologiniy
tkiy kokybe ir saugg, nes yra mazai atlikta moksliniy darby Sioje srityje
tam, kad jvertinti galimg rizika, susijusiag su higienine kokybe. Zinant,
kuriais laikotarpiais po siloso sudé¢jimo labiausiai pakinta higieniné jo
kokybé¢, o ypa¢ mikotoksiny koncentracija, galima apsaugoti silosg nuo
mikotoksiny patekimo j gyviino organizmg ar sumazinti jy neigiamg poveikj
naudojant atitinkamas detoksikuojan¢ias priemones. Sie tyrimai leidzia ne
tik suprasti mikotoksiny patekimo kelius j gyvulio organizmg, o per produk-
cijg ir 1 zmogaus mitybos granding, bet ir jvertinti rizikos mastg gyvuliy ir
zmoniy sveikatai. Misy atlikty tyrimy rezultatai gali prisidéti prie taip
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reikalingy tyrimy visumos, norint nustatyti leistinas maksimalias mikotok-
siny koncentracijas pasaruose.

Atlikta koreliaciniy rySiy paieSka tarp higieniniy ir cheminiy bei
fermentaciniy rodikliy, kas yra svarbu nagrinéjant higieninius pokycius, o
ypa¢ mikotoksiny susidarymo désningumus nuo siloso zaliavos iki sandélia-
vimo pabaigos. [vertintas vaistiniy ekstrakty panaudojimas in vitro, kaip
higieninj lygj stabilizuojanti priemoné.

Darbo apimtis

Darbg sudaro jvadas, literatiros apzvalga, darbo metodikos apraSymas,
tyrimy rezultatai, rezultaty aptarimas, iSvados, rekomendacijos, naudoti
literatiiros Saltiniai (180 Saltiniai), publikacijy disertacijos tema saraSas,
dalyvavimas konferencijose, disertacijos santrauka (angl. summary) angly
kalba, gyvenimo apraSymas ir padéka. Darbo apimtis 160 puslapiy,
iliustruota 25 lenteliy ir 14 paveiksly.
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1. LITERATUROS APZVALGA

1.1. Europoje ir Lietuvoje silosuoty pasary gamyba

Europos pasary gamintojy federacijos (FEFAC) 2015 mety duomeni-
mis, Europos Sgjungai priklausanciose Salyse kasmet pagaminama apie 475
tonos koncentruoty bei konservuoty pasary [56]. Siloso gamyba Siuolaiki-
niuose galvijininkystés tikiuose paplitusi dél mazy gaminimo savikainy bei
pasaro aukstos mitybinés vertés [177].

2013 m. Lietuvos tkiuose silosui ir zaliajam paSarui iSauginta 670,4
tukst. tony kukuriizy bei 18,70 tukst. tony silosiniy augaly (saulégrazy, lubi-
ny, pupy, mi§iniy ir kt. augaly, skirty siloso gamybai). Zaliajam pasarui
augintos vienmeteés ir daugiametés zolés apémé 656,70 tukst. ha, kukuriizai
22,70 tukst. ha, silosiniai augalai 1,4 tiikst. ha plotus [100, 180]. Vokietijoje
2000 metais siloso pagaminta apie 76,2 mln. tony, o Sieno 2,3 mln. tony
(skai¢iuojant pagal Zaliava). Kukuriizy silosas sudaré 58 proc., varpiniy ir
ankstiniy augaly silosas 32 proc., griidainis apie 2 proc. [12]. Nyderlanduo-
se, kukurtizy silosas galvijy dienos raciong sudaro — 50-75 proc., t. y. apie
25 kg/paroje sausosios medziagos (SM) [55, 51]. Belgijoje ziemos metu
silosas sudaro 50-80 proc. galvijy dienos raciono. Silosuojama daug augali-
niy zaliavy, iskaitant salyklinius grudus, cukriniy runkeliy i§spaudas, taciau
dazniausiai silosuojama daugiamet¢ Zolé.

Zoliniai paSarai daZniausiai silosuojami transéjose, tadiau gali biti
sudéti ] maiSus (,,rankoves) ar bokstus, tai priklauso nuo iikiy valdymo
sistemy bei kokie pasarai bus silosuojami. Pastaraisiais metais labai paplito
silosavimas ] ritinius, tai laikoma kaip alternatyva ,,tradiciniams* silosavimo
metodams dél nesudétingos technologijos, mazy gamybos sanaudy. Sj
silosavimo biidg daznai renkasi smulkis tkiai [38].

1.2. Zaliavy ir i§ ju gaminamy silosuoty pasary higieniné kokybé

[vairiis biologiniai ir technologiniai faktoriai, lemiantys silosuoty pasa-
ry kokybe — tai paSarams naudojamy augaly botaniné sudétis, jy brandos
tarpsnis, klimatinés sglygos, derliaus nuémimui ir sandéliavimui taikomi
biidai, dirvozemio derlingumas ir jo jdirbimo technika. Siloso kokyb¢ ir
pasariné verté taip pat priklauso nuo paséliy piktzolétumo, kenkéejy, patoge-
niniy mikroorganizmy bei jy antriniy metabolity, kaip pavyzdziui mikotok-
sinai. Pagrindiniai cheminiai-fermentaciniai rodikliai, pagal kuriuos verti-
nama siloso kokybé yra Sie: SM, pH, zali baltymai, amoniakinis azotas
(NHs-N), neutraliame tirpale iSplauta lasteliena (NDF), riig§¢iame tirpale
iSplauta lasteliena (ADF), zalia lgsteliena, zali pelenai. Tacdiau, remiantis
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naujausiy moksliniy tyrimy duomenimis ir iSvadomis, mikrobiologiniai
rodikliai, tokie kaip bendras mikroskopiniy gryby spory skaicius, aptiktos
Aspergillus fumigatus rasys ir mikotoksiny (aflatoksiny, deoksinivalenolio)
koncentracijos, taip pat yra svarbiis rodikliai, jtakojantys paSaro kokybe [63,
142].

1.2.1 lentelé. Silosuojamoje zaliavoje vyraujantys mikroorganizmai [118]

Mikroorganizmai ksv/g
Bendras aerobiniy bakterijy kiekis >10 000 000
Pieno riigsties bakterijos 10-1 000 000
Enterobakterijos 1 000-1 000 000
Mielés 1 000-100 000
Mikroskopiniai grybai 1 000-10 000
Klostridijos (endosporos) 100-1 000
Bacillos (endosporos) 100-1 000
Acto rugsties bakterijos 100-1 000
Propiono riigsties bakterijos 10-1 000

Siloso Zaliavoje, kaip parodyta 1.2.1 lentel¢je, dominuoja aerobai ir
fakultatyviniai aerobai [118]. Silosuoty pasary ir jy zaliavos mikroflora
galima suskirstyti | dvi pagrindines grupes: tai naudingaja (pageidaujama) ir
kenksmingaja-zalinga (nepageidaujamg). Pageidaujami mikroorganizmai —
tai pieno rugsties bakterijos, produkuojanios pieno rugstj silosuotose
pasaruose. Nepageidaujami mikroorganizmai j silosuotus pasarus patenka is
aplinkos, dirvoZemio ar su iSmatomis, pazeidus gamybos ar sandéliavimo
technologinius procesus, tai klostridijos, enterobakterijos, mikroskopiniai
grybai, listerijos ir kt. Sie mikroorganizmai ne tik gadina pasara, bet kartu
kenkia galvijy sveikatingumui ir mazina gyvuninés produkcijos, ypac¢ pieno,
higienine kokybe [78, 142].

Siloso kokybé priklauso nuo fermentacijos proceso, kuriame dalyvauja
homofermentatyvinés pieno rigsties bakterijos, sukeliancios substrato pa-
rigstéjima, slopinancios nepageidaujamy mikroorganizmy vystymasi. Del
silosuojamy zoliy botaninés sudéties, jy brendimo tarpsnio, vytinimo laiko,
nepakankamo vandenyje tirpiy angliavandeniy kiekio epifitiné pienartigsciy
bakterijy mikroflora ne visuomet geba sumazinti silosuojamo pasaro pH iki
reikiamo partig§té¢jimo. Tokiu atveju, norint pagerinti fermentacijos procesa,
galima | siloso Zaliavg jterpti jvairiy siloso inokulianty, j kuriy sudétj jeing
pienariigStés bakterijos. Néra atlikta pakankamai tyrimy apie silosuojamy
pasary higienine kokybe, nejterpiant ] juos priedy, gerinanciy fermentacijos
procesus [137, 178].
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Pieno rugsties bakterijoms priskiriamos Lactobacillus, Pediococcus,
Lactococcus, Enterococcus, Streptococcus ir Leuconostoc bakterijy gentys.
Sie mikroorganizmai, fermentuodami vandenyje tirpius angliavandenius,
gamina pieno rigst] bei kitus Salutinius riigimo produktus, kaip acto roigsti,
etanolj, anglies dvideginj. Jos priklausomai nuo susidariusiy galutiniy
rigimo produkty skirstomos j dvi pagrindines grupes, tai yra homofermen-
tines ir heterofermentines. Homofermentines bakterijos fermentuodamos
angliavandenius dazniausiai gamina pieno rugsti ir nedaug Salutiniy ragimo
produkty. Heterofermentinés bakterijos, be pieno riigSties, pagaminta labai
daug Salutiniy ragimo produkty: acto ragsties, etilo alkoholio, anglies
dioksido, vandenilio. Silose aptinkamos fakultatyvinés heterofermentinés
pieno ragsties bakterijos, skaidancios heksoz¢ ir pentoze bei obligatinés
heterofermentinés — fermentuojancios heksozes j jvairius riigimo produktus.
Siy mikroorganizmy augimui ir dauginimuisi reikalingos amino ragstys,
vitaminai. Jy dominavimo silosuotuose pasaruose mechanizmas iki Siol néra
pilnai Zinomas. Viena priezasCiy, lemian¢iy jy populiacijg silosuotuose
pasaruose, gebé¢jimas produkuoti bakteriocinus, kurie slopina kity mikro-
organizmy vystymasi. Taip pat gaminant pieno riigs§ti mazéja substrato pH,
kartu slopinamas daugumos mikroorganizmy vystymasis [50, 63, 71].

Biogeniniai aminai (BA) — tai nepageidaujami, biologiskai aktyviis jun-
giniai, susidarantys silosuotuose paSaruose dekarboksilinant aminoriigstis.
Siame procese dalyvauja pienariigités bakterijos: Lactobacillus, Leuconostoc,
Enterococcus, Pediococcus bei nepageidaujama mikroflora: Clostridium,
Bacillus, Klebsiella, Escherichia ir Pseudomonas [68, 88]. Silosuotose pasa-
ruose dazniausiai aptinkami biogeniniai aminai — putrescinas, kadaverinas,
tiraminas, atitinkamai susidare i§ arginino, lizino ir tirozino. Kiti biogeniniai
aminai, susidar¢ dekarboksilinant triptofang, histiding ir argining, tokie kaip
triptaminas, histaminas, spermidinas ir sperminas, aptinkami mazesnémis
koncentracijomis. Proteolizés metu, kuomet susidaro biogeniai aminai, silo-
suotose pasaruose mazéja baltymy kiekis, dél ko sumazéja ir paSaro mity-
bin¢ verté. Nustatytas ir neigiamas BA poveikis gyviiny sveikatingumui.
Mokslininky Lingaas ir Tveit [98] duomenimis, karvéms — gaunan¢ioms su
silosuotais pasarais 100 g putrescino per para, i$sivysto anoreksija, smarkiai
sumazéja pieno primilzis. Nors hiperketonemija siejama su silose esanciu
dideliu sviesto rugsties kiekiu, tac¢iau didelé koncentracija putrescino ar Kity
aminy pasare taip pat gali biiti viena jos priezas¢iy. BA Zenkliai sumazina
siloso skonines savybes, dél ko sumazéja sausy medziagy €édamumas bei
produkcija [98].

Didelis biogeniniy aminy kiekis aptinkamas silosuotuose pasaruose,
kuriuose yra didelis baltymy kiekis (pvz.: liucernos, dobilo, kai kuriy var-
piniy zoliy). Taciau, kadangi aminai susidaro dekarboksilinant amino rags-
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tis, dalyvaujant ne tik puvimo bakterijoms, bet ir pienariigStéms, tai Siy
junginiy galime aptikti ir kukuriizy silose [88, 152].

Mielés — tai vieni pagrindiniy aerobiniy mikroorganizmy, lemianciy
silosuoty pasary kokybe. Sie mikroorganizmai vieni pirmyjy pradeda augti
ir vystytis d¢l silosuoty paSary salyCio su oru. D¢l Sios priezasties mielés
gali augti ir daugintis kuomet pH yra 3,5 ar maziau. Tokios pacios salygos
predisponuoja acto rugsties bakterijy ir mikroskopiniy gryby augima, taciau
Sie mikroorganizmai vystosi 1é¢iau nei mielés. Mielés, skaidydamos pieno
rugst], didina siloso pH taip sudarydamos palankias salygas kity nepagei-
daujamy mikroorganizmy vystymuisi, ypac tuomet, kai pH padidéja iki 4,5.
Kai kurios mieliy riiSys gali augti ir daugintis anaerobinémis salygomis
fermentuodamos angliavandenius i etanolj [50, 110, 118].

Listeria spp. — placiai paplitusios bakterijos gamtoje. Jos aptinkama si-
lose, dirvozemyje, piivanciy augaly liekanose, nuoteky vandenyse, iSmatose.
Zmogui ir gyviinams patogeninés — L. monocytogenes, L. ivanovii, L. seeli-
geri rasys. L. monocytogenes — specifinis mikroorganizmas, aptinkamas
nepasterizuotame piene ir jo produktuose, sukeliantis per maistg plintancig
infekcija, patogeniskas Zmonéms ir gyviinams ir saprofitas mus supancioje
aplinkoje [144].

Prastos kokybés fermentuotas paSaras didina listeriozés paplitima. Kuo-
met karvés Seriamos pasaru su L. monocytogenes uzkratu, Sis patogeninis
mikroorganizmas gali karvéms predisponuoti (sukelti) mastita, o su pienu
patekti pas galutin] vartotoja — Zmogy su tokiais maisto produktais, kaip
pasterizuotas pienas, pieninis Sokoladas, sviestas, siris, mésa ir jos
gaminiai. Siloso kokyb¢ ir jo higieniniai rodikliai yra labai svarbiis, norint
palaikyti tinkamg bandos sveikatingumg ir gyvininés produkcijos kokybe.
Siloso tinkama gamyba sumazina Listeria spp. paplitimg [160]. Atrajotojy
akiy infekcijos, keratitai, sukelti L. monocytogenes, buvo susieti su tiesiogi-
niu patogeno patekimu per paSarus, dazniausiai per silosuotus [114]. D¢l
prasty anaerobiniy salygy, prasto Zaliavos suslégimo silosuoti paSarai yra
tinkama terpé Listeria spp. augti ir vystytis [144].
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1.2.2 lentelé. Listeria spp. aptikimo daznis pieniniy karviy pasaruose [89]

Pasaras Listeria spp. L. monocytogenes

(proc.) (proc.)

Zolé (n=14) neaptikta neaptikta
Silosas (n=48) 4(3,1) 6 (4,7)
Sienainis (n=16) 2(1,5) 2(1,5)
Sienas (n=10) neaptikta 2 (1,5)
Koncentruotas pasaras (n=32) neaptikta 12 (9,3)
Viso raciono pasaro miSinys (TMR) (n=4) 2(1,5) 2(1,5)
Siaudai (n=6) 4(3,1) 2 (1,5)

I3 viso (n=130): 12 (9,2) 26 (20,0)

1.2.3 lentele. Listeria spp. ir L. monocytogenes pasaruose is ekologiniy ir
jprastinés gamybos tkiy skirtingais mety laikais [89]

Mety Ekologinis iikininkavimas Iprastinis tkininkavimas
laikas | Njeginiy | Listeria spp., | L. mono- | Méginiy | Listeria spp., | L. mono-
skaicius n (proc.) |cytogenes, | skaifius n (proc.) |cytogenes,
n (proc.) n (proc.)
Ziema 19 4(7.4) 10 (18,5) 30 2(2,6) 8(10,5)
Pavasaris 14 2(3,7) 2(3,7) 14 0 0
Vasara 6 0 0 14 0 0
Ruduo 15 2(3,7) 4(7.4) 18 2(2,6) 2(2,6)
IS viso: 54 8 (14,8) 16 (29,6) 76 4 (5,2) 10 (13,1)

Clostridium spp. dar vadinamos sviesto rtigsties bakterijomis, gali biiti
aptinkamos prastos kokybés silosuotose paSaruose. Tai obligatinis anaero-
bas, formuojantis sporas ir dujas. Clostridium spp. sporos su silosuotu pasa-
ru patenka ] virSkinimo traktg ir iSskiriamos su iSmatomis. Per iSmatomis
uzterStag teSmenj sporos melzimo metu patenka i pieng [172]. Reindl su
bendraautoriais nustaté didesnj spory skai¢iy pieno méginiuose ty gyviiny,
kurie buvo Serti silosuotais paSarais, lyginat su gyviinais, | kuriy raciong
silosuoti pasarai nebuvo jtraukti. Iki Siol didesnis ir daZznesnis sviesto riigst]
gaminanciy bakterijy paplitimas buvo siejamas su silosuotais pasarais, paga-
mintais i§ varpiniy ir ankStiniy augaly, kurie pasizymi didele buferine geba
ir prastomis fermentcinémis savybémis [133]. Kukuriizy silose dél jo gery
fermentaciniy savybiy, lyginat su kita silosuojama zaliava, $iy nepageidau-
jamy mikroorganizmy aptinkama nedaug [118]. Tac¢iau Vissers su bendra-
autoriais nustaté, kad Niderlandy pieno tkiuose kukuriizy silosas buvo
labiau uzterStas Clostridium spp. nei zolés silosas. Didelis Clostridium spp.
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spory kiekis aptiktas kukurtizy siloso virSutiniuose sluoksniuose, aerobinéje
aplinkoje, mikroskopiniy gryby paZeistose vietose [172].

1.3. Mikroskopiniuy grybu paplitimas siloso Zaliavose ir silosuotuose
paSaruose

Pelésiniai grybai — filamentiniai mikroskopiniai grybai placiai aptin-
kami mus supancioje aplinkoje, maistinése ir paSarinése Zaliavose bei jy
galutiniuose produktuose. Lyginant su kitais mikroorganizmais, jie pasizymi
létesniu augimu ir vystymusi fermentuotuose substratuose. Tad supelij¢s
pasaras — vienas pagrindiniy rodikliy, sprendziant apie pasaro kokybe [110,
111]. Mikroskopiniai grybai skirstomi i dvi grupes: lauky ir sandéliy grybus.
Lauky mikroskopiniams grybams priskiriami Fusarium spp., Alternaria spp.,
Cladosporium spp. bei daugelis kity mikroskopiniy gryby. I§ kuriy galimai
toksikogeninéms rasims priskiriamos F. graminearum, kurios daZniausiai
aptinkamos ant seny peraugusiy augaly, augan¢iy permainingomis klimato
sglygomis, taip pat F. verticillioides, F. culumorum bei kitos rasys. Sandéliy
mikroskopiniams grybams, aptinkamiems silosuotuose paSaruose, priskiria-
mi Penicillium verrucosum, Aspergillus fumigatus, Monascus ruber, Bysso-
chlamys nivea bei daugelis kity [6, 11, 21].

Filamentiniai mikroskopiniai grybai } silosuojama zaliavg patenka i$
lauky derliaus nuémimo metu bei transportuojant, silosuojant. Mikotoksi-
kogeniniai mikroskopiniai grybai geba sintezuoti daugiau nei vieng toksing
tuo pat metu. Sie mikroskopiniai grybai aptinkami plagiai aplinkoje ir gali
bati, kaip pavyzdziui, Fusarium spp. augaly patogenas ir/ar endofitas, tuo
tarpu Alternaria spp. yra epifitinis saprofitas ar silpnas patogenas. Dazniau-
siai Sios gentys mikotoksinus produkuoja laukuose, esant tam tinkamoms
sglygoms. Pasary sandéliavimo metu dazniausiai aptinkamos Aspergillus ir
Penicillium rasys, todél ir jy toksiny gamyba siejama su Siuo laikotarpiu.
Taciau tam tikros palankios klimatinés salygos, tokios kaip auksta tempera-
tira, sausas oras, vabzdziy invazija, gali daryti jtaka Siy mikroskopiniy gry-
by risiy toksiny gamybai ir laukuose. Fusarium ir Alternaria rasys taip pat
gali buti aptinkamos ir silosuotose paSaruose esant Zemam deguonies kiekiui
[105, 20, 11]. Mikotoksiny biosinteze gali nulemti ir specifiniai genai. Buvo
nustatyta, kad kai kuriy mikroskopiniy gryby riisSiy gentys gali produkuoti ir
neprodukuoti toksiny, kaip pavyzdziui, Fusarium spp. gentys F. graminea-
rum ir F. culmorum geba produkuoti B trichotecenus, tokius kaip deoksini-
valenolj (DON), acetildeoksinivalenoli, o kitos gentys $iy toksiny neprodu-
kuoja. Sie du tipai Fusarium rusies mikroskopiniy gryby (produkuojantys ir
neprodukuojantys) gali biiti dél genominés DNR polimorfizmo [14, 134].
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Galimai toksikogeniniy mikroskopiniy gryby Aspergillus spp., Penicil-
lium spp., Fusarium spp., aptikty silosuotose pasaruose, nustatymas galimas
i§skiriant ir jvertinat grynas kultiras makroskopiskai ar mikroskopuojant.
Taciau morfologiné analizé uzima daug laiko, nes tam reikalingas atskiry
kulttiry i8skyrimas ir iSgryninimas, norint identifikuoti kiekvieng mikrosko-
piniy gryby gentj iki rusiy [134]. Tod¢l vis dazniau ir pladiau taikomi grei-
tesni ir tikslesni molekuliniai metodai mikotoksikogeniniams mikroskopi-
niams grybams aptikti. Vienas tokiy metody — polimerazés grandininé reak-
cija (PGR) — gali biiti taikoma Siems mikroorganizmams aptikti ir identifi-
kuoti. Siuo metodu, naudojant pradmenis ver-1, omt-1, apa-2, identifikuoti
aflatoksikogeniniai mikroskopiniai grybai griiduose, tiesiogiai lemia aflatok-
siny biosintez¢. Mikroskopiniams grybams, lemiantiems fumoniziny ir tri-
choteceny sinteze, identifikuoti buvo susintetinti pradmenys, t. y. geny,
tiesiogiai dalyvaujan¢iy mikotoksiny biosintezéje: FUM1 — fumoniziny, o
TRIS, TRI6, TRI7 — trichoteceny sintezéje [22, 127, 134, 143].

Veiksniai, lemiantys mikroskopiniy gryby vystymasi ir
mikotoksiny gamyba

Mikroskopiniai grybai silosuotuose pasaruose sukelia sausyjy medziagy
nuostolius, paSaro perkaitima, suprastéja paSaro mitybin¢ verté. Augant ir
vystantis Siems mikroorganizmams, kinta paSaro organoleptinés savybés, tai
yra spalva, konsistencija, kvapas, dél ko suprastéja pasaro skonio savybés,
sumaz¢ja pasary suvartojimas. Taip pat mikroskopiniy gryby antriniai meta-
bolitai, dé¢l sinergistinio ar papildomo poveikio pateke su paSaru j gyvulio
organizma, gali sukelti sveikatos sutrikimy [107, 173]. Mikroskopiniai gry-
bai ] silosuotus pasarus patenka per dirvozem;j derliaus nuémimo ar netin-
kamo laikymo metu. Fermentacijos metu, vykstant substrato partigstéjimui,
dehidracijai ir susidarius anaerobinéms salygoms, stabdomas Sios mikroflo-
ros augimas ir vystymasis. Nustatytas teigiamas rySys tarp laisvojo vandens
aktyvumo (aw) pasaruose ir mikroskopiniy gryby skaiciaus. Tinkamas van-
dens aktyvumas silose sandéliavimo metu — 0,7-0,8. Kai jis padidéja, suak-
tyvéja Eurotium spp., Penicillium spp., Aspergillus spp. ir kity mikrosko-
piniy gryby, kurie daro jtakg paSaro kaitimui ir termofiliniy mikroskopiniy
gryby aktyvumui, vystymasis [76, 103]. Alonso su bendraautoriais nustate,
kad siloso uZterStumas mikroskopiniais grybais padidéja, kuomet paSaro
aw > 0,93, taip pat didesnis Aspergillus spp. ir A. flavus kiekis nustatytas, kai
siloso pH > 4,5 [6].

Pagal Driehuis ir jo bendraautorius, mikroskopiniy gryby augimas silo-
suotose pasaruose atsiranda del deguonies poveikio. Silosuoto paSaro Zalia-
voje daZniausiai aptinkama Fusarium spp. rasiy produkuojami mikotoksi-
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nai: DON, zearalenonas (ZEA), T2/HT2 toksinai, nivalenolis (NIV), fumo-
nizinai (FB), fusario riigstis (FA), beauvericinas (BEA) ir Alternaria spp.
Toksinai — alternariolis (AOH), alternariolio monometilo eteris (AME) [51,
52]. Pagrindiniai ir daZniausiai aptinkami mikotoksinai kukurtizy silose yra
DON ir ZEA [145]. Su koservuotais paSarais ir kukuriizy silosu j gyvulio
organizmg patenka 56,0 proc ir 51,0 proc. DON ir ZEA visy mikotoksiny

patenkanciy su paSaru per visg dienos raciong [159].

1.3.1 lenteleé. Siloso zaliavoje ir pasaruose dazniausiai aptinkami mikrosko-
piniai grybai bei mikotoksinai ir jy toksinis poveikis [41]

Mikroskopiniai grybai

‘ Mikotoksinai

‘ Toksinis poveikis

Pries derliaus nuémima

Alternaria spp.

Alternariolis, alternariolis
monometil eteris, tenuazo-
niné rugstis, altenuenas

Fitotoksinis, citotoksinis,
fetotoksinis, teratogeninis,
mutageninis, genotoksinis

F. equiseti, F. sambucinum

Fusarium avenaceum Beauvericinas DNR pazeida,
kardiotoksiSkumas

F. graminearum, Deoksinivalenolis Sumazéjes apetitas,

F. culmorum viduriavimas, vémimas,
reprodukcijos sutrikimai

F. avenaceum, F. acuminatum, |Enniatinas Toksiskumas zinduoliy

F. compactum lasteléms

F. verticillioides, Fumonizinai Hepatotoksinis,

F. proliferatum nefrotoksinis

F. venenatum, F. poae, T-2 toksinas Hemoraginis,

reprodukcijos sutrikimai

A. parasiticus

F. graminearum, F. culmorum, |Zearelenonas Estrogeninis

F. equiseti

Po derliaus nuémimo

Aspergillus flavus, Aflatoksinai Karcinogeninis, hepato-

toksinis, DNR pazeidimai

Penicillium spp.

Andrastinas A, B, C

Inhibitorinis priesvézinis
faktorius

P. citrinum, P. verrucosum,
A. terreus, Monascus ruber

Citrininas

Nefrotoksinis,
embriotoksinis

A. versicolor, A. cyclopium

Ciklopiazoniné rugstis

Vazodilatatorius, neuro-
toksinis endoplazminio
tinklo inhibitorius

A. fumigatus

Fumigaklavinas A, C,
fumitremorgenas

Hemoraginis, diar¢ja,
tremoras
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1.3.1 lentelés tesinys

Mikroskopiniai grybai

Mikotoksinai

Toksinis poveikis

A. fumigatus

Gliotoksinas

Hematurija, antivirusinis,
antigrybinis, antibakte-
rinis, imunosupresinis

P. brevicompactum,
P. roqueforti, P. carneum,
Byssochlamys nivea

Mikofenolio riigstis

Imunosupresinis,
antivirusinis, antigrybinis,
antibakterinis, prieSvéZinis

Monscus ruber, A. terreus

Mevinolinas (Monakolinas)

Hipocholesteroleminis

A. ochraceus, P. verrucosum Ochratoksinas A Karcinogeninis, nefrotok-
sinis, teratogeninis,
imunosupresinis

P. expansum, B. nivea Patulinas Karcinogeninis, plauciy
edema, hemoragijos

P. roqueforti PR toksinas Kepeny ir inksty
pazeidimai, mutageninis

P. roqueforti, P. carneum, Rokuefortinas A, B, C Neurotoksinis

P. crustosum, P. expansum,

P. griseofulvum

A. versicolor, A. nidulans Sterigmatocistinas Hepatotoksinis, karcino-
geninis, teratogeninis

A. fumigatus Verrukulogenas Tremoras

Zitrint i§ tikio valdymo perspektyvy, siloso tran$¢jos atidarymas gyvu-
liy Sérimui, yra svarbus etapas, kurio metu gali suintensyvéti mikroskopiniy
gryby augimas bei mikotoksiny gamyba. Kaip minéta anksc¢iau, mikroskopi-
niai grybai ] silosuotg pasarg patenka su silosuojama Zaliava. Anaerobiniy
procesy metu aerofiliniy mikroorganizmy veikla slopinama. Taciau atidarius
siloso tran$¢ja gyvuliy Sérimui, atmosferinis deguonis suaktyvina mikroor-
ganizmus, tarp jy mikroskopinius grybus (sporas iSlikusias fermentacijos
metu) ir mieles, kurie besivystydami sukelia maistiniy medziagy nuostolius,
aerobinj gedima [118, 119, 177, 178]. Jeigu siloso trans¢jos pjiivis turi salytj
su atmosferiniu deguonimi keletg dieny, tai pakankamas laikas mikroorga-
nizmy vystymuisi bei mikotoksiny produkavimui. Kitos priezastys, daran-
Cios jtaka aerobiniam gedimui atidarius siloso tran$¢jg Sérimui, yra drégnis.
Hargreaves su bendraautoriais (2009) nustaté, kad silosuojant pasarus, kuriy
drégnis yra vidutinis/aukstas (apie 350 g SM/kg), pieno rigstis aerobinése
salygose transformuojama j svieto rigstj, kuri slopinanciai veikia mikrosko-
pinius grybus ir mieles. Kai silosuojamas paSaras su dideliu SM kiekiu
(450 g SM/kg), Sis procesas yra létesnis [75]. Aerobinis gedimas vyksta
léciau, kai silose yra didesnis kiekis sviesto riigSties. Autoriai taip pat
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pabrézia substrato (siloso) temperatiiros svarba, siloso suslégimg, tinkama
uzdengima [23, 24, 52, 75]. Skirtinga silosavimo technologija, skirtinga
ruoSimo technika, laikymo salygos, gali daryti jtakg siloso cheminiams ir
fermentaciniams procesams bei uZzterStumui nepageidaujamais mikroorga-
nizmais [38]. Gonzales Pereira su bendraautoriais palygino kukurtizy siloso,
sudéto | tran$¢jas ir ] ritinius, uzterStuma mikroskopiniais grybais ir miko-
toksinais. Autoriai nustaté didesnj uzterStumg Aspergillus spp. ir Fusarium
spp. kukuriizy siloso, sudéto j trans¢jas, o Penicillium spp. — ritiniuose.
Didesné aflatoksino Bi1 koncentracija (AFB1) nustatyta ritiniuose. Taip pat
didesnis §iy nepageidaujamy mikroorganizmy kiekis nustatytas siloso
meéginiuose, paimtuose 1§ siloso ritiniy su pazeista plévele [120].

1.4. Mikotoksiny paplitimas siloso Zaliavose ir silosuotuose pasaruose

Mikroskopiniy gryby gentys geba produkuoti tam tikrus antrinius meta-
bolitus priklausomai nuo substrato, aplinkos salygy. Laukuose prie$ derliaus
nuémimg pasaro zaliava gali baiti uzterSta Siy mikroskopiniy gryby Fusarium,
Alternaria, Aspergillus, priskiriamy ,,lauky gybams* antriniais metabolitais:
aflatoksinu B1, alternarioliu, alternariolio monometilo eteriu, beauvericinu,
deoksinivalenoliu, 15-acetil-deoksinivalenoliu, enniatinu B ir Bi, fumoni-
zinu Bi1, nivalenoliu, zearalenonu. Silosas d¢l pasikeitusiy aplinkos salygy
po fermentacijos gali buti uzterStas Penicillium spp., Aspergillus spp.,
Monascus spp., Byssochlamys spp. ir kity mikroskopiniy gryby antriniais
metabolitais, tokiais kaip andrastinas A, citreoisokumarinas, citrininas,
ciklopiazoniné riigstis, fumigaklavinas A, gliotoksinas, markfortinas A and
B, mikofenoliné riigstis, patulinas, PR-toksinas, rokuefortinas A ir C.
Daugelis Siy metabolity — tai mikotoksinai, pasiZymintys timiu toksiniu
poveikiu zmogaus ar gyvino organizmui (1.4.1 lentelé). A.fumigatus daz-
niausiai aptinkama mikroskopiniy gryby riisis silosuotose pasaruose, gebanti
produkuot] mikotoksinus, tokius kaip gliotoksinas, fumitremorgenas B ir C,
fumigaklavinas C ir B, kurie gali sukelti abortus ar slopinti imunin¢ sistema
[33, 120, 121].
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1.4.1 lentelé. Mikotoksiny poveikis atrajotojams [167]

ir T-2 toksinas

Mikotoksinas Koncentracija Toksikozés simptomai
Aflatoksinai 600 pg/kg (kastruoti buliukai, Sumazéja pasaro jsisavinimas,
(bendrai) galvijy prieauglis) priesvorio sumazejimas

200-800 pg/kg Didziojo prieskrandZio
susitraukimy suretéjimas
2500 pg/kg pasare (ériukai) po Kepeny, inksty pakitimai, Siy
21 dienos organy maseés padidéjimas
10-108,5 pg/kg pasare (galvijai) |Sumazéja paSaro jsisavinimas ir
priesvoriai
2500 pg/kg pasare Zymus priesvorio sumazéjimas,
(5 mén. amz. ériukai) sumazgjes lastelinis imunitetas
Ochratoksinai 390-540 pg/kg mieziuose Klinikiniai simptomai
(bendrai) (OT) (12 sav. amz. verSeliai) nepasireiske
2000-5000 pg/kg (avys) Klinikiniai simptomai nepasi-
reiské; OT neaptikta po 1 val.
inkubacijos
100-150 pg/kg ozkos rumen OT neaptikta po 6 val.
turinys (in vitro) inkubacijos
Zearalenonas 385-1925 pg/kg pasaruose Nestebimi pakitimai pieno
(laktacijos metu) produkecijos kiekyje ir kokybéje
12000 pg/kg pasaruose (avys) Neigiami pakitimai
reprodukcinéje sistemoje
12000 pg/kg pasaruose (galvijai) |Klinikiniai simptomai
nepasireiské
Deoksinivalenolis |15 600 pg/kg DON (avys) Priesvorio sumazéjimas

10 000-20 000 pg/kg T-2
paSaruose (versSeliai)

Papiliy nekrozé ir opos omasum

3 000-5 000 pg/kg (pieniniai
galvijai)

Sumazéjo IgA, albuminy ir
globuliny kraujo serume

Mikotoksinai ekologiniy oikiy paSaruose

Ekologinis tikininkavimas, apibréztas Europos Komisijos reglamentu
(EB) Nr. 1991/2006 (A), i§ dalies keiciantis Reglamenta (EEK) 2092/91,
smarkiai iSaugo per pastaruosius du deSimtmecius (EK, 2013). Remiantis
Lietuvos statistikos departamento duomenimis, 2015 metais tkiy skai¢ius
Lietuvoje — 2866, t. y. 9 proc. daugiau nei 2012 metais. O ekologinio
tikininkavimo plotai nuo 2012 mety iki 2015 mety padidéjo 36,40 proc. [59,

100].

23




Ekologinéje Zemdirbystéje draudziami cheminiai fungicidai, dé¢l to yra
manoma, kad Siuose Gikiuose uzaugintoje produkcijoje bus didesné ir miko-
toksiny koncentracija. Taciau jvairiy tyrimy duomenimis nustatyta, kad
mikotoksiny koncentracija ekologiniuose tikiuose uzaugintuose pasaruose ar
juy zaliavoje yra tokia pati ar net mazesné nei jprastinés gamybos tikiuose
[95]. 2009-2012 metais Lenkijoje buvo nustatytos ir palygintos mikotoksiny
koncentracijos rugiuose i$ ekologiniy ir jprastinés gamybos tkiy, Siy tyrimy
metu didziausia 254423 pg/kg nustatyta DON koncentracija ir T-2/H-2
koncentracija rugiuose i$ jprastinés gamybos iikiy, o0 ZEA 1§ ekologiniy tikiy
[31].

Ekologiniuose iikiuose esantis zemas azoto lygis gali biiti viena to prie-
zasCiy. Taip pat nustatytas didesnis nepatogeniniy Fusarium spp. genciy
kiekis ekologiniuose tkiuose, kurie yra antagonistai F. culumorum mikro-
skopiniams grybams. Fusarium spp. genties mikroskopiniy gryby sintezuo-
jamo mikotoksino DON ekologiniuose tkiuose uzaugintuose gruduose
nustatytas toks pats kiekis ar net Zzemesnis nei jprastinés gamybos tkiuose.
Birzele su bendraautoriais atlikty tyrimy metu taip pat pastebéta teigiama
koreliacija tarp azoto lygio dirvozemyje ir Fusarium spp. kiekio. Zemas
azoto lygis dirvozemyje didina konkurencijg tarp nepatogeniniy Fusarium
spp. ir patogeniniy, gebanciy sintezuoti mikotoksinus [20, 27].

1.5. Mikotoksiny poveikis galvijy organizmui

Atrajotojy raciong sudaro krakmolo ir baltymy turtingi koncentruoti
pasarai, jy Salutiniai produktai, taip pat stambieji pasarai, tokie kaip Sienas ir
Siaudai, sultingieji paSarai, kuriems priskiriami Zzalieji paSarai, silosas, Sie-
nainis [16]. Pastarieji laikomi jvairiy toksiny Saltiniu atrajotojy pasaruose.
Naujausiy tyrimy duomenimis, didZiausias mikotoksiny kiekis, patenkantis j
karviy organizma, siejamas su jy koncentracijomis sultinguose pasaruose.
Nors moksliniy tyrimy apie mikotoksiny ir jy producenty paplitimg silo-
suotose pasaruose ir jy zaliavoje yra labai nedaug, lyginat su koncentruotais
pasarais [153].

Atrajotojai dél didZiojo prieskrandzio mikrofloros maziau jautriis toksi-
ny poveikiui nei vienkamerinj skrandj turintys gyviinai. Tac¢iau §is poveikis
priklauso nuo daugelio veiksniy, tokiy kaip gyviiny raisis, lytis, amzius,
mitybos racionas, aplinkos salygos, higiena, paSare esanciy mikotoksiny
kiekio, jy koncentracijos, toksiny sinergistinio ar antagonistinio tarpusavio
rySio, taip pat labai svarbu — kiek laiko gyviinas Seriamas mikotoksinais
uzterStu paSaru [179].

Mikoestrogenas ZEA atrajotojy didziajame prieskrandyje skaidomas j
a-zearalenolj ir f-zearalenolj. Pirmasis junginys pasizymi didesniu estroge-

24



niniu poveikiu nei B-zearalenolis, taCiau jis yra absorbuojamas kepenyse ir
veriamas ] [(-zearalenolio junginj. Kiaulés, ypa¢ jaunos kiaulaités, yra
jautriausios ZEA, jis joms gali sukelti kiauSidziy atrofija, uzsitesusia ruja,
persistuojantj geltonajj kiing, sumaz¢jusj apsivaisinimg, abortus [61].

Naujausiy tyrimy duomenimis, nustacius zearalenono kiekj galvijy Sla-
pime, galima jvertinti Siy toksiny kiekj pasaruose ir poveikj galvijams. Vie-
nas pagrindiniy faktoriy, lemianciy gyviiny jautruma mikotoksiny poveikiui,
yra pafio organizmo gebéjimas eliminuoti ir neabsorbuoti §iy junginiy.
Pavyzdziui, atrajotojai dél prieskrandziy mikrofloros veiklos, kuri skaido ir
inaktyvuoja daugel] cheminiy junginiy, taip pat ir mikotoksinus, maziau
jautris mikotoksiny zalingam poveikiui nei gyviinai su vienkamerinio
skrandZzio sistema. Taciau dél savo skirtingos cheminés struktiiros mikotok-
sinai skaidomi ir eliminuojami skirtingai. Pavyzdziui, fumonizinai yra
skaidomi sunkiau nei aflatoksinai, trichotecenai, ochratoksinai. Nuolatos
nedidelémis dozémis su pasaru mikotoksinams patenkant j atrajotojy orga-
nizma, vystosi prieskrandziy acidoze, priesvorio sumazéjimas, stebima
laminity, mastity klinika. Ypatingai neigiamg antimokrobinj poveikj daro j
organizmg pateke Penicillium genties (pvz., P. roqueforti) isskiriami miko-
toksinai [17, 65, 179].

Dideli mikotoksiny kiekiai koncentruotuose pasaruose yra sunkiau nu-
kenksminami, nes padidéja jy rezorbcija gyvulio organizme. Si hipotezé
paremta stebéjimais, atliktais su melziamomis karvémis fermose. Tyrimo
metu pastebétas sumazéjes dienos primilzis ir padidéjes galvijy sergamumas
infekcinémis ligomis, apsinuodijimai silosu, kuris buvo uZzter§tas mikrosko-
piniais grybais ir didelémis mikotoksiny DON ir ZEA koncentracijomis.
Taip pat Zymiis metabolity ir hormony pasikeitimai pastebimi karviy orga-
nizme, nes karvés pereinamuoju laikotarpiu yra jautrios pasarui, uzterStu
mikotoksinais [29, 62].

Atrajotojy klinikinés mikotoksikozés siejamos su toksinais, patenkan-
Ciais su paSaru | galvijo prieskrandzius, kuriuose $ie junginiai neskaidomi ar
skyla tik dalinai. Siems toksinams priskiriami alkaloidai, laktonai, kumari-
nai, taip pat karbocikliniai esteriai [62, 167].

Gliotoksinas — epipolitiodioksipiperaziny grupei priskiriamas mikotok-
sinas. Zmonéms ir gyviinams sukeliantis mikotoksikozes ir aspergiliozes.
Tyrimuose in vitro, nustatyta, kad Sis toksinas slopina antigeno, kuris
suzadina limfocitus, aktyvacija bei T lasteliy aktyvacija, ir gama interferono
gamybga. Taip pat didelés gliotoksino koncentracijos sukelia makrofagy ir
limfocity apoptoze dél DNR pazeidimo ir aduktoriy susidarymo [116].
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Fusarium, Aspergillus ir Penicillium gen¢iy produkuojamy
mikotoksinuy poveikis organizmui

Fusarium genties mikroskopiniai grybai produkuoja mikotoksinus,
kurie suskirstyti j tris grupes: trichotecenus, fumonizinus ir zearalenong. Sie
junginiai yra santykinai mazo toksiskumo, taciau sukeliantys Iétinius organy
ir audiniy pazeidimus, svorio sumazéjimg, imuniteto slopinima ir repro-
dukcijos sutrikimus [60, 164]. Fusarium mikotoksinai yra antri pagal svarba
po aflatoksiny dél sukeliamy ekonominiy nuostoliy Zemés tkyje ir toksis-
kumo.

Trichotecenai — grupé mikotoksiny, kuriuos sintezuoja daugelis Fusarium,
Myrothecium, Stachybotrys mikroskopiniy gryby rasiy. Genai, atsakingi uz
trichoteceny sinteze, buvo klonuoti ir pladiai tyringjami [43]. Siuo metu yra
nustatyta daugiau nei 120 trichoteceny [135]. Trichotecenai, pateke | orga-
nizma, jungiasi prie 60S ribosomos subvieneto ir sutrikdo baltymy sinteze
eukariotinése lgstelése. Genai, atsakingi uz $iy mikotoksiny biosinteze, jy
cheminé struktiira yra tyrinéjami iki Siol [1, 2, 19].

DON - labiausiai paplitgs ir geriausiai iStirtas B grupés trichotecenas,
kurj dazniausiai sintezuoja F. culmorum, F. graminearum risys. DON la-
biau jautriis vienkamerinj skrandj turintys gyviinai, ypa¢ kiaulés. Pauks-
¢iams toksinis poveikis pasireiskia, kai DON koncentracija paSare — 16-20
mg/kg. Atrajotojai dél prieskrandziy mikrofloros maziausiai jautris DON
toksiniam poveikiui. Pagal Wilkinson deoksinivalenolis — vienas dazniausiai
aptinkamy mikotoksiny silosuotose pasaruose [178, 179].

Apsinuodijus DON, timus poveikis pasireiskia pilvo skausmais, galvos
svaigimu, skausmu, pykinimu, vémimu, viduriavimu, krauju i§matose dél su-
kelto uzdegimo zarnyne. DON, patekes j organizma, didina citokiny kiekj slo-
pindamas imuning sistemg ir suaktyvina apoptozés mediatoriy kaspaze-3.
Taip pat sukelia oksidacinj stresa dél DNR pazaidos [122, 125, 168]. DON,
patekes | lastele, jungiasi prie ribosomy, perduodamas signala RNR — akty-
vuotai baltymy kinazei (PKR) ir hemopoetinei lgsteliy kinazei (HcK) [122].

Zearalenong (6-(10-hidroksi-6-okso-trans-1-undecenyl) — B-rezorcikli-
nis makrolaktonas) Baldwinas su bendrautoriais iSskyré i§ mikroskopinio
grybo Gibberella zeae (F. graminearum). Sis junginys pasizymi keliomis
biologinémis savybémis, viena svarbiausia jy — estrogeny agonistas, geban-
tis jungtis prie estrogeny receptoriy, kita savybé — anabolinis aktyvumas.
2010 m. Banjerdpongch su bendraautoriais nustaté silpng citotoksinj ZEA
poveikj zmogaus leukemijos lgsteléms HL-60, kai ICso pasiekta, 138,21
umol. ir kad ZEA sukelia $iy Iasteliy apoptozg¢ dél endoplasminio streso ir
mitochondrijy pazaidy [158]. Nustatytas genotoksinis poveikis in vitro, su-
keliantis DNR adukty formavimasi galvijy limfocituose [99]. DNR frag-

26



mentacijg, mikrobranduoliy susidarymg Zmogaus liezuvio epitelio Igstelése
(DOK), bezdzionés inksty lastelése (Vero), zmogaus gaubtinés zarnos ade-
nokarcinomos (Caco-2), peliy kauly ciulpy lastelése [3]. ZEA nesukéle
mutacijy Salmonella typhimurium lastelése ir mitozinio krosingoverio
Saccharomyces cerevisiae Igstelése. Kinijos Ziurkéno kiausidziy Igstelése in
vitro nustatyti seseriniy chromatidziy mainai, chromosomy aberacijos,
poliploidija dé¢l ZEA.

Hiperestrogeninis poveikis gyviinams pasireiskia sumazéjusia pieno ga-
myba, reprodukcijos sutrikimais. ZEA 14 mg/kg sukelia nevaisingumag dél
patiny lytiniy lasteliy apoptozés, taip pat slopinamas ovocity brendimas su
stebimais pakitimais chromosomose. Padid¢jes 17 B-estradiolio kiekis, tai
pat siejamas su ZEA [32].

Mokslininky Stadnik ir Borzecki atliktuose tyrimuose pastebétas zeara-
lenono hepatotoksinis poveikis ziurkéms, kurios 10 dieny buvo Sertos pasa-
ru su skirtingomis zearalenono koncentracijomis (50, 100, 200, 500 pg kiino
svorio). Padidéjo jy kepeny fermenty aminotransferazés (ALT ir AST)
rodikliai. Jvertinus Zziurkiy kraujo tyrimus po 24 val., kepeny fermenty
rodikliai nebuvo pakite [151].

Charmeley su bendraautoriais atliktuose tyrimuose nustatyta, kad DON
koncentracijos 0, 600, 1200 pg/kg pasaro koreliuoja su riebaly kiekiu piene
[37]. Kity mokslininky atliktuose tyrimuose pastebéta, kad pasaruose esant
640 pg/kg DON koncentracijai sumazéja gyvuliy apetitas [163]. Taip pat
nustatyta, kad, Seriant karves Fusarium mikotoksinais uZterStais pasarais,
silpnéja jy imuniné sistema, pakinta medziagy apykaitos rodikliai [90].

Galvijy didziojo prieskrandzio mikroorganizmai AFB1 vercia | aflatok-
sing M1 (AFMu), kuris i$siskiria su pienu. AFM1, koncentracija piene pri-
klauso nuo AFB: koncentracijos pasaruose. Umi galvijy aflatoksikozé gali
pasireiksti anoreksija, pieno primilzio sumazéjimu, kepeny pakitimais.
Modelinése sistemose in Vivo ir in vitro nustatyta, kad AFB1 atrajotojy prie-
skrandziuose sumazina celiuliozés skaidymg ir gamybg LRR, NHs, AFB1
labiausiai pasizymi stipriu neigiamu poveikiu imuninés sistemos formavi-
muisi trikdydamas jo veikla, tac¢iau nedideli kiekiai gali veikti ir kaip imu-
nostimuliatoriai [82, 83].

Imunosupresiniu poveikiu pasizymi ir ochratoksinas A (OTA), kuris
pasireiskia imuniniy organy sumazéjimu, tokiy kaip Ciobrialiauké, bluznis,
limfiniai mazgai, taip pat antikiininio atsako sumaz¢jimu, imuniniy lgsteliy
skaiCiaus ir jy funkcijos pokyciais. OTA imunotoksin¢ veikla susidaro dél
lasteliy degeneraciniy pokyciy ir mirties, d¢l nekrozés ir apoptozés bei imu-
niniy Igsteliy baltymy sintezés slopinimo [5]. Ochratoksinas A pasizymi
genotoksiniu ir kancerogeniniu poveikiu [123]. Sis toksinas galvijams gali
sukelti poliurija, depresija bei priesvoriy sumazéjima [155].
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1.6. Priemonés, maZinancios mikotoksiny koncentracijas
ir mikroskopiniy gryby vystymasi silosuotuose pasaruose

Siloso kokybei pagerinti daugelyje pasaulio Saliy yra naudojami silosa-
vimo priedai, kurie pagerina siloso fermentacija, jo higiening kokybe, iSsau-
go pasare daugiau vertingy maisto medziagy, taip padidinant gyviiny
produktyvuma. Cheminiai priedai pagerina fermentacijos procesg ir stabdo
nepageidaujamy mikroorganizmy (mieliy ir mikroskopiniy gryby), gadinan-
¢iy pasara, vystymasi. Jie dazniausiai sudaryti i§ organiniy ragsciy ar jy
drusky miSiniy. Biologiniai priedai (inokuliantai) paspartina fermentacijos
eiga ir nukreipia j3 tinkama linkme, taip mazindami paSaro fermentacijos
(sausyjy medziagy) nuostolius ir gerindami siloso maisting verte. Inokulian-
tus sudaro gyvos pieno riigstj produkuojancios bakterijos, todél jie gali biiti
sandéliuojami ir naudojami ribotg laika [80, 142].

Organinés rugstys didinancios aerobinj stabiluma, tai acto riigstis, pro-
piono riigstis, forminé rugstis, benzoiné rugstis, citrinos riigstis ir kitos jy
druskos, neorganinés rugstys (fosforo riigstis) ir jy druskos (natrio bikarbo-
natas). Organiniy riugsciy ir jy drusky efektyvumas priklauso nuo tirpumo
vandenyje: mazesnis tirpumas vandenyje — mazesnis slopinantis poveikis
mikroskopiniy gryby augimui. Cheminiai priedai yra efektyvesni uz biologi-
nius, kuriy veiksmingumas priklauso nuo substrato, vandens aktyvumo, to-
lygaus pasiskirstymo substrate bei esancios epifitinés mikrofloros [110,
111].

Pieno rigsties bakterijos, gamindamos organines rigstis, sukeldamos
konkurencing aplinka, dél maistiniy medziagy, mazindamos substrato pH,
slopina mikroskopiniy gryby augimg bei mikotoksiny gamybg. Lactoba-
cillus spp. pasizymi antigrybiniu poveikiu, t. y. L. plantarum 21B nustatytas
stiprus antigrybinis poveikis prie§ P. roqueforti, A. niger, A. flavus, F. gra-
minearum mikroskopinius grybus, 0 L. coryniformis porasis coryniformis
Si3, i8skirtas i§ zolés siloso, slopinamai veiké A. fumigatus, P. roqueforti,
F. poae, F. graminearum, F. culmorum ir F. sporotrichioides augimag.
Lactobacillus casei pseudoplantarum, isskirta i§ siloso, slopino AFB1 ir
aflatoksino G1 mikotoksiny biosinteze in vitro [6,48]. Tac¢iau mokslininkai
Luchese ir Harrigan atliktuose tyrimuose nustaté, kad kultivuojant Lacto-
coccus lactis ir A. parasiticus viename substrate, labiau padidéjo aflatoksino
kiekis, nei kultivuojant A.parasiticus atskirai. Tad galima daryti i$vada, kad
pieno rigsties bakterijos, naudojamos kaip inokuliantas silosuojamame
substrate, slopinant mikroskopiniy gryby augimag ir mikotoksiny sinteze, ne
visuomet bus veiksmingos ir duos norimg rezultatg [174].
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Nustatyta, kad mikroskopiniy gryby micelio augimg gali slopinti kai
kurios Bacillus rasys. Viena jy yra B. subtilis, kuri slopinamai veiké P. ro-
queforti ir F. verticillioiodes konidijaspory vystymasi in vitro [33].

Mielés taip pat pasiZymi antagonistiniu poveikiu prie§ mikroskopinius
grybus. Mieliy rasys, tokios kaip Pichia anomala, Pichia guilliermondii ir
Saccharomyces cerevisiae, gali biiti naudojamos kaip biokontrolé prie$
mikroskopinius grybus didelio drégnio kukuriizy griidainyje. Mieliy antigry-
binis poveikis pasireiSkia dél jy sukeliamos konkurencinés aplinkos bei
i§skiriamy fermenty, pazeidzianciy mikroskopiniy gryby senele. Kai kurios
mieliy gentys gali produkuoti ,,baltymus zudikus®, kurie slopinamai veikia
mieliy padermes, sukeliancias siloso gedimg, taip apsaugant silosg nuo
aerobinio gedimo bei tolimesnio mikroskopiniy gryby augimo silose [53].

Vaistiniy-prieskoniniy augaly panaudojimas, gerinant silosuoty
pasaruy higienin¢ kokybe

Vaistiniai-prieskoniniai augalai, jy ekstraktai ir eteriniai aliejai nuo seno
naudojami liaudies medicinoje. Taciau jy panaudojimo galimybeés yra pilnai
neistirtos. Sintetiniai fungicidai yra grieztai draudziami sertifikuotose ekolo-
giniuose Ukiuose, todé¢l reikalinga alternatyviy veiksmingy priemoniy
paieska, leidzianti kontroliuoti ar sumazinti galimg mikrobiologing tar$g ir
daromg Zalg. Moksliniais tyrimais nustatyta, kad augaly ekstraktai ir eteri-
niai aliejai dél savo sudétyje turimy biologiskai aktyviy junginiy pasizymi
antimikrobiniu poveikiu [13, 46]. Ciobreliy ir raudonéliy eteriniai aliejai
veikia ne tik antimikrobiskai, bet ir slopina mikroskopiniy gryby augimag
[28, 138, 157]. Literatuiros Saltiniuose teigiama, kad Siuose eteriniuose alie-
juose randami junginiai timolis ir karvakrolis efektyviausiai veikia pries§
mikroskopinius grybus [92]. Svogiino, citrinos, ciberzolés, métos, raudoné-
lio, Ciobrelio, imbiero, jiros dumbliy ekstraktai ir eteriniai aliejai slopina
mikroskopiniy gryby vystymasi ir mikotoksiny sintezg. Tac¢iau tam reikalin-
gos ir tinkamos fizinés salygos, tokios kaip zemas pH, Zema temperatiira,
mazas deguonies kiekis [174].

Fenoliniy junginiy antibakterinis poveikis pasireisSkia tuo, kad yra pa-
zeidZiama lastelés membrana, pakeiciant jy struktirg ir funkcijas. Pazeidus
mikroorganizmy Iasteliy sienelg, jie tampa jautresni riig§tinei aplinkai [97].
Esant Zemam (riigS§tiniam) pH, fenolio junginiai disocijuojasi (skaidosi),
tampa hidrofobiski, dél ko lengviau geba prasiskverbti j hidrofobines mem-
branos dalis [72]. Dimitrievi¢ ir kt. nustaté, kad augalai Thymus vulgaris ir
Rosmarinus officinalis pasizyméjo geresniu antibakteriniu poveikiu, kai
buvo naudoti kartu su pieno riugstimi. Pieno riigsties bakterijos daznai nau-
dojamos kaip inokuliantai, gerinantys siloso fermentacines savybes. [vairiis
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vaistiniy ir prieskoniniy augaly ekstraktai gali daryti jtakg pienartigs¢iy ba-
kerijy augimui ir vystymuisi fermentaciniy procesy metu [45]. Elgayyar su
bendrautoriais atlikty tyrimy metu nustatyta, kad raudonélio ir kardamono
eteriniai aliejai slopino Lactobacillus plantarum, ta¢iau Sventgar$vés ir bazi-
liko eteriniai aliejai tokiu poveikiu nepasizyméjo. Kmyny eterinis aliejus
skatino L. plantarum augimg ir rigs¢iy gamyba [58, 149].

1.7. Mikotoksinus detoksikuojancios priemonés ir medziagos

Kai silosavimo metu deél kuriy nors prieZas¢iy nepavyksta nuslopinti ir
sumazinti mikroskopiniy gryby veiklos bei mikotoksiny susidarymo, norint
apsaugoti gyvulius nuo Siy sveikatai pavojingy toksiniy junginiy, i1 pasarg
galima jterpti mikotoksinus detoksikuojanciy medziagy [174].

Pagal Komisijos Reglamenta (EB) Nr 386/2009 nustatyta nauja pasary
priedy funkciné grupé: ,,medziagos mazinancios pasary kontaminacijg
mikotoksinais, medziagos galincios stabdyti ar sumazinti absorbcija, skatinti
mikotoksiny i$siskyrimg ar pakeisti jy veikimo principa‘. Priklausomai nuo
Siy medziagy veikimo principo, pasary priedai gali sumazinti mikotoksiny
jsisavinimg (bioavailability) ar transformuoti juos j} maziau pavojingus
junginius. Pagal tai mikotoksinus detoksikuojantys paSary priedai gali biiti
suskirstyti ] dvi pagrindines grupes: adsorbuojancias medziagas ir biotrans-
formuojancias medZziagas. Adsorbuojancios medziagos dar gali buti vadi-
namos adsorbentais, suri$¢jais. Sios medziagos sumazina toksiny patekima j
kraujg ir taikininius organus. Tai mazos molekulinés masés junginiai, ge-
bantys suristi mikotoksinus virSkinamajame trakte neskaidant jy, kurie i
organizmo i$siskiria su iSmatomis. Adsorbuojanc¢iomis medziagomis gali
biti neorganiniai junginiai su siliciu arba anglies organiniai polimerai [25].

Biotransformuojancios medziagos, tokios kaip bakterijos/mikroskopi-
niai grybai ar fermentai, skaido mikotoksinus j ne toksinius metabolitus
(1.7.1 lentelé).
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1.7.1 lentelé. Biologiniai veiksniai mikotoksikogeniniy gryby ir mikotoksiny

kontrolei [166]

Naudojama prieS§ mikotoksi-

Naudojama pries

Biologinis veiksnys

kogeninj mikromiceta mikotoksina

A. flavus, A. parasiticus Aflatoksinas Atoksikogeniné Aspergillus
padermé

Aspergillus spp. Aflatoksinas Pienarfig§tés bakterijos

Aspergillus spp. Aflatoksinas Mikromicety padermés
detoksikuojancios aflatoksinus

A. carbonarius, A. niger Ochratoksinas A | Filosferos mikroorganizmai
(pvz., Aureobasidium pullulans)

F. verticilloides Fumonizinas Bacillus subtilis,
B. amyloliquefaciens,
Kluyveromyces spp.

F. graminearum, F. culmorum |DON F. equiseti, mielés, Bacillus spp.,
Pseudomonas spp.

Penicillium expansum Patulinas A. pullulans, P. syringae, Candida

sake, Pantoea agglomerans

Medziagos, kurios tiesiogiai nesgveikauja su mikotoksinais, pvz., anti-
oksidantai, imunostimuliatoriai, nepriskiriami sensu stricto mikotoksinus
detoksikuojan¢ioms medziagoms.
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2. DARBO METODIKA

2.1. Tyrimy laikas ir vieta

Mokslinis tiriamasis darbas atliktas 2011-2016 metais.

2011-2013 metais 1§ skirtingy Lietuvos iikiy, esanciy skirtinguose re-
gionuose, taikanciy skirtingas tkininkavimo sistemas, surinkta zaliava
(smulkintas kukurtizas (n = 20), daugiameciy migliniy ir pupiniy Zoliy
misinys (n = 40)) ir i$ jos pagaminti silosuoti pasarai (kukuriizo silosas tran-
s¢jose (n = 40); daugiameciy migliniy ir ankStiniy Zoliy miSinys silosuotas }
ritinius (n = 40)).

Mikrobiologiniai ir mikotoksikologiniai (DON, ZEA, T-2, OTA, AFB1)
tyrimai atlikti LSMU VA Gyviny gerovés tyrimy laboratorijoje. Mikotok-
siny DON, ZEA, AFB1 citotoksiSkumas ir genotoksiSkumas jvertintas
LSMU VA Biologiniy sistemy ir genetiniy tyrimy institute.

2012 metais, vasario-kovo ménesiais melziamy karviy iikyje atliktas
mikotoksinais uzterSty paSary poveikio karviy sveikatingumui bei produk-
tyvumui jvertinimas.

2013 metais Lenkijoje OlStyno Varmijos-Maziirijos universitete, Gyvi-
ny bioinZinerijos fakultete, nustatytos lakiosios riebaly riigStys, biogeniniai
aminai, amoniakinis azotas silosuotuose paSaruose.

2011-2015 metais LSMU VA Gyviiny gerovés tyrimy laboratorijoje
nustatytos mikotoksiny AFB1, ZEA, DON koncentracijos i§ jvairiy Lietuvos
ikiy atvezty silosuoty paSary méginiuose. PaSarai atveZzti savikontrolés
tikslais ar esant neaiSkios kilmés melziamy karviy sveikatingumo proble-
moms, jtariant silosuoty paSary uzterStuma mikotoksinais.

2013-2015 metais nustatyta augaliniy ekstrakty jtaka silosuoty pasary
higieninei kokybei. Méginiy cheminiy rodikliy analizé atlikta Lietuvos
agrariniy ir misky moksly centro filiale, Zemdirbystés institute. Timolio ir
karvakrolio koncentracijos nustatytos Valstybiniame moksliniy tyrimy insti-
tute Fiziniy ir technologijos moksly centre.
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I ETAPAS

Zaliavy ir i$ ju, taikant skirtingas tikininkavimo sistemas bei skirtingais laikotarpiais
po sudé¢jimo, pagaminto siloso jvertinimas

[ I
|| Bendras mikroorganizny Mikroskopiniy gryby Mikotoksiny
skaicius paplitimas koncentracija
| I
Bendras mezofiliniy Mikroskopiniy Biogeniniy
—1 pieno ragsties bakterijy gryby isskyrimas ir aminy
skaiCius identifikavimas koncentracija
I
Clostridium perfringens Koreliacijos tarp siloso
aptikimas higieniniy rodikliy,
mikotoksiny ir
Listeria monocytogenes cheminiy fermentaciniy
aptikimas rodikliy
I I
Silosuoty pasary cheminiy fermentaciniy rodikliy nustatymas

IT ETAPAS

Mikotoksiny (AFB,, DON, ZEA), jy miSiniy, silosuoty pasary,
uztersty mikotoksinais, poveikio organizmui tyrimai

I
— In vitro tyrimai In vive tyrimai
[ I

Citotoksiskumo Melziamy karviy Melziamy karviy

nustatymas sveikatingumo tyrimai produktyvumo tyrimai
Genotoksiskumo

nustatymas

III ETAPAS

Prevenciniy priemoniy panaudojimas

| |

Detoksikuojancios priemonés Alternatyviy profilaktiniy priemoniy, gerinanciy
efektyvumo nustatymas silosuoty pasary higiening kokybe, paieska

2.1 pav. Darbo schema
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2.2. Zaliavos ir i§ jos pagaminto siloso méginiy paémimas

2011-2012 metais i§ 20 skirtingy jprastinés gamybos tkiy smulkinta
kukuriizy zaliava prie§ sud¢jimg paimta prie§ fermentacijg (spalio pabaiga ir
lapkri¢io pradzia) ir i$ jy tran$éjose pagamintas silosas po sud¢jimo paimtas
du kartus, t. y. vasario ir kovo ménesiais (3 mén. po sud¢jimo) ir birzelio
ménesj (8 ménesiai po sudéjimo) (PUBLIKACIJA II).

2012-2013 metais daugiameciy migliniy (Poaceae) ir pupiniy (Fabaceae)
zoliy miSinys, pirmo pjovimo (geguzés pabaiga ir birzelio pradzia), kurio
didesne dalj sudaré miglinés Zolés, prie§ susukant j ritinius pavytintas iki 24
val. (priklausomai nuo aplinkos salygy). Ir i ty paciy iikiy silosuoty pasary |
ritinius (vasario ir kovo ménesis) méginiai paimti i§ 20 sertifikuoty ekolo-
giniy ir 20 jprastinés gamybos ikiy. Fermentuoti méginiai buvo imami,
atidarius ritinius prie§ §érimg. (PUBLIKACIJA III).

Silosuoti pasarai buvo pagaminti be fermentacija gerinanc¢iy inokulianty
ar kity priedy. Prie§ paimant méginius, Zaliava ir silosas jvertinti jusliskai:
jvertinta spalva, kvapas, patikrinta, ar néra supelij¢s. Tolimesniam tyrimui
paimti tik tie méginiai, kurie jvertinus jusliSkai buvo geros kokybés,
nesupelij¢. Vieng jungtinj méginj sudar¢ 2-3 kg zaliavos ar siloso, jj sudare
8-10 atskiry éminiy 1§ skirtingy pasaro tiriamos dalies laikymo viety. IS Siy
meéginiy sudarytas 1-2 kg méginys laboratoriniams tyrimams. Méginiai
sudéti ] hermetiSkus maiSelius ir paSalintas oras. PristaCius j laboratorija,
nustatytas SM kiekis ir méginiai laikyti —20 °C temperatiroje iki tolimesniy
tyrimy

2011-2015 mety laikotarpyje i Gyviiny gerovés tyrimo laboratorijg pri-
statyti silosuoti paSarai i$ jvairiy Lietuvos tkiy mikotoksiny tyrimams
savikontrolés tikslais ar esant neaiskios kilmés, neinfekciniy ligy protrii-
kiams. Siuo laikotarpiu itirti 106 méginiai, i$ jy: 32 kukuriizy siloso mégi-
niai, 40 meéginiy — daugiameciy Zoliy siloso, 15 méginiy daugiameciy zoliy
siloso, susukto j ritinius, 19 méginiy — kukurtizy grudainio. Pagal silosuoty
pasary laikymo trukme (nuo pagaminimo iki pateikimo tyrimams) méginius
suskirstéme ] tris grupes: 1-2 mén., 3—7 mén. ir daugiau nei 8 mén. po
siloso sud¢jimo ar susukimo | ritinius. Kukuriizy ar daugiameciy Zoliy silosa
tikininkai pradeda tirti ir naudoti pra¢jus daugiau kaip ménesiui nuo sudé-
jimo. Taip pat kukuriizy ir daugiameciy zZoliy siloso meéginiai yra atveZzami
mikotoksiny tyrimui ir po 8 ménesiy laikymo, tai yra prasidéjus ganykli-
niam laikotarpiui.

Nustatyty mikotoksiny koncentracijy skirtumai skirtingais periodais po
sud¢jimo ir atskirais metais susieti su meteorologinémis saglygomis silosavi-
mo metu. Meteorologinéms salygoms apibiidinti remtasi Lietuvos hidrome-
teorologiniy sto¢iy duomenimis (2.2.1 lentelé).
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2.2.1 lentelé. 2011-2015 mety vidutiné oro temperatiira ir krituliy kiekis

Temperatiira, °C Krituliy kiekis, mm
2011 | 2012 | 2013 | 2014 | 2015 | 2011 | 2012 | 2013 | 2014 | 2015
Balandis 91 8,0 5,6 8,9 6,6 | 264 | 71,7 | 52 | 21,1 | 55,0
Geguzé 125 | 131 | 16,2 | 134 | 10,7 | 45,6 | 494 | 63,1 | 754 | 67,8
Birzelis 18,0 | 155 | 18,5 | 14,8 | 145 | 52,9 | 832 | 472 | 574 | 425
Liepa 199 | 196 | 18,7 | 20,5 | 16,8 | 1458 | 110,0 | 96,5 | 70,6 | 97,5
Rugpjutis | 17,7 | 17,5 | 183 | 18,2 | 19,2 | 152,8 | 69,3 | 66,0 | 110,2 | 15,3
Rugséjis 143 | 139 | 12,7 | 139 | 14,2 | 753 | 66,4 | 106,2 | 20,0 | 55,0
Spalis 15,7 | 7,7 91 7,8 6,7 | 204 | 74,4 | 43,4 | 90,5 | 15,3
Lapkritis 3,6 4,9 5,0 2,8 49 | 143 | 71,1 | 61,8 | 30,2 | 84,5

2.3. Zaliavy ir i§ ju gaminty silosuoty pasary
higieniniy rodikliy nustatymas

Bendro mikroorganizmy skaiciaus nustatymas. Bendras mikroorga-
nizmy skaicius (toliau BMS) (daugiameciy migliniy ir pupiniy zoliy zaliava
(n = 40), silosas (n = 40)) nustatytas vadovaujantis Bendro mikroorganizmy
skai¢iavimo metodu. 1 dalis. Kolonijy skai¢iavimas 30 °C temperatiiroje,
taikant lekSteliy uzpylimo btda (ISO 4833-1:2013).

Bendro mezofiliniy pieno riigsties (pienaruigsc¢iy) bakterijy koloniju
vienety skaifiaus nustatymas. Nustatyta (kukuriizy zaliava (n = 20),
silosas (n = 40) ir daugiameciy migliniy ir pupiniy zoliy (n = 40), silosas
(n = 40)) pagal ISO 15214:2009 Maisto ir paSary mikrobiologija. Taikytas
bendras mezofiliniy pieno riig§ties bakterijy skai¢iavimo metodas. Kolonijy
skaiCiavimo 35 °C temperatiiroje. Naudota MRS agaro terp¢ (MRS/agar
with Tween 80, Biolife, Italija). 10 g siloso ar jo zaliavos méginio sumaisyta
su 90 ml fiziologinio tirpalo (0,9 proc.). IS gautos suspensijos paruosta nuo
1072 iki 10°® skiediniai, kurie paséti j Petri léksteles su MRS agaru. Lékstelés
su méginiais 72 val. laikytos 35 °C temperatiiroje anaerobinémis sglygomis.
Skaic¢iuotos katalazei neigiamos bakterijy kultiiros.

Clostridium perfringens nustatymas. Nustatyta (kukuriizy zaliava (n =
20), silosas (n = 20) ir daugiameciy migliniy ir pupiniy Zoliy silosas (n =
20)), remiantis LST EN ISO 7937:2004 Maisto ir paSary mikrobiologija.
Bendrasis laziniy klostridijy (Clostridium perfringens) skai¢iavimo metodas.
Kolonijy skai¢iavimo metodas. Neidentifikavus Clostridium genties iki
rusies priskirta — Clostridium spp.

Listeria monocytogenes nustatymas. Nustatyta kukuriizy zaliava (n = 20),
silosas (n = 20) ir daugiameciy migliniy ir pupiniy zoliy silosas (n = 20)),
remiantis LST EN ISO 11290-2:2003/A1:2005 Maisto ir pasary mikrobiolo-
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gija. Monocitogeniniy listerijy (Listeria monocytogenes) aptikimas ir skai-
¢iavimas. Neidentifikavus Listeria genties iki rusies priskirta — Listeria spp.

Mikroskopiniy grybuy ir mieliy i$skyrimas bei identifikavimas.
Mikroskopiniy gryby isskyrimui (kukurtizy zaliava (n = 20), silosas (n = 40)
ir daugiameciy migliniy ir pupiniy zoliy (n = 40), silosas (n = 40)) buvo
naudojamos agarizuotos Czapek-Dox Modified Agar (OXOID, UK) (CA),
Sabouraud Dextrose Agar (OXOID, UK) (SA) su chloramfenikoliu (50 mg/1).
Zaliavoje ir silosuotame pasare mikroskopiniy gryby, sudaranéiy kolonijas,
skaicius (ksv/g) nustatytas vadovaujantis Maisto ir paSary mikrobiologija.
Bendrasis mieliy ir pelésiniy gryby skaic¢iavimo metodas. 1 dalis. Kolonijy
skaic¢iavimo budas produktuose, kuriy vandens aktyvumas didesnis kaip
0,95 (tapatus ISO 21527-1:2008).

Silosuoty pasary ir jy Zaliavos (kukurtzy zaliava (n = 20), silosas (n =
40) ir daugiameciy migliniy ir pupiniy zoliy (n = 40), silosas (n = 40))
tiesioginis uzkréstumas mikroskopiniais grybais, kurie aptinkami ant
iSorinio méginio daleliy pavirSiaus, jvertintas naudojant tiesiogini sé€jimo
metoda, t. y. 1§ kiekvieno méginio steriliu pincetu paimti pasaro méginio
gabaléliai ir tolygiai iSdéstyti 3 Petri leksStelese (1 1ekSteléje — 10 gabaléliy)
ant SA ir CA terpiy su chloramfenikoliu. Lékstelés su méginiais laikytos
2642 °C temperatiiroje. Augancios mikroskopiniy gryby kolonijos vertintos
5-tg, 7-tg, 10-tg vystymosi parg. Mikroskopiniy gryby riisys identifikuotos
pagal kultiirinius ir morfologinius poZzymius Sviesinés mikroskopijos meto-
du, vadovaujantis apibtidintojais [110, 140].

Mieliy (kukuriizy zaliava (n = 20), silosas (n = 40) ir daugiameciy mig-
liniy ir pupiniy zoliy (n = 40), silosas (n = 40)) kiekybiniam uZzterStumui
nustatyti naudota SA su chloramfenikoliu (50 mg/1).

Mikroskopiniy grybu, atsakingy uZz mikotoksiny gamyba, identifi-
kavimas PGR metodu. Pirminis mikroskopiniy gryby identifikavimas iki
genéiy atliktas mikroskopuojant iSaugusias gentis ant agarizuotos CA terpés
pagal morfologines charakteristikas. Tyrimy metu atrinkta 30 morfologiskai
skirtingy mikromicety genciy, Fusarium spp. — 16, Penicillium spp. — 7,
Aspergillus spp. 7.

Mikroskopiniy gryby kulttiros DNR is$skyrimui augintos 7 paras 26+2 °C
tamsoje ant CA terpés. Po 7 pary micelis (100-150 mg) su steriliu skalpeliu
surinktas ir perkeltas ] mégintuvélius (kiekviena kultira atskirai) su stikli-
niais rutuliukais. DNR i§skyrimui naudotas komercinis rinkinys ,,Genomic
DNA from Plant” (Macherey-Nagel), vadovautasi gamintojo protokolu.

Remiantis literatiros duomenimis, jsigytos oligonukleotidy sekos (prad-
menys), reikalingos Siy mikromicety identifikacijai iki riiSiy. Mikroskopiniy
gryby identifikacijai naudoti specifiniai oligonukleotidiniai pradmenys
(2.3.1 lentele).
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Amplifikacijai naudotas tremocikleris (GeneAmp* PCR system 9700).
Bendras PGR reakcijos miSinio kiekis vienai reakcijai — 25 pl. Kiekvienas
PGR miSinys ruostas i§ 12,5 pl Dream Taq Green DNA PCR Master Mix,
2x1 pl specifiniy pradmeny, 10,5 pl PGR vandens. Amplifikacijos rezimai
naudoti pagal pradmeny specifikacija nurodyta literatiiroje. Elektroforezé
atlikta 3,0 proc. agarozés gelyje.

2.3.1 lentelé. Pradmeny sekos naudotos mikroskopiniy gryby identifikavi-

mui /36, 42, 49, 134]
Pradmeny Pradmuo Seka (5°-3") DNR

specifis- dydis
kumas (bp)

Fusarium  |FP82F CAAGCAAACAGGCTCTTCACC 220

poae FP82R TGTTCCACCTCAGTGACAGGTT

Fusarium  |AF330109CF AAAAGCCCAAATTGCTGATG 332

sporotri- AF330109CR TGGCATGTTCATTGTCACCT

chioides

Fusarium  |Fgl6F CTCCGGATATGTTGCGTCAA 450

gramine- Fgl6R GGTAGGTATCCGACATGGCAA

arum

Tiesiogiai  |TRI6-forward TGATTTACATGGAGGCCGAATCTCA 131

atsakingas uz| TRI6-reverse TTCGAATGTTGGTGATTCATAGTCGTT

trichoteceny

biosintezg

Tiesiogiai  |Tri7DON-forward |TGCGTGGAATATCTTCTTCCTA 381-

atsakingas uz|Tri7DON-reverse |GTGCTAATATTGTGCTAATATTGTGC 445

DON

biosinteze

Tiesiogiai  |Tril3DON- CATCATGAGACTTGTGTCAGAGTTTGGG | 282

atsakingas uz|forwardTril13DON- |GCTAGATCGATTGTTGCATTGAG

DON Reverse

biosintezg

Tiesiogiai  |TRIS-forward GCT GCT CATCACTTT GCT CAG 658

atsakingas uz| TRI5-reverse CTG ATC TGG TCA CGC TCA TC

trichoteceny

biosintezg

Tiesiogiai |APA-forward TATCTCCCCCCGGGCATCTCCCGG 1034

atsakingas uz|APA-reverse CCGTCAGACAGCCACTGGACACGG

aflatoksiny

biosintezg

Tiesiogiai |OMT-forward GGCCCGGTTCCTTGGCTCCTAAGC 1254

atsakingas uz|OMT-reverse CGCCCCAGTGAGACCCTTCCTCG

aflatoksiny

biosintezg
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M I 2 3 4 5 6 7 8 M 9 1011 12 13 1415 — M bp

685

2.3.1 pav. Polimerazés grandininés reakcijos po elektroforezés nuotrauka,
naudojant TRI5 pradmenis (is autoriaus archyvo)

M — DNR dydzio standartas; 1-15 — Fusarium spp. gentys; (=) — neigiama kontrolé.
2.4. Mikotoksiny nustatymo metodai

Mikotoksiny koncentracijos nustatymas plonasluoksne
chromatografija (PSCh)

Plonasluoksnés chromatografijos (PSCh) metodu nustatyta mikotok-
siny: aflatoksino Bi1, zearalenono, deoksinivalenolio ir T-2 toksino, koncent-
racija pagal aprobuotas Romer Labs. Inc. (Austrija) metodikas. Siloso (n =
106) méginiai buvo dziovinti 70 °C temperatiiroje 24 val., 250 g méginio
buvo sumalta (Romer Series II Mill Romer Labs. Inc., Austrija), kad praeity
pro > 1 mm sietus. Tyrimui atsverta 25 g méginio ir ekstraguota 100 ml
84/16 acetonitrilo/vandens mi$iniu, maiSant 3 min. aparatu Osterizer blender
(Romer Labs. Inc., Austrija). Méginio ekstraktas perfiltruotas per Whatman
Nr. 1 fitrg (Whatman, Inc., Clifton, New Jersey, JAV).

Nustatant ZEA ir AFB1 mikotoksiny koncentracijas, ekstrakto valymui
panaudotos MycoSep® 226 valymo kolon¢lés (Romer Labs. Inc., Austrija).
2 ml iSvalyto ekstrakto perkelta j mégintuvélj ir iSgarinta, panaudojant
Romer Evap™ sistemg (Romer Labs. Inc., Austrija). Ekstrakto nuosédos
istirpintos 300 pl 97/3 toluolo/acetonitrilo misinyje. Esant 60 °C temperatu-
ai, aparatu AutoSpotter, Model 10 (Romer Labs. Inc., Austrija) ant silicio
gelio chromatografinés plokstelés Silica gel 60 Fzsa (Romer Labs. Inc.,
Austrija) su specialiais mikros§virkstais uznesama AFB1 (2 pg/ml acetonitri-
lo) (Romer Labs. Inc., Austrija) ar ZEA (100 pg/ml acetonitrilo) (Romer
Labs. Inc., Austrija) 10, 20, 40, 80 pl standarty ir 80 pl méginio. Rezultaty
iSryskinimui plokstelé jmerkiama j 9/1 chloroformo/acetono miSinio vonele.
Laikoma, kol tirpalas pakyla iki 1 cm ploksteles virSaus. Plokstele i§dZiovi-
nama ore. Toksiny koncentracijos jvertinamos ultravioletiniy spinduliy
(UV) fone. AFB1 Svyti melynai, kai Rf = 0,45, ZEA Svyti zaliai, kai Rf =
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0,9. Mikotoksino koncentracija paskai¢iuojama pg/kg: ant PSCh plokstelés
kiekvienas toksinas tiriamajame méginyje matomas ng, méginio ekvivalen-
tas 0,15 g. ppb = X=+0,15, kur ppb — toksino koncentracija méginyje (ng/kg);
X — mikotoksino koncentracija ant plokstelés ng; 0,15 — méginio ekviva-
lentas (0,15 g). Aptikimo riba — ZEA — 10 ppb; AFB1 — 1 ppb.

Nustatant DON ir T-2 toksino koncentracijas méginiuose PSCh metodu,
meéginiy paruo$imas toks pat, kaip nustatant ZEA ir AFB1. Méginio ekstrak-
to valymui panaudotos MultiSep® 216 ir MycoSep® 227 valymo kolon¢lés
(Romer Labs. Inc., Austrija). 13 ml iSvalyto ekstrakto iSgarinta Romer
Evap™ sistema. Ekstrakto nuosédos istirpintos 320 pl 97/3 tolueno/ace-
tonitrilo miSinyje. | specialius mikroSvirkstus pritraukus 10, 20, 40, 80 ul
DON ar T-2 toksino standarty (100 pg/ml acetonitrilo) (Romer Labs. Inc.,
Austrija) ir 80 pl tiriamo méginio, PSCh aparatu AutoSpotter, Model 10
uzneSamas standartas ir tiriamasis méginys ant Silica gel 60 F2s4 chromato-
grafinés plokstelés 60 °C temperatiiroje. Rezultaty iSrySkinimui DON kon-
centracijos nustatymui Silica gel 60 Fass plokstelé jmerkiama j 1/2 toluo-
lo/acetono misinio vonele, T-2 toksino nustatyti Silica gel 60 F2s4 plokstelé
— 25/15/1 metanolio/vandens/acto rtgsties miSinj. DON plokstelé apipurs-
kiama 15 proc. aliuminio chloridu metanolyje, T-2 toksino — 10 proc. sieros
rugSties metanolyje. Plokstelé iSdziovinama ore. Toksino koncentracija
nustatoma, pakaitinus Silica gel 60 F2s4 plokstele su méginiais ir standartais
150 °C temperatiiroje 5 min., ultravioletiniy spinduliy (UV) fone (360 nm).
DON ir T-2 Svyti mélynai, kai DON Rf = 0,5, T-2 toksinui Rf = 0,2.
Toksino koncentracija tiriamajame méginyje matomas ng, méginio ekvivalen-
tas 0,2 g. ppb = X+0,2, kur ppb — toksino koncentracija méginyje (ug/kg); X —
mikotoksino koncentracija ant plokstelés ng; 0,2 — méginio ekvivalentas
(0,2 g). Aptikimo riba — DON — 10 ppb, T-2 toksino — 10 ppb.

Gliotoksinas nustatytas PSCh metodu, remiantis pakoreguota Boudra ir
Morgavi [26] metodika. Tai kokybinis gliotoksino nustatymo tyrimas, nes
Sio toksino rySkumas priklauso nuo fluorescencijos, kas mazina $io metodo
jautrumg. Prie§ tyrimus, méginiai buvo dziovinti 48 °C temperatiiroje 72
val. ir sumalti. 10 g méginio ekstraguota 50 ml 1/4 distiliuoto vandens ir
dichlormetano misiniu kratant 2 val. kambario temperattiroje. Perfiltruota
per Whatman Nr. 1 filtra. 5 ml ekstrakto praleista per anglies pagrindo kolo-
néle. 3 ml ekstrakto iSgarinta (60 °C), panaudojant Romer® Evap sistema.

Nuosédos istirpintos 200 pl metanolyje, 1 specialius mikroSvirkstus pri-
traukus 10; 20; 40; 80 pl gliotoksino standarto (100 pg/ml metanolis) ir
80 pl tiriamo méginio. Gliotoksino standarto milteliai (Gliotoxin BioChemica,
AppliChem, Vokietija) praskiesti metanolyje (1 mg/ml). PSCh aparatu
AutoSpotter, Model 10 uZneSamas standartas ir tiriamasis méginys ant
20%20 cm, 0,25 mm storio chromatografinés plokstelés Silica Gel Merck 60
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GF (Vokietija). Rezultatams iSrySkinti plokstelé jmerkiama j 98/2 chlo-
roformo/metanolio tirpalg. Plokstel¢ apipurkSta 25 proc. sieros rigsties
tirpalu. Plokstelé iSdziovinama ore. Toksino koncentracija jvertinama ploks-
tele pakaitinus 110 °C 10 min. Vertinta UV fone 366 nm, gliotoksinas $vyti
silpnai geltona spalva. Méginys vertintas teigiamai, kai apSvietus UV spind-
uliais pastebetos gelsvos démés lyginant su gliotoksino standarto Rf.

Mikotoksiny koncentracijos nustatymas imunofermentine
analize (IFA)

Siloso ir jo Zaliavos méginiai (kukuriizy zaliava (n = 20), silosas (n =
40) , daugiameciy migliniy bei pupiniy zoliy zaliava (n = 40), silosas (n =
40)) i8dziovinti ir sumalti. Mikotoksiny, t. y. aflatoksiny (AF (bendrai)),
deoksinivalenolio (DON), zearalenono (ZEA), T-2/HT-2, ochratoksino A
(OTA), koncentracijos nustatytos imunofermentinés analizés metodu (IFA)
(AOAC, 2000). Naudojant komercinius VERATOX® DON 5/5, VERATOX®
T-2/HT-2 Toxin, VERATOX® Zearalenone, VERATOX® Aflatoxin,
(Neogen, Skotija) rinkinius, patvirtintus AOAC (Sertifikato Nr. 950702).
OTA nustatytas naudojant RIDASCREEN komercinj rinkinj (‘R-Biopharm
AG’, Vokietija). Mikotoksiny ekstrakcija ir nustatymas atliktas pagal pa-
teiktas komerciniy rinkiniy instrukcijas. DON ekstrakcijai naudotas disti-
livotas vanduo; AF (bendras), ZEA, OTA ekstrakcijai — metanolis/vanduo
(70:30 v/v); Absorbcija nustatyta mikro ploksteliy spektrofotometru (Stat
Fax 303 Plus, Neogen, JAV) — 650 nm, OTA — 450 nm. ISmatuotos absorb-
cijos perskai¢iuotos ] mikotoksiny koncentracijas — pg/kg. Aptikimo ribos:
DON - 100 pg/kg; ZEA — 10 pg/kg; T-2/H-2 — 10 pg/kg; AF (bendras) —
2 ng/kg.

Biogeniniai aminai kukuriizy silose (n = 24) ir daugiameciy migliniy
bei pupiniy zoliy silose (n = 20) nustatyti auksto slégio skys¢iy chromato-
grafija (HPLC) aparatu ,,Shimadzu* su UV-VIS detektoriumi (bangy ilgis
546 nm) pagal [81].

2.5. Siloso ir jo Zaliavos cheminés fermentacinés sudéties
tyrimo metodika

Kukuriizy siloso (n = 40) fermentaciniai rodikliai: pH, amoniakinis
azotas, fermentiniy riig8ciy suma, pieno r., acto r., sviesto r., iSanalizuoti
artimosios srities infraraudonyjy spinduliy spektrometru (NIRS-6500) pagal
ADAS (Anglija) metodika.

Kukuriizy Zaliavos (n = 20) ir siloso (n = 40) kokybés analizé: zali
baltymai, pelenai, nesuvirskinta organiné medziaga, neutralaus detergento
tirpale netirpi lasteliena, zalia lasteliena, krakmolas, Zali riebalai, nustatyti
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18dziovintuose siloso méginiuose artimosios srities infraraudonyjy spinduliy
spektrometru (NIRS-6523,800), apykaitos energija, neto energija laktacijai
bei fermentacijos rodiklis, apskaiciuoti pagal VDLUFA (Vokietija) meto-
dika.

Daugiameciy migliniy ir pupiniy Zoliy siloso (n = 20) kokybés analizé:
apykaitos energija, neutraliame tirpale iSplauta lasteliena, pelenai, zali
baltymai, baltymy skilimas, amoniakinis azotas, fermentiniy rig§¢iy suma,
pieno, acto, sviesto rugstys, iSanalizuota artimosios srities infraraudonyjy
spinduliy spektrometru (NIRS-6500) pagal ADAS (Anglija) metodika

Lakiosios riebaly ragstys (kukuriizy silose (n = 24) ir daugiameciy
migliniy bei pupiniy Zoliy silose (n = 20)) nustatytos auksto slégio skysc¢iy
chromatografija (HPLC) aparatu ,,Shimadzu* su SDP-20A UV/Vis detekto-
riumi (bangy ilgis 210 nm) pagal [91,69].

Amoniakinio azoto (NH3-N) (kukuriizy silose (n = 24) ir daugiameciy
migliniy ir pupiniy Zoliy silose (n=20) kiekis siloso méginiuose nustatytas —
Conway metodu pagal [147].

Sausyjy medziagy kiekis (kukuriizy zaliava (n = 20), silosas (n = 40) ir
daugiameciy migliniy bei pupiniy zoliy zaliava (n = 40), silosas (n = 40))
nustatytas svorio metodu.

pH rodiklis (kukuriizy zaliava (n = 20), silosas (n = 40) ir daugiameciy
migliniy bei pupiniy Zoliy Zaliava (n = 40), silosas (n = 40)) nustatytas
elektrometriniu metodu, naudojant WTW®inoLab pH 720 (Vokietija)
prietaisg [9].

2.6. Mikotoksiny toksiSkumo jvertinimas in vitro

Kristaliniy mikotoksiny DON, ZEA ir AFB: (SIGMA-ALDRICH
Chemie GmbH, Vokietija) sinergistinio poveikio lgsteliy apoptozei ir
proliferacijai jvertinti pasirinktos organy taikiniy lasteliy kultiiros: HeLa,
BHL-21, PKEL, MH-22A.

Lasteliy linijos:

e BHL-21 peliy inksty linijja — Sirijjos ziurkéno vienos dienos
amziaus individo inksty lastelés (baby hamster kidney fibroblasts);
e HelLa - pastovi zmogaus gimdos kaklelio véZio lasteliy linija;
e PKEL - pirminés, ziurkés plautinio kamieno endoteliniy lgsteliy
linija;
e MH-22A — pelés hepatomos Igsteliy linija.
Lastelés gautos i§ VU Biochemijos instituto.
BHL-21, MH-22A lastelés buvo augintos DMEM (su L-gliutaminu, be
natrio piruvato, gliukozé 4,5 g/l, BIOWEST SAS, Pranciizija) terp¢je
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(Sigma-Aldrich, Vokietija), PKEL-IMDM terp¢je (su 25 mM HEPES
buferiu ir L-gliutaminu, gliukozé 4,5 g/l, LONZA, Belgija), HeLa — MEM
terpéje (su natrio bikarbonatu, su L-glutaminu, Sigma-Aldrich, Vokietija),
su 10 proc. FVS (fetalinis verselio serumas) (Sigma-Aldrich, Vokietija) ir
1 proc. antibiotiky (10000 vnt./ml penicilino ir 10 mg/ml streptomicino)
(Sigma-Aldrich, Vokietija). Lastelés buvo augintos 75 cm? tiirio lasteliy
auginimo induose (TPP, Svedija), termostate su 5 proc. CO2 koncentracija,
98 proc. santykiniu drégniu, 37 °C temperaturoje.

Lasteliy linijos buvo augintos monosluoksniu, perséjant kas 3-4 dienas.
Lasteliy monosluoksniui nuimti naudotas 0,025 proc. tripsino/EDTA fos-
fatiniame buferyje (PBS) tirpalas (Sigma-Aldrich, Vokietija). Tyrimams
naudota 2,5-10° iki 3,0-10° Igsteliy/ml suspencija. Lasteliy tankis skai¢iuo-
tas Neubauerio hemocitometru (Neubauer improved, Heinz Herenz Medizi-
nalbedarf, Vokietija).

Siloso méginiy ekstrakty paruoSimas. In vitro tyrimais jvertintas 6
siloso meéginiy, uzterSty mikotoksinais, citotoksinis poveikis lasteliy kulti-
roms remiantis pakoreguotomis [113, 130] metodikomis. Tyrimams atrink-
tuose méginiuose su skirtingomis mikotoksiny AFB1, DON, ZEA, T-2 kon-
centracijomis (2.6.1 lentelé) citotoksiSkumas nustatytas PSCh metodu. Iki
tyrimy, siloso méginiai buvo laikomi —20 °C temperattroje. 25,0 g sumalto
tirlamo méginio ekstraguota 100 ml 84/16 acetonitrilo/vandens miSiniu,
maiSant 3 min. Méginio ekstraktas perfiltruotas per Whatman Nr. 4 filtra.

Silosuoty pasary, uzterSty mikotoksinais, citotoksiSkumui nustatyti pa-
naudotos organy taikiniy Igsteliy linijos. Siloso ekstrakty citotoksinis povei-
kis, suké¢les daugiau nei 50 proc. lgsteliy ziit] po 72 val., gali biiti aiSkinamas
del to, kad pats siloso ekstraktas, neatsizvelgiant | jame esantj mikotoksiny
kiekj, gali daryti neigiamg jtaka lasteliy proliferacijai dél savo zemo pH (<4)
ir mazo sausy medziagy kiekio. Todél analizuojant duomenis biitina | tai
atkreipti démesj [130]. Tyrimui naudojant skirtingas lasteliy linijas, nusta-
tytas siloso ekstrakty toksiSkumas vertinat tik po 24 ir 48 val. Tyrimui
pasirinkti zoliy siloso méginiai.
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2.6.1 lentelé. Mikotoksiny koncentracijos pasaruose

Siloso méginio Mikotoksiny koncentracijos, ppm (ug/kg)

numeris AFB; ZEA DON T-2
1. N 670 250 25
2 3 150 500 N
3 N 500 500 N
4 N 270 550 50
5. N 130 450 60
6. 13 1200 N N

N — nenustatyta.

Tiriamyjy méginiy, uztersSty DON ir T-2 toksinais, ekstrakty valymui
panaudotos MultiSep® 216 ir MycoSep® 227 valymo kolonélés (Romer
Labs. Inc., Austrija), uzter§ty AFB1 ir ZEA méginiy ekstrakty valymui
panaudotos MycoSep® 226 valymo kolonélés (Romer Labs. Inc., Austrija).
7 ml iSvalyto ekstrakto (10 ml ekstrakto atitinka 2,5 g méginio) perkelta |
mégintuvélj ir iSgarinta, panaudojant Romer Evap™ sistemg. Ekstrakto
nuosédos iStirpintos 2 pl DMSO (SIGMA-ALDRICH Chemie Gmbh,
Vokietija) ir 50 pl lasteliy kultivavimui skirtoje terpéje, priklausomai nuo
lasteliy linijos. Lasteliy kultiiros iSpilstytos po 100 pl i plokstele su 96 Suli-
néliais, po 24 val. ant Igsteliy sluoksnio uzpilta po 50 ul siloso ekstrakto. |
kontrolines akutes jpilta 50 pl Iasteliy mitybinés terpés. CitotoksiSkumas
vertintas po 24 val., 48 val. ir 72 val.

Pasary citotoksiSkumo nustatymas. Tiriamyjy méginiy paruoSimas:
kiekvienas tiriamasis méginys buvo istirpintas 1 ml DMSO ir praskiestas
lasteliy augimo terpe (DMEM, IMDM, MEM). Tiriamyjy méginiy tirpaly
pH korekcija (iki 7,0) atlikta su 0,1 M natrio Sarmu (NaOH). Tiriamyjy
méginiy tirpalai nufiltruoti aseptinémis salygomis per baktericidinj filtra
(Q-Max® Syringe Filter 25 mm, 0,22 um, Danija)

Kristaliniy mikotoksiny citotoksiSkumo nustatymas. Kristaliniai
mikotoksinai atskiesti DMSO. Atlikti jy skiedimai iki reikiamos koncent-
racijos lgsteliy augimo terpése, priklausomai nuo lasteliy linijos.

Testavimas. Lasteliy suspensijos augimo fazgje iSpilstytos j 96 Suliné-
liy ploksteles. Ploksteles uzpildytos pagal pasirinkta schema (2.3.2 pav.).
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2.3.2 pav. Audiniy kultiiry ploksteliy uzpildymo principas

R — rémelis skaiciavimui nenaudotas; TM — tiriamasis méginys; LK — lasteliy kulttros
kontrolé.

1) | kiekvieng plokstelés Sulinélj jpilta 100 pl Igsteliy suspensijos su
joms tinkancia augimo terpe;

2) Po 24 val. j atitinkamus Sulinélius jpilta 50 pul tiriamojo méginio
arba tam tikros koncentracijos kristaliniy mikotoksiny tirpaly;

3) Plokstelés su lgsteliy kultdira ir tiriamaisiais méginiais laikytos
termostate su 5 proc. CO2 koncentracija, 98 proc. santykiniu
drégniu, 37 °C temperatiroje, 24 val.

Lasteliu apoptozés nustatymas. Lasteliy gyvybingumas nustatytas po

24 wval., 48 val., 72 val., dazant kristaliniu violetiniu (KV) (Carl Roth
GmbH, Vokietija) [108,170]. Tai kolorimetrinis metodas pagrjstas KV dazo
prisijungimu prie baltymo. AtSokusios, negyvybingos Igstelés nupiltos, liku-
sios lgstelés praplautos 0,9 proc. NaCl, 10 min. fiksuotos 96° etanoliu ir da-
zytos 40 pl 0,05 proc. kristalinio violetinio tirpalo 20 ml etanolyje. Po 20 min.
dazas nupiltas, 5-7 kartus praplauta vandeniu, eliujuota 50 pul 0,1 proc. acto
rugsties vandeniniu tirpalu 50 ml etanolyje. Gyvybingy lasteliy skaicius nu-
statytas iSmatuojant tirpalo optinj tankj, esant bangos ilgiui — 570 nm ir 620
nm, spektrofotometru Multiskan MS (Suomija).

Apskaiciuota lgsteliy apoptozé procentais:

Gyvybingy lasteliy skai¢ius
(paveikus mikotoksinais)

Proc. Igsteli toze = . : e %10
roc. lasteliy apoptoze = & ey Tgsteliy skaitius © 00

(kontrolé)
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Lasteliy proliferacijos nustatymas. Lasteliy proliferacija nustatyta
MTT metodu, panaudojus 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolio
bromidg (Sigma, Vokietija). Lastelés paveikiamos MTT, kuris yra nuo NAD
(P)H priklausomos oksidoreduktazés substratas. Susidariusio netirpaus
metabolito (formazano) kristaly kiekis yra tiesiogiai proporcingas gyvy
lasteliy skaiciui. Po 24 val., 48 val., 72 val. nupylus nuo lasteliy terpg, i
kiekvieng plokstelés Sulinélj jpilta po 20 ul 0,5 mg/ml MTT fosfatiniame
buferyje tirpalo. Inkubuota 3 val. 37 °C temperatiiroje. Po to i kiekvieng
ploksteles Sulinélj jpilta po 100 ul 96° etanolio ir iSmaiSoma pipetuojant.
Lasteliy mitochondrijose yra dehidrogenazés, kurios MTT daza redukuoja i
formazang, kuris yra spalvotas ir iStirpinamas. Lasteliy proliferacija nusta-
tyta iSmatuojant tirpalo optinj tankj, esant bangos ilgiui — 540 nm ir 580 nm,
spektrofotometru Multiskan MS (Suomija).

Apskaiciuota lgsteliy proliferacija procentais:

Gyvybingy lasteliy skai¢ius
(paveikus mikotoksinais)
Gyvybingy lgsteliy skaicius
(kontrol¢)

Proc. lasteliy proliferacija = x 100

Siloso ir kristaliniy mikotoksiny citotoksinis poveikis jvertintas, lyginant
tirlamyjy méginiy ir testavimui panaudoty gryny lasteliy kultiry duomenis —
ICso verte. ICso laikoma teigiama, kai lgsteliy zttis didesné negu 50 proc.

Mikotoksiny genotoksiSkumo jvertinimas. Tyrimas atliktas standarti-
niu citogenetiniu metodu su nedideliais pakeitimais, jterpiant kristalinius
mikotoksinus ZEA ir DON, AFB1 bei jy misinj ZEA ir DON, remiantis Lioi
ir kt. metodika [94, 99]. Kristaliniai mikotoksinai buvo atskiesti DMSO.
Atlikti jy skiedimai iki reikiamos koncentracijos lgsteliy augimo terpéje.
Tyrimui naudotos melziamy karviy periferinio kraujo lgstelés, t. vy.
limfocitai, paveikiant jas skirtingy koncentracijy mikotoksinais metafazés
stadijoje.

Periferinis kraujas i$ jungo venos imtas 3 juodmargéms kliniskai svei-
koms karvéms LSMU VA Praktinio mokymo bandymy centre, MuniSkiy
fermoje. Karvés buvo laikytos vienodomis salygomis, vienodo amziaus, lak-
tacijos. Karviy kraujas imtas ] sterilius vakuuminius mégintuvélius su hepa-
rinu (MBI Fermentas, Lietuva). Kraujo méginiai kultivuoti 38 °C, 72 val.
Desimc¢iai méginiy ruoSiama: 40 ml RPMI-1640 terpés (su 10 pg/ml
L-gliutaminu, NaHCO3) (Sigma, JAV), idedama 0,4 ml fitohemagliutinino
PHA-E (5 mg, Biochrom AG, Vokietija) ir 0,05 ml gentamicino (Gentamicin
Krka, Slovénija). Atskiri mikotoksinai ir jy miSiniai buvo jterpti iSkart po
mitogeny stimuliacijos. Limfocity kultira apdorota kolchicinu (Sigma,
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JAV) 0,02 ml, likus 2 val. iki kultivavimo pabaigos, véliau — hipotoniniu
tirpalu (KCI1 0,075 M) (Sigma, JAV). Chromosomos fiksuotos metanolio ir
ledinés acto r. tirpaly miSiniu (3:1). Prie§ vertinimg chromosomos buvo
dazytos Gimzos dazais (Sigma, JAV). Chromosomy preparatai tirti ir
analizuoti optiniu mikroskopu ,,Nikon* su imersiniu objektyvu. Kiekvienam
individui tirta po 50 metafaziy. Stebéti ir vertinti Sie chromosomy poky¢iai:
chromosomy aberacijos: chromatidziy trikiai (delecija D1), chromosomy
trukiai (delecija Dz2), fragmentai (F), spragos (Si, Sz2), poliploidija (3n,
4n ...), aneuploidija (2n*1; 2 ...).

2.7. Mikotoksinais uztersSty pasary poveikio melziamoms karvéms
jvertinimas bei detoksikuojancio preparato efektyvumas

Tyrimas atliktas 2013 metais tvartiniu laikotarpiu (vasario-balandZio mén.)
su 28 zalosiomis karvémis X tkyje (PUBLIKACIJA I). Karvés suskirstytos
1 2 grupes (bandomaja ir kontroling) po 14 gyvuliy. Trecios laktacijos dieny
skaicius vidutiniSkai — 122,0£15,9. Vidutinis pieno primilzis — 15,36 kg/d,
pieno riebaly kiekis — 4,14+0,25 proc., baltymy kiekis — 3,06+0,04 proc.,
ur¢ja — 23,80+1,35 mg proc. Bandymas truko 9 savaites (63 dienas).

Vienos karvés paros raciong sudaré¢ 70 kg siloso ar Sienainio, 18 kg
koncentruoty pasary ir kas treCig dieng 5 kg Sieno. Laisvas pri¢jimas prie
Svaraus geriamo vandens bet kuriuo metu. Nustatytos mikotoksiny koncent-
racijos pasaruose (PUBLIKACIJA I, 3 lentel¢).

Kontrolin¢ karviy grupé Serta pasarais, kuriuose mikotoksiny koncent-
racija buvo tokia pat, kaip ir bandomosios grupés, tik nejterpiant j kombi-
nuotgjj pasara mikotoksinus detoksikuojancio preparato. Bandomoji karviy
grupé Serta paSarais, natiraliai uzterStais mikotoksinais AFB1, ZEA, DON,
ir kasdien su kombinuotu pasaru paduodant po 40,0 g, kiekvienai karvei
atskirai, mikotoksinus detoksikuojancio preparato Mycofix Plus 3.E (Biomin
GmbH, Austrija).

Bandymo metu, kas 7 dienas, abiejy karviy grupiy buvo stebima bendra
sveikatingumo buklé: kiino temperatira, pulso ir kvépavimo daZniai, di-
dziojo prieskrandzio sienos judesiai, iSmaty konsistencija (PUBLIKACIJA,
2 lentelée).

Morfologiniai ir biocheminiai kraujo tyrimai. Galvijy kraujas i$ v.
jugularis paimtas j sterilius mégintuvélius su konservuojanciu tirpalu (Na
citratas — 3,8 proc., EDTA) morfologiniams kraujo tyrimams ir | mégintuvé-
lius be antikoaguliantu biocheminiams kraujo tyrimams. Kraujas imtas pries$
rytinj karviy $érimg bandymo pradzioje ir pabaigoje. Morfologiniai kraujo
rodikliai tirti LSMU VA Stambiy gyvuliy klinikiniy tyrimy laboratorijoje
analizatoriumi Abacus Junior Vet. Biocheminiai rodikliai iStirti Nacionali-
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niame maisto ir veterinarijos rizikos vertinimo institute, Radiologiniy tyrimy
skyriuje, naudojant automatinj biochemin;j analizatoriy COBAS INTEGRA 400
plus (Tegimenta Ltd. Roche, Sveicarija). Tirti glutamil transferazé (GGT),
Sarmin¢ fosfataz¢ (ALP) kraujo serumo fermentai; nustatytas bendras balty-
my kiekis (TB), albuminy kiekis, Slapalo kiekis. Gauti morfologiniy kraujo
rodikliy tyrimy rezultatai buvo lyginti su analizatoriaus “Abacus Junior Vet*
pateiktomis normomis kiekvieno gyvulio riiSiai atskirai, o biocheminiy su
»BAYR MED LT 2000“ normomis. Morfologinis leukogramos tyrimas
atliktas suskaiciavus 100 leukocity, tepinélj nudazius Romanovskio-Gimzos
budu. IgA kraujo serume nustatytas imunologinés analizés metodu (ELISA)
naudojant Galvijy IgA nustatymo rinkinj (Genway Biotech, Inc). Absorbcija
nustatyta esant 450 nm bangos ilgiui spektrofotometru.

Pieno méginiy paémimas ir tyrimas. Pieno kiekis buvo nustatytas
kontrolinio melzimo metu. Méginiai buvo tiriami VI ,,Pieno tyrimai prie-
taisu ,,LactoScope FTIR* (FT1.0.2001; Delta Instruments, Olandija). Juose
buvo nustatyti pieno riebalai, pieno baltymai ir uréja (Slapalas).

2.8. Augaliniy ekstrakty, kaip profilaktiniy priemoniy,
panaudojimas siloso higieninei kokybei pagerinti

Bandymai atlikti laboratorinémis sglygomis.

Tyrimams naudota: Ciobrelio olé¢ (Thymi herba) ir Raudonélio Zolé
(Origani herba) (kilmés $alis Lietuva, gamintojas ,.Svendioniy vaistaZo-
1és*).

Augaliniy ekstrakty gamyba skirtingo poliSkumo tirpalais. Ekstrak-
tai gaminti maceracijos biidu, naudojant vandeninj ir etanolinj tirpiklius
pagal Handa ir kiti bei Tayel ir kiti metodikas. Dziovinti augalai susmul-
kinti, 25,0 g ir 50,0 g smulkintos augaly masés buvo sumaiSyta su 200,0 ml
distiliuoto vandens ir 70 proc. maistiniu etilo alkoholiu, uzdengta ir palikta
24 val. kambario temperatiiroje, apsaugant nuo tiesioginiy saulés spinduliy.
Po 24 val. perfiltruota per Whatman Nr.1 filtra. Pagamintas ekstraktas iSkart
iterpas | silosuojama kukurtizy Zaliava.

Pries jterpiant ekstraktus j kukurtizy silosuojama mase, atliktas ekstrak-
ty slopinancios koncentracijos nustatymas skiedimo metodu, remiantis NCCLS
standartu. Skiedimo metodas naudotas nustatyti Ciobrelio ir raudonélio
ekstrakty slopinanciag koncentracija, dazniausiai silosuojamuose paSaruose
aptinkamoms mirkroskopiniy gryby rii§ims A. fumigantus ir A. niger.

Ciobrelio ir raudonélio vandeniniai ekstraktai (50,0 g smulkintos augaly
masés sumaisSyta su 200,0 ml distiliuoto vandens) ir etanoliniai ekstraktai
(50,0 g smulkintos augaly masés sumaiSyta su 200,0 ml 70° maistiniu etilo
alkoholiu) po 100 pul buvo sumaisyti su 100 pl mikroorganizmy suspensijo-
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mis steriliuose 24 Sulin¢liy plokstelése. Kontrolei naudotas sterilus disti-
livotas vanduo ir mikroorganizmai. Mikroorganizmy suspensijos paruostos
pagal MacFarland vieneto optinio tankio standartg. Laikyta 30 °C tempera-
tiroje 24 val. Tuomet 100 pl suspensija buvo jpilta i sterilig Petri 1ékstele ir
uzpilta SA, inkubuota 72 val. 26 °C temperatiiroje. Nustatytas mikroskopi-
niy gryby, sudaranciy kolonijas, skaicius.

Tyrimams kaip zaliava buvo pasirinktas kukuriizas. Nupjauta ir susmul-
kinta masé buvo gerai iSmaiSyta, suslégta ir silosuota 3 litry mini-siloso
talpose, pasirinkus tokj santykj: 20 ml augaly ekstrakty — 1 kg Zaliavos
(kiekvienam ekstraktui atskirai).

Augaly ekstrakty paruoSimas:

R-VE-50 — 20,0 ml raudon¢lio vandeninis ekstraktas (50 g raudonélio ir

200,0 ml distiliuoto vandens);

R-VE-25 - 20,0 ml raudon¢lio vandeninis ekstraktas (25 g raudonélio ir

200,0 ml distiliuoto vandens);

R-EE-50 - 20,0 ml raudon¢lio etanolinis ekstraktas (50 g raudon¢lio ir

200,0 ml 70,0 proc. maistinio etilo alkoholio);

R-EE-25 - 20,0 ml raudon¢lio etanolinis ekstraktas (25 g raudon¢lio ir

200,0 ml 70,0 proc. maistinio etilo alkoholio);

C-VE-50 - 20,0 ml ciobrelio vandeninis ekstraktas (50 g ciobrelio ir

200,0 ml distiliuoto vandens);

C-VE-25 - 20,0 ml ciobrelio vandeninis ekstraktas (25 g ciobrelio ir

200,0 ml distiliuoto vandens);

C-EE-50 - 20,0 ml ciobrelio etanolinis ekstraktas (50 g ciobrelio ir

200,0 ml 70,0 proc. maistinio etilo alkoholio);

C-EE-25 - 20,0 ml ciobrelio ethanolinis ekstraktas (25 g ciobrelio ir

200,0 ml 70,0 proc. maistinio etilo alkoholio);

KV - 20,0 ml kontrolé su distiliuotu vandeniu;

KS - 20,0 ml kontrolé su 70 proc. maistiniu etilo alkoholiu.

Taip pat buvo pagamintas silosas, jterpiant du komercinius priedus,
kaip teigiamg kontrole, atskirai (siloso inokuliantai) (kuriy sudétyje Sios
bakterijos: I priedas (KG): L. plantarum, E. faecium, P. acidilactici ir II
priedas (KC): L. plantarum, P. acidilactici, ksilanaz¢). Tokiu pat principu
buvo pagamintas ir kontrolinis silosas (K), nieko nejterpiant. Kiekvienam
ekstraktui ir kontrolei pagaminta po 2 mini siloso talpas. Siloso talpos buvo
hermetiskai uzdarytos ir laikomis +20 °C temperattroje 90 dieny. Silosavi-
mo metodika laboratorinémis sglygomis atlikta remiantis pakoreguotomis
Tayel ir kt., Jatkauskas ir kt. metodikomis.

Atidarius siloso talpas, paimti siloso méginiai (n = 26) cheminei anali-
zei, fermentacijos parametrams, mikrobiologinei biiklei ir mikotoksiny kon-
centracijoms nustatyti pagal 2.3-2.5 skyriuose pateiktas metodikas.
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2.9. Statistinis duomeny jvertinimas

Tyrimy duomenys apdoroti ,,IBM SPSS Statistic 22.0* statistiniu duo-
meny paketu ir ,,Microsoft Excel 2010* programa. Apskai¢iuoti duomeny
aritmetiniai vidurkiai (Xv), vidurkiy paklaidos (SE), santykinis standartinis
nuokrypis (SSN). RySiui tarp kintamyjy rodikliy jvertinti buvo skaiciuotas
Pirsono koreliacijos koeficientas (r). Skirtumui tarp grupiy patikimumo
kriterijui (p) nustatyti taikytas Stjudento daugybinio palyginimo metodas.
Skirtumai laikyti statistiSkai reikSmingi, kai p < 0,05.
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3. TYRIMU REZULTATAI

3.1. Kukuriizy Zaliavos ir i§ jos pagaminto siloso, paimto skirtingais
laikotarpiais po sudéjimo, higieniné kokybé, uzZterStumas
mikroskopiniais grybais, mikotoksinais, biogeniniais aminais

Kukurtizy zaliavos ir i§ jos pagaminto siloso, surinkto i§ skirtingy tikiy,
vyravusi epifitiné ir saprofitiné mikroflora, priklausomai nuo laikotarpio po
sud¢jimo pateikiama 3.1.1 pav. Tirty zaliavy ir siloso cheminiai, fermentaci-
niai rodikliai pateikti PUBLIKACIJA 11, 1 lentelé.

6 =
B Pienartgsciy
5 bakterijy skaicius
® Mikroskopiniy
20 41 gryby skaicius
Z @ Mieliy skai¢ius
= 34
=1
=3
= 5]
1 -
Zaliava  3mén.po 8 mén. po
sudéjimo sudéjimo

3.1.1 pav. Kukuriizy ZaliavQje ir is jos pagamintame silose vyravusi
epifitiné ir saprofitiné mikroflora
Nustatytas statistiSkai patikimas didziausias pienartigS¢iy bakterijy
kiekis meéginiuose, paimtuose 8 mén. po siloso sudéjimo. Mikroskopiniy

gryby, sudaranciy kolonijas, skaicius sumaz¢jo 17,49 proc. (p<0,05) mégi-
niuose, paimtuose 8 ménesiai po sud¢jimo, taciau mieliy skaicius padidéjo

42,27 proc. (p<0,05).
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3.1.2 pav. Kukurizy zaliavos ir siloso uzterstumas

nepageidaujama mikroflora

Miisy tyrimy metu kukuriizy Zaliavoje i§ nustatytos nepageidaujamos
mikrofloros (3.1.2 pav.), didziausias procentas aptiktas L. monocytogenes.
Atlikty tyrimy metu L. monocytogenes buvo isskirta 1§ 25 proc. kukuriizy
zaliavos méginiy prie$ fermentacijg ir i§ 15 proc. méginiy, paimty 3 mén. po
siloso sudéjimo. Kukuriizy siloso méginiuose, paimtuose 8 mén. po sude¢ji-
mo, $iy nepageidaujamy mikroorganizmy — nenustatyta. Zalios masés pries
fermentacija, kurioje aptikta L. monocytogenes, pH 4,80-5,92. Siloso mégi-
niuose, kuriuose nustatyta L. monocytogenes, pH 3,48—4,87.

C. perfringens aptikta 2 proc. zaliavoje, kurios pH jvairavo nuo 4,55 iki
6,04 ir 2 proc. méginiy — 8 mén. po sud¢jimos, kuriy — pH 4,30.

3.1.1 lentelé. Vyraujancios mikroskopiniy gryby risys bei Kiti mikroorganiz-
mai kukuriizy Zaliavoje ir is jo pagamintame silose

Mikroorganizmai Aptikimo dazZnis proc. p
Zaliavoje 3 mén. po 8 mén. po
sudéjimo sudéjimo
Acremonium spp. 0,42+0,42 0,43+0,31 0 0,721
Acremoniella spp. 3,42+0,93 2,70+1,31 0 0,145
Alternaria spp. 77,17+7,86% 0,09+0,09° 0 0,000
Aspergillus spp. 0,710,622 32,75+7,06° 57,51+13,21¢ | 0,000
A. niger 7,74+5.37 18,37+7,99 2,19+1,11 0,253
A. fumigatus 4,34+4,06* | 12,17+4,55%0 27,75+7,95° 0,017
A. flavus 0,14+0,14 0,88+0,41 0,55+0,37 0,211
A. parasiticus 0,69+0,44 1,16+0,61 1,10+0,47 0,786
A. eurotium 1,58+1,22 1,30+1,30 0,55+0,37 0,868
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3.1.1 lentelés tesinys

Mikroorganizmai Aptikimo daZnis proc. p
Zaliavoje 3 mén. po 8 mén. po
sudéjimo sudéjimo

Byssochlamys nivea 0 3,36+2,01 3,87+1,07 0,111
Monascus ruber 0 1,68+1,01 1,94+0,54 0,122
Cladosporium spp. 5,50+2,142 0 0,56+0,56° 0,017
Fusarium spp. 37,54+5,812 0,4340,43° 0 0,000
Geotrichum spp. 0,14+0,14 0,57+0,27 0,83+0,43 0,186
Penicillium spp. 0,89+0,61? 25,36+6,35b 7,22+4,60? 0,000
Rhizopus spp. 1,08+0,59 0,72+0,41 1,05+0,71 0,866
Mucor spp. 24+721° 2,46+0,84° 50+15,08° 0,001
Trichoderma spp. 0,55+0,322 6,47+2,99° 0 0,048
Trichoteceum spp. 0,08+0,08* 0 0 0,06
Pienartig8¢iy bakterijy 4,65+0,5° 5,20+0,04° 5,35+0,04¢ 0,000
skaicius, log ksv/g
Mikroskopiniy grybuy, 4,46+0,08° 4,1740,11° 3,68+0,16¢ 0,000
sudaranciy kolonijas,
skaicius, log ksv/g
Mieliy skaiéius, log ksv/g 3,62+0,35° 3,96+0,28" 5,15+0,11° 0,011

Skirtingos raidés ¢ rodo patikimg skirtuma (p<0,05) tarp méginiy toje pacioje eilutéje.

Keturiolika skirtingy filamentiniy mikroskopiniy gryby genciy aptikta
kukurtizy zaliavoje ir i§ jo pagamintame silose (3.1.1 lentelé). Fusarium
spp. statistiSkai patikimas (p<0,05) didesnis kiekis nustatytas kukuriizy
siloso zaliavoje nei siloso méginiuose, paimtuose po 3 mén. po siloso sudé-
jimo. Zaliavoje vyravo §ios Fusarium spp. rasys: F. graminearum, F. sporo-
trichioides, F. poae, F. oxysporum, F. verticillioides, F. culmorum. Sios
genties mikroskopiniy gryby neaptikta pasSaruose, paimtuose 8 mén. po
sudéjimo. I8skirtos ir identifikuotos 6 Aspergillus rasys, tarp kuriy nustatyta
ir A. niger. Si rasis dominavo siloso méginiuose, paimtuose po 3 mén. po
sudéjimo (p>0,05). Siloso méginiuose, paimtuose 8 mén. po sudéjimo, nus-
tatytas didziausias A. fumigatus (p<0,05), lyginat su kiekiu aptiktu zaliavoje.
Siloso méginiuose, paimtuose po 3 mén. po sud¢jimo, nustatytas didziausias
meéginiy uzterStumas Penicillium spp. Vyravo Sios Penicillium mikromicety
rasys: P. verrucosum, P. roqueforti, P. griseofulvum.
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3.1.2 lentelé. Mikotoksinai (ug/kg) kukuriizy zaliavoje ir silose

Mikotoksinai Laikotarpis
Zaliava 3 mén. po 8 mén. po
sudéjimo sudéjimo
ZEA nt 20 20 12
Teig? 100 100 100
Vid. konc.? 236,85+31,51* | 880,40+60,62° | 402,25+40,1°
Min.-Max. konc.* 50-600 100-1300 262-700
DON n! 20 20 12
Teig? 95 100 100
Vid. konc.? 1640+240° 260042607 610+170°
Min.-Max. konc.* 18,5-3500 480-5300 100-920
T-2/HT-2 n! 20 20 20
Teig? 45 100 100
Vid. konc.? 40,21+18,23° 141,48423,37* | 147,25+£20,8°
Min.-Max. konc.* 20-325 16-94 28-226
AF (bendrai) |n? 20 20 12
Teig? 10 80 75
Vid. konc.? 0,94+0,51° 16,86+3,96* 20,05+5,33%
Min.-Max. konc.* <0,002-6,6 <0,002-62,3 <0,002-47,5
OTA n! - 12 12
Teig? 100 100
Vid. konc.? 29,15+5,602 18,95+4,86*
Min.-Max. konc.* 2,5-60 2,5-58
Gliotoksinas® |n! - 21 13
Teig.? 71,43 69,23
Vid. konc.?
Min.-Max. konc.*

1

n — méginiy skai¢ius; 2teigiamy méginiy procentas; 3visy méginiy vidutiné mikotoksino
koncentracija (ng/kg); “minimali-maksimali mikotoksino koncentracija (ng/kg); *nustatyta
kokybiskai. Skirtingos raidés ¢ rodo patikimg skirtumg (p<0,05) tarp méginiy toje pacioje
eilutéje.

Mikotoksinai ZEA ir DON aptikti visuose kukurtizy siloso méginiuose
(3.1.2 lentelé). DON siloso zaliavoje aptiktas — 95 proc. tirty méginiy. Vidu-
tiné didZiausia DON koncentracija aptikta méginiuose, paimtuose po 3 mén.
po sud¢jimo, t. y. 58,54 proc. (p<0,05) daugiau nei zaliavoje. Méginiuose,
paimtuose po 8 mén. po sud¢jimo, nustatyta maziausia vidutiné DON kon-
centracija, t. y. 62,8 proc. (p<0,05) maziau nei zaliavoje ir 76,54 proc.
(p<0,05) maziau nei méginiuose, paimtuose po 3 mén. po sudéjimo.

Vidutiné didziausia ZEA koncentracija nustatyta méginiuose, paimtuo-
se po 3 mén. po sud¢jimo, t. y. 3,7 karty (p<0,05) daugiau, o méginiuose,
paimtuose po 8 mén. po sudé¢jimo, 1,6 katy (p<0,05) daugiau nei zaliavoje.
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T-2/HT-2 vidutiné didziausia mikotoksiny koncentracija nustatyta mé-
giniuose, paimtuose po 8 mén. po sudéjimo, t. y. 3,7 karty (p<0,05), o mégi-
niuose, paimtuose po 3 meén. po sudé¢jimo, 3,5 (p<0,05) daugiau nei Zalia-
voje.

AF (bendrai) maziausia vidutiné koncentracija nustatyta zaliavoje, o di-
dziausia siloso méginiuose, paimtuose 8 mén. po sud¢jimo. Vidutin¢ didziau-
sia OTA koncentracija nustatyta siloso méginiuose, paimtuose po 3 mén. po
sudéjimo, t. y. 53 proc. (p>0,05) daugiau nei méginiuose, paimtuose po 8
mén. po sudéjimo.

Gliotoksinas nustatytas 70 proc. méginiy. Analizés metu buvo paste-
bétas ir kity spalvy Svytéjimas, kas galéty rodyti, kad tirtuose méginiuose
yra ir kity toksiny (kaip fumigaclavinas ar fumitremorgenas), taciau mes jy
vertinti negalime be tyrimams reikalingy standarty.

3.1.3 lentelé. Biogeniniai aminy (mg/kg) kukuriizy silose

Biogeniniai aminai Laikotarpis
3 mén. po sudéjimo 8 mén. po sudéjimo

Histaminas n! 12 12

Teig? 100 100

Vid. konc.? 13,41+4,12 8,98+5,07

Min.-Max. konc.* 0-41,91 0-62,78
Tiraminas n! 12 12

Teig? 100 100

Vid. konc.® 114,10+£20,14 81,58+27,13

Min.-Max. konc.* 36,41-217,64 5,69-303,83
Putrescinas n! 12 12

Teig? 100 100

Vid. konc.® 191,38+26,65 149,914+37,65

Min.-Max. konc.* 70,91-327,66 37,33-507,77
Kadaverinas n! 12 12

Teig? 100 100

Vid. konc.? 898,22+248,65 633,57+328,23

Min.-Max. konc.* 74,54-2586,97 23,36-4124,61

In — méginiy skaicius; %teigiamy méginiy procentas; 3visy méginiy vidutiné mikotoksino

koncentracija (ug/kg); *minimali-maksimali mikotoksino koncentracija (ug/kg).

Atlikty tyrimy metu visuose kukuriizy siloso méginiuose aptikta bioge-
niniy aminy (3.1.3 lentel¢). Nustatytos histamino maziausios, o kadaverino —
didziausios koncentracijos. Méginiuose, paimtuose po 3 mén. po sudéjimo,
nustatytos didesnés biogeniniy aminy koncentracijos nei méginiuose,
paimtuose po 8 mén. po sudé¢jimo (PUBLIKACIJA 11).
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3.2. Daugiameciuy Zoliy ir i§ jy pagaminty bei j ritinius susukty
silosuoty pasaruy i§ ekologiniy ir jprastinés gamybos iikiy
higieniné kokybé, uZterStumas mikroskopiniais grybais,

mikotoksinais, biogeniniais aminais

Daugiameciy zoliy ir i§ jy pagamintuose ] ritinius susuktuose silosuo-
tuose paSaruose, surinktuose i§ ekologiniy ir jprastinés gamybos ikiy,
vyravusi epifitiné ir saprofitiné mikroflora, priklausomai nuo silosavimo
trukmés, pateikta 3.2.1 paveiksle. Tirty zaliavy ir i$ jy silosuoty pasary che-
miniai, fermentaciniai rodikliai pateikti PUBLIKACIJA 111, 1 lentelé.

6 o
B Bendras m/o skaicius
5: B Pienartgsciy bakterijy
skaicius
= A @ Mikroskopiniy gryby
z 34 skaiCius
a0 B Mieliy skaicius
= 5
I 4
0+ .
Zaliavai§  Zaliava i§ Silosas i§ Silosas i§
ekologiniy  jprastinés  ekologiniy  jprastinés

tikiy  gamybos tkiy tikiy gamybos Tikiy

3.2.1 pav. Daugiameciy zoliy ir is jy pagamintuose silosuotose pasaruose
vyraujanti epifitiné ir saprofitiné mikroflora

IS ekologiniy tkiy prie§ silosavimg surinkty méginiy uZterStumas
mikroskopiniy gryby, sudaranciy kolonijas, skaiCius sieké 4,27 log ksv/g
(p>0,05) ir nustatytas 7,82 proc. didesnis negu daugiametés zolés méginiuo-
se, paimtuose i$ jprastinés gamybos tkiy. Nustatyta, kad méginiuose i§ eko-
loginiy tikiy bendras mikroorganizmy skaicius 2,92 proc. (p>0,05) didesnis
negu jprastinés gamybos tkiuose. Pienariigi¢iy bakterijy ir mieliy kiekis
buvo nustatyti didesni jprastinés gamybos ikiuose, atitinkamai 16 proc.
(p<0,05) ir 44,23 proc. (p>0,05). Silosuotame paSare, susuktame j ritinius,
4,55 proc. (p>0,05) ir 11,68 proc. (p<0,05) didesnis bendras mikrorganizmy
skaicius ir pienartigsciy bakterijy skaicius nustatytas meéginiuose, paimtuose
i§ ekologiniy tkiy, mikroskopiniy gryby, sudaranciy kolonijas, skaiCius
abiejuose tkiuose skyrési labai nezenkliai. Mieliy skaicius 57,98 proc.
(p>0,05) didesnis jprastinés gamybos tkiy siloso méginiuose.
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Meéginiy skaiius

Clostridium C. perfringens
spp.

Listeria

® Fkologinis tkis
B [prastinés
gamybos Tikis

monocyltogenes

3.2.2 pav. [ ritinius silosuoty daugiameciy Zoliy uzterstumas
nepageidaujama mikroflora

L. monocytogenes nustatyta 15 proc. siloso méginiy i§ jprastinés
gamybos tkiy ir 5 proc. — i§ ekologiniy tkiy (3.2.2 pav.).
Clostridium spp. nustatyta 25 proc. méginiy i§ ekologiniy tkiy 15 proc.
i§ jprastinés gamybos tkiy. C. perfringens — po 5 proc. méginiy i§ abiejy

tkiy.

3.2.1 lentelé. VVyraujantys mikroskopiniai grybai bei kiti mikroorganizmai
daugiameciy zoliy méginiuose ir j ritinius susuktuose silosuotuose pasaruo-
se i§ ekologiniy ir jprastinés gamybos iikiy

Mikroorganizmai Aptikimo daznis, proc. p
Zaliava prie§ Silosas 8 | Zaliava pries | Silosas 8
fermentacija. mén. po fermentacija. | mén. po

EKkologinis susukimo. Iprastinés susukimo.
ukis Ekologinis |gamybos iikis | Iprastinés
akis gamybos

ukis

Acremoniella spp. 0,35+0,35 1,17+0,81 0,55+0,4 3,19+3,05 |0,666

Alternaria spp. 43,82+6,22 0 36,37+6,66 0 0,419

Aspergillus spp. 1,74+0,732 24,90+6,13% | 1,84+0,94* |16,25+6,49" |0,003

A. niger 1,22+0,63 4,32+1,55 1,75+0,78 2,49+1,08 |0,229

A. flavus 0,17+0,17 0,66+0,3 0,18+0,18 0,66+0,3 |0,315

A. fumigatus 0 8,32+1,97 0 2,64+1,38 0,024

A. parasiticus 0 0,66+0,3 0 5,41+4,23 10,312

Byssochlamys 0 7,18+5,31 0 3,69+1,76 0,538

nivale

Trchoderma spp. 0 0,66+0,39 0 0,69+0,34 10,958
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3.2.1 lentelés tesinys

log ksv/g

Mikroorganizmai Aptikimo daZnis, proc. p
Zaliava prie§ Silosas 8 | Zaliava pries Silosas
fermentacija. mén. po fermentacija.| 8mén. po

Ekologinis susukimo. Iprastinés susukimo.
ukis Ekologinis |gamybos iikis | Iprastinés
akis gamybos

akis

Cladosporium spp. 20,33+5,40 0 15,91+4,73 0 0,543

Fusarium spp. 38,05+6,06 0 36,45+7,8 0 0,873

Geotrichum spp. 0 1,04+0,51 0 1,10+0,53 {0,938

Monascus ruber 0 6,48+5,21 0 2,76+1,35 0,498

Verticillium spp. 3,50+1,68 0 5,92+£2.74 0 0,451

Ulocladium spp. 0,87+0,71 0 0,37+0,25 0 0,515

Rhizopus spp. 8,06+5,45 1,33+0,7 1,11+0,93 1,59+0,84 |0,219

Penicillium spp. 0,17+0,17° 15,66+6,75¢ | 0,37+0,25° | 7,36+4,30%" | 0,040

Mucor spp. 11,574,625 | 6,34+5,02*° | 15,72+6,42% | 0,40+0,29° |0,067

Mucor hiemalis 1,75+1,75 2,412 .41 1,49+0,88 0,13+0,13 |0,681

Bendras bakterijy 4,93+0,08 5,05+0,11 4,79+0,09 4,83+0,13 |0,288

skaiCius, log ksv/g

Pienartigséiy 2,36+0,22° 4,11+0,152 2,74+0,16° | 3,68+0,14° 0,000

bakterijy skaiCius,

log ksv/g

Mikroskopiniy 4,27+0,072 2,93+0,22b 3,96+0,28* | 2,92+0,14° {0,000

gryby, sudaranciy

kolonijas, skaicius,

log ksv/g

Mieliy skaicius, 2,60+0,55° 1,19+0,34° 3,75+0,45* | 1,88+0,43* | 0,001

Skirtingos raidés ® ® ¢ rodo patikima skirtumga (p<0,05) tarp méginiy toje padioje eilutéje.

Daugiameciy migliniy ir pupiniy zoliy meéginiuose i§ ekologiniy ir jp-
rastinés gamybos tkiy vyravo Alternaria, Cladosporium, Fusarium, Asper-
gillus, Penicillium, Mucor ir kt. mikroskopiniy gryby gentys (3.2.1 lentelé).
ISskirtos galimai toksiskos Fusarium rasys: F. poae, F. sporotrichioides, F.
graminearum, Aspergillus rasys: A. fumigatus, A. flavus, A. parasiticus,
Penicillium rasys: P. verrucosum, P. commune, P. roqueforte ir kitos.

I$ Zoliy zaliavos méginiy daugiausiai i$skirta Alternaria, Cladosporium,
Fusarium mikroskopiniy gryby genciy. Lyginat Zaliavos uzsikrétimg gali-
mai toksikogeninais mikroskopiniais grybais tarp ekologiniy ir jprastinés
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gamybos tkiy, Fusarium spp. 4,44 proc. (p>0,05), 20,48 proc. (p>0,05)
Alternaria spp., 5,75 (p>0,05) Aspergillus spp. didesnis kiekis nustatytas
meéginiuose, paimtuose 1§ ekologiniy tikiy. Siloso méginiuose 1§ galimai
toksikogeniniy mikroskopiniy gryby genciy nustatyta Penicillium spp. 53
proc. (p>0,05), Aspergillus spp. — 53,23 proc. (p>0,05) didesnis kiekis
nustatytas méginiuose i§ ekologiniy tkiy.

3.2.2 lentelé. Mikotoksiny (ug/kg) koncentracijos daugiamiaciy Zoliy mégi-
niuose ir j ritinius susuktuose silosuotuose pasaruose is ekologiniy bei
jprastinés gamybos tikiy

Mikotoksinai Ekologiniai ukiai Iprastinés gamybos iikiai
Zaliava® Silosas® Zaliava® Silosas®
ZEA n! 20 20 20 20
Teig? 60 100 70 100
Vid. konc.® | 203+64,69° 391+18,97 361+100,51 338,80+41,72
Min.-Max. 0-530 275-480 0-670 135-520
konc.*
DON n! 20 20 20 20
Teig? 80 100 60 100
Vid. konc.® | 215+54,29° | 188,60+34,03%¢ | 105+32,872>4 | 327,50+45,83¢%>
Min.-Max. 0-500 16-300 0-250 125-625
konc.*
T-2/HT-2 |n? netirta 10 netirta 10
Teig? 100 100
Vid. konc.3 112,30+13,47 110,30+11,87
Min.-Max. 59-193 82-178
konc.*
AF n! 20 20 20 20
(bendras) |Teig? 50 100 40 95
Vid. konc.® | 1,04+0,50%¢ | 32,54 £7,36%¢ 0,90+0,39%4 27,35+6,79%¢
Min.-Max. 04,7 0-70 0-3 0-65
konc.*
Glio-
toksinas® |n? 15 12
Teig.? 60 50
Vid. konc.®
Min.-Max.
konc.*

'n — méginiy skaicius; %teigiamy méginiy procentas; 3visy méginiy vidutiné mikotoksino
koncentracija (ug/kg); “minimali-maksimali mikotoksino koncentracija (ug/kg); ®nustatyta

kokybiskai. Skirtingos raidés

pacioj

e eilutéje.

ab,c,d
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Fuzariotoksinai ZEA, DON, T-2/HT-2 nustatyti skirtingomis koncen-
tracijomis ekologiniuose ir intensyviuose tikiuose daugiamiaciy Zoliy meégi-
niuose ir ] ritinius susuktuose silosuotuose pasaruose (3.2.2 lentelé¢).

16,67 proc. daugiau zaliavos méginiy i§ jprastiniy tkiy, lyginat su
ekologiniais ukiais, aptikta mikotoksino — ZEA, vidutiné jo koncentarcija
77,83 proc. (p>0,05) buvo didesné nei méginiuose i§ ekologiniy tkiy.
Didesné 33,33 proc. (p<0,05) DON koncentracija nustatyta zaliavoje 1§ eko-
loginiy tikiy. AF (bendrai) koncentracija skyrési labai nezenkliai (p>0,05).

Siloso méginiuose i ekologiniy tkiy ZEA koncentracija nustatyta
13,40 proc. didesné nei i§ jprastiniy tkiy. Abiejy sistemy tkivose T-2/HT-2
koncentracija tarp tkiy skyrési nezenkliai (p>0,05). AF (bendrai) 16 proc.
(p>0,05) didesné koncentracija nustatyta siloso méginiuose i§ ekologiniy
tikiy. DON uztersti 100 proc. méginiy. 42,40 proc. (p<0,05) didesné Sio
toksino koncentracija nustatyta méginiuose i$ jprastiniy tikiy, Siuose meégi-
niuose nustatyta maksimali koncentracija — 625 pg/kg.

3.2.3 lentelé. Biogeniniy aminy (mg/kg) koncentracijos daugiamiaciy Zoliy
méginiuose ir j ritinius susuktuose silosuotuose pasaruose is ekologiniy bei
jprastinés gamybos tikiy

Biogeniniai aminai Ekologiniai uikiai Iprastiniai ukiai

Histaminas n! 10 10

Teig? 90 90

Vid. konc.® 6,65+2,232 12,36+6,57°

Min.-Max. konc.* 0-22,62 0-69,64
Tiraminas nt 10 10

Teig? 100 100

Vid. konc.® 119,56+49,78* 98,26+21,83°

Min.-Max. konc.* 6,30-521,5 4,10-220,69
Putrescinas nt 10 10

Teig? 90 100

Vid. konc.? 111,51:£46° 123,62435,11°

Min.-Max. konc.* 0-465,88 13,81-336,59
Kadaverinas n! 10 10

Teig? 100 100

Vid. konc.® 1422,99+696,87* 1722,52+504,2°

Min.-Max. konc.* 32,54-6636,96 33,30-4787,24

1

n! — méginiy skaiCius; Teig.? — teigiamy méginiy procentas; Vid. konc.® — visy méginiy
mikotoksiny vidutiné koncentracija (ug/kg); Max. konc.* — Minimali ir maksimali mikotok-
siny koncentracija (ug/kg). Skirtingos raidés *° rodo patikimg skirtumg (p<0,05) tarp
meéginiy toje pacioje eilutéje.
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Biogeniniai aminai — histaminas, tiraminas, putrescinas ir kadaverinas —
nepageidaujami junginiai, aptinkami silosuotose pasSaruose. Histaminas
aptiktas 90 proc. méginiy abiejy kategorijy tikiuose, tac¢iau 85 proc. (p<0,05)
didesné koncentracija nustatyta siloso meéginiuose i§ jprastinés gamybos
tikiy (3.2.3 lentel¢). Putrescino ir kadaverino didesnés koncentracijos taip
pat aptiktos silso méginiuose i§ ekologiniy ikiy, atitinkamai 10,80 proc.
(p<0,05) ir 21,05 proc. (p<0,05). Tiramino 17,82 proc. (p<0,05) didesné
koncentracija aptikta siloso méginiuose 1§ ekologiniy tikiy.

3.3. Mikroskopiniu grybuy identifikavimas ir ju toksiSkumo
nustatymas PGR metodu

Taikant molekulinés biologijos — PGR metoda, nustatyta, kad i§ 16 —
Fusarium spp. vyravo: F. sporotrichioides — 43,75 proc., F. poae — 12,5 proc.,
F. graminearum — 18,75 proc. (3.3.1 lentel¢). Tyrimo metu, panaudojus oli-
gonukleotidy seka — TRI5 — nustatyta, kad 56,25 proc. Sios genties mikro-
skopiniy gryby atsakingi uz trichoteceny sintezg. Taip pat, panaudojus prad-
menis — apaz2, omtl, nustatyta, kad — 28,57 proc. tirty Aspergillus kulttry
atsakingos uz aflatoksiny gamyba. Aspergillus spp. ir Penicillium spp. genciy
nepavyko diferencijuoti iki rusiy PGR metodu.

3.3.1 lentelé. Mikroskopiniy gryby identifikavimas ir jy toksiskumo nustaty-
mas PGR metodu

Méginio Mikroskopionio Pradmuo

Nr. grybo gentis ir raSis | Trig | Tri7DON | Tril3DON |TRI5 | apa2 | omtl

1. Fusarium + - - + - -
sporotrichioides

2. Fusarium - - - + - -
sporotrichioides

3. Fusarium + - - + _ _
sporotrichioides

4, Fusarium spp. - - - - - -

5. Fusarium graminearum + - - + - -
Fusarium + - - + - -

sporotrichioides

Fusarium spp. - - - - - -

8. Fusarium graminearum + - - + - -
Fusarium graminearum + + + + _ _
10. Fusarium + - - - - _

sporotrichioides

11. Fusarium spp. - - - - - -
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3.3.1 lentelés tesinys

Méginio Mikroskopionio Pradmuo
Nr. grybo gentis ir ra$is | Trig | Tri7DON | Tri13DON | TRI5 | apa2 | omtl
12. | Fusarium poae + - - + - -
13. | Fusarium - - - - - _
sporotrichioides
14. Fusarium poae + - - + - -
15. Fusarium poae + - - + - -
16. Fusarium spp. + - - — - -
17. Aspergillus flavus - - - - + _
18. | Aspergillus spp. - - - - - +

19. | Aspergillus spp. - - - - - -

20. | Aspergillus spp. - - - - - -

21. | Aspergillus spp. - - - - - -

22. | Aspergillus spp. - - - - - -

23. | Aspergillus spp. - - - - - -

+ teigiama reakcija; — neigiama reakcija.

3.4. Zaliavy ir i ju silosuoty pasary higieniniy rodikliy koreliacija
su cheminiais fermentaciniais rodikliais

Misy atlikty tyrimy metu nustatyta zaliavy ir i§ jy silosuoty paSary
higieniniy rodikliy koreliacija su cheminiais fermentaciniais rodikliais.

Kukurtizy siloso cheminiai fermentacinai rodiklai pateikti PUBLIKACIJA
I, 1 lenteléje. Tirtuose méginiuose nustatyto pH vidurkis kito nuo 3,84
(min. 3,48-max. 4,33) iki 3,93 (min. 3,6-max. 4,2), o amoniakinio azoto
kiekis kito nuo 10,55 (min. 7,67-max. 13,8) iki 11,06 (min. 7,54-max.
13,79). Koreliacijos tarp mikotoksiny, aminy, higieniniy rodikliy ir chemi-
niy fermentaciniy rodikliy pateiktos PUBLIKACIJA Il, 2 lenteléje. Atlikty
tyrimy metu nustatytos silpnos, nepatikimos koreliacijos tarp atskiry
mikotoksiny koncentracijos ir sausos medziagos kiekio. Tik DON ir sausos
medziagos kiekio siloso méginiuose, paimtuose po 8 mén. po sudéjimo (r =
0,67, p<0,05), nustatyta teigiama vidutin¢ koreliacija. Nustatyta stipri
neigiama koreliacija tarp siloso pH ir ZEA koncentracijos (r = —-0,50 p<0,05
ir r = =0,71, p<0,05) méginiuose, paimtuose po 3 ir po 8§ mén. po siloso
sudéjimo, bei pH ir T-2/HT-2 toksiny koncentracijos (r = —0,82, p<0,05)
méginiuose, paimtuose po 8§ mén. po siloso sudéjimo.

Nustatyta stipri neigiama koreliacija tarp sausos medziagos kiekio
silose ir tiramino bei putrescino, atitinkamai (r = 0,64, p<0,05; r = —0,57,
p>0,05) méginiuose, paimtuose po 3 mén. po siloso sudéjimo.
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Daugiameciy Zoliy siloso méginiy i§ ekologiniy ir jprastinés gamybos
tkiy cheminiai bei fermentaciniai rodiklai pateikti PUBLIKACIJA Il
1 lentel¢je. Koreliacijos koeficientai tarp biogeniniy aminy, mikotoksiny
koncentracijy ir siloso cheminiy fermentaciniy rodikliy pateikti PUBLIKA-
CIJA I, 2 lenteléje. Nustatyta stipri neigiama koreliacija (p<0,05) tarp
mikotoksiny AF (bendrai), ZEA koncentracijy ir sausyjy medziagy kiekio
bei pH. Nustatytas stipus rySys tarp mikotoskiny DON ir T-2/HT-2 koncent-
racijy ir amoniako bei pieno rtgsties kiekio silose. Nustatyta stipri teigiama
koreliacija tarp tiramino, putrescino, kadaverino ir amoniako, sausy medzia-
gy kiekio, baltymy kiekio bei sviesto riigSties koncentracijos. Histaminas
siloso méginiuose nekoreliavo nei su vienu cheminiu ar fermentaciniu
rodikliu.

3.5. Savikontrolés tikslu ir probleminiais atvejais
tirty pasary uzterStumas mikotoksinais

Savikontrolés atvejais mikotoksiny tyrimams atvezty silosuoty paSary i$
ivairiy Lietuvos tikiy (3.5.1 lentelé) vidutinés didziausios mikotoksino AFB1
koncentracijos nustatytos 2015 m. kukuriizy silose 1-2 mén. po sudéjimo ir
daugiameciy zoliy silose (tran$¢jose), o maziausia 2013 m. kukurizy
silose — > 8 mén. po sud¢jimo. Didziausios ZEA koncentracija nustatyta
viename kukuriizy siloso méginyje, paimtame po 1-2 meén. po siloso
sudéjimo 2014 m. Didziausios vidutinés DON koncentracijos nustatytos
kukurtizy silose — > 8 mén. po sudé¢jimo 2012 m. bei daugiameciy zoliy
ritiniuose 1-2 mén. po susukimo 2013 metais.
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3.5.1 lentelé. 2011-2015 metais Gyviiny gerovés tyrimy laboratorijoje tirty skirtingais laikotarpiais po sudéjimo
paimty silosuoty pasary uzterstumas mikotoksinais (ug/kg)

Laikotarpis Kukuriizy silosas Kukuriizy griidainis Daugiameciy Zoliy silosas Daugiameciy Zoliy silosas
(tran$éjos) (ritiniuose) (transéjos)
AFB: | ZEA | DON | AFB: | ZEA | DON | AFB. | ZEA | DON | AFB. | ZEA | DON
2011 m.
1-2 mén.
n' 5 5 5 - - - - - - - - -
Teig? 60 100 100

Vid. konc.® | 1,840,7 | 630+80 | 416+70
Min.-Max.* 0-3 400-870 | 230-650

3—7 mén.
n' 5 5 5 4 4 4 7 7 7 7 7 7
Teig? 100 100 100 100 100 100 100 100 100 85 100 85

Vid. konc.® 4+2 590+150 | 600110 | 240,02 | 550490 | 460+30 5+1 590+100 | 410+30 5+1 560+7 | 440+80
Min.-Max.* 1-10 200-900 | 350900 | 1,3-2 | 400-800 | 400-550 1-8 200-1100| 330-500 0-8 200-500 | 0-630

>8 mén.

n' 1 1 1 1 1 1 - - - 2 2 2
Teig? - - - 3 250 600 100 100 100
Vid. konc.® 2 870 550 1000+£330| 700+£200
Min.-Max.* 7 660-670 | 500-900
2012 m.

1-2 mén.

n' 2 2 2 - - - - - - - - -
Teig? 100 100 100

Vid. konc.® 4,943 320+15 | 530430
Min.-Max.* 1,7-8 | 300-330 | 500-550
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3.5.1 lentelés tesinys

Laikotarpis Kukuriizy silosas Kukuriizy griidainis Daugiameciy Zoliy silosas Daugiameciy Zoliy silosas
(transéjos) (ritiniuose) (transéjos)

AFB: | ZEA | DON | AFB: | ZEA | DON | AFB: | ZEA | DON | AFB. | ZEA | DON
3—7 mén.
n’ - - - 2 2 2 3 3 3 4 4 4
Teig? 100 100 100 100 100 100 100 100 100
Vid. konc.® 2+0,5 | 300+£100 | 450450 10+2 1020£190| 630+140 5+1 75049 420+40
Min.-Max.* 1-2 200-400 | 400-500 8 670-1300| 450-900 2-7 600-900 | 300480
>8 mén.
n’ 2 2 2 - - - - - - - - -
Teig? 100 100 100
Vid. konc.® 3,242 | 450+250 | 750+250
Min.-Max.* | 1-0,005 | 0,2-0,5 0,5-1
2013 m.
1-2 mén.
n' - - - 3 3 3 1 1 1 3 3 3
Teig? 33,33 100 100 0 930 750 33,33 100 100
Vid. konc.® 0,3-1 | 8404230 | 500+60 4,244 | 630+£280 | 570+40
Min.-Max. 530-1300| 400-600 300480 |300-1200| 500-650
3—7 mén.
n - - - 3 3 3 - - - 8 8 8
Teig? 66,67 100 100 50 100 100
Vid. konc.® 2+1 380+60 | 630+90 2-0,08 | 320+£70 | 300+50
Min.-Max.* 0-4 300-500 | 500-800 0-5 50-600 | 12-500
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3.5.1 lentelés tesinys

Laikotarpis Kukuriizy silosas Kukuriizy gridainis Daugiameciy Zoliy silosas Daugiameciy Zoliy silosas
(transéjos) (ritiniuose) (transéjos)

AFB: | ZEA | DON | AFB: | ZEA | DON | AFB: | ZEA | DON | AFB. | ZEA | DON
>8 mén.
n' 2 2 2 - - - 3 3 3
Teig? 50 100 50 100 100 100
Vid. konc.® | 0,65+0,65 | 420£120 | 300+300 549 1020+10 | 630£190
Min.-Max.* | 0-1,3 | 300-530 | 0-600 4-7  |870-1200|400-1000
2014 m.
1-2 mén.
n' 1 1 1 - - - - - - - - -
Teig? 8 2000 750
Vid. konc.®
Min.-Max.*
3—7 mén.
n' 4 4 4 2 2 2 2 2 2
Teig? 100 100 75 100 100 100 100 100 100
Vid. konc.® | 5,8+0,09 | 600+70 | 240+100 4+1 750+50 | 530+180 | 4+0,4 | 850+350 | 630+130
Min.-Max.* 4-8 500-800 | 0-500 3-5 700-800 | 350-700 4-5 |500-1200| 500-750
>8 mén.
n' - - - - - - 3 3 3
Teig? 66,67 100 100
Vid. konc.® 442 470+70 | 450430
Min.-Max.* 0-8 400-600 | 400-500
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3.5.1 lentelés tesinys

Laikotarpis Kukuriizy silosas Kukuriizy griidainis Daugiameciy Zoliy silosas Daugiameciy Zoliy silosas
(transéjos) (ritiniuose) (transéjos)

AFB: | ZEA | DON | AFB. | ZEA | DON | AFB: | ZEA | DON | AFB. | ZEA | DON
2015 m.
1-2 mén.
n' 2 2 2 - - - - - - 3 3 3
Teig? 100 100 100 66,67 66,67 100
Vid. konc.® | 7,5£5 | 940+140 | 450+50 2+1 440+230 | 630+70
Min.-Max.* 3-12  |800-1070| 400-500 0-4 0-800 | 500-750
3—7 mén.
n' - - - - - - - - - 4 4 4
Teig? 75 100 75
Vid. konc.® 7+£3 790+£150 | 350+120
Min.-Max.* 0-13 | 500-120 | 0-500
>8 mén.
n' 6 6 6 3 3 3 2 2 2 - - -
Teig? 83,3 100 100 0 100 100 100 100 100
Vid. konc.® | 2+0,5 | 9204280 | 440+130 180+60 | 200+30 3+0,2  |1150+150| 380+130
Min.-Max.* 0-3  |200-2100| 100-900 100-300 | 150-250 3-3,3 |1000-1300f 250-500
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Probleminiais atvejais, kai iikiuose atsirado timis, neaiskios kilmés
melziamy karviy sveikatingumo sutrikimai, o tikiy savininkai ar veteri-
narijos gydytojai kaip vieng jy priezasciy jtaré pasary uzterStumg toksinais, |
laboratorija buvo pristatyta 15 meéginiy. Dazniausiai pasitaik¢ sutrikimai —
padidéjes somatiniy lgsteliy kiekis — 33,3 proc. ir abortai — 33,3 proc. visy
probleminiy atvejy (3.5.2 lentel¢).

3.5.2 lentelé. Mikotoksiny koncentracijos pasaruose is ,, probleminiy “ iikiy

Rodikliai Mikotoksiny koncentracija, mg/kg
AFB; ZEA DON
Padidéjes somatiniy lasteliy | Vid. konc.? | 0,0025+0,00084 | 0,64+0,17 | 0,42+0,11
kiekis piene; n =5 Min.-Max.2 0-0,005 0-1,3 0-0,75
Umus kojy sgnariy patinimai; | Vid. konc. 0,0047+0,002 1,20+0,47 | 0,75-0,25
n=3 Min.-Max.? 0,002-0,008 0,5-2,1 0,5-1
Versingy karviy abortai, Vid. konc.r | 0,0027+0,00065 | 0,68+0,22 | 0,47+0,02
n=5 Min.-Max.? 0,001-0,004 0,2-1,2 0,4-0,5
Neaiskios kilmés Vid. konc.? 0,0045+0,0005 1,1+0,1 0,7+0,3
viduriavimas; n = 2 Min.-Max.? 0,004-0,005 1-1,2 0,4-1

lvisy méginiy vidutiné mikotoksino koncentracija; minimali-maksimali mikotoksino kon-
centracija.

3.6. Silosuoty pasaruy, uZtersty mikotoksinais,
bei kristaliniy mikotoksiny citotoksiSkumo jvertinimas
organy taikiniy lasteliy kultuiroms

Nustatyta, kad BHL-21 lasteliy linijg paveikus 5 méginiu (3.6.1 pav.),
kurio uZter§tumas toksinais maziausias (t. y. DON — 500 pg/kg ir ZEA -
130 pg/kg), nesumazino lgsteliy proliferacijos daugiau kaip 50 proc., laste-
liy proliferacija nesumazéjo daugiau kaip 50 proc. paveikus jas ir 6 méginiu,
kuriame nustatyta didZiausia AFB1ir ZEA koncentracija, taciau DON neap-
tikta.
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B 24 val.

80 - B 48 val.
a8 72 val.

70

60 -

Lasteliu proliferacija, proc.

3 4
Méginio numeris
3.6.1 pav. Pasary, uztersty DON, ZEA, AFB;, T-2 mikotoksinais,

toksinis poveikis BHL-21 lgsteliy linijai

Paveikus MH-22A lasteliy linijg 24 val. paSarais (3.6.2 pav.), uZterstais
DON, ZEA, AFBi1, T-2 mikotoksinais, lgsteliy proliferacija nesumazéjo
daugiau kaip 50 proc. visuose méginiuose. Po 48 val. stipriausias poveikis
pastebétas paveikus Igsteles 5 méginiu ir silpniausias paveikus 6 méginiu.

100
90 4
80
70 1
60 -
50 -
40 4
30 -

B 24 val.
B 48 val.
2 72 val.

Lasteliy proliferacija, proc.

3 4

Meéginio numeris

3.6.2 pav. Pasary, uztersty DON, ZEA, AFBi, T-2 mikotoksinais,
toksinis poveikis MH-224 Igsteliy linijai
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Paveikus PKEL lIasteliy linijg paSarais (3.6.3 pav.), uzterStais DON,
ZEA, AFBI, T-2 mikotoksinais, lgsteliy proliferacija, mazesné nei 50 proc.,
nustatyta visais atvejais. Taciau stipriausiu poveikiu pasireiské 4 meéginys,
kuriame nustatyta didziausia DON koncentracija, t. y. 500 pg/kg ir AFB1—-3
ng/kg.

60

4
£ B 24 val.
T 50+ 48 val.
= B 72 val.
g 40

£ 30

z

= 20 A

iy

S 104

&

] 0

1 2 3 .

Meéginio numeris

3.6.3 pav. Pasary, uztersty DON, ZEA, AFB1, T-2 mikotoksinais,
toksinis poveikis PKEL lgsteliy linijai

Atskiry kristaliniy mikotoksiny DON, ZON, AFB:1 ir jy kombinacijy
poveikio lasteliy apoptozei ir proliferacijai nustatyti panaudotos taikininiy
organy kilmes Igstelés: HeLa, BHL-21, PKEL, MH-22A. Lastelés paveiktos
kristaliniais mikotoksinais ir jy miSiniais trimis skirtingais laikotarpiais, t. y.
24 val., 48 val., 72 val.

3.6.2 lentelé. Mikotoksiny AFBi1, ZEA, DON, ir jy misiniy poveikis lgsteliy
proliferacijai

Miko [Koncent-| Laikas Lasteliy linijos

toksi | racija | (val) | HeLa BHL-21 PKEL MH-22A

nas | (ng/l) (proc.) (proc.) (proc.) (proc.)

AFB;| 85 24 | 1332844,79* | 101,25+0,83* | 98,15+0,7° | 114,77+1,27°
48 | 98,48+15,58" | 81,66+14,53* | 116,79+3,23 | 110,45+5,55¢
72 [103,95+4,88%0 | 78,04+4,31° | 53,13+23,63% | 101,64+14,26°

DON | 1250 | 24 | 67,42+£325% | 68,6446,19° | 85.58+4,66° | 98,17+3,7%
48 | 100£10,43° |56,64+10,06*° | 63,33+7,58% | 75,63+2,36°
72 |[111,18+15,01° | 40,87+1,96" | 50,38+5,04" | 63,82+0,36°

ZEA | 1560 | 24 | 142,89+4,.94% | 136,83+23,32%| 87,3849,56" | 126,89+1,85
48 | 87,05+10,21° | 87,1143,22 | 51,35+14,3° | 109,84+10,3¢
72 | 76,03£6,85" | 75,04+7,44° | 109,95+538* | 101,55+11,64°
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3.6.2 lentelés tesinys

Miko [Koncent-| Laikas Lasteliy linijos
toksi | racija | (val) HeLa BHL-21 PKEL MH-22A
nas | (ng/l) (proc.) (proc.) (proc.) (proc.)
DON/| 1250/ | 24 | 92,40+1,56* | 80,84+1,79* | 73,35+6,16° | 105+20,69°
ZEA | 1560 | 48 | 8852+2,18% | 73,2442,62° | 92,4848,89" | 87,87+4,1°
72 | 93,91+10,83 | 51,12+14.4° | 87,18+13,72* | 83,98+9,47
AFBy/| 8,5/ 24 | 88,33+4,57 | 78,19+121° | 102,36+0,4* | 113,138,002
DON/| 1250/ | 4g Nt 88,38+3.23" | 94,47+7,71° | 68,65+1,32°
ZEA | 1560 ) Nt 80,96+1,31° Nt 4325+1,67°
AFBy/| 8,5/ 24 | 87,06£5,11° | 75,29+18,11° | 105,26+2,91° | 94,27+3,37°
ZEA | 1560 | 48 | 100,34+8,06° | 98,39+5,11% | 87,89+3,08" | 84,40+4,84%
72 | 57,8846,17° | 93,97+1,2° | 58,15+3,15¢ | 76,55+4,79
AFBy| 8,5/ 24 | 8546+2,19*0 | 78,19+1,2° | 110,63+11,28| 96,413,042
DON | 1250 | 48 | 80,85£11,97° | 78,01+0,68* | 82,29422,76* | 92,33+4,32¢
72 | 74,99+4.81% | 76,23+£11,18" | 91,98+5,52¢ | 113,4243,15

Lasteliy proliferacija, lyginant su kontrolinémis Igstelémis, trijy pakartojimy reikSmeés
vidurkis + standartinis nuokrypis. Skirtingos raidés **¢ rodo statistiskai patikimg skirtuma
(p<0,05) tarp atskiry lgsteliy linijy veikiant jas mikotoksinais skirtingu laiku.

Apskaiciuojant optinio tankio vertes, naudojant MTT metodg (3.6.2 len-
tel¢), nustatytas, AFB1 stipriausias metabolinis aktyvumas PKEL lasteléms
po 72 val. (p<0,05), DON — BHL-21 (p<0,05) ir PKEL (p<0,05) lasteliy li-
nijoms po 72 val.

Palyginus atskiry kristaliniy mikotoksiny ir jy miSiniy poveikj lasteliy
kultiroms, nustatytas didziausias slopinantis poveikis po 72 val. DON/
ZEA - BHL-21, AFB1/DON/ZEA - MH-22A, o AFBi/ZEA — Hel A ir
PKEL lasteliy linijoms.

Lyginat mikotoksiny slopinantj (supresinj) poveikj po 24 ir 72 val.,
nustatyta, kad atskiri mikotoksinai ir jy miSiniai stipriausiai veiké visas
lasteliy kulttiras po 72 val. Visy trijy mikotoksiny didziausias poveikis laste-
liy metaboliniam aktyvumui, t. y. apie 50 proc., po 72 val. (p<0,05),
nustatytas kepeny MH-22A lasteléms (LDso). Kai AFB1 — 8,5 ng/l, ZEA —
1560 pg/l, DON — 1250 pg/l. DON/ZEA miSinio (1250/1560 pg/1), didZiau-
sias poveikis lgsteliy metaboliniam aktyvumui nustatytas inksty BHL-21
lasteléms (p>0,05) po 72 val.

70



3.6.3 lentelé. Mikotoksiny AFBi, DON, ZEA ir jy misiniy poveikis Ilgsteliy

apoptozei
Miko-| Koncent- |Laikas Lasteliy linijos
tok- | racija | (val) | HeLa BHL-21 PKEL MH-22A
sinas | (ng/l) (proc.) (proc.) (proc.) (proc.)
AFB;| 85 24 | 95,64+£14,90° | 80,7843 Nt 114,77+1 27
48 | 98,48+15,58" | 59,80+3,49" Nt 110,46+5,55
72 | 103,95+4,88% | 44,99+40,99c | 86,51+0,59 | 43,78+138"
DON | 1250,0 | 24 | 74,92+3.44% | 11539+8,66° | 81,27£7,39% | 74,96+5,34
48 | 97,75+24.24% | 68,93+2,63" | 71,81£11,25% | 88,08+4,31°
72 | 95,25+11,94% | 41,44+0,86° | 50,38+5,03> | 79,89+1,81°
ZEA | 1560,0 | 24 | 86,54+10,17° | 82,09+£5,09° | 3534+£9,72 | 85,84+5,77°
48 | 92,54+836% | 90,71+4,42° | 111,82+11,6 | 86,88+2,74
72 | 102,7843,54* | 76,33+2,08% | 109,96+5,38 | 37,61:1,19
DON/| 1250/ | 24 | 73,82+11,60° | 77,76£1,27* | 64,74+6,61a | 83,66+24,18
ZEA | 1560 48 [101,06£26,87| 75,29+4,38% | 87,9042,48> | 91,5+50°
72 | 106,38+2,5" | 52,93+53% | 80,18+1,54> | 75,13+1,89"
AFBy/| 8.5/ 24 Nt 100,47+5,81° | 100,28+8,62* | 94,47+7,71°
DON/| 1250/ | 43 Nt 73,82+2.81%0 | 75,96+25,7° | 93,14+0,67°
ZEA | 1560 72 Nt 67,62+8,82" | 37,40+1,62 Nt
AFBy/| 8.5/ 24 | 81,88+£9,89° | 86,34+12,3* | 109,95+3,3% | 105,26+2,91°
ZEA | 1560 48 6949,47° | 52,77+1,98" | 72,91+7,26> | 70,24+6,94
72 |110,07£13,84°| 48,58+1,120 | 17,44+0,34° | 54,28+229°
AFBy/| 8.5/ 24 | 87,05£4,76° | 95,0746,51* |133,66+23,09%| 96,4143,04°
DON | 1250 48 | 89,414£2,54* | 93,6947 71,45+70 | 92,334,322
72 |117,46+15,08°| 71,73+3,68> | 69,66+4,35" | 113,4243,15

Lasteliy apoptozé, lyginant su kontrolinémis lgstelémis, trijy pakartojimy reik§Smés vidurkis
+ standartinis nuokrypis. Skirtingos raidés ¢ rodo statistiskai patikimg skirtumga (p<0,05)
tarp atskiry Igsteliy linijy veikiant jas mikotoksinais skirtingu laiku. Nt — netirta.

Apskaiciuojant optinio tankio vertes, naudojant KV daza (3.6.3 lentel¢),
nustatytas stipriausias AFB1 poveikis, sukeles didesne nei 50 proc. Igsteliy
apoptoz¢ BHL-21 ir MH-22A lasteliy linijoms po 72 val. (p<0,05). DON —
inksty (BHL-21) (p<0,05) ir PKEL (p<0,05) Igsteliy linijoms po 72 val.

Palyginus atskiry kristaliniy mikotoksiny ir jy miSiniy poveikj,
sukeliant] Igsteliy apoptoze, nustatyta, kad stipriausiai apoptozg sukelé po
72 val. AFB1/DON/ZEA - PKEL (p<0,05) lasteliy linijjoms, AFB1/ZEA —
BHL-21 (p<0,05) ir PKEL (p<0,05) lasteliy linijjoms.
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Lyginat mikotoksiny poveikj po 24 ir 72 val., sukeliant] Igsteliy apop-
toze, nustatyta, kad atskiri mikotoksinai ir jy miSiniai stipriausiai veiké visas
lasteliy kulturas po 72 val.

Nustatytas genotoksinis kristaliniy mikotoksiny AFB1, ZEA, DON, ZEA/
DON poveikis in vitro (3.6.4 lentel¢) galvijy limfocitams, paveikus juos
didziausiomis paSaruose nustatytomis koncentracijomis. IStyrus chromosomi-
niy aberacijy spektra, didziausias bendras lasteliy skaiCius su pakitimais nu-
statytas paveikus limfocity Iasteles ZEA (1560 pl/L) toksinu, o maziausias —
DON (1250 ul/L) toksinu. Didziausig procenta visy pazaidy, paveikus lgsteliy
limfocitus mikotoksinais, sudaré chromatidziy trukiai bei spragos, kuriy
didelis kiekis parodo genomo nestabilumg. Diziausias spragy procentas
nustatytas paveikus limfocity lasteles DON toksinu, o chromosomy triikiai —
ZEA/DON (1560-1250 pl/L) miSiniu. Taip pat nustatytas chromosomy skai-
¢iaus pakitimas (aneuploidija) dél ZEA poveikio. Paveikus galvijy limfocity
lasteles mikotokisnu AFB1 (8,5 pl/L) ir jvertinus chromosomy aberacijy
spektra, rasti didziausi dviejy tipy pakitimai — chromatodziy triikiai ir spragos.

3.6.4 pav. Mikotoksino AFB; sukelta delecija (D;) (is autoriaus archyvo)

.

~
2, %>
P :30,3. "{'.":
Gk Wt-
Y 2

3.6.5 pav. Mikotoksino ZEA sukelta delecija (D2 ir Di)
(is autoriaus archyvo)
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3.6.4 lentelé. Chromosomy aberacijos galvijy limfocity lgstelése, paveikus jas mikotoksinais AFBi1, ZEA, DON,

ZEA/DON

Miko- Koncent- | Lasteliy | Chromatidziy | Chromosomuy | Spragos (S),| Fragmentai| Aneuploi- | Bendras laste- p

toksinai | racija, pg/l |skaicius? trikiai trikiai proc. (F), proc. | dija, proc. | liy skaifius su
(delecija D1), | (delecija D), pakitimas,
proc. proc. proc.

Kontrole 0 150 1,33£1,33 0,67+1,33 1,33+1,33 0 - 3,08 0,004
AFB; 8,5 150 10,41+2,95 2,05+1,14 9,70+£3,04 | 1,46+0,98 - 24,34
Kontrolé 0 150 8+0 0,67+1,33 4,33+3,53 | 2,67+1,33 | 1,33+1,33 21,33 0,451
ZEA 1560 150 10,07£2 2,85+1,95 5,93+3,01 0 8,60+4,06 29,82
Kontrolé 0 150 6,67+1,15 0,44+0,44 6,67+1,15 0 - 8,67 03
DON 1250 150 10£1,15 2,0£1,15 10£2,15 0 - 17,78
Kontrole 0 150 4,32+2.78 1,28+1,28 7,43+4,45 0 2,56+2,56 17,11 0,005
ZEA/ 1560/ 150 10,04+2,24 3,13+1,64 8,28+0,89 1,48+1,48 23,4
DON 1250

250 lasteliy kiekvienos karves.
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Chromosominiy aberacijy dazniai skyrési tarp kontroliniy ir mikotok-
sinais paveikty limfocity Iasteliy. [vertinus aberacijy, nustatyty kontroliniuo-
se méginiuose, spektra pastebéti pakitimai — chromatidziy triikiai ir spragos,
kurios yra tik pirminés DNR paZzaidos.

3.7. Natiiraliai mikotoksinais uZtersty pasary poveikis melZiamoms
karvéms ir detoksikuojancio preparato efektyvumo jvertinimas

Ivertinus 1§ X iikio paimty grudiniy ir silosuoty paSary uzkréstumg
mikroskopiniais grybais (3.7.1 pav.) nustatyta, kad gridy miSinyje vyravo
Aspergillus spp. mikroskopiniai grybai, daugiameciy Zoliy Siene — Fusarium
spp. ir Penicillium spp., avizy ir peliusky Siauduose — Penicillium spp.
(PUBLIKACIA I).

Proc.

[_';jf"l, ﬂ,‘ﬂ,i I [

Acremo-  Alternaria Aspergillus  Gilma- — Fusarium Penicillium Rhizopus
nium spp. spp. spp. niella spp. spp. spp.
spp.

B Gridy misinys B Sienas daugiametiy Zoliy
B Liucernos-Sunazolés (Sienainis) ™ Avizy ir peliusky $iaudai

3.7.1 pav. Mikroskopiniy gryby aptikimo daznis X iikio pasaruose
Maziausias gyvybingy spory kiekis skaicius, t. y. 4 log ksv/g, nustatytas

liucernos ir Sunazolés silose, didziausias — 4,73 log ksv/g gridy miSinyje
(3.7.2 pav.).
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Grady Liucernos- Daugiamediy  Avizy,
misinys Sunazolés  Zoliy Sienas  pasSariniy
silosas zirniy ir
liucernos

silosas

3.7.2 pav. Mikroskopiniy gryby, sudaranciy kolonijas,
skaicius pasaro méginiuose

Pasary méginiuose ZEA didziausias kiekis, t. y. 1000 pg/kg, nustatytas
daugiameciy Zoliy silose, maziausias Sio toksino kiekis — 270 pg/kg,
aptiktas grudy misinyje. DON didziausias kiekis, t. y. 600 pg/kg, nustatytas
taip pat daugiameciy zoliy silose. Avizy, paSariniy Zirniy, liucernos silose
Sio toksino aptikta maziausiai — 350 pg/kg. AFB1 daugiausiai aptikta griiddy
misinyje, t. y. 10 pg/kg, daugiameciy Zoliy Siene — 4 ng/kg.

Bandymy metu abiejuose karviy grupése gyvuliy gaiSimy, traumy nepa-
sitaiké, taciau diagnozuota po vieng Umy mastita, kurie buvo atitinkamai
gydomi. Laikyta, kad mastitai nedaré jtakos bandymo rezultatams. Bandy-
mo metu karviy sveikatingumo rodikliai atitiko fiziologines normas abejuo-
se karviy grupése (PUBLIKACIJA I, 2 lentelé¢).

Pieno kiekio ir sudéties tyrimai (PUBLIKACIJA 1, 4 lentel¢). Pieno pri-
milzis padidéjo 12 proc. (p>0,05) karviy grup¢je (EG), kuri buvo Serta
mikotoksiny absorbentu, ir 6,1 proc. (p>0,05) kontrolingje grup¢je (KG),
kuri mikotoksiny absorbenty negavo. Somatiniy Igsteliy kiekis 73,68 proc.
(p<0,05) padid¢jo KG. Hematologinai kraujo rodiklai (PUBLIKACIJA I, 5
lentel¢) svyravo fiziologiniy normy ribose. Biocheminiai kraujo rodiklai
(PUBLIKACIJA I, 6 lentelé) svyravo fiziologiniy normy ribose, iSskyrus
karbamida, Sis rodiklis KG padidejo daugiau nei du kartus (p>0,05). IgA
sumazgjo 16,17 proc. (p>0,05) KG ir padidéjo EG 14,45 proc. (p<0,05).

75



3.8. Augaliniy ekstrakty, kaip profilaktiniy priemoniy,
panaudojimas gerinant siloso higieniné kokybe

Pasirinkty augaly, t. y. raudonélio ir ¢iobrelio, vandeniniy ir etanoliniy
ekstrakty prie§ jterpiant juos i kukurtizy silosuojama Zzaliava, nustatytas
slopinamas poveikis, silosuotose paSaruose dazniausiai aptinkamiems
mikroskopiniams grybams A. fumigatus ir A. niger (3.8.1 lentel¢). Stipriau-
siu poveikiu pasizyméjo Ciobrelio etanolinis ekstraktas prie§ A. fumigatus,
tadiau jis visai neslopino A. niger augimo. Ciobrelio vandeninis ekstraktas
A. fumigatus augimg sumazino 34 proc., taciau A. niger augimo neslopino.
Raudon¢lio vandeninis ekstraktas neslopino nei vienos pasirinktos mikro-
skopiniy gryby risies. Taciau etanolinis raudonélio ekstraktas slopino ir A.
fumigatus augimg — 88, 0 proc., o A. niger — 60,0 proc.

3.8.1 lentelé. Augaliniy ekstrakty slopinantis poveikis A. fumigatus ir A. niger

Mikroskopiniai CEE 50 CVE 50 R EE 50 R VE 50
grybai (proc.) (proc.) (proc.) (proc.)
A. fumigatus 100 34 88,04 0
A. niger 0 0 60 0

C-EE-50 - ciobrelio etanolinis ekstraktas (50 g ¢iobrelio ir 200,0 ml 70,0 proc. maistinis
etilo alkoholis); C-VE-50 — &iobrelio vandeninis ekstraktas (50 g &iobrelio ir 200,0 ml
distiliuoto vandens); R-EE-50 — raudonélio etanolinis ekstraktas (50 g raudonélio ir 200,0
ml 70,0 proc. maistinis etilo alkoholis); R-VE-50 — raudonélio vandeninis ekstraktas (50 g
raudonélio ir 200,0 ml distiliuoto vandens).

Kukurtizy Zaliavos prie§ fermentacija cheminiai ir mikrobiologiniai
rodikliai yra pateikti 3.8.2 lentelé¢je. Kukurtizy siloso, silosuoto laboratori-
némis sglygomis, cheminiai fermentaciniai ir higieniai rodikliai pateikti
atitinkamai 3.8.3 ir 3.8.4 lentelése.

3.8.2 lentelé. Kukuriizy zaliavos pries fermentacijq cheminé, higieniné koky-
bé, mikotoksiny koncentracijos

Sausosios | pH Mikroorganizmy Mikotoksiny
medZia- skaicius, log ksv/g koncentracija, ng/kg
gos (SM), Mikrosko | Mieliy | Bendras | Piena- | AFB: | ZEA |DON | T-2
g/kg piniy bakte- | rugstiy
grybu riju bakte-
skaicius | riju
skaicius
395,0£ | 4,99+ 4,89+ 3,39+ | 4,55+ 5,42+ N 600 | 100 |250
70,9 0,23 0,11 0,09 0,12 0,06

N — Zemiau aptikimo ribos t. y. <1.
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3.8.3 lentelé. Kukuriizy siloso 90 d. po sudéjimo cheminiai fermentaciniai rodikliai

Parametrai | R-VE? | R-VE" | R-EE® | R-EE® | C-VE® | C-VE' | C-EE° | C-EE" | KV' KSi KCk | KG' K™ p
50 25 50 25 50 25 50 25

Karvakrolis+ <AR. | <AR. | 64+ 5,3+ 4,1+ | <A.R. 93,7+ 94,5+ - - - - - -

SSN, proc. 3,7 2,9 3,2 3 0,3

Timolis+ <AR. | <AR. | 123+ | 85+ | 29,6+ | <NR. | 628,5+ | 819+

SSN, proc. 3,7 0,7 0,9 1,3 0,8

Sausosios me- | 303,7+ | 375,5+ | 334,5+ | 344,4+ |347,65+|346,50+| 316,45+ |350,75+|353,35+(331,85+(|341,05+| 311,7+ | 389,05+ | 0,331

dziagos, g’lkg | 7,6 | 50,4* | 26,5 5,5 3,75 | 27,29 | 5,35™ 3,23 | 20,58 | 955 | 9,65 | 11,7™ | 38,65!

pH 3,93+ | 3,89+ | 3,96+ | 3,93+ | 3,87+ | 4,04+ | 3,97+ | 3,94+ | 3,99+ | 3,82+ | 3,85+ | 4,03+ | 3,99+ |0,784
0,05 | 003 | 003 | 006 | 006 | 014 0,01 004 | 014 | 004 | 0,06 | 0,19 0,07

Amoniakinis | 2,5+0,5|5,5+0,5¢| 1,5+ |3,5£0,5|2,5+1,5| 2+1° 2+1%  |1,5+1,5°(3,540,5 | 240,017 | 1£1>™ |1,540,5%| 4,542,5% | 0,244

azotas (proc. 0,71°

bendr. N)

Fermentiniy 28,5+ | 31+le | 22+ 32+ | 27,5+ | 23,5+ | 18,5+ | 23+8 | 2541 | 32,5+ | 27,5+ | 28,5+ |26,5+2,5 | 0,205

rug§éiy suma 1,58 0,01% | 6°¢ 1,5 3,5 | 0,504 0,5°¢ 35 0,5¢

(TFA), gkg

SM

Pieno riigstis 36,4+ | 23,4+ | 382+ | 43,65+ | 34+2,2 | 41,75+ | 24,65+ | 24,25+ | 38,05+ | 45,55+ | 41,75+ | 32,4+ | 36,05+ |0,244

(proc. TFA) 5,9 2,8 8,88 | 3,858 4,852 |0,15°%50k| 20,75 | 0,65 | 8,258 | 1,552 6,3 1,55

Acto riigtis 13,5+ | 16,3+ | 10,5 | 11,5+ | 13+1 | 10,5 | 120,01 | 12,5 | 111 | 14+2 | 12,5+ | 12,5+ | 12,5+2,5 0,873

(g/kg SM) 0,5 4,3 15 4,5 2,5 1,5 0,5 0,5
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3.8.4 lentelé. Kukuriizy siloso 90 d. po sudéjimo higieniné kokybé, mikotoksiny koncentracijos

Parametrai | R-VE? | R-VE" | R-EE° | R-EEY | C-VE® | C-VE' | C-EE’ | C-EE" | KV KS KCk | KG' K™ p
50 25 50 25 50 25 50 25

Karvakrolis+ <AR. | <AR. | 6,4+ 5,3+ 4,1+ | <A.R. | 93,7 | 94,5+ - - - - - -

SSN, proc. 3,7 29 3,2 <N.R. 3 0,3

Timolis+ <AR. | <AR. | 12,3+ | 8,5+ | 29,6+ 628,5+ | 819+

SSN, proc. 3,7 0,7 0,9 1,3 0,8

Pienartigsciy 42+ | 421+ | 4,14+ | 4,11= | 4,14+ | 4,13+ | 4,22+ 42+ | 4,14+ 4,16+ | 4,17+ | 4,15+ | 4,12+0,22 | 0,469

bakterijy skai- | 0,04 0,02 0,04 | 019 | 0,12 0,1 0,03 0,09 0,05 |0,28sdetkll 0,0l 0,02

Cius, log ksv/g

Mikroskopiniy | 3,61+ | 3,8+ | 3,94+ 4+ 3,631 | 3,54+ | 3,94+ | 3,74+ | 3,51+ 4,17+ | 3,52+ | 3,96+ 4,25+ 0,282

gryby skaicius, | 0,21 0,2 0,06 0,01 0,15 | 0,24™ 0,04 0,26 | 0,54m 0,04 |0,22:m!| 0,06 0,18k

log ksv/g

Mieliy skai- 4,25+ | 3,89+ | 347+ | 4,19+ | 1,94+ | 2,03+ | 4,13+ | 4,09+ | 4,44+ 4,01+ | 3,27+ | 2,22+ | 2,06+0,2 | 0,723

Cius, log ksv/g | 0,12 0,11 0,07 0,13 0,09 0,03 0,22 0,22 0,27 0,53 0,19 0,14

Bendras bakte- | 4,55+ | 4,64+ | 4,4+ | 4,78+ | 4,78+ | 4,45+ | 4,74 | 4,62+ | 52+ 5,27+ | 4,75+ | 4,45+ 5,24+ 0,030

rijy skaicius, 0,06%m™ | 0,1444m | 0,094 | 0,18 0,01 [0,45%™| 0,04 |0,02¥m™|0,200efhlg 0gabethll 016 | 0,15%m | 0,1620cEh!

log ksv/g

AFBiqgke) 2,5+ (2,2£0,9| 5+ 4+1,4 |2+0,01 1+ 0,7+ 1,71 | 1,5+0,5 | 1,5+0,5 5+ 0,9+ | 0,5+£0,5% |0,197
0125 21‘,g,1,m 0,0lc’k 0707c,k 21‘,g,1,m 0’2c,k

ZEA (ngxg) 235+ | 535+ | 165+ | 385+ | 435+ | 485+ 380+ 335+ | 510+ 585+ 565+ | 475+ 435+£35 | 0,547
35 135 35¥k 85 235 185 80 165 160 85°¢ 35° 175
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3.8.4 lentelés tesinys

Parametrai | R-VE? | R-VE" | R-EE° | R-EEY | C-VE® | C-VE' | C-EE® | C-EE" | KV KS KCk | KG' K™ p
50 25 50 25 50 25 50 25
DONgkg) 325480 | 138+10 240490 | 34+10 | 375+ | 200+ | 250+1 | 400+ | 375+ |275+175| 150+ | 200+ | 425+75" |0,358
130" | 100 50stm | 125" 150 100
T-2HT@ere  |25£25™| 0™ |100£50| 75411 | O™ | 100+14| 50£50™ |50+£17™|2542,5™ | 63+£63 | 150+ [38+12™| 230+ {0,307
100 30a,b,e,g,h,i,l

Skirtingos raidés >edefehiiklm rodo statistilkai patikimg skirtuma (p<0,05) tarp atskiry méginiy esanéiy toje pacioje eilutéje.

R-VE-50 - 20 ml raudonélio vandeninis ekstraktas (50 g raudonélio ir 200 ml distiliuoto vandens); R-VE-25 — 20 ml raudonélio vandeninis
ekstraktas (25 g raudonélio ir 200 ml distiliuoto vandens); R-EE-50 — 20 ml raudonélio etanolinis ekstraktas (50 g raudonélio ir 200 ml 70,0
proc. maistinis etilo alkoholis); R-EE-25 — 20 ml raudonélio etanolinis ekstraktas (25 g raudong¢lio ir 200 ml 70 proc. maistinis etilo
alkoholis); C-VE-50 — 20 ml ciobrelio vandeninis ekstraktas (50 g Ciobrelio ir 200 ml distiliuoto vandens); C-VE-25 — 20 ml ¢iobrelio
vandeninis ekstraktas (25 g ¢iobrelio ir 200 ml distiliuoto vandens); C-EE-50 — 20 ml ¢iobrelio etanolinis ekstraktas (50 g ¢iobrelio ir 200 ml
70 proc. maistinis etilo alkoholis); C-EE-25 — 20,0 ml Ciobrelio etanolinis ekstraktas (25 g ciobrelio ir 200 ml 70 proc. maistinis etilo
alkoholis); KV — 20 ml kontrolé su distiliuotu vandeniu; KS — 20 ml kontrolé su etilo alkoholiu (70 proc. maistinis etilo alkoholis); KC —
kontrolé su siloso inokuliantu (L. plantarum, P. acidilactici, ksilanazé¢); KG — kontrolé su siloso inokuliantu (L. plantarum, E. faecium,
P. acidilactici); K — kontrol¢, nieko nejterpiant; <A.R. — aptikimo riba; <N.R. — nustatymo riba; p — patikimumas tarp tirty méginiy ty paciy
rodikliy vienoje eilutéje.
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Didziausias karvakrolio ir timolio kiekis nustatytas Ciobrelio etanoli-
niuose ekstraktuose. Raudonélio, abiejuose skirtingy koncentracijy, ir
¢iobrelio, mazesnés koncentracijos, vandeninuose ekstraktuose iy fenoliniy
junginiy neaptikta.

Cheminiai fermentaciniai rodiklai (3.8.3 lentel¢). Siloso pH, visy tirty
méginiy, variavo nuo 3,92 iki 4,04. Didziausias sausy medziagy kiekis
nustatytas kontroliniame méginyje (389,05 g/kg) ir R-VE-25 (375,5 g/kg).
Maziausias sausy medziagy kiekis nustatytas R-VE-50 (303,7 g/kg).
DidZiausias amoniakinio azoto kiekis (NHs-N) nustatytas kontroliniame
méginyje be jokiy priedy — 4,5 proc. bendr. N ir méginyje R-VE-50 —
5,5 proc. bendr. N. Raudoné¢lio vandeniniuose ekstraktuose, t. y. R-VE-50 ir
R-VE-25, didziausias acto riigsties kiekis ir R-VE-25 nustatytas maziausias
pieno rugsties kiekis, lyginant su visais méginiais.

Iterpiant ekstraktus j siloso zaliava, sumaz¢jo sausy medziagy kiekis
siloso méginiuose, lyginat su kontrole (K).

Ivertinus tirty méginiy higiening kokybe (3.8.4 lentelé), kontroliniame
meéginyje (K) nustatytas didziausias bendras bakterijy ir mikroskopiniy
gryby skaicius bei mikotoksiny DON ir T-2 didZiausios koncentracijos.

Maziausias mikroskopiniy gryby skaiCius nustatytas meéginiuose su
biologiniu inokuliantu (KC), t. y. 17,7 proc. (p<0,05) maziau nei kontroli-
niuose meéginiuose (K), kuriuose nustatytas didziausias mikroskopiniy gryby
skaiCius bei bendras bakterijy skaiCius. Pienariig§¢iy bakterijy ir mieliy
skaicius tarp méginiy nebuvo patikimas.

Mikotoksinai. Maziausios AFB1 koncentracijos, t. y. maziau nei < 1 pg/kg,
nustatyta kontroliniame méginyje (K), méginyje su biologiniu inokuliantu
(KG) ir méginyje su etanoliniu ¢iobrelio ekstraktu.

Didziausios ZEA koncentracijos, t. y. didesnés nei 500 pg/kg, nustaty-
tos kontroliniuose méginiuose su etanoliu (KS) ir vandeniu (KV), méginiuo-
se su raudonélio vandeniniu ekstraktu (R-VE-25) ir su siloso inokuliantais
(KC). DON didzZiausios koncentracijos, t. y. didesnés nei 400 pg/kg, nusta-
tytos kontroliniame (K) ir su ¢iobrelio etanoliniu ekstraktu (C-EE-25) mégi-
niuose. Didziausia T-2 toksiny koncentracija nustatyta kontroliniame mégi-

nyje (K).
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4. REZULTATU APTARIMAS

4.1. Zaliavy ir i§ jy gaminamy silosuoty pasary, paimty skirtingais
laikotarpiais po sudéjimo iS skirtingas tikininkavimo sistemas
taikanciy ukiy, higieniné kokybé

Geros kokybés silosuoti pasarai gali biiti pagaminti tik 1§ tinkamos
kokybés zaliavos, nes nuo jos priklauso bendra paSaro kokyb¢, gyviiny svei-
katingumas, gyviininés kilmeés produkcija. Siloso konservavimas — vienas i$
pasary konservavimo metody, paremtas vandenyje tirpiy angliavandeniy
skaidymu iki organiniy rugsciy, kuriame svarby vaidmenj atlieka piena-
rugstés bakterijos. Jos yra priskiriamos pageidaujamai silosuoty pasary
mikroflorai, lemianc¢ios paSary higiening kokybe. Taciau silosuotose pasa-
ruose neretai aptinkami ir nepageidaujami mikroorganizmai, tokie kaip
mikroskopiniai grybai, mielés, klostridijos, listeria, kurie blogina paSaro
kokybe, ypac atidarius siloso trané$¢jas Sérimui. Vis daugiau ikiy taiko
uzdarg gyvuliy laikymo sistema, kai gyvuliai laikomi fermose ir Seriami si-
losuotais pasarais visus metus. Todél ypac svarbi Siy paSary higieniné koky-
bé, tai yra juose vyraujanti mikroflora, jos sintezuojami metabolitai. Zino-
ma, kad mésos, pieno savybeés, sudétis, t.y. kokybe, produkcijos kiekis taip
pat priklauso nuo pasaro kokybés. Tod¢l svarbu, kad gyvuliai biity Seriami
gerai subalansuotais, biologiSkai vertingais, neuzterStais cheminémis me-
dziagomis, geros higieninés kokybés pasarais. Ypac aktuali pasaro higieniné
kokybé, nes pasarai, jy zaliavos — gera terpé augti ir daugintis jvairiems
mikroorganizmams.

4.1.1. Kukuriizy Zaliavos ir i$ jos gaminamu silosuoty pasary
higieniné kokybé

Silosavimas yra vienas 1§ Zoliniy paSary konservavimo biidy. Jis pagris-
tas augaluose esanciy vandenyje tirpiy angliavandeniy fermentacija j orga-
nines rigstis. Siame procese dalyvauja pieno riigsties bakterijos, kurios
gamina organines rigstis ir mazina siloso pH. Misy atlikty tyrimy metu
pienariig§¢iy bakterijy skaiCius tirtuose kukurtizy siloso méginiuose statis-
tiskai patikimai didéjo nuo zaliavos iki 8§ ménesiy po sud¢jimo.

Mikroskopiniai grybai ir jy antriniai metabolitai silosuotose paSaruose
bei jy zaliavoje gali biiti viena i§ daugelio priezas¢iy, daran¢iy neigiamg
poveikj gyvuliy sveikatingumui bei mazinanciy pasary kokybe, mitybing
verte. Storm ir bendraautoriy duomenimis, didziausias nepageidaujamy
mikroorganizmy kiekis kukurtizy silose nustatytas 5—7 ménesiai nuo siloso
sudéjimo ir maziausias po 11 ménesiy [153]. Mikroskopiniy gryby skaicius
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pasaruose ir jy zaliavoje yra vienas 1§ paSaro kokybe lemianciy rodikliy.
Geros gamybos praktikos (GGP) duomenimis, rekomenduojamas mikrosko-
piniy gryby skai¢ius pasaruose — 1-10% ksv/g (4 log ksv/g) [70]. Miisy
tirtuose méginiuose, t. y. kukurtizy zaliavoje ir 3 ménesiy po sudéjimo
silose, nustatytas didesnis mikroskopiniy gryby skai¢ius nei rekomenduo-
jama GGP. Didesnis nei rekomenduojamas §iy mikroorganizmy kiekis
pasaruose gali sukelti kvépavimo taky pazeidimus, sutrikdyti prieskrandziy
veikla, reprodukcing sistema, sukelti akiy ir odos dirginima [4, 6]. Taip pat
miusy atlikty tyrimy metu nuo zaliavos iki 8 mén. po siloso sud¢jimo
statistiSkai patikimai padidéjo mieliy skai€ius, kas rodo prasidéjusj aerobinj
gedimg. Mielés aerobiniy sglygy metu skaido pieno riigst] | anglies dvi-
deginj ir vandenj, padid¢ja substrato pH, pradeda vystytis kiti nepageidau-
jami mikroorganizmai [118].

Misy tyrimy metu, iStyrus silosuoty méginiy uzterStumg nepageidau-
jamais mikroorganizmais, tokiais kaip Listeria spp., Clostridium spp.,
Listeria spp., aptikta 12,5 proc. tirty méginiy, i§ jy 13,3 proc. kukurtizy
silose ir 6,7 proc. silosuotame pasare ritiniuose. IS jy 80 proc. identifikuota
L. monocytogenes. Vieny moksliniy tyrimy duomenimis — §iais mikroorga-
nizmais silosas uzterStas btina ziemos periodu, taCiau yra duomeny, kai
didesnis uzterStumas nustatytas vasaros laikotarpiu. Misy tirtuose kukurtizy
siloso méginiuose didziausias uzterStumas L. monocytogenes nustatytas
pries fermentacijos procesa, t. y. zaliavoje, po fermentacijos $iy nepageidau-
jamy mikroorganizmy sumazéjo daugiau nei du kartus. Vilar su bendra-
autoriais aptiko Listeria spp. 33,7 proc. siloso méginiy, surinkty i$ Siaurés
vakary Ispanijos. Tyrimy metu atlikta statistiné analiz¢ parodé patikimag
koreliacinj ry§j tarp auksto siloso pH (pH > 4,5) ir Listeria spp. aptikimo
daznio. Mokslininky Borucki su bendraautoriais nustatyta statistiSkai patiki-
ma koreliacija (p<0,05) tarp pH ir L. monocytogenes, kai pH teigiamuose
méginiuose — 04,62, o méginiuose, kuriuose neaptikta Siy patogeniniy
mikroorganizmy — 4,4 [117].

Lietuvoje buidingas vésus, lietingas ir drégnas klimatas, daugiausia
krituliy i8krenta vasarg, maziau rudenj, lietingas ir drégnas oras siloso ruo-
Simo, sandéliavimo periodais taip pat gali lemti L. monocytogenes paplitima
silose. Miisy tyrimy metu kukurtizy Zaliavoje prie§ fermentacijg 25 proc.
méginiy nustatyta L. monocytogenes. Sie nepageidaujami mikroorganizmai j
paSaring zaliavg galéjo patekti per uzterSta dirvozemj nuimant derliy.
Nightingale ir kity mokslininky tyrimais nustatytas $iy bakterijy kiekis buvo
didesnis dirvozemyje nei pasaruose, tad galima teigti, kad dirvozemis yra
vienas i§ Listeria spp. tarSos $altiniy. Moksliniy tyrimy duomenimis, siloso
uzterStumas Listeria spp. dazniausiai susijgs su prastos kokybés silosu, kai
pH < 5,5, tadiau jau esant pH < 4,8 — tinkama ir palanki terpé Siy bakterijy

82



vystymuisi. Miisy tirtuose fermentuotose méginiuose, kuriuose aplikta
L. monocytogenes, pH variavo nuo 3,48 iki 5,19 [114].

Sviesto rugst] ir dujas produkuojancios klostridijos dar yra vadinamos
sviesto riigSties bakterijomis. Jos daZzniausiai aptinkamos prastos fermenta-
cijos kukurtizy silose, virSutiniuose apipelijusiuose sluoksniuose. 2007 metais
Olandijoje atliktuose tyrimuose $iy mikroorganizmy aptikta daugiau kuku-
riizy nei Zolés silose. Siame tyrime siloso méginiai buvo surinkti i§ 21 pieni-
niy karviy tikiy. Tyrimy metu zolés silose nustatyta klostridija spory 5 log
ksv/g, didélés koncentracijos klostridijy spory (69 proc. méginiy) aptikta
kukurtizy silose, paémus méginius i$ supelijusiy viety. Nustatytas sviesto
rugsties bakterijy kiekis susietas su aerobiniu gedimu, t. y. 13 proc. méginiy
nustac¢ius mikroskopiniy gryby ir mieliy daugiau nei 5 log ksv/g, klostridijy
aptikta 5 log ksv/g, taip pat Sis klostridijy kiekis aptiktas siloso méginiuose,
kuriy pH daugiau nei 4,4 [172].

Misy atlikty tyrimy metu 2 proc. C. perfringens aptikta kukurtzy
zaliavoje, kurios pH variavo nuo 4,55 iki 6,04 ir 2 proc. méginiuose, paim-
tuose 8 mén. po sudéjimo, kuriy pH 4,3. Tai galima paaiskinti tuo, kad ati-
darius tran$éjg Sérimui, susidaro aerobinés ir anaerobinés niSos, ir minétos
bakterijos pasisavina reikalingas riigStis, susidariusias oksidacijos metu dél
anaerobiniy bakterijy veiklos. Jeigu silosas i§ tran$¢jos nebus paimamas ir
Seriamas kas dieng, per 15 dieny nuo trans¢jos atidarymo susidarys tinkama
aerobiné/anaerobiné terpé klostridijy augimui [23, 24]. Esant mazam sausy
medziagy kiekiui, C. tyrobutyricum sporos, aptiktos Zolés silose po 14 dieny
trans¢jos atidarymo Sérimui [119].

Supelijusius paSarus lengva atpazinti ir organoleptiskai jvertinti dél
dideliy filamentiniy struktiry bei spalvoty spory. Mikroskopiniai grybai
greitai pradeda vystytis ir daugintis ten, kur patenka deguonis. D¢l didelés
mikroskopiniy gryby populiacijos, jy plataus paplitimo ir dazno aptikimo
silosuotuose pasaruose bitina stebéti Sios mikrofloros paplitima. Skirtingi
autoriai savo atliktuose tyrimuose nustaté, kad apie 89,00 proc. tirty siloso
meéginiy yra uzterSta jvairiais mikroskopiniais grybais (labai skirtingomis
koncentracijomis). DaZniausiai nustatytos Aspergillus spp., Penicillium spp.
ir Fusarium spp. kukuriizy ir zolés silose. Miisy atliktuose tyrimuose taip
pat daugiausiai aptikta $iy genciy. DidZiausias Fusarium spp. kiekis aptiktas
zaliavoje, o kitos gentys kukurtizy silose. Labai nedidelis kiekis Fusarium
spp. nustatytas siloso méginiuose, paimtuose po 3 mén. po sud¢jimo, ir visai
neaptikta méginiuose, paimtuose po 8 mén. po sudé¢jimo. Labai priestaringi
duomenys gauti kity moksliniy tyrimy metu, kuriuose Fusarium spp. buvo
aptikta silosuotuose kukuriizy paSaruose, nors S§i gentis yra jautri mazam
deguonies kiekiui bei Zemam pH [60, 62]. A. fumigatus ir A. flavus dazniau-
siai aptinkamos riusys kukurtzy silose [121]. Misy tyrimy metu didZiausias
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A. fumigatus kiekis nustatytas 8 mén. po sudéjimo. Mucor spp., Absidia
spp., Geotrichum spp., Scopulariopsis spp., Trichoderma spp. taip pat
daznai aptinkamos mikroskopiniy gryby gentys silosuotose pasaruose,
kurios nustatytos ir miisy tyrimy metu.

Aerobinis siloso gedimas atidarius transéjas siejamas ne tik su sausyjy
medZziagy nuostoliu, bet ir su padidéjusia mikotoksiny rizika paSaruose.
ZEA ir DON yra visame pasaulyje daZzniausiai aptinkami mikotoksinai
kukuriizy silose, kai kity toksiny aptikimo daznis ir jy koncentracija
priklauso nuo vietinio regiono klimatiniy saglygy [38, 67, 76,]. IS esmés visi
toksinai, nustatyti siloso zaliavoje, taip pat gali buti aptikti ir silosuotame
pasare. Taciau, ilgéjant sandéliavimo laikotarpiui, mikotoksiny kiekis maze-
ja del rugstineés, anaerobinés aplinkos, dél kurios metabolizuojasi kai kurie
mikotoksinai, susidare prie§ fermentacijg [62]. Skladanka ir jo bendraauto-
riai pateiké prieStaraujancia versija, teikdami, kad mikotoksinai nesuyra
fermentacijos proceso metu [146]. Musy tyrimy metu kukuriizy silose ir jo
zaliavoje, visuose méginiuose, nustatyti ZEA ir DON mikotoksinai, produ-
kuojami Fusarium spp. IS misy gauty tyrimy rezultaty matome, kad
kukurlizy zaliava ir silosas yra uzter$ti Siais mikotoksinais, nors Fusarium
spp. aptikta tik Zaliavoje ir nedidelis kiekis silose po 8 ménesiy po sud€jimo.
Visos kukurtizy zaliavoje ir silose nustatytos DON koncentracijos nevirsijo
8000 ng/kg, t. y. Komisijos Rekomendacijos (ES) 2016/1319 nustatyto reko-
mendacinio limito gridams ir jy produktams, jskaitant produktus i
kukuriizy. ZEA koncentracija pagal Komisijos Rekomendacijos (ES)
2016/1319 griiddams ir jy produktams, iskaitant produktus i§ kukuriizy —
2000,00 pg/kg. Miisy tirtuose méginiuose §i koncentracija nebuvo virSyta.
Nebuvo vir§yta ir OTA koncentracija pagal Komisijos Rekomendacijos
(ES) 2016/1319 grudams ir jy produktams, jskaitant produktus i§ kukurt-
zy — 250 pg/kg. Laboratorinémis ir gamybinémis saglygomis atlikus tyrimus,
Cavallarin su bendraautoriais nustaté, kad aflatoksinas kukuriizy silose
susidaro dél aerobinio siloso gedimo. Sie autoriai nustaté, kad aflatoksinas
kukurtizy silose susidaré po 15 dieny atidarius tran$¢ja Sérimui dél oro
poveikio [34]. Pagal miisy gautus tyrimy rezultatus AF (bendrai) didZiausia
koncentracija nustatyta silose, paimtame 3 mén. po sudéjimo, o silose,
paimtame 8 mén. po sud¢jimo AF (bendrai) sumazéjo 3 proc.

Mazai yra duomeny apie biogeniniy aminy susidaryma ir aptikima silo-
suotose pasaruose. Sie junginiai silosuotose pasaruose mazina pasaro sko-
nines savybes bei gali sutrikdyti gyvulio sveikatinguma, nes | atrajotojy
organizmg aminai patenka per pasara bei sintezuojami prieskrandziy mikro-
floros. Taciau Van Os atliktuose tyrimuose nepastebéta biogeniniy aminy
neigiamo poveikio pieninéms karvéms, kai su paSaru gavo tiramino,
putrescino, kadaverino ir histamino, atitinkamai 1,0; 0,7; 0,6; ir 0,5 g/kg.
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Miisy atlikty tyrimy metu nustatytos didziausios kadaverino koncentracijos
898,22 mg/kg silose, paimtame 3 mén. po sud¢jimo ir 633,57 mg/kg silose,
paimtame 8 mén. po sudéjimo [169]. Mokslininky Steidlova su bendraauto-
riais atliktuose tyrimuose nustatyti biogeniniai aminai 5 litry kukuriizy silo-
se (grudainyje): 147 mg/kg tiramino, 136 mg/kg putrescino, 96,2 mg/kg
kadaverino, 37,9 mg/kg spermidino, 3 mg/kg histamino, 2,8 mg/kg spermi-
no ir 2,5 mg/kg triptamino. Pastebétas Siy nepageidaujamy junginiy kitimas
skirtingais metais [152].

4.1.2. Ekologiniuose ir jprastinés gamybos uikiuose j ritinius
susukty silosuoty pasary higieniné kokybé

Pagal Europos Sajungos direktyvas, taikomas ekologiniams tikiams,
draudziami ir ribojami cheminiai konservantai, jvairiis priedai, gerinantys
fermentacijos procesg ir mazinantys patogeniniy bakterijy dauginimasi.
Misy atlikty tyrimy duomenimis, mikroskopiniy gryby skaicius nustatytas 8
proc didesnis zaliavoje, skirtoje silosuoti ] ritinius i§ ekologiniy tkiy, taciau
silose, paimtame po 8 mén. po susukimo, jis sumaz¢jo ir buvo toks pats kaip
ir jprastinés gamybos iikiuose. Mieliy didesnis kiekis aptiktas Zaliavoje 18
iprastinés gamybos iikiy, jis iSliko didesnis ir siloso méginiuose. Didziausias
pienariig§¢iy bakterijy kiekis nustatytas siloso méginiuose i§ ekologiniy
ukiy.

Literaturos duomenimis, Listeria spp. ir L. monocytogenes paSaruose
dazniau aptinkama ir identifikuojama Ziema ir rudenj nei vasaros sezonu. Si
nepageidaujama mikroflora dazniau aptinkama paSaruose, pagamintuose
ekologiniuose tkiuose. Miisy tyrimy duomenys nesutapo su duomenimis
Latvijos mokslininky Konosonoka ir jo bendraautoriy, kurie identifikavo
Listeria spp. ir L. monocytogenes, atitinkamai 14,8 proc. ir 29 proc. paSa-
ruose i§ ekologiniy tkiy ir 5,2 proc. ir 29,6 proc. i$ jprastinés gamybos tikiy
[89].

I ritinius silosuotose paSaruose misy tyrimy metu L. monocytogenes
aptikta 20 proc. meginiy, didesnis méginiy skaicius uzterStas Siais nepagei-
daujamais mikroorganizmais — i§ jprastinés gamybos ukiy. Fulgueira su
bendrautoriais teigimu paSary silosavimas ] ritinius dél prasto suslégimo
silsosuojant, mazos drégmés gali sudaryti palankias sglygas Listeria spp.
dauginimuisi ir vystymuisi pasaruose [63].

Nors klostridijos yra griezti anaerobai, taciau yra atlikta tyrimy, kuriy
metu aptiktos $iy nepageidaujamy mikroorganizmy sporos siloso aerobinio
gedimo metu [118]. Misy atlikty tyrimy metu Clostridium spp. aptikta
didesniame méginiy skaiCiuje i§ ekologiniy tkiy, o C. perfringens — i
abiejy tikiy siloso méginiuose, paimtuose po 8 mén. po susukimo | ritinius.
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Borreani su bendrautoriais atliktuose tyrimuose, stebint mikroorga-
nizmy kitima tarp jy ir Clostridia spp., priklausomai nuo sandéliavimo laiko
po susukimo, nustatytas didesnis mikroorganizmy ir Clostridia spp. kiekis
meéginiuose, paimtuose 4 mén. po susukimo, lyginant su méginiais, paimtais
2 mén. po susukimo. Autoriai §] pokyt] susiejo su ritiniams gaminti naudota
plévele, kuri galéjo praleisti deguonj i ritinius [24].

Yra atlikta nedaug tyrimy apie mikroskopiniy gryby paplitimg silo-
suotose pasaruose, susuktuose ] ritinius, ypac i§ ekologiniy tikiy. O’Brien su
bendraautoriais atliktuose tyrimuose, kuriuose buvo iStirta daugiameciy
zoliy silosuoty ] ritinius uzterStumas mikroskopiniais grybais bei mielémis,
meéginiai buvo surinkti 1§ skirtingy Airijos tikiy [117]. Nustatyta, kad 92
proc. siloso meéginiy, susukty i ritinius, uzterSta Siais mikroorganizmais.
Dominavusios rasys buvo P. roqueforti, Chizophyllum commune, Pichia
fermentans, Penicillium paneum ir Mucor genties grybai. Miisy tyrimy
duomenimis, zaliavoje i§ ekologiniy tikiy nustatytas didesnis Fusarium spp.,
bei Aspergillus spp., lyginant su méginiais i§ jprastinés gamybos tkiy.
Fusarium spp. paplitimas paSaruose ar maisto produktuose, antriniy metabo-
lity produkavimas gali priklausyti ir nuo pasirinkty skirtingy tikininkavimo
budy. Mazesnés mikotoksiny T-2 ir HT-2 koncentracijos nustatytos griiduo-
se ir jy produktuose i§ ekologiniy tikiy. Taip pat buvo nustatytas maZzesnis
grudy pazeidimas Fusarium spp. ekologiskai augintuose javuose [18]. Misy
tyrimu metu skirtingos toksiny koncentracijos nustatytos siloso méginiuose
1§ abiejy tikininkavimo sistemy, taciau vidutinés jy koncentracijos nevirsijo
Komisijos Rekomenduojamy normy. Yra labai mazai atlikta moksliniy
darby apie mikotoksiny paplitimg paSaruose iS eckologiniy tkiy, ypac
silosuotose pasaruose. Misy atlikty tyrimy metu, didesnés mikotoksiny AF
(bendrai), ZEA, T-2/HT-2 koncentracijos nustatytos méginiuose i$ ekologi-
niy tkiy, o DON - i§ jprastinés gamybos tkiy. Baliukonienés su bendra-
autoriais atliktuose tyrimuose nustatyta mikotoksiny koncentracija j ritinius
silosuoty pasary Lietuvoje, neskirstant pagal tkininkavimo sistemas. Siy
tyrimy metu nustatyta: AF (bendrai) — 21,2+3,9 pg/kg, DON — 471+ 65,6
png/’kg, ZEA — 397,5£83,5 ng/kg [15]. Jungtinéje Karalystéje nustatytos
mikotoksiny koncentracijos zolés silose 11,9 pg/kg — T-2 ir 61,8 pug/kg —
ZEA. Nors nustatytos ir nedidelés mikotoksiny koncentracijos silosuotose
pasaruose, taCiau Sie rezultatai parodé, kad yra reikalingi skrininginiai
mikotoksiny tyrimai, norint iSvengti galimos rizikos [10]. Remiantis tyrimy
rezultatais galima teigti, kad tkininkavimo sistema neturéjo jtakos daugia-
meciy Zoliy Zaliavos ir siloso uzterStumui mikroskopiniais grybais ir miko-
toksinais.
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4.1.3. Mikroskopiniy gryby identifikavimas ir ju toksiSkumo
nustatymas molekuliniais metodais

Siuolaikiniais molekulinés diagnostikos metodais galimas greitas ir
tikslus mikroorganizmy, aptinkamy silosuotose pasaruose, identifikavimas.
Iki Siol néra pakankamai iSsamiy duomeny apie mikroorganizmy dinamika,
Jjy rusing sudétj silosuotose paSaruose ir jy zaliavoje priklausomai nuo silo-
savimui naudojamy paSariniy augaly, vietovés, klimatiniy sglygy, fermen-
tacijos trukmes.

Richard su bendraautoriais atliktuose tyrimuose, kai i§ kukurtizy siloso
meginiy (11 ménesiy po fermentacijos) iSskyrus galimai aflatoksikogenines
mikroskopiniy gryby gentis ir panaudojus geny sekas apa ir ver, gauti
skirtingi rezultatai ir nenustatyti sistematiSkai teigiami rezultatai visoms
tirtoms gentims [134]. Sie rezultatai sutapo su Criseo rezultatais, kuriuose
gauti skirtingi rezultatai tarp galimai aflatoskikogeniniy mikroskopiniy
gryby rasiy, t. y. A. parasiticus ir A. flavus [41]. Siy mokslininky tyrimus
siilloma testi, naudojant molekulinius metodus, kad galima biity identifi-
kuoti ir diferencijuoti mikroskopinius grybus j aflatoksing sintezuojancias ir
nesintezuojancias riisis. Miisy tyrimuose, panaudojus apa ir omt geny sekas,
nustatéme, kad aflatoksikogeninéms Aspergillus rasims galima priskirti tik
28,57 proc. kultiiry, kitos kultiros néra reikSmingos Sio toksino gamybai.
Nustatytos aflatoksiny koncentracijos kukuriizy siloso méginiuose yra vie-
nas 1§ pozymiy, kad méginiai uzkrésti toksikogeniniais mikroskopiniais
grybais.

Trichotecenams priskiriama didelé grupé mikotoksiny, kuriy biosintezg
lemia maziausiai 24 Fusarium rasys. Trichoteceny biosintez¢ gali lemti uz
tai atsakingi genai bei aplinkos salygos, tokios kaip aplinka, temperatiira,
substratas [14]. Genai, atsakingi uz trichoteceny biosintezg, lokalizuojasi Tri
geny klasteryje. Miusy tyrimy metu panaudojus Tri geny sekas nustatyta,
kad 25 proc. tirty Fusarium spp. kultiiry neturéjo né vieno i§ keturiy geny,
atsakingy uz trichoteceny biosinteze.

4.2. Higieniniy rodikliy koreliacija su cheminiais fermentaciniais
rodikliais silosuotuose pasaruose

Pagal Chelia su bendraautoriais atliktus tyrimus, temperattra, drégnis,
padidéjes pH- vieni pagrindiniy veiksniy, salygojan¢iy mikotoksiny susida-
ryma. Sie veiksniai taip pat skatina ir biogeniniy aminy formavimasi silo-
suotose pasaruose [38, 54, 152]. Siloso zaliava mikotoksinais DON ir ZEA
gali buiti uzterSta jau laukuose esant tam tinkamom klimatiném sglygom,
siloso fermentacijos metu Sie toksinai iSlieka nepakit¢. Nustatyta teigiama
patikima koreliacija tarp pasaro drégnio ir DON (r = 0,61), ta¢iau tarp drég-
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nio ir kity toksiny $i koreliacija nustatyta neigiama AFB1 (r =-0,07) ir ZEA
(r = -0,25) [87]. Musy tyrimy metu taip pat nustatyta teigiama koreliacija
tarp drégnio ir DON (r = 0,67), bei stipri neigiama koreliacija tarp pH ir
ZEA (p<0,05) ir pH ir T-2 (p<0,05). Pagal Cheli ir kitus, mikotoksiny
metabolizmas, esant zemam pH, siloso sandéliavimo metu priklauso nuo
paciy toksiny jautrumo pH, nes, skirtingy moksliniy tyrimy duomenimis,
nustatytos skirtingos toksiny koncentracijos silosuotose pasaruose [38].

Biogeniniy aminy kiekis didéja, mazéjant sausajai masei [152]. Miisy
tyrimuose taip pat nustatyta stipri neigiama koreliacija tarp sausos medzia-
gos ir tiramino bei putrescino. Amoniakinio azoto ir sviesto riigsties kiekiai —
vieni 1§ biogeniniy aminy indikatoriy. Richard su bedraautoriais atliktuose
tyrimuose nustatytas stiprus patikimas rysys tarp $iy rodikliy (r = 0,67 ir r =
0,8, p<0,05) [134]. Taip pat ir Nishino su bendraautoriais atliktuose tyri-
muose nustatytas stiprus teigiamas rysys (r = 0,845) tarp aminy ir amoniako
kiekio silose [115]. Miisy atliktuose tyrimuose nenustatyta koreliacija tarp
$iy junginiy.

O’Brien su bendrautoriais atliktuose tyrimuose pasary, silosuoty ] riti-
nius, nustatytas didesnis uzterStumas P. roqueforti ir P. paneum mikrosko-
piniais grybais, kai paSaruose buvo didesnis sviesto riigsties ir propiono
rugsties kiekis. Pieno ir acto riigstis slopinamai veikia mikroskopiniy gryby
augima, taciau propiono ir sviesto rtigstis pasizymi stipresniu inhibitoriniu
poveikiu Siems mikroorganizmams. P. roqueforti konidijos maziau jautrios
propiono rugsties poveikiui, lyginat su kitomis Penicillium rasimis ar
Aspergillus gentimi. Tai patvirtina, kad poky¢iai siloso fermentacijos metu
svarbiis mikroskopiniy gryby augimui bei vystymuisi. Nesuskilusios orga-
ninés rigstys mikroskopiniy gryby augima slopina dél gebéjimo prasi-
skverbti pro jy lasteliy sienele. Miisy atlikty tyrimy metu nustatyta stipri
koreliacija tarp pieno rugsties ir AF (bendrai) (p>0,05) bei mikotoksiny
DON ir T-2/HT-2 ir tarp sviesto ragsties bei DON (p<0,05) [117]. Boudra
su bendraautoriais atliktuose tyrimuose nustatyta, kad kai kurie mikotok-
sinai gali buti dalinai suardyti tam tikry mikroorganizmy fermentacijos
metu, tac¢iau tam reikalingas tam tikras sausy medziagy kiekis (nuo 280 iki
420 g/kg) bei laikotarpis (3—6 mén.) [26, 85]. Misy atlikty tyrimy metu
nustatyta stipri neigiama koreliacija tarp sausy medziagy ir mikotoksiny
(p<0,05) bei pH ir AF (bendrai) ir ZEA. Mikotoksiny skilimas fermentacijos
metu priklauso nuo toksiny jautrumo pH lygiui.

Silosavimo metu sumazéjes baltymy kiekis, padidéjes amino riigsciy,
amoniakinio azoto kiekis gali biiti vieni i§ rodikliy, leidzian¢iy nuspéti bio-
geniniy aminy aptikima paSare. Biogeniniy aminy susidarymas silose sieja-
mas su baltymy skylimo procesais. Taip pat nustatyta neigiama koreliacija
tarp pH sumazéjimo ir aminy susidarymo bei bendry ir atskiry putrescino,
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kadaverino ir tiramino bei amoniako ir acto rugsties paSaruose [128, 152,
169]. Biogeniniy aminy susidarymas siejamas su baltymy skilimo produk-
tais. Miisy tyrimy metu nustatyta stipri patikima koreliacija tarp tiramino,
putrescino, kadaverino bei amoniako (p<0,05), Zaliy baltymy (p<0,05). Taip
pat nustatyta stipri neigiama koreliacija tarp tiramino, putrescino, kadave-
rino bei sausy medziagy kiekio. Sie rezultatai sutapo su Estijos mokslininky
atliktais tyrimais, kuriy metu nustatytas didesnis biogeniniy aminy kiekis
drégnuose, mazai sausy medziagy turinc¢iuose silosuotose paSaruose.

Literatiiroje gausu duomeny apie tai, kad pienariigS§tés bakterijos yra
atsakingos uz biogeniniy aminy gamyba fermentuotose pasaruose ir maisto
produktuose. Siuos antimitybinius junginius geba produkuoti Gram-teigia-
mos ir Gram-neigiamos bakterijos. Taip pat kai kurios mieliy ir mikrosko-
piniy gryby gentys dalyvauja biogeniniy aminy akumuliacijoje (ypac
kadaverino ir putrescino), taciau jy vaidmuo biogeniniy aminy susidaryme
vis dar yra diskutuotinas ir kontraversinis [129, 165]. Clostridium gentys,
fermentuodamos angliavandenius bei baltymus, taip pat yra atsakingos uz
biogeniniy aminy susidarymg [57]. Misy atlikty tyrimy metu nustatyta
silpna nepatikima koreliacija tarp biogeniniy aminy ir bendro mikroskopiniy
gryby spory skaiciaus bei mieliy.

pH yra svarbus rodiklis fermentacijos procesui ir biogeniniy aminy su-
sidarymui, nes amino rugsciy dekarboksilazés aktyvumas yra stipresnis
rugstingje aplinkoje [152]. IS misy tirtuose méginiuose nustatyty pH ir
amoniakinio azoto vidutiniy koncentracijy kukurtizy silose bei zolés silose
galime spresti apie gera meginiy kokybe, taciau nustatyta Siy abiejy rodikliy
placios ribos, o tai gali biiti vienas 1§ pozymiy, kad kai kuriuose tkiuose
silosas laikytas neteisingai.

4.3. Savikontrolés atvejais tirty silosuoty pasary
uZterStumas mikotoksinais

Visame pasaulyje mikotoksinais uztersta apie 25 proc. maisto ir pasary
zaliavos, jy produktai. FAO 2001 mety duomenimis, beveik 25-30 proc.
pasaulyje surenkamo derliaus yra uzkrésta mikotoksinais. Tai sukelia nema-
zus ekonominius nuostolius, nes netenkama apie milijarda tony maisto pro-
dukty per metus. 2012 mety FAO duomenimis, mikotoksinais uztersta apie
50 proc. visy pasaulyje iSauginty javy gridy ir kukuriizy [104, 156].

Gyvulius laikant iStisus metus fermose, jie ir vasaros laikotarpiu Seriami
konservuotais pasarais. Pagal Butkutés su bendraautoriais atliktus siloso
laikymo trukmés tyrimus, pagrindiniai kukurtizy siloso kokybés rodikliai
skyrési nedaug, bet ilgiau laikant silosg didéja tikimybé jam sugesti. Tg rodo
padidéjes santykinis méginiy skaicius su per auksta pH verte, glaudziai

89



susijusia su siloso fermentacijos rodikliu, kuris yra paSaro saugos ir stabi-
lumo poZzymis. Atlikty tyrimy metu 2011-2015 metais nustatytos mikotok-
siny koncentracijos, jy aptikimo daznis — skirtingas kiekvienais metais, nes
Siy toksiny susidarymui jtakos gali turéti ir klimatines salygos. Aflatoksino
susidaryma predisponuoja karstas ir sausas oras, o ZEA ir DON — vésus ir
drégnas klimatas. Nepaisant taikomy prevenciniy priemoniy, tokiy kaip
atspariy augaly veisliy sukiirimo, taikant tinkamus agronominius metodus,
mikotoksiny koncentracijas, aptinkamas augalinése zaliavose, gali nulemti ir
kasmetiniai klimatiniai pokyciai [29, 126].

Lietuvos klimato salygomis tinkamiausias laikas silosuoti kukuriizus
yra spalio 6—10 dienos, o jei meteorologinés sglygos tinkamos — ir véliau
[30]. Viena i$ kukuriizy kokybes, tuo paciu ir higieninés kokybés jvairavimo
priezas¢iy gali biiti kasmet skirtingos meteorologinés salygos kukurtizy bei
kity Zoliniy augaly vystymosi ir brendimo periodu bei nuémimo metu.

Misy tyrimy metu didziausias mikotoksiny kiekis kukuriizy silose,
paimtame po 1-2 mén. po sud¢jimo, buvo nustatytas 2015 metais. Kukuriizy
griiddainis Siuo laikotarpiu nebuvo tirtas. Lyginat su kitais tyrimy metais,
2015 metai buvo $il¢iausi (daugelyje rajony 2,9-3,8 °C aukstesné uz stan-
darting klimato normg (SKN)) ir sausiausi (rugpjicio ménesj didesnéje
Salies dalyje per ménesj krituliy iSkrito 2—16 mm (3—-20 proc. SKN), rugs¢jo
meénes] vidutinis krituliy kiekis zenkliai padidéjo — didesn¢je Salies dalyje
per meénesj krituliy iSkrito 55-80 mm (beveik SKN), o temperatiira dauge-
lyje rajony 1,5-2 °C aukstesné uz SKN. Derliaus nuémimo metu, t. y. spalio
meénesj, vVidutiné oro temperatiira 1-2 °C zemesné uz SKN, o krituliy kiekis
10-20 proc. zemesnis uz SKN. Tokie nepastoviis orai kukurtizy brandos
tarpsnyje bei pjuties metu galéjo lemti palankias salygas didesnéms
mikotoksiny koncentracijy susidarymui.

Pjiities branda kiekvienais metais zolés pasiekia nevienodai. DaZniau-
siai tai buna geguzés ménesio pabaiga-birzelio pradzia. Siekiant paruosti
geros kokybes silosa, rekomenduojama Zole pjauti, vytinti ir silosuoti esant
tinkamoms meterologinéms salygoms. Savo atliktuose tyrimuose ieSkojome
rySio tarp mikotoksiny koncentracijy ir oro salygy pjiities metu. Pagal
hidrometerologinius duomenis, 2015 metai, lyginant su kitais miisy tyrimy
metu analizuotais metais, vasaros laikotarpiu (birzelio-rugpjiicio mén.) buvo
sausiausi, t. y. vidutinis krituliy kiekis — 51,77 mm ir vésiausi, t. y. vidutiné
oro temperatiira 16,8 °C. Siais metais, nustatyta didziausia vidutiné ZEA
koncentracija 1150 pg/kg zoliniuose pasaruose, silosuotose j ritinius. 2011 me-
tais vasaros laikotarpiu vidutiné oro temperatiira buvo 18,5 °C, o vidutinis
iSkritusiy krituliy kiekies — 117,7 mm, tai Sil¢iausias ir drégniausias laiko-
tarpis misy tyrimy metu. Tais metais tirty j ritinius silosuoty pasary uzters-
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tumas mikotoksinu ZEA pats maziausias, t. y. 590 pg/kg, taip pat, lyginat su
kitais metasi, nustatytas nedidelis uZterStumas DON.

D¢l nedidelio kiekvienos grupés méginiy skaiCiaus sunku daryti
apibendrinancias iSvadas, vertinant meterologiniy salygy itaka mikotoksiny
susidarymui. Kitos priezastys, gal€jusios lemti tirty silosuoty pasary uzters-
tuma mikotoksinais, tai augaly vegetacijos tarpsnis, pjovimo technologijos
(vengiant Zzaliavos uZzterSimo zemémis), silosuojamos zaliavos drégmeé,
cheminé sudétis, silosuojamos masés [30]. O’Brien su bendrautoriais atlik-
tuose tyrimuose nustatytas pasary, silosuoty j ritinius, didesnis uzterStumas
P. roqueforti ir P. paneum mikroskopiniais grybais, kai siloso zaliava sukta
] ritinius sausu periodu [117].

D¢l mikotoksiny skirtingy koncentracijy skirtingais metais labai svar-
bus vaidmuo tenka meteorologinéms sglygoms, tad galimi ateities klimato
poky¢iai gali pakeisti ir $iy nepageidaujamy toksiniy junginiy koncent-
racijas.

4.4. Silosuoty pasaruy, uzZtersty mikotoksinais, citotoksiSkumo
jvertinimas organy taikiniy lasteliy kultiiroms

Daug tyrimy atlikta norint jvertinti trichoteceny bei kity mikotoksiny
citotoksinj poveikj Zzmoniy ir gyviiny lasteliy linijjoms. ApZzvelgiant §iuos
tyrimus pastebimi akivaizdiis skirtumai, nors tyrimams naudoti tie patys
toksinai ir lgsteliy linijos. Calvert su bedraautoriais atliktuose tyrimuose
nustatyta, kad HeLa Iasteliy linija jautriausia trichoteceny poveikiui [32].
Kita mokslininky grupé nustaté palyginti nedidelj jautruma Sioms lgsteléms.
Siems rezultaty skirtumams jtakos galéjo turéti skirtingos eksperimenty
salygos, pasirinkti metodai citotoksiSkumui jvertinti. Vienas i§ misy iSsikel-
ty uzdaviniy — jvertinti Aspergillus ir Fusarium produkuojamy mikotoksiny
AFB1, DON ir ZEA, Lietuvoje didziausiy paSaruose nustatomy koncent-
racijy, citotoksinj poveikj pasirinktoms organy taikiniy Igsteliy linijoms.

Lasteliy proliferacijos tyrimai plac¢iai naudojami onkologijoje vertinant
véziniy lasteliy dauginimasi po spindulinio ar chemoterapinio poveikio
[170]. Norint jvertinti mikotoksiny misiniy citotoksinj poveikj pasirinktoms
lasteliy kultiiroms, pirmausiai biitina nustatyti atskiry toksiny poveikj Sioms
lasteléms. Todél misy atlikty tyrimy metu jvertinta Lietuvoje didziausiy
nustatyty mikotoksiny ir jy miSiniy koncentracijy silosuotose paSaruose
citotoksinis poveikis pasirinkty organy taikiniy lasteliy linijy proliferacijai ir
apoptozei veikiant jas 24 val., 48 val., ir 72 val.

Atlikty tyrimy duomenimis nustatyta, kad Lietuvoje silosuotose pasar-
uose aptiktos didziausios mikotoksiny koncentracijos turi citotoksinj poveikij
lasteliy apoptozei bei proliferacijai nejvertinat ar Sis poveikis yra sinergis-
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tinis ar adityvus. ZEA yra nesteroidinis estrogeninis mikotoksinas, pasizy-
mintis hepatotoksiniu, imunotoksiniu, genotoksiniu poveikiu. Jo mutage-
ninis ir karcinogeninis poveikis iki Siol yra kontraversinis. Miisy atlikty
tyrimy metu paveikus lasteles didziausia tirta ZEA koncentracija nepaste-
bétas neigiamas poveikis jy proliferacijai. Aflatoksinai — vieni pagrindiniy
mikotoksiny, sukelianciy Sirdies ir kraujagysliy pakitimus dél DNR pazaidy.
Misy atlikty tyrimy metu nustatyta, kad AFB1 stipriausiai slopino PKEL
lasteliy proliferacijg. Abass ir jo bendraautoriai, naudodami Zmogaus gaub-
tiniy Zarny karcinomos lgsteles (HCT116), nustaté, kad ZEA ir AFB1
slopina lgsteliy proliferacija, ta¢iau timus citotoksinis poveikis yra zemas
[2]. Panaudojus metileno mélynajj, nustatyta AFBi1 ICso apie 180 pM
lasteléms HCT 116. ZEA ir AFB1 poveikis HCT 116 lasteliy proliferacijai
koncentracijomis nuo 1 nM iki 1 uM pastebétas po 120 val. ZEA sukeltas
didZiausias proliferacija slopinantis poveikis HCT 116 lasteléems 10 karty
zemesnis nei AFB1. Wan su bendraautoriais atliktuose tyrimuose, jvertinus
Fusarium mikotoksiny citotoksinj poveikj IECs (zarny epitelio lastelés)
lasteléms, nustatytas maksimalus poveikis Igsteliy gyvybingumui, kai po 48
val. isliko gyvybingy 28 proc. lasteliy, paveikus jas DON 590 ng/g (590
ng/kg; 2 uM). Nustatytas ICso, kai DON 540 ng/g (540 pg/kg; 1,83 uM). Siy
tyrimy metu, paveikus IECs (zarny epitelio Iastelés) ZEA 10 pM (3200
ng/’kg) koncentracija, pastebétas patikimas Igsteliy gyvybingumo
padidéjimas ir sumaz¢jimas, paveikus ZEA 40 uM (12700 ng/kg) [175].
Miisy atlikty tyrimy metu nustatyta, kad grynas DON pasizyméjo didesniu
citotoksiniu poveikiu negu miSiniuose slopindamas inksty ir endotelio
lasteliy proliferacija.

Vienas i§ mikotoksiny biologiniy poveikio Zmogui ar gyviinui — apop-
tozés sukélimas. Yra atlikta nemazai tyrimy su zinduoliy limfocitais ir Igste-
liy linjjomis, norint jvertinti §iy junginiy poveikj lasteliy gyvybingumui ir
proliferacijai. Mikotoksiny toksinis poveikis biomolekuliniame lygyje gali
biiti siejamas su mikotoksiny koncentracijomis, nuo kuriy priklauso ir Iaste-
liy apoptozé¢ [148]. Misy tyrimuose nustatytas tiesioginius rySys tarp
mikotoksiny koncentracijos, poveikio trukmés ir lgsteliy apoptozes. Tyrimai
atlikti naudojant kristal violetinj dazg. DON sukélé daugiau nei 50 proc.
BHL-21 ir PKEL lasteliy apoptoze po 72val. Kity autoriy teigimu, mikotok-
sinu DON paveikus Caco-2 Igsteliy kultiras (heterogeninés, Zzmogaus zarny
epitelio adenokarcinomos Igstelés) 0,01-0,05 uM (3-15 ng/ml) koncentarci-
jomis, Iasteliy apoptozés nesukélé [148]. Aflatoksinas Bi — vienas toksis-
kiausiy mikotoksiny, zinomas kaip kancerogenas. AFB1 dazniausiai pazei-
dzia kepeny lasteles, tac¢iau gali sukelti ir insty pakitimus. Miisy atlikty tyri-
my metu nustatyta, kad Sis toksinas sukélé apoptoze daugiau nei 50 proc. po
72 val. BHL-21 ir MH-22A lasteléms.
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Nors yra vadovaujamasi nuomone, kad atrajotojai dél prieskrandziy
mikrofloros yra maziau jautris neigiamam mikotoksiny poveikiui nei
monogastriniai gyviinai, taciau visiSkas mikotoksiny skaidymas ir detoksi-
kacija priklauso nuo jvairiy faktoriy, vienas jy — pasary raciong sudaranciy
koncentruoty ir stambiyjy pasary santykis. ZEA yra pakankamai lengvai
rezorbuojamas i§ virskinamojo trakto ir dalinai metabolizuojamas prieskran-
dzio pirmuoniy ] a-zearalenol;j ir B-zearalenolj. Tac¢iau Sie mikotoksinai néra
visiSkai suskaidomi, tad nedidelémis koncentracijomis juos galime aptikti
meésoje, piene, kraujo serume [99]. ZEA sukelia oksidacinius pazeidimus ir
genotoksinj poveikj zinduoliy Igstelése — chromosomy aberacijas, mikro-
branduoliy, DNR fragmentacijg ir indukcijg. Pagal Sobrovos su bendraauto-
riais atliktus tyrimus, DON gali sukelti chromosomy aberacijas, dazniausiai
chromatidziy triikkius. Toksinis DON poveikis pasireiskia dél jo gebéjimo
jungtis prie eukarioty ribosomy ir suzadinti per mitogeno aktyvuota
proteinkinazg ,,ribotoksinis streso atsakas®, o AFB1 ver¢iamas j epoksiding
formg AFB-NT-guanino aduktorius, kas sukelia DNR grandinés triikius bei
mutacijas. Todél savo tyrimuose jvertinome galimg genotoksinj mikotok-
siny poveikj karviy limfocity lgsteléms, t. y. paveikus pieniniy karviy limfo-
city lasteles, mikotoksiny AFBi1, ZEA, DON ir ZEA/DON koncentra-
cijomis, didziausiomis Lietuvoje nustatytomis silosuotose paSaruose,
nustatyta, kad chromosominiy aberacijy dazniai skyrési tarp mikotoksinais
uzterSty ir kontroliniy meéginiy. DidZziausias bendras lasteliy skaiius su
pakitimais nustatytas paveikus limfocity lgsteles ZEA mikotoksinu, taip pat
nustatyti chromosomy skaiciaus pakitimai (aneuploidija), dél ZEA poveikio.
Lioi su bendraautoriais atliktuose tyrimuose, jvertinat ZEA genotoksinj
poveiki galvijy limfocitams, nustatyti statistiSkai patikimi pakitimai chro-
mosomose, kai ZEA sukeltas citogenetinis poveikis nepriklaus¢ nuo
mikotoksiny koncentracijos [99]. Tac¢iau pastebétos chromosomy aberacijos
ir kontrolinéje grupéje, to priezastis galéjo biiti daugelis faktoriy, tokiy kaip
stresas, aplinkos poveikis, su paSaru patekusios jvairios medZiagos.

Laboratoriniai tyrimai in vitro — tinkamas metodas toksikologiniam
poveikiui jvertinti, panaudojant mieliy lasteles, zinduliy audiniy kultiry
lasteles ar bakterijas. Lyginant su atlickamais tyrimais in vivo, tai greitesnis
ir pigesnis metodas, taciau Sie du metodai gali parodyti skirtingus rezultatus
dél to, kad, atliekant tyrimus in vitro, nejvertinamas viso organizmo atsakas.
Citotoksiskumo tyrimai in vitro gali biti naudojami kaip skrininginiai
tyrimai iGmiam toksiskumui jvertinti [19, 64, 73].
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4.5. Natiiraliai mikotoksinais uZtersty pasary poveikis melZiamoms
karvéms ir detoksikuojanciy preparaty efektyvumo jvertinimas

Melziamy karviy dienos raciong, daugiau nei 70 proc., sudaro koncent-
ruoti pasSarai, kurie gali biiti kontaminuoti daugiau nei vienu mikotoksinu.
Silosuoti pasarai, ypac juos sandéliuojant ilgg laika, taip pat gali biiti uztersti
Siais nepageidaujamais toksiniais junginiais. Atrajotojai yra vieni atspariau-
siy gyviiny neigiamam mikotoksiny poveikiui. Taciau ilgg laika juos Seriant
pasarais, uZzterStais mazomis koncentracijomis mikotoksinais, gali biiti
pastebétas neigiamas poveikis produktyvumui ir gyviny sveikatingumui.

Nedaug yra atlikta moksliniy tyrimy apie Fusarium, Aspergillus,
Penicillium produkuojamy mikotoksiny ir jy sinergetinj poveikj melziamy
karviy produktyvumui, hematologiniams ir biocheminiams kraujo rodik-
liams. Nedideliais toksiny kiekiais ilgg laikg Seriant gyvulius, pastebéti ne
specifiniai simptomai, tokie kaip susilpnéjusi imuniné sistema, padidéjes
sergamumas infekcinémis ligomis, medziagy apykaitos ir hormoniniai sutri-
kimai [109].

Mycofix Plus (Biomin GmbH, Herzogenburg, Austria) yra vienas i$
keleto produkty, skirty mikotoksiny poveikio neutralizavimui pasaruose. Sis
mikotoksiny neutralizatorius jmaiSomas j gyvuliy pasarg (paros doze¢ nuo 15
iki 40 mg gyvuliui, priklausomai nuo pasary uZter§tumo mikotoksinais). Sio
produkto sudétis ir veikimas pagrjsti mikotoksiny cheminémis ir fizikinémis
savybémis. Poliniai mikotoksinai (aflatoksinai) gali buiti adsorbuojami neor-
ganiniy medziagy, tokiy kaip bentonito ir diatomito misinio. Trichotecenai,
ZEA, kurie blogai adsorbuojasi, biotransformuojami Eubacterijy padermiy
(BBSH 797), Trichosporon genciy. Fitofitinés medziagos, i$skirtos i$ juros
dumbliy (Ascophyllum nodosum), ir tikrojo margenio (Silybum marianum)
ekstraktas mazina mikotoskiny toksinj poveikj [86].

Iskelta hipotezé, kad j raciono sudétj jtraukus mikotoksinus neutralizuo-
jant] preparata padidés pieno primilzis, taip pat dél didesnio paSary
suvartojimo sumazés mikotoksiny neigiamas poveikis didziajame prieskran-
dyje ir imuninei sistemai. Misy atlikty tyrimy metu poveikis didziajam prie-
skrandziui netirtas, taciau didesnis pieno primilzis nustatytas eksperimen-
tinéje nei kontrolingje grupéje. Taip pat nustatytas didesnis IgA kiekis
eksperimentingje grupéje bandymo pabaigoje, kontrolingje grupéje Sis
rodiklis sumazéjo. Sie tyrimai sutampa ir su Korostelevos su bendraautoriais
atliktuose tyrimuose, kai IgA sumazéjo karviy kraujo serume Seriant pasa-
rais, kontaminuotais DON, ZEA ir 15-acetyl DON mikotoksinais. Pasak jy,
IgA sumazéjimas kraujo serume — tai Fusarium produkuojamy toksiny
imunosupresinis poveikis [90]. Tyrimy metu nustatytas maZesnis somatiniy
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lasteliy kiekis eksperimentiniy karviy grupe¢je, kas parodo, kad mikotok-
sinus detoksikuojantis priedas teigiamai veiké teSmens sveikatinguma.

4.6. Augaliniy ekstrakty, kaip profilaktiniy priemoniy,
panaudojimas, gerinant siloso higieniné kokybe

Mokslings literatiros duomenims, augaliniai ekstraktai, turintys savo
sudétyje fenoliniy junginiy, ypa¢ timolio ir karvakrolio, gali turéti jtakos
pasary epifitinei mikroflorai, tokiai kaip mikroskopiniai grybai, miel¢s,
slopinant jy aktyvumg ir taip pagerinat pasaro higiening kokybe.

Skirtingos Ciobrelio riiSys gali biiti naudojamos kaip naturaliis konser-
vantai ir fungicidai, jy antigrybj poveikj lemia biologiskai aktyvios medzia-
gos, kurios tarp augaly rasiy gali skirtis savo sudétimi ir koncentracijomis,
kaip pavyzdziui, T. vulgari nustatyta didziausia Siy junginiy koncentracija
timolis (48,9 proc.) and p-cymene (19 proc.), tuo tarpu T. tosevi — karvakro-
lis (12,8 proc.), a-terpinyl acetatas (12,3 proc.), cis-myrtanolis (11,2 proc.).
Razzaghi-Abyaneh su bendraautoriais nustaté T. vulgari slopinantj poveikj
A. parasiticus rusiai. Raudonélio dvi pagrindinés biologiskai aktyvios me-
dziagos, t. y. karvakrolis ir timolis, pasizyméjo, adityviu poveikiu pries S.
aureus ir P. aeruginosa [96,131].

Kukurtzy silosas pasizymi iSskirtinai geromis silosavimosi savybémis
dél pakankamo sausyjy medziagy kiekio, zemos buferinés gebos ir pakanka-
mo tirpiy angliavandeniy kiekio. Taciau, nepaisant gery fermentaciniy
savybiy, didelio pienartigs¢iy bakterijy kiekio, Zemo lakiyjy rugsciy kiekio,
kukuriizy silose daznai nustatomas aerobinis gedimas. Aerobinio gedimo
intensyvumas priklauso nuo nepageidaujamy mikroorganizmy kiekio silose,
juy aktyvumo. Aerobinis siloso gedimas gali atsirasti pazeidus siloso gamy-
bos ar sandéliavimo procesus arba pradéjus silosg naudoti $érimui, kai
suaktyvéja nepageidaujami aerobiniai mikroorganizmai. Siloso aerobinio
gedimo metu suaktyvéja oksidaciniai procesai, pieno rigstis, vandenyje
tirptis angliavandeniai skaidomi j anglies dioksidg ir vandenj, maz¢ja mais-
tiné verté [177, 178]. Siloso fermentaciniams procesas pagerinti naudojama
daug biologiniy ir cheminiy siloso inokulianty. Jie padeda palaikyti aerobinj
stabiluma, slopina nepageidaujamy mikroorganizmy, tokiy kaip mielés ir
mikroskopiniai grybai, vystymasi. Organinés riigStys, ypa¢ — skruzdziy
rigstis, pasizymi stipriu antibakteriniu poveikiu [150].

Misy tyrimuose | silosuojama kukuriizy Zzaliava jterpti Ciobrelio ir
raudon¢lio vandeniniai ir ethanoliniai ekstraktai tam, kad jvertintume jy
antimikrobinj poveikj. Juose nustatytos skirtingos timolio ir karvakrolio
koncentracijos. Raudonélio vandeniniuose ekstraktuose ir Ciobrelio ekstrak-
te (C-VE-25) Siy medziagy neaptikta. Galucci su bendraautoriais atliktuose
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moksliniuose darbuose karvakrolis, eugenolis, linalolis, cinamomo aldehi-
dai, timolis pasizyméjo stipriu antimikrobiniu poveikiu daugeliui mikroor-
ganizmy [66]. IS musy gauty duomeny matome, kad didziausias mikrosko-
piniy gryby skai¢ius — kontroliniame méginyje (K), o bendras bakterijy skai-
¢ius (KS) méginiuose. Soycan-Oneng su bendraautoriais darbuose raudoné-
lio eteriniame aliejuje, nustacius 59,3 proc. karvakrolio ir 12,04 proc. timo-
lio ir jterpus jj i silosuojamg pasara, padidéjo pH, sumazéjo COz2 ir mikro-
skopiniy gryby skaicius [150]. Tirtuose méginiuose nustatytas AFB:1 kiekis
nevirsijo ES reglamentuojamy kiekiy, t. y. pagal Komisijos (2003/100/EB)
direktyva, AFB1 melziamy atrajotojy visose pasarinése zaliavose negali biiti
daugiau nei 5 pg/kg, kity atrajotojy < 50 pg/kg. Pagal Komisijos Rekomen-
dacija (ES) 2016/1319 melziamoms karvéms ZEA — 500 pg/kg, o griiduose
ir grudy produktuose — 3000 pg/kg. Nezymiai $i rekomendacija virSyta
méginiuose su raudon¢lio vandeniniu ekstraktu (R-VE-25) ir siloso inoku-
liantu (KC). DON didziausia koncentracja nustatyta kontroliniame méginyje
(K), tac¢iau DON koncentracija gruduose ir griidy produktuose pagal
Komisijos Rekomendacijos (ES) 2016/1319 — 8000 pg/kg, o kombinuotame
pasare, skirtame galvijy prieaugliui iki 4 mén. amziaus, 2000 pg /kg.

Miisy atlikty bandymy metu Zemiausias pieno rigsties kiekis, auks-
Clausias acto rugSties ir amoniakinio azoto kiekis nustatytas raudonélio
vandeniniame ekstrakte (R-VE-25), tai rodo prasta méginio fermentacija.
Meéginiuose su biologiniais inokuliantais ir raudoné¢lio etanoliniu ekstraktu
(R-EE-50) nustatytas zemas amoniakinio azoto kiekis. Pienartigstés bakte-
rijos, jeinancios ] biologiniy inokulianty sudétj, greitina pH sumaz¢jima,
didina pieno ir acto rugsciy santykj, mazina etanolio ir amoniakinio azoto
susidarymg. Driehuis su bendraautoriais nustaté¢ neigiamg pienartigsciy
bakterijy poveikj mikroskopiniy gryby augimui ir dauginimuisi aerobiniy
salygy metu bei aerobinio gedimo metu [50]. Galima daryti iSvada, kad
raudonélio etanolinis ekstraktu (R-EE-50) teigiamai veiké siloso fermen-
tacija.

Silosuoty pasary higieninei kokybei pagerinti panaudoti T. vulgaris ir
O. vulgare vandeninai ir etanoliniai ekstraktai. Siuos rezultatus jvertinti ir
interpretuoti buvo sunku, nes tai — vieni pirmyjy darby. Taciau tikimés, kad
jie sukels diskusijas ir bus pratesti tolimesnése studijose, jvertinant jvairiy
vaistiniy-priekoniniy augaly ekstarkty panaudojimg silosuoty pasary koky-
bei gerinti, jvertinant jy ekonominius kastus, galima poveikj gyviino sveika-
tingumui bei produkcijos kokybei.
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ISVADOS

Istirus Lietuvoje uzaugintos kukuriizy zaliavos ir i§ jos pagaminto
siloso higiening kokybe nustatyta:

1.1.

1.2.

1.3.

Kukuriizy Zaliavoje didziausias mikroskopiniy gryby, sudaranciy
kolonijas, skaiCius (4,65 log ksv/g), taiau silose, paimtame po 8
mén. po sudéjimo, jy sumazeéjo 17,49 proc. (p<0,05). Maziausias
mieliy kolonijy skai¢ius — Zzaliavoje (4,46 log ksv/g), o silose,
paimtame po 8 mén. po sudéjimo, padidéjo 42,27 proc. L. monocy-
togenes daugiausiai aptikta kukurtizy zaliavos méginiuose. Vieno-
dame méginiy skaiciuje zaliavos ir silose, paimtame po 8 mén. po
sudéjimo, aptikta C. perfringens.

Kukuriizy zaliavoje ir silose, paimtame po 3 mén. po sudéjimo,
i§skirta ir identifikuota 12 mikroskopiniy gryby riisiy, o silose,
paimtame po 8 mén. po sud¢jimo, identifikuotos 8 mikroskopiniy
gryby risys. Zaliavoje vyravo Alternaria spp. (isskirta ir identifi-
kuota 77,17 proc.), Fusarium spp. (37,54 proc.), Aspergillus spp.
(14,49), Penicillium spp. (0,89 proc.). Silose, paimtame po 3 mén.
po sudéjimo, sumazéjo Alternaria spp. 99,88 proc. (p<0,05),
Fusarium spp. 98,85 proc., taciau 46 kartais (p<0,05) padidéjo
Aspergillus spp. ir 28 kartais Penicillium spp. (p<0,05). Silose,
paimtame po 8 mén. po sudéjimo, lyginant su zaliava, Aspergillus
spp. padidéjo 81 kartg (p<0,05), o Penicillium spp. — 8 (p>0,05)
kartais.

Didziausios vidutinés ZEA (880,40 ng/kg), DON (2600,00 ug/kg)
OTA (29,15 pg/kg) koncentracijos nustatytos kukurtizy silose,
paimtame po 3 mén. po sudéjimo. T-2/HT-2 (147,25 pg/kg) ir AF
(bendrai) (20,05 pg/kg) — silose, paimtame po 8 mén. po sudéjimo.
Gliotoksino aptikta 3,2 proc. didesniame méginiy skaiciuje kukurt-
zy silose, paimtame po 3 mén. po sudéjimo. Biogeniniy aminy
didziausios koncentracijos nustatytos siloso méginiuose, paimtuose
po 3 mén. po sudéjimo.

IStirus Lietuvoje uzaugusiy daugiameciy zoliy ir i$ jy pagaminto bei |
ritinius susukto siloso i§ ekologiniy ir jprastiniy iikiy higiening kokybe,
nustatyta:

2.1.

Patikimas didziausias mikroskopiniy gryby ir mieliy skai€ius zalia-
vose, kuris sumaz¢jo silose, paimtame po 8 mén. po susukimo |
ritinius. Zaliavos méginiuose i§ ekologiniy tkiy nustatytas didesnis
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2.2.

2.3.

mikroskopiniy gryby ir mazesnis mieliy skaiCius, lyginat su jprasti-
nés gamybos tikiy méginiais. Didesniame meéginiy kiekyje i$ jpras-
tinés gamybos tkiy aptikta L. monocytogenes ir vienodai C. perf-
ringens.

Zaliavoje i§ ekologiniy @ikiy, lyginant su jprastinés gamybos ikiais,
nustatytas didesnis 20 proc. Alternaria spp. (p>0,05), 4 proc. Fusa-
rium spp. (p>0,05). Silose, paimtame po 8 mén. po susukimo j
ritinius, i§ ekologiniy tikiy, lyginant su jprastinés gamybos ikiais,
nustatytas 53,00 proc. didesnis Aspergillus spp. (p>0,05), 2 kartus
didesnis Penicillium spp (p>0,05).

Didziausios vidutinés mikotoksiny koncentracijos DON (215 pg/kg),
AF (bendras) (1,04 pg/kg) nustatytos daugiameciy zoliy zZaliavoje
1§ ekologiniy ukiy, o ZEA (361 pg/kg) i$ jprastinés gamybos iikiy.
Daugiameciy zoliy silose, susuktame i ritinius, didziausios viduti-
nés mikotoksiny koncentracijos nustatytos: DON (327,5 pg/kg), i$
jprastinés gamybos tikiy, o ZEA (391 pg/kg), T-2/HT-2 (112,3 pg/kg)
AF (bendras) (30,68 png/kg) — 18 ekologiny tikiy. Gliotoksino aptik-
ta 20 proc. didesniame siloso méginiy skaiciuje i§ ekologiniy iikiy.
Silose 1§ ekologiniy tikiy, lyginant su jprastinés gamybos iikiais,
nustatyta mazesn¢ biogeniniy aminy histamino, putrescino ir
kadaverino, taciau didesné tiramino koncentracija.

3. Nustatytos koreliacijos tarp higieniniy ir cheminiy fermentaciniy ro-
dikliy:

3.1.

3.2.

Kukurtizy Zzaliavoje — stipri neigiama koreliacija (p<0,05) tarp
mikotoksiny ZEA, T-2/HT-2 koncentracijy bei pH. Kukuriizy
silose, paimtame po 3 mén. po sudéjimo, nustatytos stiprios neigia-
mos koreliacijos tarp mikotoksiny ZEA ir pH; ZEA ir pieno rugs-
ties bakterijy; AF (bendras) ir amoniako. Silose, paimtame po
8 mén. po sud¢jimo, stiprios neigiamos koreliacijos (p<0,05) nusta-
tytos tarp ZEA, T-2/HT-2 ir pH; stiprios teigiamos koreliacijos
(p<0,05) tarp DON ir SM; OTA ir pieno rugsties bakterijy; T-2/
HT-2 ir pieno riigsties bei sviesto riigsties; AF (bendras) ir pro-
piono rugsties.

Daugiameciy zoliy silose ritiniuose — stiprios neigiamos korelia-
cijos (p<0,05) tarp mikotoksiny AF (bendrai), ZEA ir SM; AF
(bendrai), ZEA ir pH. Stipri teigiama koreliacija (p<0,05) tarp
tiramino, putrescino, kadaverino, ir amoniako; stipri neigiama
(p<0,05) tarp tiramino ir SM; tarp kadaverino ir SM; tarp tiramino,
putrescino, kadaverino ir zaliy baltymy.
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2011-2015 metais Gyviiny geroves tyrimy laboratorijoje savianalizes ir
probleminiais atvejais tirtuose silosuotose paSaruose i§ jvairiy Lietuvos
tkiy nustatytos vidutinés mikotoksiny koncentracijos variavo: AFB1
(0,65-13 pg/kg), DON (200-750 pg/kg), ZEA (180-2000 pg/kg).

Nustatyta, kad, paveikus organy taikiniy lgsteliy linijas kristaliniais
mikotoksinais, didZiausiomis Lietuvoje nustatytomis mikotoksiny kon-
centracijomis (AFB1 (8,5 pg/l), DON (1250 pg/l), ZEA(1560 pg/l)),
lasteliy proliferacijg stipriausiai slopino: AFB1— PKEL lasteliy linija po
72 val. (p<0,05), DON — BHL-21 (p<0,05) ir PKEL (p<0,05) lgsteliy
linijjoms po 72 val. Palyginus atskiry kristaliniy mikotoksiny ir jy
misiniy poveik] Iasteliy kultiroms, nustatytas didziausias proliferacija
slopinantis poveikis po 72 val. DON/ZEA - BHL-21 (p>0,05), AFB1/
DON/ZEA - MH-22A (p<0,05), o AFBi/ZEA - HelLa (p<0,05) ir
PKEL (p<0,05) lasteliy linijoms. Nustatyta, kad natiiraliai mikotok-
sinais DON, ZEA, AFBi1, T-2 uZzterSty paSary ekstraktai stipriausiai
slopino PKEL lasteliy linijos proliferacija.

Ilgg laika Seriant melziamas karves paSarais, natliraliai uzterStais
Lietuvoje dazniausiai aptinkamomis Fusarium spp. ir Aspergillus spp.
produkuojamomis mikotoksiny koncentracijomis, pastebéti pieno
cheminés sudéties pokyciai, somatiniy lasteliy kiekio padidé¢jimas ir
IgA sumazéjimas. Detoksikuojantis preparatas MycofixPlus 3 sumazino
§] neigiamg poveik].

Raudonélio ir Ciobrelio etanoliniai ekstraktai, jterpti j kukuriizy silosa,

sumazino mikroskopiniy gryby skaiciy, bendra bakterijy skaic¢iy, DON
ir T-2 koncentracijas.
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REKOMENDACIJOS

Rekomenduojame silosuotame pasare 3-8 mén. po sud¢jimo ar susuki-
mo ] ritinius nustatyti mikroskopiniy gryby ir mieliy kolonijy skaiciy
tam, kad bty galima jvertinti pasaro aerobinj stabilumg bei galimag
uzterStuma jy antriniais metabolitais.

Sitilome atlikti skrininginius mikotoksiny tyrimus silosuojamoje zalia-
voje ir silose skirtingais periodais po sud¢jimo ar susukimo, nes miisy
tyrimy duomenimis, tirta zaliava yra uzsikrétusi Fusarium spp., Asper-
gillus spp., Penicillium spp. ir kitomis galimai toksikogeninémis
gentimis, taip pat aptikti mikotoksinai.

Kadangi mikotoksiny tyrimai yra pakankamai brangiis, organy taikiniy
jvairiy lasteliy linijy testai gali buti naudojami pasaro toksiSkumui
jvertinti.

Net ir taikant geros gamybos praktikg neiSvengiama mikotoksiny susi-
darymo silosuotuose paSaruose. Tod¢l sitilome ] pasSarus iterpti detoksi-
kuojanciy preparaty. Pries jterpiant | pasarus detoksikuojancius prepa-
ratus svarbu nustatyti jy panaudojimo tikslinguma, t. y. rekomenduoja-
me jterpti ] paSarus esant tokioms mikotoksiny koncentracijoms: AFB1
> 5 ng/kg, ZEA > 600 pg/kg, DON > 600. Detoksikuojancius prepara-
tus pasirinkti naujos kartos, kaip miisy naudotas Mycofix Plus 3.E,
kuris turéty ne tik absorbcing, bet ir biologing, fermenting, imuniteta
stimuliuojancig grupe.
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Abstract

One hundred two samples of feeds made in Lithuania, which included maize silage, grass-legume
silage, hay and ensiled crimped maize were investigated during 2008-2012 for contamination with
some mycotoxins. The highest concentrations of mycotoxins determined were those of deoxynivalenol
(DON) - 471.0 pg/kg and aflatoxin B, (AFB,) - 21.2 pgkg in ryegrass silage from bales, and
zearalenone (ZEA) — 625.0 ug/kg in maize silage from trenches. The present study has been carried
out based on these data because animal feeds contaminated with mycotoxins can cause reduced
productivity of dairy cows and health disorders in the long term. The aim of this study was to
investigate the long-term exposure of toxic effects of a diet naturally contaminated with low concen-
trations of mycotoxins on milk composition and biochemical, hematological, immunological par-
ameters of dairy cows and to determine the anti-mycotoxin effect of Mycofix Plus 3.E. Twenty eight
clinically healthy, medium productive Lithuanian Red cows were selected. ZEA was a major con-
taminant found in the corn silage at concentration levels of up to 1000.0 pg/kg of dry matter. DON
was the second major found in the hay at concentration levels of up to 600.0 pg/kg of dry matter, The
highest concentration AFB,- 10.0 ug/kg was determined in ground barley. The Anti-Mycotoxin Addi-
tive (AMA) Mycofix Plus 3.E was given individually to 14 cows at a concentration of 40.0 g daily for
9 weeks.

The present results indicate that feeds naturally contaminated with low concentration of my-
cotoxins produced by Fusaritm spp. and Aspergillus spp. in a diet of dairy cows can have a negative
influence on somatic cell count, blood parameters and immunity. The addition of an Anti-Mycotoxin
Additive (Mycofix Plus 3.E) to diet of dairy cows can prevent many of these effects.

Key words: Anti-Mycotoxin Additive, mycotoxins, dairy cows, blood parameters, milk composi-
tion
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Introduction

Molds are filamentous (fuzzy or dusty looking)
fungi that occur in many feedstuffs including rough-
ages and concentrates. Molds can infect dairy cattle,
especially during stressful periods when they are im-
mune suppressed, causing a disease referred to as
a mycosis. Molds also produce poisons called my-
cotoxins that affect animals when they consume my-
cotoxin contaminated feeds. This disorder is called
a mycotoxicosis (Whitlow 2005). It is generally accep-
ted that the Aspergillus, Fusarium and Penicillium
molds are among the most important in producing
mycotoxins detrimental to cattle. The mycotoxins of
the greatest concern include: aflatoxins, which are
generally  produced by  Aspergillus mold;
deoxynivalenol, zearalenone, T-2 toxin, fumonisins,
which are produced by Fusarium molds; ochratoxins
produced by Penicillium molds. There are hundreds
of different mycotoxins which are diverse in their
chemistry and have effects on animals. It is likely that
contaminated feeds will contain more than one my-
cotoxin (Whitlow and Hagler 2002). In order to pro-
tect animal health some countries have recommenda-
tions for deoxynivalenol, ochratoxin A, fumonis
and zearalenone content in feed (European Commis-
sion 2006, Rasmussen et al. 2011).

Little is known about the effects of feedborne
Fusarium, Aspergillus, Penicillium mycotoxins and
their synergisms on the performance, hematological
and biochemical blood parameters, and milk composi-
tion of dairy cattle. The data concerning the effects of
mycotoxin-contaminated diets on health and perform-
ance of dairy cows are still rare. Studies by Danicke et
al. (2005), and Seeling et al. (2006) showed that DON
concentrations ranging between 3.1 and 3.5 mg g’
feed (88% DM) did not cause any significant adverse
health effects but transiently increased post-prandial
ammonia concentrations (Fink Grammels 2008). Fink
Grammels (2008) found correlation between the ca-
pacity of the rumen to inactivate mycotoxins and the
likelihood of adverse health effects in cattle. A chro-
nic exposure to low levels of mycotoxins typically gives
non-specific symptoms such as an impaired immune
system and increased infections or metabolic and hor-
monal imbalances (Morgavi and Riley 2007,
Fink-Gremmels 2008, Rasmussen et al. 2011).

Nature has provided ruminants with a distinet
ability to detoxify and degrade mycotoxins present in
feed in the form of ruminal microflora and micro-
fauna; however, this ability is saturable (Khatoon
2012). The effect of mycotoxins on the performance,
metabolism, and immunity in dairy cattle was demon-
strated elsewhere. Those adverse effects on health are
unexpected and commonly associated with dose de-

116

pendence and a long exposure. High-yielding cattle,
especially during a transition period, are prone to be
more sensitive to mycotoxins than fatting cattle
(Chaiyotwittayakun 2010). Different factors like
metabolic disorders (rumen acidosis, milk fever, etc.),
abrupt change in diet, a high protein diet, negative
energy balance, antimicrobial activity of some my-
cotoxins, etc. can decrease the detoxifying ability of
ruminal microflora (Khatoon 2012).

An alternative approach to reducing the exposure
to mycotoxins in feed is decreasing the bioavailability
by the inclusion of mycotoxin detoxifying agents (my-
cotoxin detoxifiers) in the feed. This method is most
commonly used today (Devreese et al. 2013). A fre-
quently used method for controlling mycotoxicosis is
the use of material nutritionally inherent to the ani-
mals’ diet, in order to decrease the absorption of my-
cotoxins in the gastrointestinal tract. These substances
were called mycotoxin adsorbent and are now generi-
cally called Anti-Mycotoxin Additives (AMA) (Mal-
Imann et al. 2009). Favourable results have been ob-
served when absorbent materials such as clays (be-
ntonites), complex indigestible carbohydrates such as
glucomannans or mannanoligiosaccharides and other
similar products are added to mycotoxin con-
taminated diets of rats, poultry, swine and cattle
(Whitlow 2005).

The aims of this study were to investigate the
long-term exposure of toxic effects of diet naturally
contaminated with low concentrations of mycotoxins
on biochemical, hematological, immunological par-
ameters and milk composition of dairy cows and to
determine the effect of Mycofix Plus 3.E.

Materials and Methods
Experimental animals and diets

A total of 28 Lithuanian Red dairy cows of differ-
ent parities (approximately 25% primiparous and
75% of multiparous, randomly assigned in groups)
were used in the experiment (14 cows per trial). The
cows were in third lactation, the duration of the lacta-
tion was 1224159 days. The milk-yield of cows was
15.36 kg/d., an average of milk fat was 4.14+0.25%,
protein content 3.06+£0.04% and urea — 23.80+1.35
mg %. The diets were fed for 63 days and included
two groups. The first group was control (CG) — a nat-
urally contaminated diet. The second group was ex-
perimental (EG) - a naturally contaminated diet + 40
g per day for cow Mycofix® Plus 3.E (mineral compo-
nents, biological  constituent, live  organism,
phytogenic substances, phycophytic constituents).
Barley, silage, haylage and hay were the sources of
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Table 1. Diets composition.

Naturally contaminated (TMR.)

Ingredients

Naturally contaminated
TMR + Mycofix® Plus 3.E

As fed, kg/cow DM, kg/cow As fed, kgfcow DM, kg/cow
per day per day per day per day

Silage (oats, feeding pease, lucerne)

(31.0% of DM) 35.0 10.85 350 10.85
Haylage (lucerne and cocksfoot)

(35.12% of DM) 35.0 12.29 350 12.29
Hay (perennials, different botanical

composition grasses) (93.1% of DM) 50 4.66 5.0 4.66
Ground barley (90.0% of DM) 18.0 16.20 18.0 16.20
Mycofix® Plus 3.E - - 0.04 0.04
Total TMR 93.0 44.00 93.0 404

Table 2. Effect of diets on health and performance of dairy cows.

Respiratory rate Rumen contraction

Cows group Temperature °C  Puls rate (per minute) (breaths/minute) rate (per 2 minutes)
CG
Mean+SE 38.48+0.005 67.04+0.32 19.05 £0.19 3.99+0.04
EG
Mean+SE 38.45+0.007 69.2+0.22 2020017 4.01 £0.05
Reference
values (Sutkevitius, 2003) 37.50 = 39.00 S0.00 - 80.00 10,00 = 30,00 2.00 - 5.00

CG - control group; EG- experimental group

feedborne mycotoxins, the experimental diets were
prepared locally and formulated according to energy
requirements for dairy cows. The total mixed ration
(TMR) is documented in Table 1.

Chemical composition (crude proteins, lipids, sol-
uble sugars and starch, NDF, ADF, ash) of silage,
haylage and hay, ground barley samples after drying,
were determined by laboratory analysis with NIRS.
Metabolizable energy (ME), net energy for lactation
(NEL) and fermentation were calculated according to
VDLUFA (Germany) methodology. Amounts of dry
matter (DM) in feeds were individually recorded at
once before the trial. The samples were oven-dried at
105°C for 48 h and the percentage of DM calculated.

Animals health

During the trial period the cows were housed in
group pens according to their feeding group, with in-
dividual feeders. The feed and water were provided
ad libitum. The cows were milked twice a day in their
stalls without daily exercise.

The experiment proceeded without any noticeable
incidents. The health status of the cows was regularly

checked by a veterinarian, as documented in Table 2.
Acute mastitis occurred during the trial just sporadi-
cally, once in the control and once in the experimental
groups as it was treated, this disease should not be
over-interpreted in the present experiment.

Analysis of feedborne mycotoxins

Dietary contents of AFB;, ZEA were analyzed by
Thin-layer chromatography (TCL) and described by
Romer Labs Inc. “Method (Code: a/z-tl-01-00.2) and
deoxynivalenol (DON) (Code: CAM-000031-1). All
samples of feeds were dried at 70°C for 24 h in an
oven, ground to pass a | mm screen. Twenty five
grams of each sample was extracted with 100 ml
acetonitrile/DI water (84/16, v/v) solution for 3 min
into a blender. The extract was filtered through What-
man N° 4 filter paper (Whatman, Inc., Clifton, New
Jersey, USA).

Analysis of AFB,;, ZEA concentrations: 90 pL. of
glacial acetic acid was added to 9 mL of the filtrate
and mixed well. Clean-up columns MycoSep”
226AflaZon+ Multifunctional columns (Romer Labs,
Inc. Union, MO, USA) were used for cleaning the
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extracts, following the methodology supplied by the
manufacturer. Two mL of the extract were evaporated
using the Romer Evap™ System. The residue was dis-
solved in 300 puL toluene/acetonitrile (97/3, v/v). 90 uL
of sample and standards (10, 20, 40, 80 ul. - AFB,
spotting standard: 0.05 pg/mL and 15, 30, 60 pL of
5 ng/mL ZEA working standard) were spotted onto
the TLC Silica gel 60 F254 plate with the AutoSpot-
ter™ (Romer Labs TLC, AutoSpotter, Model 10).
The matrixs were prepared by adding 48 pL of AFB,
spiking standard (0.625 pg/mL each of AFB,) and 90
pl of 25 pg/mL ZEA spiking standard to 9 mL of
84/16 acetonitrile/water. Plate was developed of AFB,
and ZEA in 9/1 (v/v) chloroform/acetone. The plate
was viewed under a long wave of UV light. ZEA ap-
peared light green with an Rf (retention factor) of
approximately 0.9, AFB, appeared blue and has an Rf
of approximately 0.45. The plate was spread with 15%
aluminum chloride in methanol. The plate was viewed
again under UV light. ZEA appeared blue. The plate
was spread with 10% sulfuric acid in methanol. The
plate was viewed again under UV light. AFB, ap-
peared yellow.

Analysis of DON concentration: 10 ml of extract
was transferred into a tube, pushed slightly over 4 mL
through a MycoSep® 225 Trich column (Romer Labs,
Inc. Union, MO, USA). Four mL of purified extract
was transferred to the preconditioned MultiSep” 216
column (Romer Labs, Inc. Union, MO, USA) and
collected. The extract has drained through MultiSep”
216 Trich column rinse with 12 mL of 84/16 acetonit-
rile/DI water and was collected. Evaporated with the
Romer Evap™ System. 100, 200, 300, 400 ng of the
TLC spotting standard was spotted on a TLC plate.
The residue was dissolved in 400 pL of 2/1
acetone/methanol. Eighty pL of sample and matrix
spike along with standards were spotted on silica gel
TLC plate. The plate was developed with 1/2 tou-
lene/acetone. The plate was sprayed with 15% alumi-
num chloride in methanol. The plate was heated at
150°C until standard spots were fully visible under
a long wave of UV light. DON appears blue with Rf
values of approximately 0.5.

The detection limit was 0.1 mg (ppm) of DON;
200 pg (ppb) of ZEA; 1.7 ug (ppb) of AFB,.

Milk composition and amount

Representative samples of milk were taken once
a month at the morning milking. The samples were
researched in the State enterprise ,Pieno Tyrimai”.
The milk samples were analyzed for fat, protein, lac-
tose, urea, Somatic Cell Count (SCC) , LactoScope
FTIR” (FT1.0. 2001; Delta Instruments, Netherlands).

Blood biochemistry

Blood samples were collected twice during the
trial period: () day and 63 days (d.) from the jugdar
vein before the morning feeding. Blood samples were
collected into a tube without any anticoagulant, allow-
ed to clot and after centrifugation serum was pro-
duced. The serum was used to test the concentration
of phosphorus, magnesium, total protein, albumin,
urea, creatinine, glucose, alkaline phosphatase,
glutamylt ransferase, aspartate aminotransferase, cre-
atine kinase, alanin aminotransferase and laktat de-
hydrogenase. The following samples were determined
in National Food and Veterinary Risk Assessment In-
stitute’s Department of Radiological Research Lab-
oratory (Lithuania), using an automatic biochemical
an analyzer ,,Cobas Integra 400 plus” (Tegimenta Ltd,
Roche, Switzerland).

Complete blood count

Blood samples for complete blood count analyses
and leukograma were collected twice during a trial
period: 0 d. and 63 d. from the jugular vein before the
morning feeding in EDTA-coated blood tubes.
Complete blood count for white blood cells,
red blood cells, hemoglobin, hematocrit, mean cor-
puscular volume, mean corpuscular hemoglobin,
mean corpuscular hemoglobin concentration, red
cell distribution width, platelets, mean packed vol-
ume, were determined in the Laboratory of Large
Animal Clinic of VA LUHS by the automated differ-
entiation analyzer ,Abacus junior vet”. The total
leukocyte and the differential leukocyte count were
performed with May-Grunwald Giemsa. The percen-
tage of leukocytes was established from the 100 cells
count.

Serum Immunoglobulin (IgA) concentrations

Concentrations of IgA were determined in serum
samples using the Bovine IgA test kit (GenWay Bi-
otech, Inc), which is a highly sensitive two-site enzyme
linked immunoassay (ELISA) for measuring IgA in
bovine biological samples. The absorbance was meas-
ured at a wavelength of 450 nm on an ELISA reader
spectrophotometer.

Statistical analyses were carried out using SPSS
software (version 12.0 for Windows, SPSS Inc.,
Chicago, IL, USA). Values are presented as
means+standard error (SE) and were considered
statistically significant when p<(0.01 and p<0.05.
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Table 3. Mycotoxin concentrations in feeds during the trial period.

Mycotoxins
Feedstuls AFB, (ugkg)  DON (ugkg)  ZEA (ugke)
1. Silage (oats, feeding pease, lucerne), hay 6.0 350.0 550.0
2. Haylage (lucerne and cocksfoot) 7.0 500.0 700.0
3. Hay (perennials, different botanical composition grasses) 4.0 600.0 1000.0
4. Ground barley 10.0 450.0 270.0
Table 4. Effects of cows diets on milk production, milk composition and somatic cell count.
Groups
Parameters Days G Effects EG Effects
Mean +SE of diet*** Mean +SE of diet"**

Milk production (kg/cow) 0 15.01 £0.98 0.28 14.14£1.77 09

63 15.99+1.71 ’ 16.06+ 1.04 ’
Milk fat (%) 0 481403 4254059 S

63 4.17+0.40 e 353015 L
Milk proteins (%) 1] 3.48+0.11 018 2.84£0.33 058°

63 3324032 ) 3444008 5
Milk lactose (%) 1] 4.61£0.03 0.01 3824044 0.41

63 4474044 - 4.48+0.03 !
Milk urea (%) ] 46,00 4£2.25 011 33.07+4.86 0,14

63 22.00+0.43 ' 23361145 -
SCC cells/ml x 1.000 1] 47.5£33.39 0.8%% 40.9+4.48 0.16

63 82.5+66.08 ’ 41.07 £4.49 ’

CG - control group: EG — experimental group.
* p<0.05; ** p<0.01; *** r value.

Results

Four feeds in the experimental diets were nat-
urally contaminated with mycotoxins: silage, haylage,
hay, barley. The hay contained ZEA as the major con-
taminant, DON and AFB, as minor contaminants.
ZEA was the major contaminant found in the hay at
levels of up to 1000.0 pg/kg of dry matter. DON was
another contaminant found in the hay at levels of up
to 600.0 pg/kg of dry matter. The highest AFB, con-
centration, 10.0 pg/kg, was found in ground barley.
The analyzed concentrations of feedborne mycotoxins
in the diets are given in Table 3.

Milk production and milk composition are pres-
ented in Table 4. Milk production (kg/cow) increased
12.0% (p=0.05) in experimental group and 6.1%
(p=0.05) in the control group after 63 days. Somatic
cells count was not significantly increased after 63 d.
in the control group.

The results of the blood hematological analyses
are presented in Table 5. Most of these parameters
were not affected by diets with mycotoxins (AFB,,
DON, ZEA) and mycotoxins plus Mycofix Plus 3.E.
The results of blood count monitored at the beginning

and at the end of the research show that there was no
deviation from physiological values.

Serum biochemistry profiles for both cows groups
are presented in Table 6. According to the data, urea
parameter in the control group during the research
period was higher than physiological values. Other
biochemical parameters in both groups during the re-
search were within the range of physiological values.

The immunity status of dairy cows was influenced
due to low mycotoxins concentrations in diet. IgA
concentrations were decreased not significantly after
63 d. in the control group and increased in the experi-
mental group.

Discussion

In dairy cattle, up to 70% of the diet is composed
of concentrates to meet the energy requirements of
animals, resulting in possible exposure to more than
one type of mycotoxins (Fink-Gremmels 2008). My-
cotoxins can also be present in hay, straw and silage
after a prolonged period of storage (Mansfield and
Kuldau 2007). A high dry matter concentration
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Table 5. Effects of cows diets on hematological values.

G
Toups Reference
Parameters Days CG Effects EG Effects valies
Mean+SE of diet®** Mean+5SE of diet***
White blood cells, 10°/L 1] 7.12+0.52 10.36+0.96
' 0. 0. 0-
63 8.76x0.71 hag 10.77 £0.62 68 Al
GRA, 10°/L 0 2.44+0.19 4.42+0.71 g
63 3.78+0.40 bR 4.11+0.38 e T
Lymphocytes, % 0 4.17+0.11 T 5.05£0.42 5.75
63 4.19+0.33 L 5.74+037 o i
Platelets, 101 0 56.64+45.06% 240.07 £35.69*
* (. . (-800
63 183.00+26.37 031 386.79+168.39 Pz 100308
Red blood cells, 10%/L 0 556+0.15 . 6.9 +0.22 5
63 5.96+0.26 s 6.63+0.25 9 20100
Haematocerit, % 0 26.81 £0.58 27.78£0.66
0.22 0.27 24-46
63 27.63+0.75 30.30£1.09
Haemoglobin, g/L 0 77.64+1.95 0.27 81.14£2.23 5 80-150
63 79.79+2.70 2 85.72+2.44 031 r:
Basophilic granuliocytes (BG), % 0 3.00£093 0.26 1.36+0.31 013
63 1.92+0.50 - 1.50+0.20 o
Eosinophilic granuliocytes (EG), % ] 13.43£2.30 0.63* 11.71£2.36 027
63 10.86+1.79 ) 12.6442.74 -
Band Neutrophils, % 0 4.1440.66 0.24 4.93+0.75 0.1
63 7.79+0.97 ’ 6.21£0.97 )
Segmented Neutrophils, % 0 22574257 0.19 26.57+3.31 0.14
63 30.21+2.63 ’ 2857+3.29 ’
Monocytes, % 0 257+0.68 05 1.86+0.29 0.36
63 1.64+0.32% N 1.71£0.34° ’

CG - control group; EG - experimental group.
* p<l05; ** p<0.01; *** r value.

(=50%) in the raw material makes silage more suscep-
tible to  self-heating and infestations  with
toxin-producing fungi (Purwin et. al 2006). According
to the results of Marczuk et al. (2012) study, in the
animals exposed to natural low-dose ZEA and DON
mycotoxins was observed an acute autoimmune re-
sponse and immunosuppression, as indirectly con-
firmed by blood morphological and biochemical tests.
In the present study, levels of these mycotoxins were
analyzed because they are in the range of the levels
commonly found in the feed of dairy cows in
Lithuania.

In a field study, diets with about 750.0 ppb ZEA
and 300.0 ppb DON resulted in poor consumption,
depressed milk production, diarrhea, increase in re-
productive tract infections, and total reproductive fail-
ure (Whitlow 2005). In the present study, the concen-
tration of milk proteins was significantly higher
17.44% (p<0.05) in the experimental group of cows,
63 d. after the beginning of the research. In the con-
trol group, this parameter was 4.6% (p=0.03) lower.
The concentration of milk fat was significantly 16.94%
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(p<0.01) lower in the experimental group while in the
control group this parameter was not significantly
13.31% (p=0.05) lower, 63 d. after the beginning of
the research. The count of somatic cells in the control
group was significantly 42.42% (p<0.01) higher, while
in the experimental group this parameter was not sig-
nificantly 0.4% (p=>0.05) higher, 63 d. after the begin-
ning of the research. For example, the results from
a Canadian study using 18 first-lactation cows during
mid-lactation showed that cows consuming DON-con-
taminated diets (4 to 5 ppm) produced 13% less fat
corrected milk (p<0.16) than the cows consuming
clean feed (Whitlow 2005).

Literature data point out that lower ZEA levels
influence hematological parameters in  animals.
Gajecka et al. (2004) have established significant ZEA
influence on hematological results with regard to the
number of erythrocytes and leucocytes, hemoglobin
concentration, values of haematocrit and mean cell
haemoglobin concentration, and the share of seg-
mented neutrophilic granulocytes and lymphocytes.
Fernandez et al. (2000) observed no effects of
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Table 6. Effect of cows diets on serum chemical values and IgA levels.

Groups
Reference
Parameters Days CG Effects EG Effects walies
Mean +SE of diet*** Mean £5E of diet***
Total protein, g/L 0 70,96 £0.84 0.70 71.35+1.21 0.34 70-94
63 77.22£1.12 ) 76.00+1.35 ’
Albumin, g/l ] 36.54+0.47 34.5440.82 . i
63 39.12+0.86 s 37.98+0.72 & SR
Lactate dehydrogenase, U/L 0 1114.79£63.47 wx  1410.36£93.98 * 2
63 1270.93+67.40 0 1564.38 £ 48.66 e MR
Aspartate transaminase (AST), IU/L 0 80.27+£4.97 0744 % B85.44+4.74 P 56.0-176
63 79.30+4.85 A 102.74+4.76 an 2001700
Alanine transaminase, U/L 0 24.87 +£0.65 0.49 2251%+1.14 0.754* 6.9-353
63 28.15+1.14 ! 27.50+£1.09 S R
Alkaline phosphatase (ALP), U/L 0 45.00+4.11 og0es 62881194 086+ B
63 50.19£8.03 : 59.56+10.61 :
Gamma-glutamyl transferase (GGT), 0 24.41+£1.49 & 28.44£1.49 _
UL 63 29.04+1.49 058" 389432028 0.6*
Glucose, U/L 0 1.73+£0.12 : 1.60£0.19 s
63 1.87+0.10 o8 1.46%0.16 048 2138
Ca, mmol/L 1] 2.48+0.03 2.30+0.05 5104
63 2.69+0.05 01 2.75+0.03 ol 2023
P-inorgani, mmol/L 0 2.06+0.14 036 1.7240.16 0.39 1.46-2.83
63 2.13£0.09 i 2.19£0.11 g A
Mg, mmol/L 0 0.90+0.03 5 1.03+0.04 7
63 1.08£0.03 o 1.07+0.01 %3 i
Urea, mmol/L 0 5.03+£0.25 y 4.19+0.32 * ¥
63 11.71£6.23 i 6.19+0.30 s s
Creatinine, mmol/L 0 69.07+2.67 * 63.14+3.08 * ¥
63 85.79+£3.59 ot 85.50+2.91 0s9 R0
Ig A, ng/mL 0 184.21+27.35 0.06 178.86+30.61 0.79%* _
63 154.43 +£20.98 : 209.07+£27.53 i

* p<0.05; ** p<0.01; *** rvalue.

aflatoxin on the hematological parameters of lambs
that received high doses of aflatoxin (2 mg of
aflatoxin/kg of diet). In the present study, lymphocyte
0.5% (p<0.05), red blood cell 6.7% (p<0.01) signifi-
cantly increased in the control groups of cows 63 d.
after the beginning of the research. However, there
was no deviation from physiological values. In con-
trast to our results, Tripathi et al. (2008) observed the
reduction of eosinophils count and mean cell haemo-
globin concentration and increased haematocrit par-
ameter under daily doses of AFB; 50 pg/kg DM, 91
days. In our study, in the experimental group of cows,
these parameters were not significantly affected by
diets.

The cows fed with mycotoxin-contaminated feeds
significantly elevated serum metabolites including
urea, protein, aspartate aminotransferase, glutamate
dehydrogenase and gamma glutamyl transferase
(Chaiyotwittayakun 2010). Serum enzyme activities

are generally elevated in mycotoxicosis suggesting
mild hepatocellular injury (Pier 1992, Fink Grammels
2008). Serum activities of alkaline phosphatase
(ALP), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gammaglutamil transferase
(GGT) were estimated to assess liver function. Serum
activities of GGT were higher 15% (p<0.05) in the
control group of cows and in the experimental group
of cows 1.7% (p<0.05) 63 d. after the beginning of the
research. Serum activities of ALP were significantly
10.3% (p<0.01) higher, 63 d. after the beginning of the
research in the control group of cows. In the experi-
mental group of cows, ALP activities were significant-
ly lower 5.3% (p<0.01) on 63 d. Serum AST activities
ignificantly 1.2% (p<0.01) lower in the control
group. In the experimental group of cows, AST activ-
ities were significantly 16.81% (p<0.05) higher 63 d.
after the beginning of the research as compared with
that found at the start of research. All these par-
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ameters were not higher than the physiological limits
in both groups of cows in our study. Tripathi et al.
(2008) observed no significant differences in the hepa-
tic enzyme activities (AST, acid and alkaline phos-
phatase), suggesting that the levels of mycotoxins
(aflatoxin) in this study caused only a low and transi-
ent negative effect on sheep hepatocytes. Ling et al.
(2006) reported that feeding a group of cows with
wheat contaminated with Fusarium spp. containing
8.21 mg DON/kg DM and 0.09 mg ZEA /kg DM
caused the increase in serum AST, LDH and GGT
values conditioned by the amount of ingested dietary
mycotoxin,

Urea and creatinine concentrations in blood
serum increased and amounted to respectively 57%
(p=0.05), 19.49% (p<0.05) in the control and 32.3%
(p<0.05), 26.17% (p<0.05) in the experimental groups
63 d. after the beginning of the research. However,
the urea concentration was higher 29.12% than the
physiological limit for this animal species in the con-
trol groups and this effect was prevented by dietary
supplementation with Mycofix Plus 3.E. Danicke et al.
(2005) observed that postprandial rumen fluid ammo-
nia concentrations were consistently higher when
Fusarium mycotoxin-contaminated wheat was fed to
cows. Moreover, the flow of microbial protein and
utilizable protein at the duodenum were simulta-
neously reduced. These results suggest that diets nat-
urally contaminated with DON as the major my-
cotoxin can alter microbial protein turnover in the ru-
men (Korosteleva et al. 2007). The present result is in
agreement with that obtained by Smith et al. (2007)
when the feeding of contaminated with mycotoxins
feedstuffs resulted in a continuous elevation in serum
urea concentrations throughout the experiment and
this effect was prevented by dietary supplementation
with GMA.

The albumin and protein levels are further indi-
cators of the liver function (Tripathi et al. 2008). In
our study, total serum protein and albumin concentra-
tions were not significantly increased after 63 d. in
both groups of cows. However these parameters were
not higher than physiological limits. These results are
in contrast to those obtained by Korosteleva et al.
(2007) who fed cows naturally contaminated feed with
DON, ZEA and 15-acetyl-deoxynivalenol, resulting in
significant increase in total serum protein concentra-
tion.

The reduction in concentrations of serum IgA in
cows fed a contaminated diet illustrates the im-
munosuppressive effect of Fusarium mycotoxins (Ko-
rosteleva et al. 2007). Ingested DON affects intestinal
Ig synthesis. Specifically, DON stimulates intestinal
IgA production in mice, leading to an elevated con-
centration of circulating serum (Vahedi 2012). In the
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present study. Ig A levels in cow serum decreased
16.17% (p=0.05) in the control group and significantly
increased 14.45% (p<0.01) in the experimental group
63d. after the beginning of the research. The present
result is in agreement with that obtained by Koros-
televa et al. (2007), in which declines in total serum
IgA were observed in deoxynivalenol, zearalenone
and 15-acetyl DON toxin-treated dairy cows.

Conclusions

The present results indicate that the feed naturally
contaminated with low concentration of mycotoxins
produced by Fusarium, and Aspergillus spp. in diet of
dairy cows can have an influence on somatic cell
count, blood parameters and immunity of dairy cows.
The feeding of Mycofix Plus 3.E can prevent many of
these effects.
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Abstract, The aim of the current work was to evaluate mycotoxins and biogenic amines contents and their changes
during storage in maize silages produced in Lithuania afier 3 and 8 months of ensilage. Maize silages samples were
collected from 20 conventional dairy farms in Lithuania.

Mycotoxins were quantified by direct competitive enzyme-linked immunosorbent assays (ELISA). The highest ZON,
DON and OTA contents, respectively 880.04+60.62, 2600.0+260.0 and 29.155.6 pg/kg were found in silage samples
after 3 months of storage. T-2/HT-2 (T-2 and HT-2 toxins) and aflatoxin total (AFL (total)) respectively 147.25+20.80,
20.05£5.33 pg/kg - after 8 months of storage. The amount of biogenic amines (BA) was determined by high-performance
liquid chromatography. The highest biogenic amines content in maize silage samples were found in samples after 3
months of storage. The present study indicates that maize silage is an important source of mycotoxins and biogenic amines
in the diet of cattle.

Keywords: mycotoxins, biogenic amines, volatile fatty acids, maize silage

Introduction

About 70 percent of all growing com is used for the green fodder production. Maize silage is the main ruminant
livestock feed in many European countries. The quality of raw milk and dairy products is related primarily to the quality
of silage fed to cows (Purwin et al., 2006). Currently, silage quality is evaluated by chemico-fermentative parameters.
However, the presence of bacteria, moulds, and/or some of their metabolites, i.e.. mycotoxins, must be considered because
of their effects on animal production and health (Chelia et al.,, 2013). Because the use of silage is increasing, risk
assessment for mycotoxins becomes important as it concerns human and animal safety as well as animal performance
(Pereyra et al., 2008). Little attention has been paid to the content of different protein end-products in silage and their
effect on the animal organism (Olt et al., 2005). Biogenic amines (BA) are low-molecular-weight nitrogenous organic
bases, which can accumulate in high concentration in food or feed due 1o microbial activity and cause toxic effects. In
some fermented foods or feed it is difficult to prevent the accumulation of BA since the microbiological/chemical/physical
conditions of the fermentation can not be easily modified The production of BA has been associated with yeast
(Debarvomyees hansenii, Yarrowia lipolvtica, Pichia jadinii, Geotrichum candidum) Gram-negative (Escherichia coli,
Hafnia alvei, Klebsiella pneumoniae, Morganella moorganii, Psendomonas spp. orSerratia spp.) and Gram-positive
bacteria (lactic acid bacteria (LAB) (Alvarez et al., 2014). BA high levels were reported even in maize silages as amines
are produced by decarboxylation of amino acids not only by enzymes of putrefactive bacteria but also of many species
and strains of lactic acid bacteria (Kfizek et al., 1993; Steidlova et al., 2002).

With the changes in agricultural practices towards all-year feeding of silages, silages are often 14 months or more old
at the time of feeding. A better understanding of the long-term dynamics of silage is therefore important to optimize long-
term storage, minimize fungal deterioration and decrease the risk of mycotoxins in silages (Storm et al., 2010). BA
concentration in silages depends on the process of microbiological decarbonization of amino acids. The level of amine
concentrations is mainly the result of the action of lactic fermentation bacteria and Enferobacteriaceae (Herndndez-Orte
et al., 2008).

This siudy evaluated mycotoxins and biogenic amines content and their changes during storage in maize silages
produced in Lithuania after 3 and 8 months of ensilage.

Materials and methods

Maize samples were collected from 20 conventional dairy farms in Lithuania. The sampling sites located all over the
country: from centre, west, south parts of country. From each silo were taken three samples from different places and
made mixed sample. The samples were transported in polyethylene bags with minimum air content. Samples immediately
were frecze at —20°C and kept until the beginning of the laboratory analyses. Samples of spoiled silage with visible fungal
growth were not sampled. Silages samples from the same farms were sampled three times. Silage was preserved by
spontaneous fermentation, without biological additives.

The dry matter (DM) was analyzed on the day of sampling. In order to determinate dry matter, the maize samples
were chopped in 4 cm-diameter-particles and dried for 18 hours at 55°C. After the air equilibration, the samples were
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weighed and then dried again for 6 hours at 105°C. Crude protein (CP) were analyzed by Near Infrared Reflectance
Spectroscopy (NIRS-6500)

The pH was measured in diluted silage with a pH-meter (WTW®inoLab pH 720, Germany) fitted with a glass
electrode after homogenization of 10 g silage with 40 ml of distilled water. The content of ammonia nitrogen was
determined by the Convay’s micro-diffusion method.

The concentration of VFA, lactic acid and ethanol content were determined in silage extract by high performance
liquid chromatography (HPLC) according to Kostulak-Zielinska and Potkanski (2001), Gasior (2002). The fresh maize
silage samples were homogenized in a manual blender (Bosch), in an ice bath (for 2 min), pouring in water five times
more than the weight of the given sample. The homogenate was filtered by straining through miller gauze; the filtrate was
passed through a soft filter (Filtrak No. 388), deproteinised with 24% (w/v) metaphosphoric acid (FLUKA) and
centrifuged (7 min., 10000 = g at 4°C) in an MPW-350R centrifuge. The supernatant was filtered (0.22-pm PTFE syringe
filter 30-SF-02 CHROMACOL LTD) and analysed by a SHIMADZU HPLC system, RP, column: METACARB 67H
(ORGANIC ACIDS COLUMN, Varian), mobile phase: 0.002 M (v/v) sulphuric acid solution (95%, Sigma-Aldrich) in
deionised water, flow rate I cm3/min., loop 20 pl, detector SDP-20A UV/Vis - 210 nm). The external-standard method
was employed using the FLUKA lactic acid standard and the SUPELCO standards of acetic, propionic and butyric acids.
A mixture of standards was prepared: lactic acid 3 mg/cm3, acetic acid 0.5 mg/cm3, propionic acid 0.495 mg/cm3, butyric
acid 0.482 mg/cm3. The area of peaks from the sample was compared with the area of peaks from the standards.

The amount of biogenic amines was determined by high-performance liquid chromatography using the Shimadeu
HPLC system according to Joosten and Olieman (1986), Gasior and Brzdska (1999). The extraction of the amines: 50 g
ground maize silage sample (robot coupe® Blixer® 3) were homogenized in a manual blender (Bosch), in an ice bath
and 250.0 cm3 distilled water (for 2 min.). A portion of the filtrate (5 cm3) of this suspension was mixed with 0.5 cm3
55% (w/v) of trichloroacetic acid (TCA) and centrifuged for 10 min at 10 000 = g and 4°C. After centrifuging the
supernatant was filtered (0.22-um PTFE syringe filter 30-SF-02 CHROMACOL LTD). High-performance liquid
chromatography (HPLC) Shimadzu sysiem (RP) with a column Nucleosil-C18 250/4, post-column derivatization with
ninhydrin at the temperature of 145°C, the phase of the carrier on the basis of DMSO, UV-VIS detector 546 nm, the
patterns of biogenic amines SIGMA Mycotoxins analysis. Whole maize silage samples were air-dried, ground to passa |
mm screen and homogenized. The silage samples were determined by direct competitive enzyme-linked immunosorbent
assays (ELISA) (AOAC, 2000). Contamination with total aflatoxins (AFL), deoxynivalenol (DON), zearalenone (ZEN)
and T-2 toxin/HT-2, Ochratoxin A (OTA) toxin was tested. The Veratox test kits (Neogen Corporation, Scotland),
approved by the AOAC Research Institute (Certificate No. 950702) were used for the analysis. OTA was tested with the
RIDASCREEN test kits (‘R-Biopharm AG’, Germany). Mycotoxin extraction and tests were performed according to
manufacturer’s instructions. Extraction of samples was carried out in distilled water for DON, in methanol:water (70:30
viv) for AFL, ZEN. Absorbance was determined using the micro well strip reader (Neogen, USA) at 650 nm. The
measured absorbance was automatically converted to the mycotoxin concentration units — pg'kg. The results were
estimated taking into account the lowest calibration curve’s mycotoxin concentration value (LOD-limit of detection),
which is for AFL — 2.0 pg/kg, ZEN — 10.0 pg/kg, DON - 100.0 pg/kg, T-2/HT-2 - 10.0 pg/kg, OTA - 5 pg/kg.

For determination of fungal colony-forming units per sample (CFU/g) 10 g of each sample was suspended into 90 ml
of sterile water and shaken for 20 min. A dilution series (from 107 to 10-%) was prepared from the obtained suspension. 1
ml of suspension from each dilution series was uniformly dispensed under the surface standard agar Czapek-Dox (Oxoid)
supplied with chloramphenicol (50 mg/l) (Sigma) in Petri-dishes and incubated for 5-7 days at 26+2°C in dark. For
identification of lactic acid bacteria (LAB) count performed according LST ISO 15214:2009 , Microbiology of food and
animal feeding stuffs - Horizontal method for the emumeration of mesophilic lactic acid bacteria - Colony-count technique
at 30 °C (IS0 15214:1998, identical)”. Resulls of microbiological analysis of total fungi spores count in silage, using
mathematical method of logarithm, transferred into logl0 CFU/g.

Statistical analysis was carried out using SPSS software (version 12.0 for Windows, SPSS Inc., Chicago, IL, USA).
The data were analyzed by analysis of variance (ANOVA). Specific means differences were identified with LSD's multiple
range tests. Pearson correlation coefficients between silage fermentation quality parameters and the individual
mycotoxins, biogenic amines contents were calculated. Values are presented as means + standard error (SE) and were
considered statistically significant when P < 0.05.

Results and Discussion

Findings of the present study revealed that all samples of maize silage were contaminated with mycotoxins and
biogenic amines (BA) (Table 1).

A high incidence of co-occurrence of deoxynivalenol (DON) and zearalenone (ZEA) in maize silage is observed
globally, while the incidence of other mycotoxins widely differs as a result of regional differences in environment
conditions (Chelia, 2013). Virtually all toxins have been found in [resh forages and can also be detected in preserved
forage. However, with increasing storage time, the toxin burden is often reduced due to acidic anaerobic fermentation
activity that may metabolise some of the mycotoxins present at harvest (Fink-Gremmels, 2005). Skladanka et al. (2013)
indicated that mycotoxins generally not degraded by the ensiling process. In the present study, 15% tested samples from
fresh maize were positive for AFL (total). Eighty percent silage samples after 3 months of storage and 75% after 8 months
of storage were positive for AFL (total). Mycotoxins levels between fresh and fermented silage samples showed
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significant differences (P<0.05). The maize planis arrive to the silo contaminated with Aspergillus sirains could provide
initial aflatoxin levels present in the silage. In the present study, only three fresh maize samples were positive for aflatoxin
contamination. Pereyra et al. (2008) suggests that the prevailing environmental conditions could allow aflatoxin
production by the potential aflatoxin producers initially present.

All samples were observed contaminated with Fusarium mycotoxins ZEA and DON. In the fresh cut material 45%
samples and all fermented silage samples were found positive for T-2/HT-2 (T-2 and HT-2 toxins). The European
Commission (EC) advisory guideline for DON is 5000 pg/kg of dry matter. In the present study DON content increased
36.92% (P<0.05) in silage 3 months of storage and decreased 31.81% (P=0.05) 8 months of storage. This result is in
contrast with Storm et al. (2010) who found concentrations of DON higher (an average concentration - 1056 pg/kg) and
T-2 lower (an average concentration - 2 pg/kg) than ours in maize silage samples 3 months after ensilage. The
concentrations of DON have not exceeded the maximum allowed concentrations prescribed by EU. Despite the high
toxicity of T-2 and HT-2 toxins, guidance or limiting values for feed do not yet exist. The guidance value for ZEA in
Europe is 500 pg/kg. The highest ZEA content (37.5%), than EC advisory guideline, was determined in the silage samples
3 months of storage. In the study of Eckard et al. (2011) zearalenone in the maize silage before ensiling was found with
a maximum level of 430 pg/kg. Ochratoxin A is frequent contaminant of maize in temperale regions, EC advisory
guideline for OTA- 250 pg/kg of dry matter.

Histamine, tyramine, putrescine and cadaverine are reporied as undiserable silage constituents, wide year-to-year
variations (Duniere et al., 2013). In the current study the highest biogenic amines content in maize silage samples were
found in samples after 3 months (P=0.05) of storage where DM content was lower. Cadaverine content in the silages
samples of 3 and 8 month of storage were higher than contents of other amines. Histamine was detected at lower content
than contents of the other amines. In the study of Nishino et al. (2007) histamine was detected in the maize silages at low
levels (<10 mg kg-1 DM), tyramine, putrescine and cadaverine were produced at about 400, 70 and 200 mg kg™ DM,
respectively. Steidlova and Kalac (2002) determined values of BA in 51 corn silage samples and BA composition was
145 mg/kg of tyramine, 136 mg/kg of putrescine, 96.2 mg'kg of cadaverine, 37.9 mg/kg of spermidine, 3 mg'kg of
histamine, 2.8 mg/kg of spermine and 2.5 mg/kg of tryptamine. McDonald et al. 1991 related to the evidence that
histamine is produced solely by an action of microbial decarboxylase, whereas tyramine, putrescine and cadaverine are
also produced by plant enzymes (Nishino et al., 2007).

Table 1. Parameters of maize silage

Parameters Fresh-cut material After 3 months of storage | After 8months of storage |
Dry matter 369.62+14.50" 331.73£10.56" 405,17£17.69*
Crude proteins 79.12£1.47 78.83:1.43 71.29+2.39°
pH 5.26£0.12° 3.8420.05" 3.93£0.08"
NH:/N - 10.55£0.53" 11.060.55"
Lactic acid - 19,66+2 43" 15,4042 48"
Acetic acid - 2.34:0.24" 1.320.19°
Butyric acid - 2.53+0,23* 1.94+0.20°
Propionic acid - 0.70+0.33* 2.16+0.49"
Ethanol - 0.99+0.34 0.71+0.38"
AFLtotal) 0.94+0.51" 16.8623.96 20.05£5.33
ZEA 206,88£31,52¢ §80,04+60,62* 3R0.42+19 200
DON 1640.0+40,0" 2600,0+260.0* 1118.3£160,35°
T-2/HT-2 40.21+18.23" 141.48+£23 .37 147.25+20.80"
OTA - 29.15+5.6" 18.9544 86"
Histamine - 1341412 B.98+5.07"
Tyramine - 114.10£20.14° 81.58£27.13°
Putrescine - 191.38+26.65° 149.91+£37 65°
Cadaverine - 898.22+248 65° 63357328 23*
Fungi, log o CFU/g 4.74° 4.49" 5.29*
LAB, log 1o CFU/g 7.09" 7.28° 7.56*

Values in the same rows with different following letters are significantly different (P<0.05), LSD’s multiple range test.

Values are the means = SEM; LAB-lactic acid bacteria.

The combination of moisture, temperature, increasing pH and availability of nutrients and oxygen are among the
important factors can have a significant proportionate influence on annual fluctuation in mycotoxin concentrations
(Chelia, 2013). Formation of BA can be affected by several factors such a temperature, rapidity of pH decrease during the
initial stage of fermentation, and oxygen availability (Steidlovd et al., 2004; Duniere et al., 2013). Correlation coefficient
between mycotoxins, amine contents and silage quality parameters are given in Table 2. According Drichuis et al. (2008)
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production of DON and zearalenone in forage maize occurs during growth in the field and is affected. among other factors,
by weather conditions. Neither of these mycotoxins is affected by ensiling. the concentrations detected in silage reflect
the contamination levels at the time of harvesting. In the study of Krnjaja et al. (2013) a significant positive correlation
has only been found between moisture content and DON (r=0.61), while for the other mycotoxins tested this correlation
was negative for AFB1 (r=-0,07), ZON (r=-0.25). In the present study, weak not significant correlation was found between
moisture and all tested mycotoxins contents in the fresh cut material samples and positive not significant correlation
between moisture and mycotoxins was found in the silages samples 3 and 8 months after ensilage, while significant
positive this correlation was found between moisture content and DON (r=0.67).

It were found strong negative correlations between pH and ZEN (P<0.05) and T-2 (P<0.05) toxins and no similar
correlations were observed between BA and silage fermentation parameters in the all fermentation stages. The incidence
of toxin metabolism under low pH conditions during the storage period on the toxin burden of mature silages depends on
the pH sensitivity of different toxins. An increase, a decrease or no change was reporied for the levels of different
mycoloxins during ensiling (Cheli et al., 2013).

Herndndez-Orte et al. (2008) maintain that together with the growing population of lactic bacteria, levels of biogenic
amines also increase which can be connected with the growing concentrations of acetic and lactic acids. In the present
study, the correlation cofficient between LAB and the different BA was weak, while histamine coefficient in maize silage
samples afier 8 month of ensilage was 0.68 (P<0.03).

Table 2. Correlation (Pearson coefficients) coefficient between mycotoxins (ug/kg DM), biogenic amines
contents (mg/kg DM) and maize silage fermentation parameters

DM NHy/kg Lac.tic Acc:tic Pmpi.oni- But}.'ric Crul_!c Fungi, [LAB, log|

Parameter (e/ke) pH N acid acid | cacid | acid |Ethanol | proteins| logw |1wCFU/g
(e/ke) | (eke) | (eke) | (e/kg) (/kg) | CFU/g
Fresh-cut material

IAFL (total) | -0.11 -0.33 - - - - -0.11 -0.11 0.39
IZEA -0.05 | -0.56%* - - - - 0.18 0.03 0.02
DON -0.24 | -0.15 - - - - 0.10 -0.05 0.03
[T-2/HT-2 -0.16 | -0.53* - - - -0.13 | -0.22 0.03
after 3 months of storage
AFL (total) | 0.08 -0.30 | -0.68% | -0.14 | -0.02 0.33 -0.25 0.25 -0.16 0.11 -0.11
ZEA 0.24 | -0.50%* | -0.21 0.15 -0.17 | -0.02 0.05 -0.38 | -0.05 0.44 | -0.56%*
DON -0.003 | -0.35 011 -0.28 | -0.30 | -0.15 | -0.65% | -0.21 -0.27 | -0.17 | -0.02
IT-2/HT-2 0.02 0.26 0.57 <010 | -0.05 | -028 | -046 | -0.53 0.13 0.32 0.06
I0TA 0.39 -0.02 | -0.03 -0.06 | -0.02 0.34 -0.47 0.32 -0.23 -0.21 -0.12

Histamine -0.19 0.42 0.18 0.12 0.15 -0.39 | -0.01 0.43 -0.31 -0.33 0.24
[Tyramine -0.64% | -0.03 0.28 .30 -0.29 | 0.627* | -0.08 0.04 -0.42 -0.7 0.18
IPutrescine -0.57 0.002 -0.01 0.07 -0,06 -0.45 -0.04 0.24 -0.40 -0.22 0,01
i(Cadaverine | -0.26 0,07 0.37 0.11 0.15 -0.51 -0.16 0.13 0.01 -0.20 0.21
after 8 months of storage
IAFL (total) 0.21 0.10 0.37 0.24 0.24 0.66% 0.46 0.40 0.21 -0.48 0.30

\ZEA 0.16 | -0.71**| -0.11 0.58 -0.29 -0.35 -0.03 -0.20 0.04 -0.12 -0.07
DON 0.67* | -0.24 0.12 0.18 -0.24 -0.07 0.04 0.20 0.08 0.06 0.04
[T-2/HT-2 0.07 |-082%| 0.12 | 073* | 037 -0.34 | 0.73** | -0.10 0.38 0.27 0.20
IOTA 0.07 -0.02 -0.03 0.11 -0.12 0.36 0.09 0.14 -0.15 0.13 | 0.76%*

Histamine -0.38 -0.01 0.03 0.36 0.10 0.38 0.34 -0.08 -0.08 -0.11 0.68%

[Tyramine -0.30 -0.05 0.39 0.30 -0.41 0.13 0.13 0.68*% 0.26 -0.14 -0.38

Putrescine 0.33 0.17 0.23 0.14 -0.27 0.41 0.26 | 0.75** | 0.57 -0.03 -0.04

ICadaverine | 0.38 0.32 0.28 0.06 -0.48 0.54 -0.01 | 0.82** | 0.46 -0.20 -0.03
*P < 0.05; **P < 0.05.

Nishino et al. (2007) reported that ammonia was positively strong (r=0.845) related with the BA contenis in silage, in
the present study weak not significant correlation was found between NH3-N and the different BA contents. The
concentrations of NH3-N and butyric acids represent good indicators for biogenic amines (r=0.67 and r=0.80,P<0.05)
there have been high concentrations of biogenic amines in the low-DM silages (Richardi et al., 2011). Commonly, amine
content increased with decreasing dry matter level (Steidlovd et al., 2004). In the current study were found strong negative
correlations (r=0.64, P<0.05; r=-0.57, P=0.05) between dry matter and tyramine, pulrescine respectively in silage samples
after 3 month of ensilage. Macana et al. (2006) maintain that the activity of bacterial proteases and, consequently,
development of biogenic amines is correlated with the following: content of amino acids, synergistic action of
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microorganisms as well as with ensiling conditions.

Conclusions

The present results indicate that mycotoxins were generally not degraded by the ensiling process and the presence of
biogenic amines in maize silage. Despite the significant presence of mycotoxins (DON, AFL (total), OTA) in the maize
silage the concentrations has not exceed the maximum allowed concentrations prescribed by EU. Combined effects of
toxic compounds as mycotoxins and biogenic amines are considered to limit palatability and influenced health of
ruminants.

References

1. Alvarez M. A, Moreno-Arribas M. V. The problem of biogenic amines in fermented foods and the use of potential
biogenic amine-degrading microorganisms as a solution. Trends in Food Science and Technology, 2014, 39(2). P, 146-
155.

2. AOAC. Official Methods of Analysis. 18th ed. Association of Official Analytical Chemists, Gaithersburg,
Maryland, International, 2005,

3. Cheli F., Campagnoli A., Dell’Orto V. Fungal populations and mycotoxins in silages: From occurrence to analysis.
Animal Feed Science and Technology. 2013, 183, P. 1-16.

4. Commission Recommendation 2006/576/EC of 17 August 2006 on the presence of DON, ZEA, ochratoxin A, T-2
and HT-2 toxins, and fumonisins in products intended for animal feeding.

5. Drichuis F., Spanjer M. C., Scholten J. M., Te Giffel M. C.. Occurrence of mycotoxins in maize, grass and wheat
silage for dairy cattle in the Netherlands. Food Additives & Contaminants: Part B. 2008 1(1). P. 41-50.

6. Duniere L., Sindou J., Chaucheyras-Durand F., Chevallier I, Thevenot-Sergentet D. Silage processing and strategies
to prevent persistence of undesirable microorganisms. Animal Feed and Sciences Technology. 2013, 182, P. 1-15.

7. Eckard S., Wettstein F. E., Forrer H. R., Vogelgsang S. Incidence of Fusarium Species and Mycotoxins in Silage
Maize. Toxins, 2011. 3. P. 949-967.

8. Fink-Gremmels J. Mycotoxins in forages. In: Diaz, D.E. (ed.) The Mycotoxin Blue Book. Nottingham University
Press, Nottingham, UK. 2005, P, 249-268.

9. Gasior R. Oznaczanie loinych kwaséw thuszczowych i kwasu mleckowego w kiszonkach i tresci Fwacza. Instytut
Zootechniki, Balice, Krakéw 2002, (In Polish)

10. Gasior R., Brzdska F. The type and level of biogenic amines in alfalfa and red clover silage. Zeszyly Naukowe
Akademii Rolniczej w Krakowie. 1999, Vol. 347, P. 89-94._ (in Polish)

11. Hernindez-Orte P., Lapefia A. C., Pefia-Gallego A., Astrain J., Ferrer B., Cacho 1., Ferreira V.: Biogenic amine
determination in wine fermented in oak barrels: Factors affecting formation. Food Res. Internat. 2008, 41. P. 697-706.

12. Joosten H.M., Olieman C. Determination of biogenic amines in cheese and some other food products by HPLC in
combination with thermo-sensitized reaction. .JJ. Chromatogr. 1986, 356. P. 311-319.

13. Kostulak-Zielinska M., Potkanski A. Quality of baled grass-clover silage ensiling with chemical additives.
Chemical composition. Annals of Animal Science. 2001. 1. P. 153-165.

14. Kfizek M., Kalic P., Peterk, J. Biogenic amines in silage. 3. The occurrence of six biogenic amines in farm-scale
grass and maize silages. Archives of Animal Nutrition. 199345, P. 131-137.

15. Krnjaja V., Levi¢ 1., Stankovi¢ S., Petrovié T., Tomi¢ Z., Mandi¢ V., Bijeli¢ Z. Moulds and mycotoxins in stored
maize grains. Biotechnology in Animal Husbandry. 2013, 29(3). P. 527-536. 16. Macana J., Turk R., Vukusic¢ J., Kip¢i¢
D., Milkovi¢-Kraus S. Long-term follow-up of histamine levels in a stored fish meal sample. Anim. Feed Sci. Technol.
2006. 127. P. 169-174,

17. Nishino N., Hattori H., Wada H., Touno E. Biogenic amine production in grass, maize and total mixed ration
silages inoculated with Lactobacillus casei or Lactobacillus buchneri. Journal of Applied Microbiology. 2007, 103 P.
325-332.

18. Olt A, Kiint O., Kaldmiie H., Ots M., Songisepp E., Smidtl. 1. The effect of additive and dry matter content on
silage protein degradability and biogenic amine content. Jowrnal of Agricultural Science. 2005, Available at:
http://agri.emu.ce/pdf2005_2 olt_ipdf

19. Pereyra M.L., Gonza'lez Alonso V.A., Sager R., Morlaco M.B., Magnoli C.E., Astoreca A.L., Rosa CAR,,
Chiacchiera S.M., Dalcero A.M., Cavaglieri L.R. Fungi and selected mycotoxins from pre- and postfermented corn silage.
Journal of Applied Microbiology. 2008, 104, P. 1034-1041,

20, Purwin C., Laniewska-Trokenheim L., Warminska-Radyko 1., Tywonczuk J. Jakos¢ kiszonek — aspekty
mikrobiologiczne, zdrowotne i produkcyjne. Medycyna Wet. 2006. 62(8). P. 865-869.

21. Richardt W., Wein R., Steinhéfel O., Pries M. Untersuchungen zurVerinderung der Proteinqualitit wiihrend der
Silierung von Grassila-gen unter Beriicksichtigung biogener Amine. VDLUFA-Schrifienreihe, 2011, 67. P. 541-549,

22. Steidlova $., Kalic P. The effects of lactic acid bacteria inoculants and formic acid on the formation of biogenic
amines in grass silages. Archives of Animal Nutrition. 2004, 58(3). P. 245-254.

23, Skladanka J., Adam V., Dolezal P., Nedelnik J., Kizek R., Linduskova H., Mejia J. E. A. Nawrath A. How Do
Grass Species, Season and Ensiling Influence Mycotoxin Content in Forage? Int. J. Environ. Res. Public Health. 2013,
10. P. 6084-6095.

62

128



ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA (Vet Med Zoot). T. 73 (95) Supplement, 2016

24. Steidlovi S.. Kalic P. Levels of biogenic amines in maize silages. Animal Feed Science and Technology. 2002,
102. P. 197-205.

25, Storm LM.L.D., Kristensen N.B., Raun B.M.L., Smedsgaard J., Thrane U. Dynamics in the microbiology of maize
silage during whole-scason storage. Journal of Applied Microbiology. 2010, P, 1017-1026.

Received 14 June 2016
Accepted 22 July 2016

63

129



PUBLIKACIJA 111 (PUBLICATION I1I)

Arg. Bras. Med. Vet. Zootec., v.69, n.2, p.269-277, 2017
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ABSTRACT

The aim of the current study was to investigate biogenic amines and mycotoxins concentrations in baled
silage (mainly Poaceae family grasses) prepared in organic and conventional farms and to relate these
parameters to fermentative parameters. The mean dry matter (DM) content was 364.10+93.31 and
424.70+£95.93g/kg in the silage from organic and conventional farms respectively. The silage samples
from organic farms had 17.00% higher (P< 0.05) tyramine (TY) than the silage from conventional farms.
Conventional farm samples were characterized by 46.00% higher histamine (HIS) (P< 0.05), 9.80%
higher putrescine (PUT) (P< 0.05), 17.30% higher cadaverine (CAD) (P< 0.05). Aflatoxins (AFL) (total)
and zearalenone (ZEN), T-2/HT-2 concentrations were higher respectively 16.00% (P< 0.05) and 13.40%
(P< 0.05), 1.80% (P< 0.05) in the silage prepared in organic farms. Deoxynivalenol (DON) concentration
was higher 42.40% (P< 0.05) in silage from conventional farms. Volatile fatty acids (VFA), lactic acid,
ethanol, pH and ammonia nitrogen showed that the silage samples from organic and conventional farms
were of good quality. Our study suggests differences in biogenic amine formation or mycotoxins content
in silage from organic and conventional farming, but, overall, the measured values are too low to be
relevant for animal health. Furthermore, these differences might as well be due to the difference in dry
matter content and plant maturity between the organic and conventional silage samples.

Keywords: biogenic amines, mycotoxins, volatile fatty acids, organic farm, conventional farm
RESUMO

O objetivo do presente estudo foi investigar concentra¢ées de aminas biogénicas micotoxinas em silagem
embalada (principalmente gramineas da familia Poaceae) preparada em fazendas orgdnicas e convencionais e
relacionar esses pardmetros a parametros fermentativos. A massa seca média (MS) foi 364,10+93,31 e
424,70+95,93g/kg na silagem de fazendas orgdnicas e convencionais, respectivamente. As amostras de silagem
de fazendas orgdnicas tinham 17% a mais de tyramina (TY) (p= 0,05) que as de fazendas convencionais. As
amostras de fazendas convencionais foram caracterizadas por histamina (HIS) 46,00% mais alta (P< 0,05),
9,80% putrecina (PUT) mais alta (P< 0,05), 17,30% de cadaverina (CAD} mais alta (P< 0,05). Aflatoxnas
(AFL) (total) e zearalenone (ZEN), T-2/HT-2 tinham concentracdes mais altas em respectivamente 16,00%
(P<0,05) e 13,40% (P< 0,05), 1,80% (P< 0,05) na silagem preparada em fazendas orgdnicas. D(r'a_t.imm.’u.i.iof
(DON) tinha concentragdo mais alta 42,40% (P< 0,05) na silagem de fazendas convencionais. Acidos graxos
volateis (AGV), dcido ldtico, etanol, pH e nitrogénio de amdnia mostraram que as amostras de silagem de
Jfazendas orgdnicas e convencionais tinham boa gqualidade. Nosso estudo sugere diferencas na formagdo
biogénica de amdnia ou micotoxinas em silagem de fazendas orgdnicas ou convencionais mas, em geral, os
valores medidos foram muito baixos para serem relevantes a satide animal. Ademais, essas diferengas podem
ser devido a diferenca na matéria solida e maturidade da planta entre as amostras de silagem orgdnica e
convencional.

Palavras chave: aminas biogénicas, micotoxinas, dcidos graxos voldteis, fazenda orgdnica, fazenda
convencional
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INTRODUCTION

The main herbage, legumes and legume — grasses
are used for cattle feed in Lithuania and these
plants’ ensilage ensure a uniform level of animal
feed year-round (Vrotniakiené and Jatkauskas,
2005). Making silage in the bales is popular both
in organic and conventional farms,

A comparative study in Italy on the preservation
of lucerne or grass from natural pastures showed
that wrapped balls contain more mycotoxins than
hay made with the same forage. Considering
such a result and the large use of the wrapped
ball technique during the last decade, more
research on the risk associated with this type of
preservation is imperative (Tomasi ef al., 1999;
Yiannikouris and Jouany, 2002). In Lithuania,
during 2008 and 2009, compared silage was
produced according to different technologies and
the contamination with AFL (total) and DON
concentrations were detected at 14.0% (P=0.05)
and 24.0% (P=0.05) higher in silage from bales.
ZEN concentration was detected at 3.0%
(P=0.05) less in silage from bales than from
trenches (Baliukoniené ef al., 2012).

The challenge from undesirable microorganisms,
such as mould, can be relatively high with baled
silage (O'Brien ef al., 2005). The preservation of
silage depends on achieving strict anaerobic
conditions within the silo to inhibit aerobic fungi
and bacteria. The changes in environmental
conditions from pre-ensiling through
fermentation result in the establishment of
characteristic mycoflora, mainly represented by
Penicillium, Aspergillus and Fusarium species,
However, during ensiling, most fungi can be
climinated (Mansficld and Kuldau, 2007).
Deoxynivalenol and zearalenone are the main
mycotoxins formed in silage. Their content is
reduced by the activity of some lactic acid
bacteria in the silage (Kalag, 2011). Boudra and
Morgavi’s (2008) results indicated that low dry
matter at ensiling as well as prolonged storage
could be a practical way to reduce or eliminate
some [usarium toxins in contaminated silages.
However, there are other species, such as
Aspergillus fumigatus, Penicillium rogueforti, P.
paneum, F. oxysporum, and Monascus ruber that
are able to tolerate both high levels of organic
acids and carbon dioxide in addition to low
availability of oxygen (Bryden, 2012: O'Brien ef
al., 2006; Storm ef al., 2008). The fermentation
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pattern may affect the growth of mould and
mycotoxin contamination in silages. Lactic acid
and acetic acid have a limited effect on mould
growth, whereas propionic acid and butyric acid
seem to be more efficient as mould inhibitors.
Large differences in preservation quality can be
found, and different fungi found in forage may
lead to a varied spectrum of toxins. (Chelia et al.,
2013). The effects of mycotoxin ingestion are
mainly chronic, implying hidden disorders with
reduced ingestion, productivity, and fertility
(Fink-Gremmels, 2008; Storm et al., 2008).

Little attention has been paid to the content of
different protein end-products in silage and their
effect on animal organisms. In literature, not
much data can be found on the presence of
biogenic amines in silage. The data do not reveal
the composition of plants, the technology used
and the effect of additive on biogenic amines. All
biogenic amines served as factors significantly
decrecasing intake (Olt er al, 2005). In low
concentrations, they are essential for the normal
growth and differentiation of cells, but in larger
quantities are harmful to humans and livestock
(Fusi et al., 2004).

Biogenic amines are low molecular weight
organic bases present in all organisms. The most
common are putrescine, cadaverine, spermine,
spermidine,  histamine, tryptamine  and
phenylethylamine (Bardocz ef al., 1995).
Biogenic amines arc naturally present in silage;
however, their presence in high concentrations
may be a sign of undesirable changes in the
fermented forage and has been linked to low feed
intake in ruminants (Van Os ef al., 1996, 1997;
Gasior and Brzoska, 1999). The most common
biogenic amines in silage are putrescine,
histamine and tyramine. Studies have proven
(Harrison ef al., 1994) that biogenic amines have
negative impact on dry matter intake as they
inhibit ruminal contractions, reduce dry matter
digestibility and the passage rate of feed particles
in the digestive tract (Phuntsok er al., 1998).
Amine formation can be reduced by restriction of
fermentation in the silage or by achieving rapid
acidification during the first phase of ensiling
(Van Os er al., 1996). Formation of BA can be
affected by several factors such as temperature,
rapidity of pH decrease during the initial stage-of
fermentation and oxygen availability (Duniére er
al., 2013).

Arq. Bras. Med. Vet. Zootec., v.69, n.2, p.269-277, 2017

131



Biogenic amines...

Mycotoxins have been reported in organic
produce. One theory is that organically-grown
products are likely to contain  higher
concenirations of mycotoxins than
conventionally-grown products (Tamm ef al.,
2002). However, the common argument that the
ban of synthetic fungicides leads to a higher
incidence of mould on organically cultivated
crops and, therefore, to a higher risk of
mycotoxins cannot be confirmed by the reviewed
investigations comparing the mycotoxin contents
of organic and conventional produce. In some
investigations, even lower infestation rates of
organically grown cereals with sced pathogens as
Fusarium spp. and mycotoxins contamination
were found than in conventional cereals treated
with pesticides (Dabbert ef al., 2000). Recent
meta-analyses of the literature demonstrated that
organic yields of individual crops are similar to
those of conventionally managed crops when
good management practices are applied (Seufert
etal, 2012).

The aim of the present study was to investigate
biogenic amines and mycotoxins concentrations
in baled silage from organic and conventional
farms and to relate these parameters to silage
fermentative parameters.

MATERIALS AND METHODS

A total of 20 round baled silage samples (8
months after ensiling) were collected from 20
different farms in Lithuania, ten samples from
organic and ften samples [rom conventional
farms. The sampling sites were located all over
the country: from the central, western, southern
parts (of the country). The silage samples were
taken from the centre immediately afler opening
the bale for feed. From one bale three samples
from different places were taken and a mixed
sample was made. The samples were transported
in polyethylene bags with a minimum air level.
The samples were frozen immediately at — 20°C
and kept until the beginning of the laboratory
analyses.

The silage was preserved by spontaneous
fermentation, without biological additives. In
both farm groups, silage samples were made
from the first cut Poaceae - Fabaceae. The
mixture of plants was rich in Poaceae grasses:
perennial ryegrass, fescue grass with low count
of timothy or cocks-foot and undersowed with
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red clover. The silage samples were wilted for
about 24h.

The dry matter (DM) was analyzed on the day of
sampling. In order to determine dry matter, the
samples were chopped in 4cm—diameter-particles
and dried for 18 hours at 55°C. After the air
equilibration, the samples were weighed and then
dried again for 6 hours at 105°C. Chemical
composition (crude protein (CP), water soluble
carbohydrates (WSC), neutral and acid detergent
fiber (NDF and ADF)) were analyzed by Near
Infrared Reflectance Spectroscopy (NIRS-6500)
(AOQAC, 2005).

The level of pH was measured in diluted silage
with a pH-meter (WTW®inoLab pH 720,
Germany) fitted with a glass electrode after
homogenization of 10g silage with 40ml of
distilled water. Ammonia nitrogen content was
determined by the Convay’s micro-diffusion
method.

The concentrations of VFA, lactic acid and
ethanol content were determined in silage extract
by high performance liquid chromatography
(HPLC) according to Kostulak-Ziclifiska and
Potkanski (2001), Gasior (2002). The fresh silage
samples were homogenized in a manual blender
(Bosch), in an ice bath (for 2min), pouring in
five times more water than the weight of the
given sample. The homogenate was filtered by
straining through miller gauze; the filtrate was
passed through a soft filter (Filtrak No. 388),
deproteinised with 24% (w/v) metaphosphoric
acid (FLUKA) and centrifuged (7min., 10000x g
al 4°C) in an MPW-350R centrifuge. The
supernatant was filtered (0.22-m PTFE syringe
filier 30-SF-02 CHROMACOL LTD) and
analysed by a SHIMADZU HPLC system, RP,
column: METACARB 67H (ORGANIC ACIDS
COLUMN, Varian), mobile phase: 0.002M (v/v)
sulphuric acid solution (95%, Sigma-Aldrich) in
deionised water, flow rate lem*/min., loop 20 I,
detector SDP-20A UV/Vis - 210nm). The
external-standard method was employed using
the FLUKA lactic acid standard and the
SUPELCO standards of acetic, propionic and
butyric acids. A mixture of standards was
prepared: lactic acid 3mg/em’, acetic acid
0.5mg/cm’,  propionic  acid  0.495mg/cm’,
isobutyric acid 0.5mg/em®, butyric  acid
0.482mg/eny’, isovaleric acid 0.463mg/cm® and
valeric acid 0.469mg/cm® The peak areas from
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the sample were compared with the peak areas
from the standards.

The amounts of biogenic amines were
determined by  high-performance  liquid
chromatography using the Shimadzu HPLC
system according to Joosten and Olieman (1985),
Gasior and Brzoska (1999). The extraction of the
amines: 50g ground silage sample (robot coupe®
Blixer® 3) was homogenized in a manual
blender (Bosch), in an ice bath and 250.0cm’
distilled water (for 2min.). A portion of the
filtrate (5cm?) of this suspension was mixed with
0.5cm’ 55% (w/v) of trichloroacetic acid (TCA)
and centrifuged for 10min at 10 000x g and 4°C.
Afler centrifuging the supernatant was filtered
(0.22-m  PTFE  syringe filter  30-5F-02
CHROMACOL LTD). High-performance liquid
chromatography (HPLC) Shimadzu system (RP)
with a Nucleosil-C18 250/4 column, post-column
derivatization with ninhydrin at the temperature
of 145°C, the phase of the carrier on the basis of
DMSO, UV-VIS detector 546nm, and the
patterns of biogenic amines SIGMA (Joosten and
Olieman, 1986; Gasior and Brzaéska, 1999).

All the silage samples were air-dried, ground to
pass a 1 mm screen and homogenized. The direct
competitive ELISA was used for mycotoxin
analysis. The principle of the test is the antigen-
antibody reaction. The competitive assay format,
in which the toxin competes with the enzyme
conjugated to the toxin for specific immobilized
antibodies, is often used in commercial available
kits (Ridascreen, Aflatoxin Cup, etc.). Bound
enzyme conjugate converts the substrate into a
colored, fluorescent or chemiluminescent active
product (Gheorghe ef al., 2008).

The contamination with total aflatoxins (AFL),
deoxynivalenol (DON), zearalenone (ZEN) and
T-2 toxin/HT-2 toxin was tested. The Veratox
test kits (Neogen Corporation, Scotland),
approved by the AOAC Research Institute
(Certificate No. 950702), were used for the
analysis. The extraction of samples was carried
out in distilled water for DON and in
methanol:water (70:30 v/v) for AFL, ZEN. To
ensure the accuracy of subsequent testing,
excessively acidic samples were adjusted with
IN NaOH (sodium hydroxide) to 6.5-7.5. The
extracts were filtered through Neogen filter
syringes and a Whatman #1 filter. The tests were
performed according to the manufacturer’s
instructions. The results were obtained by
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measuring absorbance and were determined
using the micro well strip reader (Neogen, USA)
at 650nm and comparing the readings against a
standard curve.

The statistical analyses were carried out using
SPSS software (version 17.0 for Windows, SPSS
Inc., Chicago, 1L, USA). Descriptive statistic and
Independent-Student’s t test were used to analyze
the data, and the differences were considered
significant at P< 0.05. Furthermore, Pearson
correlation coefTicient between silage
fermentation  quality parameters and the
individual amine and mycotoxins contents were
calculated.

RESULTS

The quality of the observed silage in both farm
groups was found within the typical range for
Lithuania throughout the vyears. Table 1 -
corresponded to the value characteristics of the
silage quality.

Different distribution of the amine concentrations
was found between farms: 17.00% (P< 0.05)
higher levels of TY were observed in silage
samples from organic farms and HIS — 46.00%
(P< 0.05), PUT - 9.80% (P< 0.05), CAD -
17.34% (P< 0.05) higher levels — in samples
from conventional farms.

Aflatoxins (total) and zecaralenone, T-2/HT-2
toxin concentrations were higher respectively
15.95% (P< 0.05) and 13.35% (P< 0.05), 1.80%
(P= 0.05) in silage prepared in organic farms.
Deoxynivalenol concentration was higher 42.4%
(P< 0.05) in silage made in conventional farms.

Correlation  coefficients  between  biogenic
amines, mycotoxins and silage fermentative
parameters are given in Table 2. The statistical
evaluation of the data from our samples from
both farm groups showed that many correlations
between the quality of silage fermentation and
the concentrations of amines and mycotoxins
were significant at P< 005 or P< 001,

Particularly  significant,  strong  positive
correlations were detected between the
concentrations  of  (yramine,  putrescine,

cadaverine, and the concentration of ammonia-
nitrogen (N), dry matter, crude proteins also with
butyric acid. However, histamine concentration
was noi correlated with all chemical and
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fermentation parameters. Significant, negative
strong correlations - between the concentrations
of AFL (total) and ZEN and the concentration of
dry matter, pH values. Mycotoxins DON and

T-2/HT-2  concentrations  strongly  positive
correlated with the ammonia-nitrogen (N) value
and lactic acid concentration.

Table 1. Chemical composition (g/kg DM), content of fermentation products (g/kg DM), biogenic amines
(mg/kg DM) and mycotoxins (ng/kg DM) in silage from conventional and organic farms

Silage from conventional farms Silage from organic farms

Mean + SEM! Min. - Max.? Mean + SEM! Min. - Max.?
Dry matter (g/kg) 42370+ 30.34 272.00 - 604.00 364.10 + 29,51 248.00 - 533.00
Crude proteins 223.00 + 79.58 118.00 - 937.00 229.50 + 81.56 116.00 - 958.00
Water soluble 44.00£7.15 9.60 - 77.70 45.70 £ 10.40 0.00 - 94.20
carbohydrates
NDF 492.50 +27.75 349.00 - 634.00 487.20 £ 19.79 401.00 - 552.00
ADF 339.80 + 1042 293.00 - 391.00 31640+ 10.84 269.00 - 381.00

4.84+0.14 4.10-5.50 488016 4.10- 550

66.81 + 23,47 9.34-9375 91.67 £ 45.77 19.04 - 247.94

66.00 + 13.39 18.28 - 136.02 57.88 £ 10.07 6.7 - 109.79
Formic acid 0.03 £ 0.01 0.00-0.11 426+4.24 0.00-21.24
Acetic acid 9.98 + 2.9 0.00 - 30.82 1527 +6.24 1.70 - 64.10
Propionic acid 1.24+0.31 0.08-2.80 1.3420.30 0.47-3.16
Butyric acid 6.14 + 0,93 2.71-12.28 4.98 + 0.90 0.00-810
Ethanol 2134198 0.00-10.45 297+1.98 0.00 - 19.83
Histamine 12.36 £ 6.57 0.06 - 69.64 6.65 +2.23 0.00 - 22.62
Tyramine 98.26 + 21.83 4.10 - 220,69 119.56 £ 49.78 6.30-512.50
Putrescine 123.62 + 35.11 13.81 - 336.59 11151 + 46,00 0.00 - 465,88
Cadaverine 1722.52 +5 04.20 33.30 - 4787.24 1422.99 + 696.87 32.54 - 6636.96
AFL (1otal) 2735+£6.79 0.00 - 65.00 3254 +£7.36 0.00 - 70.00
ZEN 338.80+41.72 135.00 - 520,00 391.00 £ 18.97 275.00 - 480.00
DON 327.50+ 45.83 125.00 - 625.00 188.60 + 34.03 16.00 - 300.00
T-2/HT-2 110.30 + 11.87 82.00 - 178.00 11230 £ 1347 59.00 - 193.00

'SEM - standard error of mean;
*Min-Max — minimum-maximum value

Table 2. Correlation coefficient between silage biogenic amine, mycotoxins contents and fermentation

parameters in all samples from both farm groups

Parmeter DM pH  NH3kgN Lactic  Fonmic  Acefic
(kg acid  acd  acid

025 0.07

Propionic lsobutyric  Butyric

acid acid acid
) zkg okg

005

Histamine  0.18 0.08 0.003 004

Tyamine 054"  0.09 050" 0.29 -0.20 0,19 0.06
Putrescine  -0.34 0.26 067" 0.33 0.02 0,02 0.07
Cadaverine  -0.41 0.19 0677 025 -0.19 0,14 0.02
AFL({total) -047°  -0807 026 0.42 40.19 035 0.16
ZEN 051" 048 0.3 0.02 -0.06 -0.18 0.01
DON 035 003 041 0.41 005 015 0.43
T2HT2 037 024 0.42 0.41 £0.21 -0.27 0.34

*P <0.05; **P < 0.05.
DISCUSSION crude proteins from the organic silage was 2.80%

Forage crop composition has a major influence
on silage fermentation, The most important
components are dry-matier content, sugar content
and buffering capacity (Piltz and Kaiser, 2004;
Wyss, 2013). The samples of silage from organic
and conventional farms were collected from
different localities in Lithuania, so the weather
conditions such as the air temperature,
precipitation, plant maturity, differences between
organic and conventional fertilization, and soil
quality could have influenced the quality and dry
matter content of the silage. The content of mean
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(P< 0.05) higher than in conventional silage.
Likewise, in a Belgic study. CP content in
organic farms was high despite the low N-
fertilizer input (Vliegher e al, 2008).
Determined pH values of silage showed a slight
increase of 0.82% (P> 0.05) in the silage samples
from organic farms. Among the volatile fatty
acids (VFA) the lactic acid was dominant. In the
present study, lactic acid was the dominant
fermentation product followed by acetic acid and
with smaller amounts of other VFA and ethanol
in both farm groups. The content of lactic acid
was 12.00% higher (P= 0.05) in silage samples
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from conventional farms, while acetic acid
content was 34.64% (P> 0.05) higher in the
samples {rom organic farms. These differences
could have been influenced by different DM
counts, WSC, or the storage under a disruption of
anaerobic conditions. Furthermore,
heterofermentative lactic acid bacteria result in
high levels of acetic acid (Danner et al., 2003).

Butyric acid is usually produced by Clostridium
spp. as a result of contamination by soil or slurry
(Danner et al., 2003). The products of this
fermentation contribute to a reduction in the
silage intake (Purwin ef al., 2006). In our study
butyric acid was detected in all silage samples
from organic and conventional  farms
respectively 4.98+0.90g/kg and 6.14=0.93g/kg.
Ethanol concentration as an indicator of
excessive metabolism by yeasts in the silage was
detected in 40% of samples from organic farms
and 60% from conventional farms, the average
concentration was 2.97g/kg in organic farms and
2.13g/kg in conventional farms, The content of
NH:-N (ammonia nitrogen) was 27.12% (P=
0.05) higher in the samples from organic farms.
A higher ammonium-nitrogen content (=12 to
15% of CP) indicates that crude protein in the
arass was degraded by undesirable
microorganisms during fermentation (Downing
et al., 2008). Apart from this, the silage wrapped
too loosely, filled too slowly, or the delay
between baling and wrapping increase the risk of
high ammonia concentrations. Furthermore,
clostridia not only form butyric acid but are also
responsible for the degradation of proteins to
ammonia (Danner et al., 2003), Purwini ef al.,
2009 observed that ammonium nitrogen content
was higher in silage with a higher moisture
content. There is not much data in literature
regarding the presence of biogenic amines in
silage, especially when prepared in organic
farms. Biogenic amines (BA) are produced by
amino acid decarboxylation due to the enzymes
of several lactic acid bacteria and the species of
many genera potentially present in silage such as
Clostridia, Bacillus, Klebsiella, Escherichia, and
Pseudomonas. The presence of BA is linked with
a decrease in nutrition value and negative effects
on animal health (Duniére er al., 2013). Lingaas
and Tveit (1992) observed that feeding 100g of
putrescine a day through silage caused anorexia
in some cows and not only influenced the rate of
feed intake but decreased milk yield markedly. In
the present study, a higher putrescine content was
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found — 123.62mg/kg (i.e. mean daily intake of
putrescine by an animal given 20kg of silage is
2472¢) in silage produced in conventional
farms. Feeding grass silage supplemented with
very high level 7.2g amines/’kg DM (2.8, 1.4, 1.8
and 12g of TY, CAD, PUT and HI,
respectively), VanOs et al. (1997) observed that
in sheep non-adapted to dietary amines acutely
decreased DM intake due to reduced palatability.
In the present study, the level of amines was
lower in both farms groups - 1.6 g amines/kg in
organic farms and 196 g amines’kg in
conventional farms.

The type of raw materials and environmental
conditions determine the composition of
epiphytic microflora on the surface of the
vegetative parts of green plants, thus affecting
the final microbiological quality of silage
(Purwin ef al., 2006). Mycotoxins are quality-
impairing toxic substances found in silage. They
are produced by Fusarium spp.. Aspergillus spp..
Penicillinm spp. fungi and can be harmful to
human and animal health even in very low
concentrations (Barug el al, 2004).
Recommendations for maximum levels of
mycotoxins in feeds and ingredients of dairy
ruminants in Europe (aflatoxins have legislated
maximum tolerated levels in Europe) are AFLB,
— 0.005 (mg/kg), ZEN - 0.5 (mg/kg), DON and
T-2/HT-2 — no guidance (Tangni ef al., 2013).
The above analysed mycotoxins were found in
all silage samples from both farming systems,
but they did not exceed the recommended norm.
Aflatoxins (total) and zcaralenone, T-2/HT-2
concentrations were higher in silage prepared in
organic farms. Deoxynivalenol concentration
was higher in the silage made in conventional
farms. In a German study. no significant
differences were found in DON concentrations in
cereal samples from organic and integrated
farming systems (Mider, 2007). In literature, not
much data can be found about the presence of
mycotoxins in the silage prepared in organic
farms. The highest mean levels of mycotoxins:
AFL  (total) - 21.2£39pg/kg, DON -
471.0+£65.0pg/kg, ZEN — 397.5+83 Spg/ke were
detected in ryegrass silage from bales prepared in
Lithuanian conventional farms during years 2008
and 2009 (Baliukoniene ef al., 2012). In 2007,
mycotoxins contamination in grass silage in the
United Kingdom was 119pg/kg of T-2 and
61.8pg/kg of ZEN toxins. Despite the small
population size, these results support the idea
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that screening is of extreme importance in
management due to risk of mycotoxins (Aragon
etal., 2011).

A decrease in the amount of protein nitrogen
during ensiling is accompanied by an increase in
the content of proteolysis products, ie. free
amino acids and ammonia, as well as by the
formation of biogenic amines in silage. The level
of amines is negatively correlated with the rate of
pH reduction during ensilage, and with DM
intake (Steidlova and Kala¢ 2004, Purwini ef al.,
2010. Van Os ef al. (1996) reported significant
correlations between the concentration of total
and individual comtent with  putrescine,
cadaverine and tyramine and the ammonia or
acetic acid. Formation of biogenic amines in
silage is related to protein degradation. In the
current study, strong significant correlations were
found between tyramine, putrescine, cadaverine
and ammonia (P< 0.05), CP (P< 0.05) and
butyric acid (P> 0.05). In 2004, Steidlova ef al.
reported positive correlations  between the
contents of putrescine and cadaverine and the
contents of a-amino group and ammonia, which
seem to be plausible. The Estonian researcher Olt
with coworkers (2005) studied the effect of
additives on the content of biogenic amines in
silage. The amount of biogenic amines was very
low or they were not present in wilted silages,
the dry matter content of its fresh material was
310g/keg. All biogenic amines under investigation
were present in low dry matter silages without
additives. Histamine had the highest and
putrescine  somewhat lower  concentration:
5.24¢g/kg and 0.86g/kg, respectively.

Comparing the results of our investigation to
those of the Estonian researchers, a strong
negative correlation between tyraming,
putrescine, cadaverine, and dry matter can be
scen. Fermentation pattern may affect the growth
of moulds and mycotoxin contamination in
silages. Lactic acid and acetic acid have a limited
effect on mould growth, whereas propionic acid
and butyric acid seem to be more efficient than
mould inhibitors (Cheli et al., 2013). In the
present study, lactic acid has strong correlations
(P= 0.05) with AFL (total), DON and T-2/HT-2
and butyric acid has strong correlation (P= 0.05)
with DON. Dry matter parameters showed strong
negative (P< 0.05) correlations with mycotoxins.
PH showed strong negative (P< 0.05)
correlations with AFL (total) and ZEN. In the
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study by Boudra and Morgavi (2008) it was
shown that some mycotoxins can be partially
detoxified by the activity of silage fermentative
bacteria. The disappearance of mycotoxins was
significantly higher at a lower dry matter (280 vs.
420g kg and at prolonged storage (3 vs. 6
months), while the effect of temperatures, 15 or
30°C, was insignificant (Kala¢, 2011). The level
of undissociated organic acid (pH dependent)
could influence the growth of mold due to the
greater capacity to penetrate cell structures. The
incidence of toxin metabolism under low pH
conditions during the storage period and the
toxin burden of mature silages depend on the pH
sensitivity of different toxins (Cheli ef al., 2013).
The growth conditions for a specific fungal
species and toxin production might differ in the
fiecld when compared with the post-harvest
stages, where changes in temperature, moisture,
water activity (a,) and relative humidity occur.
Fungi normally grow between 10 and 40°C, over
a pH range of 4-8 and at a, level above 0.70.
However, it is well known that most fungi can
grow in a range of conditions; furthermore, the
erowth on suitable substrates is not necessary for
mycotoxin formation (Magan et al, 2003;
Reyneri, 2006; Cheli ef al., 2013),

CONCLUSIONS

Our results suggest that there are no relevant
differences between organic and conventional
farming systems in terms of the higher risk of
contaminations of biogenic amines and
mycotoxins. The results demonstrate that the
concentrations of cadaverine, puirescine, and
histamine were highest respectively 17.44%, (P<
0.05), 9.80% (P< 0.05) and 46.29% (P< 0.01) in
the silage from conventional farms. 100% of
silage samples from organic and conventional
farms contained mycotoxins (AFL (total), ZEN,
DON, T-2/HT-2). In the silage from organic
farms, AFL (total), ZON and T-2/HT-2 content,
respectively, were higher 15.95% (P< 0.01),
13.35% (P< 0.01) and 1.8% (P< 0.05) than in the
silage from conventional farms. DON content
was 42.4% (P< 0.01) higher in silage from
conventional farms. These differences might be
due to a difference in dry matter content and
plant maturity between the organic and
conventional silage samples. Strong negative
correlations between silage fermentation quality
and the concentrations of amines were detected
between the concentrations of tyramine,
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putrescine, cadaverine, and the concentration of
ammonia-nitrogen (N), CP, butyric and strong
negative correlations with DM  content.
Mycotoxins have strong negative correlation
with DM and AFL, ZEN have strong positive
correlation with pH, and DON or T-2/HT-2 - with
ammonium and lactic acid. Combined effects of
biogenic amines and mycotoxins are considered
to limit palatability of poorly preserved silages or
to be a bad influence on livestock health. Further
research is required to determine the biggest
count of organic grass silage samples made in the
different harvesting systems.
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SUMMARY

Introduction

In Lithuania, livestock production and dairy farming are among the
priority branches of agriculture oriented toward the internal and external
markets whereas cattle breeding still remains the leading branch of animal
husbandry. This is predetermined by favourable natural conditions and
stockbreeding traditions. Production of livestock commodities occupies a
very important place in the European agricultural sector. The good results of
this activity depend on the use of high quality and safe animal feeding
stuffs. The high level of human and animal safety is one of the main
objectives of the EU regulation No 183/2005 [132].

In their regulations, the member states of the European Union lay down
high safety provisions for animal feeding stuffs. The animal feeding stuffs
must be free of biological, chemical or physical contaminants. In 2005,
regulation on animal feeding stuffs hygiene (EU 183/2005) came into force.
It is mandatory for all member states including Lithuania. Hygiene specifi-
cations ensuring hygienic quality of fodder also are applied to primary
fodder production including ensiling of grass crops and other green plants.
The good practice recommendations include control of mycotoxins, which
may occur during the primary fodder production. These toxic compounds
may be a serious hazard to human and animal health and entail economic
losses in the internal and international markets [124, 132].

Grass is the main fodder for cattle. Lithuania has a good fodder base for
cattle breeding. The cultural and natural pastures and meadows account for
14% of agricultural areas in use; 1.2 ha of meadows per cow on the average.
In 2009, the stock of silage produced of feeding root crop, grasses, hay, and
maize amounted to about 1.5 min t what is sufficient for maintaining and
increasing the stock of cattle [106]. In the age of modern technologies the
number of industrial livestock production (factory farming) farms increases.
In such farms, the animals are fed with mechanically processed fodder all
year round [79]. Even ecologic farms could not do without conserved or
otherwise mechanically processed fodder because the vegetation of grasses
and other green fodder crops lasts in Lithuanian only for 5-5.5 months. Due
to the seasonal character of vegetation the conservation of these crops for
in-house cattle feeding, which lasts for 210 days, is inevitable. On the other
hand, grass and other green crops grow very intensively in the spring and
the beginning of the summer when it is impossible to feed the entire harvest
to cattle. The excess of the crops must be conserved even during the season
of intensive vegetation [80]. Ensiling is one of the oldest methods of forage
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production. It is applied in order to avoid reproduction of harmful micro-
organisms including fungi.

Bearing in mind the bulk of usage and importance as a feedstuff the
quality and safety control of silages is so far insufficient. In this country, the
quality of produced grass crop forage has not been systematically
scientifically investigated. The available scientific research data show that
the quality of hay and silage usually is rather poor because of the neglect of
technological requirements of forage production. Moreover, the raw mate-
rial used for forage production often is not of the best quality. The available
fragmentary investigation data are scarce for objective assessment of the
actual situation. More attention should be paid to fodder quality and safety
issues because animal feeding with low quality fodder reduces their produc-
tivity and poses hazard for human and animal health [84]. Animal health
depends on many factors. The most important are housing conditions,
attendance and fodder. Recently, under changing climate conditions, the
spread and development of unwelcome microorganisms, including fungi,
have intensified. Under favourable conditions or under “stress”, fungi are
capable of producing toxic compounds (mycotoxins) hazardous for human
and animal health [42, 46].

Even good practice preventive measures applied during harvesting and
storage in order to avoid contamination with microorganisms cannot guaran-
tee complete safety of forage [83].

The hygienic quality of raw material and silage has been so far little
investigated in Lithuania. The data are lacking about the changes of myco-
toxin concentrations in raw materials and at various stages of silage produc-
tion using different ensiling technologies and farming systems. Moreover,
the possible effects of maximum and medium concentrations of mycotoxins,
determined in silages produced in Lithuania, on animal health have not been
studied either. The negative impact of long-lasting feeding of animals with
fodder contaminated even with small concentrations of mycotoxins on
animal health status and productivity also is indefinite. Determining the
correlations of these unwelcome compounds with chemical fermentation
parameters would reveal the risks of their formation and enable to avoid
their getting onto the feeding table.

The aim of the study:

The aim of this study was to investigate the hygienic quality of raw
material and silage (grown and produced in Lithuania) and risk assessment
for animal health.
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Objectives of the study:

1. To determine and compare hygienic parameters and concentrations
of mycotoxins in raw materials and silage at various stages of
fermentation produced using different farming systems.

2. To find correlations between hygienic and chemico-fermentative
parameters of silage.

3. To analyse the self-control concentrations of silage forage in 2011—
2015 and concentrations in problem batches of silage delivered to
the Animal Welfare Research Laboratory for mycotoxin analysis.

4. To evaluate the impact of various mycotoxins and silages conta-
minated with mycotoxins on different systems of the organisms
using different tissue cultures in vitro.

5. To evaluate the impact of naturally mycotoxin-contaminated fodder
on the milk cows in vivo and the efficacy of the preparation for
detoxification.

6. To study the possibilities to use plant extracts for improvement of
hygienic quality of silage.

Actuality and novelty of the work:

As was mentioned, so far Lithuania lacks investigations about the
hygienic quality of silages and raw materials, i.e. about the concentrations
of microorganisms, including fungi and secondary metabolites, in them. The
in vitro and in vivo data about the impact of mycotoxins on animal health
also are lacking. The present study is the first of this kind in Lithuania.
Concentrations of mycotoxins in the samples of maize and silage at different
fermentation stages collected from farms in different Lithuanian regions
were determined. The present paper contains a survey of the distribution
differences of the secondary metabolites of fungi in the round bales of
perennial grass silage in the farms applying different farming systems. The
changes of the hygienic quality of silage and concentrations of mycotoxins
in the raw material and at different fermentation stages applying different
ensiling technologies were determined. The study is especially relevant for
evaluation of the quality and safety of fodder from organic farms because
few works in this field of research have been carried out. Knowing at what
stage of fermentation the greatest changes of silage quality (mycotoxin
concentrations in particular) occur it would be possible to avoid their getting
into the animal organism or at least to reduce the negative impact of myco-
toxins using appropriate detoxification measures. The present study shows
the ways of mycotoxins getting not only into the animal organism but also
into the human organism through the food chain what helps to evaluate the
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seriousness of the health risks. The obtained results will fill some gaps of
the data necessary for establishment of the maximal concentration limits of
mycotoxins in fodder.

The correlation links between the hygienic and fermentation parame-
ters, which are important for analysis of hygienic changes and patterns of
mycotoxins formation in the technological process from the moment of
packing the raw material until the end of storage, were searched for. The use
of medicinal extracts in vitro as a measure for stabilization of hygienic level
was evaluated.

Material and methods of the study

Time and place of investigation. The scientific research work was
conducted in 2011-2016.

In 2011-2013, the raw material (chopped whole crop maize (n = 20),
mixture of perennial meadow grasses and leguminous grasses (n = 40) and
silages produced of these plants (maize silage in trenches (n = 40); baled
perennial meadow and leguminous grasses (n = 40)) were collected from
Lithuanian farms with varying farming systems in different Lithuanian
regions. The microbiological and mycotoxicological (DON, ZEA, T-2,
OTA, AFB1) tests were performed at the Animal Welfare Research Labo-
ratory of the Veterinary Academy, Lithuanian University of Health Sciences
(LUHS). Cytotoxicity and genotoxicity of DON, ZEA and AFB:1 were tested
at the Institute of Biology Systems and Genetic Research, LUHS VA.

In February-March of 2012, the impact of mycotoxin-contaminated
forage on cow health was evaluated in a dairy farm.

In 2013, volatile fatty acids, biogenic amines and ammonium nitrogen
in ensiled forage were determined in the Faculty of Animal Bioengineering
of the University of Warmia and Mazury in Olsztyn.

In 2011-2015, concentrations of mycotoxins AFB1, ZEA and DON in
the samples of ensiled fodder, delivered from different Lithuanian farms for
control tests or on suspicion of contamination of silage with mycotoxins
(health disturbances of milk cows), were determined at the Animal Welfare
Research Laboratory of the Veterinary Academy, LUHS.

In 2012-2015, the impact of plants extracts on the hygienic quality of
ensiled fodder was determined. Analysis of the chemico-fermentative
parameters of samples was performed at the Institute of Agriculture, affilia-
tion of the Lithuanian Research Centre for Agriculture and Forestry. The
thymol and carvacrol concentrations were determined at the Centre for
Physical Sciences and Technology.
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Sampling of raw material and silage. In 2011-2012, samples of chop-
ped whole crop maize for ensiling were taken from 20 farms with usual
farming system once before fermentation (end of October-beginning of
November) and samples of silage from solos twice, i.e. in February-March
(after 3 months of ensiling) and in June (after 8 months of ensiling). In
2012-2013, a mixture of perennial meadow (Poaceae) and leguminous
(Fabaceae) grasses, predominated by Poaceae, was withered for up to 24
hours (depending on the environmental conditions) before baling. The
samples of the first mowing (end of May—beginning of June) and baled
silage (February—March) were taken from 20 certified organic farms and 20
farms with conventional farming system.

The ensiled fodder was produced without inoculants or other additives.
Before sampling, the raw material and silage were evaluated by senses:
colour, odour, absence or presence of mould. Only good quality samples
without mould were taken. One combined sample amounted to 2-3 kg of
raw material or silage composed of 8-10 smaller samples from different
fodder storage places. A sample of 1-2 kg was prepared for laboratory tests.
The samples were put into airtight bags from which the air was removed.
After delivery to laboratory, the content of dry matter was determined and
afterwards the samples were stored at 20 °C until further analysis.

In 2011-2015, ensiled fodder was delivered from different Lithuanian
farms to the Animal Welfare Research Laboratory for regular control tests
or on suspicion of contamination which might have caused outbreaks of
non-infectious diseases. During this time, 106 samples were examined
including 32 samples of whole crop maize silage, 40 samples of perennial
grass silage, 15 samples of baled perennial grasses and 19 samples of corn
maize silage. The samples were grouped according to the storage time (from
production until delivery for tests): 1-2, 3 and more than 8 months after
ensiling or baling. The maize or perennial grass silage is tested and used one
month after filling. The samples of maize and perennial grass silage also
were delivered for mycotoxin analysis after eight months of storage, i.e. at
the beginning of pasturage.

The differences of mycotoxin concentrations after various storage
durations and in different years were compared (correlated) with meteorolo-
gical conditions during ensiling. The data on meteorological conditions
were obtained from the Lithuanian hydrometeorological stations.
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Microbiological composition of raw materials and silage was
defined according standards:

Total count of aerobic bacteria (LST ISO 4833-1:2013). Mixture of
perennial meadow grasses and leguminous grasses (n = 40) and silages
produced of these plants (n = 40).

Total count of mesophilic lactic acid bacteria (LST ISO 15214:2009).
Chopped raw maize (n = 20), maize silage (n = 40), mixture of perennial
meadow grasses and leguminous grasses (n = 40) and silages produced of
these plants (n = 40).

Clostridium perfringens (LST ISO 7937:2004). Chopped raw maize (n
= 20), maize silage (n = 20), mixture of perennial meadow grasses and
leguminous silages (n = 20)

Listeria monocytogenes (LST ISO 11290-2:2003/A1:2005). Chopped
raw maize (n = 20), maize silage (n = 20), mixture of perennial meadow
grasses and leguminous silages (n = 20).

Total count of yeast and fungi (LST ISO 21527-1:2008). Chopped raw
maize (n = 20), maize silage (n = 40), mixture of perennial meadow grasses
and leguminous grasses (n = 40) and silages produced of these plants (n =
40).

Identification of fungi, directly involved in mycotoxins biosinthesis,
by PCR. The methods of dilution plating were applied for identification of
fungi in samples of silage, before PCR method, were used microscopic
examinations to identify the presence fungi until strains. DNA was extracted
using Nucleospin Plant (Macherey-Nagel, Diiren, Germany). PCR primers
were designed from genes directly involved in mycotoxins biosinthesis,
including trichotecene TRI5 (685 bp), TRI6 (131 bp), TRI7 (381-445 bp),
TRI13 (282 bp), aflatoxins biosynthesis APA (1034 bp) OMT (1254 bp).

Analysis of mycotoxins. Concentrations of aflatoxin (total), zearale-
none, DON, T-2, ochratoxin (A) were analyzed by thin layer chromate-
graphy method according to approved Romer labs. Inc (Austria) methodo-
logy (PUBLICATION I) and enzyme-linked immunosorbent assay (ELISA)
(PUBLICATION II and III).

The amount of biogenic amines were determined by high performance
liquid chromatography using HPLC system (PUBLICATION I and II).
Maize silage (n = 24), mixture of perennial meadow grasses silage (n = 20).

Chemico-fermentative evaluation of raw materials and silage.
(PUBLICATION I, II and III).

In vitro evaluation of cytotoxicity induced by mycotoxins. Toxic
effect of pure mycotoxins DON, ZEA, AFB1 and their combinations (as
naturally occur in real practice in Lithuanian feed), and toxic effect of 6
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different silages samples contaminated with the mycotoxins was determined
on these cell lines: BHL-21 — baby hamster kidney fibroblasts, HeLa —
human cervix epitheloid carcinoma, RPAEC - rat primary pulmonary artery
endothelial cells, MH-22A — mouse hepatocarcinoma. The viability of the
cells (apoptosis) was estimated staining them with crystal violet. Metabolic
activity of viable cell (proliferation) was estimated with MTT method. The
cytotoxicity of samples was assessed by comparing data of the experimental
specimens to untreated cells — the ICso value (50% response compared to
untreated cells).

Genotoxic effects of mycotoxins in bovine lymphocytes. We investigated
genotoxic effects of mycotoxins DON, ZEA, AFB:1 and DON/ZEA
combinations (as naturally occur in real practice in Lithuanian feed) in vitro
cultures of bovine lymphocytes. We determined chromosome aberrations
following mycotoxins treatment. Peripheral blood was drawn from the
jugular vein of three clinically healthy cows, using heparinized vacutainers.
Lymphocytes were separated and one mililiter was cultured in 9 ml of
RPMI-1640 medium (with 10 pg/ml L-glutamine, NaHCO3) (Sigma, USA).
Bovine peripheral lymphocytes were cultured for 72 h, 38 °C for chromo-
some aberrations analysis. Mycotoxins were added immediately after
mitogen stimulation. After 70 h of incubation was added 0.02 ml colchicine
(Sigma, USA) for 10 ml cultures and left during last 2 h of cell growth.
Harvested cells were collected and slides prepared for chromosome aberra-
tions (chromosome breaks, chromatid breaks, fragments, gaps). From each
mycotoxins 50 — well spread metaphases were counted.

The evaluation of toxic effects of a diet naturally contaminated
with mycotoxins on dairy cows health, performance and determine
anti-mycotoxin additive effect (PUBLICATION 1)

Employment of plants extracts as a preventive measure
for maintaining hygienic quality of silage

Laboratory trials were performed:

For trials were used: Thymi herba and Origani herba (country of origin:
Lithuania; manufactured by “Sven¢ioniy vaistazolés™).

Production of vegetal extracts using solutions with different polarities.
The extracts were produced by maceration using water and ethanol as
solvents and following Handa et al. and Tayel et al. techniques [74, 161].
The desiccated plants were chopped. 25 g and 50 g of chopped plant mass
were mixed with 200 ml of distilled water and 70% ethyl alcohol, covered
and stored for 24 hours at room temperature avoiding direct solar radiation.

145



After 24 hours, the solution was filtered using filter Whatman No 1. The
obtained extract was at once added to the ensiled maize.

Before the addition into the ensiled maize mass, the extracts were
diluted (following the NCCLS standard) to obtain the minimal inhibitory
concentration. Dilution was used for the Thymi herba and Origani herba
extracts inhibitory concentration that prevents growth of the most
widespread fungi in silages A. fumigantus and A. niger.

100 pul of the water extracts of Thymi herba and Origani herba (50.0 g
of chopped plant mass mixed with 200 ml of distilled water) and ethanol
extracts (50 g of chopped plant mass mixed with 70 ethyl alcohol) each
were mixed with 100 pl of microorganism suspension in sterile 24 wells of
M-plate. Sterile distilled water + microorganisms were used for control. The
microorganism suspensions were prepared keeping to MacFarland optical
density standard. The suspensions were stored for 24 hours at 30 °C. After
that, they were poured into sterile Petri dishes, covered with culture medium
and incubated for 72 hours at 26 °C. After this procedure, the number of
fungi colonies was counted.

Maize was chosen as the raw material for silage. The harvested and
chopped maize mass was ensiled in 3 L mini-silos: 20 ml of vegetal extracts
and 1 kg of raw material (for each extract separately) were well mixed and
compressed into the mini-silos.

Preparation of plant extracts:

R-VE-50 — 20 ml water extract of Thymi herba (50 g of Thymi herba
and 200 ml of distilled water); R-VE-25 — 20 ml water extract of Thymi
herba (25 g of Thymi herba and 200 ml of distilled water); R-EE-50 — 20 ml
ethanol extract of Thymi herba (50 g Thymi herba and 200 ml 70% ethyl
alcohol); R-EE-25 — 20 ml ethanol extract of Thymi herba (25 g of Thymi
herba and 200 ml 70% of ethyl alcohol); C-VE-50 — 20 ml water extract of
Origani herba (50 g of Origani herba and 200 ml of distilled water);
C-VE-25 - 20 ml water extract of Origani herba (25 g of Origani herba and
200 ml of distilled water); C-EE-50 — 20 ml ethanol extract of Origani
herba (50 g of Origani herba and 200 ml of 70% ethyl alcohol); C-EE-25 —
20 ml ethanol extract of Origani herba (25 g of Origani herba and 200 ml
of 70% ethyl alcohol); KV — 20 ml control with distilled water; KS — 20 ml
control with ethyl alcohol (70%).

Silage was produced with two commercial additives (silage inoculants)
used separately. The additives contained the following bacteria: additive I
(KG) - L. plantarum, E. faecium, P. acidilactici and additive 11 (KC) -
L. plantarum, P. acidilactici, and xylanase. The same principle was used for
production of the control silage (K) without additives. For each extract and
control, two mini-silos were made. The silos were hermetically closed and
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stored for 90 days at 20 °C. The ensiling under laboratory conditions was
conducted based on modified Tayel et al and Jatkauskas et al. methods.
After opening the silos, samples were taken (n = 26) for chemical analysis,
fermentation parameters, microbiological status and mycotoxin concentra-
tions using the methods given in Chapters 2.3-2.5.

The statistical analyses were carried out using ,,IBM SPSS Statistics*
software (version 22.0) and ,,Microsoft Excel 2010, Arithmetic means
(Xv), standard errors of means (SE), standartd deviation (SSN). Descriptive
statistic and Independent-Student’s t test were used to analyze the data, and
the differences were considered significant at P<0.05. Furthermore, Pearson
correlation coefficient between silage fermentation quality parameters and
the individual amine and mycotoxins contents were calculated.

Results

Hygienic quality and contamination with fungi, mycotoxins
and biogenic amines of maize raw material and silage at
different times after storage

Chemical and fermentation parameters of the tested raw material and
silages are given in PUBLICATION II, Table 1.

The highest statistically significant concentration of lactic acid bacteria
in silage was determined 8 months after storage. Eight months after storage,
the number of fungi colonies decreased by 17.49% (p<0.05) but the number
of yeasts increased by 42.27% (p<0.05).

In raw maize, L. monocytogenes accounted for the highest percentage of
the undesirable microflora. During the present study, L. monocytogenes was
isolated in 25% of raw maize samples before fermentation and in 15% of
silage samples 3 months after storage. Eight months after storage, these
undesirable microorganisms in maize silage were absent. Potential of
moisture in the raw mass containing L. monocytogenes before fermentation
was pH 4.80-5.92. In the silage samples with L. monocytogenes, the value
was pH 3.48—4.87.

C. perfringens was detected in 2% of raw mass with pH ranging from
4.55 to 6.04 and in 2% of silage samples 8 months after storage with pH
4.30.

Fourteen genera of filamentous fungi were found in raw maize and in
maize silage. The concentration of Fusarium spp. was statistically signifi-
cantly higher (p<0.05) in raw maize than in silage three months after
storage. The following species of Fusarium spp. were dominant: F. grami-
nearum, F. sporotrichioides, F. poae, F. oxysporum, F. verticillioides, F.
culmorum. Eight months after storage, fungi of this genus in silage were
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absent. Six species of Aspergillus including A. niger were isolated and iden-
tified. A. niger was dominant in silage samples three months after storage
(p<0.05). Eight months after storage, the concentration of A. fumigatus
(p<0.05) was highest compared to the value determined in the raw mass.
Three months after storage, the samples of silage were most heavily
contaminated with Penicillium spp. The following species of Penicillium
fungi were dominant: P. verrucosum, P. roqueforti, P. griseofulvum.

Mycotoxins ZEA and DON were identified in all samples of maize
silage. DON in raw mass was detected in 95% of samples. The highest
average DON concentration (2600 ng/kg) was determined 3 months after
storage, i.e. by 58.54% higher than in the raw mass (p<0.05). The lowest
average DON concentration (610 pg/kg) was established in silage samples
8 months after storage, i.e. by 62.80% lower (p<0.05) than in the raw mass
and by 76.54% lower (p<0.05) than 3 months after storage.

The highest average ZEA concentration (880 pg/kg) was established
3 months after sorage, i.e. by 3.7 times higher (p<0.05) than in the raw
mass. Eight months after storage, it was higher than in the raw mass by 1.6
times (p<0.05).

The T-2/HT-2 highest average concentration (147.25 pg/kg) of myco-
toxins was 8 months after storage, i.e. by 3.7 times higher (p<0.05) than in
the raw mass. Three months after storage, it exceeded the value of raw mass
by 3.5 times (p<0.05).

The lowest average AF concentration (0.94 pg/kg) was in raw mass
whereas the highest one in silage 8 months after storage. The highest
average OTA concentration (29.15 pg/kg) was 3 months after storage. It
exceeded the concentration found 8 months after storage by 53% (p<0.05).

Gliotoxin was found in 70% of samples. Irradiance of other colours was
observed during analysis presumably indicative of the presence of other
toxins (like fumigaclavine or fumitremorgin) as well. Unfortunately,
without the necessary standards they could not be evaluated.

Hygienic quality and contamination with fungi, mycotoxins
and biogenic amines of perennial grasses and baled silages from
organic farms and farms with conventional farming systems

Chemical and fermentation parameters of raw masses and silages are
given in PUBLICATION III, Table 1.

The number of fungi colonies contaminating the raw material from
organic farms amounted to 4.27 log cfu/g (p>0.05) and was by 7.82% higher
than in perennial grass samples collected from the farms with conventional
farming system. The total number of microorganisms was by 2.92%
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(p>0.05) higher in the samples taken from organic farms. The concentra-
tions of lactic acid bacteria and yeasts were higher in farms with
conventional farming system by 16% (p<0.05) and 44.23% (p>0.05) respec-
tively. The total number of microorganisms and the number of lactic acid
bacteria in baled silage were by 4.55% (p>0.05) and 11.68% (p<0.05)
higher in the samples from organic farms. The number of fungi colonies in
silage from both types of farms differed marginally. The number of yeasts
was by 57.98% (p>0.05) higher in silage samples from farms with conven-
tional farming system.

L. monocytogenes were identified in 15% of silage samples from farms
with conventional farming system and in 5% of samples from organic
farms. Clostridium spp. was identified in 25% of silage samples from
organic farms and in 15% of samples from farms with conventional farming
system. C. perfringens was identified in 5% of samples from each kind of
farms.

The samples of perennial Poaceae and Fabaceae grasses from both
types of farms were predominated by Alternaria, Cladosporium, Fusarium,
Aspergillus, Penicillium, Mucor and other genera of fungi. The following
possibly toxic species of Fusarium were dominated: F. poae, F. sporo-
trichioides, F. graminearum, Aspergillus raiSys: A. fumigatus, A. flavus, A.
parasiticus, Penicillium genus: P. verrucosum, P. commune, P. roqueforte
and other.

The samples of grass masses were mainly predominated by Alternaria,
Cladosporium and Fusarium genera of fungi. Comparison of raw mass
contamination with possibly toxicogenic fungi showed their higher concent-
rations in the samples from organic farms: Fusarium spp. by 4.44% (p>0.05),
Alternaria spp. by 20.48% (p>0.05) and Aspergillus spp. by 5.75%
(p>0.05). Silage samples from organic farms also contained higher concent-
rations of possibly toxicogenic fungi: Penicillium spp. by 53% (p>0.05) and
Aspergillus spp. by 53.23% (p>0.05).

The concentrations of fusariotoxins ZEA, DON and T-2/HT-2 in peren-
nial grass samples and baled silages from organic farms and farms with
conventional farming system varied.

The number of raw mass samples containing mycotoxin ZEA from
conventional farms by 16.67% exceeded the number of samples from
organic farms. The average concentration (361 pg/kg) of ZEA in them by
77.83% (p>0.05) exceeded the value determined for samples from organic
farms. By 33.33% (p<0.05) higher concentration (215 ng/kg) of DON was
established in samples from organic farms. The differences of AF (total)
concentrations in samples from both types of farms were negligible
(p>0.05).
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The concentration (391 pg/kg) of ZEA in silage samples from organic
farms was by 13.4% higher than in samples from conventional farms. The
differences of T-2/HT-2 concentration between both types of farms were
insignificant (p>0.05). The concentration (32.54 pg/kg) of AF (total) by
16% (p>0.05) was higher in the samples from organic farms. DON was
detected in 100% of samples. By 42.4% (p<0.05) higher concentration
(327.5 pg/kg) of this toxin was found in the samples from conventional
farms. The determined maximum concentration amounted to 625 pg/kg.

Biogenic amines (histamine, tyramine, putrescine and cadaverine)
represent undesirable compounds in silages. Histamine was detected in 90%
samples from farms of both categories yet by 85% (p<0.05) higher concent-
rations (12.36 mg/kg) were established in silage samples from conventional
farms. Higher concentrations of putrescine (123.62 mg/kg) and cadaverine
(1,722.52 mg/kg) were found in silage samples from conventional farms:
10.8% (p<0.05) and 21.05% (p<0.05). Tyramine concentration (119.56 mg/kg)
was by 17.82% (p<0.05) higher in silage samples from organic farms.

Identification of fungi and testing for toxicity by PCR method

By PCR method of molecular biology, it was determined that among 16
Fusarium spp. the dominant were: F. sporotrichoides — 43.75%, F. poae —
12.5% and F. graminearum — 18.75%. Using succession of oligonucleotides
TRIS it was determined that 56.25% of fungi of this genus are responsible
for the synthesis of trichothecene. Using primers apa2 and omtl, it was
determined that 28.57% of the investigated Aspergillus cultures are
responsible for production of aflatoxins. Using PCR method, we failed to
differentiate Aspergillus spp. and Penicillium spp. to species.

Correlation of hygienic quality of raw material and silage
with chemical fermentation parameters

During the present study, the correlation of the hygienic guality of raw
material and silage with chemico-fermentative parameters was established.

The chemico-fermentative parameters of maize silage are given in
PUBLICATION II, Table 1. The average value of pH in the tested samples
varied from 3.84 (min. 3.48-max. 4.33) to 3.93 (min. 3.60—-max. 4.20)
whereas the concentration of ammonium nitrogen ranged between 10.55
(min. 7.67-max. 13.80) and 11.06 (min. 7.54-max. 13.79). The correlations
between mycotoxins, amines, hygienic quality and chemico-fermentative
parameters are shown in PUBLICATION II, Table 2. Weak insignificant
correlations between the concentrations of various mycotoxins and the
content of dry matter in silage were determined. A positive average corre-
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lation (r = 0.67, p<0.05) was only determined between DON and the content
of dry matter in silage 8 months after storage. A strong negative correlation
was determined between pH of silage and ZEA concentration (r = —0.50
p<0.05 and r = -0.71, p<0.05) 3 and 8 months after storage and between pH
of silage and concentration of T-2/HT-2 toxins (r = —0.82, p<0.05) 8 months
after storage.

A strong negative correlation between the content of dry matter in sila-
ge and tyramine and putrescine (respectively r = —0.64, p<0.05; r = —0.57,
p>0.05) was determined 3 months after storage.

The chemico-fermentative parameters of perennial grass silage from
organic and conventional farms are given in PUBLICATION III, Table 1.
Correlation coefficients between biogenic amines, mycotoxin concentrations
and chemical-fermentation parameters and silage are given in
PUBLICATION III, Table 2. A strong negative correlation (p<0.05) was
determined between mycotoxins AF (total), ZEA concentrations and the
content of dry matter and pH. A strong correlation was determined between
the concentrations of mycotoxins DON an T-2/HT-2 and the content of
ammonia and lactic acid in silage. A strong positive correlation was
determined between tyramine, putrescine, cadaverine and ammonia, the
content of dry matter, proteins and fatty acids in silage. Histamine in
samples of silage showed no correlation with any chemical or fermentation
parameters.

Contamination with mycotoxins determined by regular control
tests and tests performed on problem cases

In silages delivered from different Lithuanian farms for mycotoxin
control tests, the highest average concentrations of mycotoxin AFB1 were
determined in 2015 in maize silage (7.5 pg/kg) 1-2 months after storage and
silage of perennial grasses (7 pg/kg) from trench 3—7 months after storage
whereas the lowest average concentrations (0.65 pg/kg) were determined in
2013 in maize silage 8 months after storage. The highest ZEA concentration
(2000 pg/kg) was established in 2014 in one sample of maize silage 1-2
months after storage. The highest average DON concentrations (750 ng/kg)
were found in maize silage >8 months after storage in 2012 and in perennial
grass bales (750 pg/kg) 1-2 months after baling in 2013.

In the problem cases, when outbreaks of acute cow health disorders
(elevated number of somatic cells accounted for 33.3% and abortions for
33.3% of the total number of cases) of unknown origin occurred in farms as
a possible result of contamination of fodder with toxins, the laboratory
received 15 samples of silage.
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Tests for toxicity of silage contaminated with mycotoxins and
cytotoxicity of pure mycotoxins using target cells of organs

It was determined that exposition of cell line BHL-21 to least contami-
nated with toxins (i.e. DON — 450 pg/kg and ZEA — 130 pg/kg; T-2 — 60
ng/kg) sample 5 did not reduce cell proliferation by more than 50%. Cell
proliferation was not reduced by more than 50% also after exposition to
sample 6 (ZEA — 1200 pg/kg; AFB1— 13 pg/kg) with the highest AFB1 and
ZEA concentrations and absence of DON.

Exposition of MH-22A cell line for 24 hours to fodder contaminated
with mycotoxins DON, ZEA, AFB1, and T-2 reduced cell proliferation by
not more than 50% in all samples. The strongest effect was observed after
48 hours of exposition to sample 5 (ZEA — 130 pg/kg; DON — 450 pg/kg;
T-2 — 60 pg/kg) and the weakest one after exposition to sample 6 (ZEA -
1200 pg/kg; AFB1 — 13 ng/kg).

Exposition of RPAEC cell line to DON, ZEA, AFB1, and T-2 myco-
toxins in all cases reduced cell proliferation by less than 50%. The strongest
effect was produced by sample 4 with the highest DON concentration 550
ug/kg, ZEA -270 ng/kg, T-2 - 50 pg/kg .

Target organ cells HeLa, BHL-21, RPAEC, and MH-22A were used for
determining the effect of DON (1250 pg/kg), ZON (1560 pg/kg), AFB1 (8.5
ng/kg) and their combinations on cell apoptosis and proliferation. The cells
were exposed to crystalline mycotoxins and their mixtures for different time
spans: 24, 48 and 72 hours.

By the values of optical density obtained by MTT cell proliferation
assay the strongest metabolic activity was determined for RPAEC cells 72
hours (p<0.05), DON — BHL-21 (p<0.05) and RPAEC (p<0.05) cell lines
after 72 hours of exposition.

Comparison of the impact of various crystalline mycotoxins and their
combinations on cell cultures showed the highest suppressive effect of
DON/ZEA on BHL-21, AFB1/DON/ZEA on MH-22A and AFB1/ZEA on
HeL A and RPAEC cell lines after 72 hours of exposition.

Comparison of the suppressive effect of mycotoxins after 24 and 72
hours of exposition showed the strongest suppressive effect of various
mycotoxins and their combinations after 72 hours of exposition. The
strongest effect of all three mycotoxins on the metabolic activity (about 50%
after 72 hours (p<0.05)) was determined for liver MH-22A cells (LDso)
exposed to concentrations: AFB1 8.5 pg/l, ZEA 12,500 pg/l and DON 1,250
ng/l. The combination DON/ZEA (1,250/1,560 pg/l) produced the strongest
effect on the metabolic activity of kidney cells BHL-21 (p>0.05) after 72
hours of exposition.
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By optical density values using CV dyes it was determined that AFB1
produced the strongest effect (cell apoptosis exceeded 50%) on cell lines
BHL-21 and MH-22A (p<0.05), DON on kidney cell line BHL-21 (p<0.05)
and RPAEC (p<0.05) 72 hours after exposition.

Comparison of the effect of mycotoxins and their combinations on cell
apoptosis showed that it was strongest on cell line RPAEC (p<0.05) produ-
ced by AFB1/DON/ZEA and on cell lines BHL-21 (p<0.05) and RPAEC
(p<0.05) produced by AFB1/ZEA after 72 hours of exposition.

Comparison of exposition for 24 and 72 hours showed that mycotoxins
and their combinations most strongly affected all cell cultures after
exposition for 72 hours.

A possibly genotoxic effect of mycotoxins AFB1, ZEA, DON, and
ZEA/DON on bovine lymphocytes, after exposition to the highest concent-
rations, was determined in vitro. Analysis of chromosomal aberration spect-
rum showed the highest total number of cells with lesions after exposition of
lymphocyte cells to ZEA (1,560 pl/l) and the lowest after exposition to
DON (1,250 pl/l). The highest percentage of lesions after exposition of
lymphocytes to mycotoxins was accounted for by breaks and gaps of
chromatids indicative of instability of genome. The highest percent of gaps
was determined after exposition of lymphocyte cells to DON and the highest
percent of breaks after exposition to combination ZEA/DON (1,560 pul/l/
1,250 pl/l). It was also determined that ZEA affected the changes in the
number of chromosomes (aneuploidy). Evaluation of the spectrum of
chromosome aberrations after exposition of bovine lymphocyte cells to
AFB1 (8.5 pl/l) revealed the strongest abnormal changes of chromatids:
breaks and gaps.

The frequencies of chromosomal aberrations of control and mycotoxin-
affected lymphocyte cells differed. The mycotoxin-affected lymphocyte
cells had breaks and gaps, which represent only the initial lesions of DNA.

Effect of naturally mycotoxin-contaminated fodder on dairy cows
and evaluation of the efficiency of detoxification preparation

Cereal and ensiled fodders from farm X were tested for contamination
with mycotoxins. It was determined that fungi Aspergillus spp. were domi-
nant in cereal mixture, Fusarium spp. and Penicillium spp. in perennial
grass hay, and Penicillium spp. in the straw of oat and field peas.

The smallest number of viable spores, i.e. 4 log cfu/g, was determined
in the silage of lucerne and cocksfoot grasses and the largest, 4.73 log cfu/g,
in cereal mixture.
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The highest concentration of ZEA, 1,000 pg/kg, was in perennial grass
silage, the lowest, 270 pg/kg, in cereal mixture. The highest concentration
of DON, 6,000 ug/kg, also was determined in the perennial grass silage. The
smallest concentration, 350 pg/kg of this toxin was established in oat, pea
vine and lucerne silage. AFB1 concentrations were: 10 pg/kg in cereal
mixture and 4 pg/kg in perennial grass hay.

During the assay, there occurred no cow deaths or injury. Yet one acute
mastitis was diagnosed and properly treated in each of the groups. It was
assumed that mastitis did not affect the assay results. During the assay, the
health status of cows of both groups conformed to physiological norms
(PUBLICATION I, Table 2).

Milk yeal increased by 12% (p>0.05) in the experimental cow group
(EG), which was fed with mycotoxin absorbent and by 6.1% (p>0.05) in the
control group (CG) which did not receive mycotoxin absorbents
(PUBLICATION 1, Table 4). The number of somatic cells increased by
73.68% (p<0.05) in the CG. Haematological blood parameters varied within
physiological range (PUBLICATION I, Table 5). Biochemical blood
parameters, except urea, varied within physiological range. The concent-
ration of urea increased more than two-fold (p>0.05). IgA decreased by
16.17% (p>0.05) in the CG and increased by 14.45% (p<0.05) in the EG
(PUBLICATION I, Table 6).

Usage of plants extracts for improvement of hygienic quality
of silage

Before adding to raw maize mass, the inhibitory effect of water and
ethanol extracts of thyme and oregano on the most widespread in ensiled
fodder fungi A. fumigatus and A. niger was tested. The strongest effect
against A. fumigatus was demonstrated by ethanol extract of thyme, yet it
was completely ineffective against A. niger. The water extract of thyme
reduced proliferation of A. fumigatus by 34% yet did not inhibit prolife-
ration of A. niger. The water extract of oregano did not inhibit proliferation
of any chosen species fungi. However, the ethanol extract of oregano was
effective against A. fumigatus (reduced proliferation by 88%) and A. niger
(by 60%).

The highest concentrations of carvacrol and thymol were established in
ethanol extracts of thyme. These phenolic compounds were found neither in
oregano water extracts of different concentrations nor in thyme water
extract of lower concentration.

Chemico-fermentative parameters. pH in all samples of silage varied
from 3.92 to 4.04. The highest content of dry matter was determined in
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control sample (389.05 g/kg) and R-VE-25 (375.5 g/kg). The smallest
amount was determined in R-VE-50 (303.7 g/kg). The highest concentration
of ammonium nitrogen (NHs-N) was in control sample without additives
(4.5% total N) and in sample R-VE-50 (5.5% total N). Oregano water
extracts, R-VE-50 and R-VE-25, contained highest concentrations of acetic
acid whereas R-VE-25 had the lowest concentration of lactic acid among all
samples. After addition of extracts into raw material, the amount of dry
matter in silage samples decreased in comparison with the control sample
(K).

Analysis of hygienic quality of control sample showed the highest total
number of bacteria and fungi and mycotoxins DON and T-2.

The smallest number of fungi was established in the samples with
biological inoculant (KQG), i.e. by 17.7% (p<0.05) smaller than in control
samples with the highest numbers of fungi and bacteria. The differences of
the number of lactic acid bacteria and yeasts were statistically insignificant.

The smallest AFB1 concentration, i.e. <1.00 ng/kg, was established in
control sample (K), in the sample with inoculant (KG) and in the sample
with ethanol extract of thymus.

The highest ZEA concentrations, i.e. more than 500 pg/kg, were deter-
mined in the samples with ethanol (KS) and water (KV), samples with
oregano water extract (R-VE-25) and samples with silage inoculants (KC).
The highest concentrations of DON, i.e. more than 400 pg/kg, were in cont-
rol sample (K) and in the sample with ethanol extract of thyme (C-EE-25).
The highest concentration of toxins T-2 was in control sample (K).

Conclusions

1. Analysis of hygienic quality of raw maize produced in Lithuania
and maize silage showed that:

1.1. The highest number of fungi (4.65 log cfu/g) was observed in
raw maize which decreased by 17.49% (p<0.05) 8 months after
storage. The smallest number of yeast in raw mass (4.46 log
cfu/g) increased by 42.27% 8 months after storage. L. monocy-
togenes was found in greatest abundance in raw maize samp-
les. C. perfringens was detected in equal number of samples of
raw material and silage 8 months after storage.

1.2. Twelve species of fungi were isolated in raw maize and in
silage 3 months after storage. Eight species of fungi were
identified in silage 8 months after storage. The raw material
was predominated by Alternaria spp. (isolated and identified
77.17%), Fusarium spp. (37.54%), Aspergillus spp. (14.49%),
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1.3.

and Penicillium spp. (0.89%). The content of Alternaria spp.
99.88%. (p<0.05) and Fusarium spp. 98.85% decreased in
silage 3 months after storage. Yet the content of Aspergillus
spp. increased by 46 times (p<0.05) and Penicillium spp.
(p<0.05) by 28 times. Eight months after storage, Aspergillus
spp. was higher by 81 times (p<0.05) and Penicillium spp. by
eight times (p>0.05) than in the raw material.

The highest average ZEA (880.4 ng/kg), DON (2,600 pg/kg)
and OTA (29.15 pg/kg) concentrations were established in
maize silage 3 months after storage. The highest values of
T-2/HT-2 (147.25 pg/kg) and AF (total) (20.05 ug/kg) were
found 8 months after storage. By 3.2% higher number of maize
silage samples 3 months after storage contained gliotoxin. The
highest concentrations of biogenic amines were found in silage
samples 3 months after storage.

Analysis of hygienic quality of raw perennial grasses and baled
silage from organic and conventional farms showed that:

2.1.

2.2.

2.3.

Statistically significantly highest number of fungi and yeasts
was in raw material. Eight months after baling, their number
decreased. Raw samples from organic farms contained higher
concentrations of fungi and lower concentrations of yeasts than
samples from intensive farms. A higher number of samples
from intensive farms contained L. monocytogenes. C. perfin-
gens was detected in equal number of samples from both types
of farms.

In comparison with conventional farms, the concentrations of
Alternaria spp. Fusarium spp. in the raw material from organic
farms were respectively by 20% (p>0.05) and 4% (p>0.05)
higher. The concentration of Aspergillus spp. was by 53%
(p>0.05) and Penicillium spp. by two times (p>0.05) higher in
the silage from organic farms 8 months after baling.

The highest average concentrations of mycotoxins DON (215
ng/kg) and AF (total) (1.04 pg/kg) were established in the raw
material of perennial grasses from organic farms and ZEA
(361 pg/kg) from conventional farms. The highest average
concentrations of mycotoxins in perennial grass baled silage
were as follows: DON (327.5 pg/kg) from intensive farms and
ZEA (391 ng/kg), T-2/HT-2 (112.3 ug/kg) and AF (total)
(30.68 ng/kg) from organic farms. The number of silage samples
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with gliotoxin was by 20% higher in organic farms. In compa-
rison with conventional farms, the samples of silage from or-
ganic farms contained smaller concentrations of biogenic ami-
nes, histamine, putrescine and cadaverine but higher concent-
ration of tyramine.
3. Correlations between hygienic and chemical fermentation para-
meters were determined:

3.1. Raw maize showed strong negative correlation (p<0.05) between
mycotoxins ZEA, T-2/HT-2 and pH. Three months after maize
mass storage, strong negative correlations were determined
between ZEA and pH, ZEA and lactic acid bacteria; AF (total)
and ammonia. Eight months after maize mass storage, strong
negative correlations (p<0.05) were determined between ZEA,
T-2/HT-2 and pH; strong positive correlations (p<0.05)
between DON and dry matter; OTA and lactic acid bacteria;
T-2/HT-2 and lactic acid bacteria and fatty acid; AF (total) and
propionic acid.

3.2. Strong negative correlations (p<0.05) were determined in baled
perennial grass silage between mycotoxins AF (total), ZEA
and dry matter; AF (total), ZEA and pH. A strong positive
correlation (p<0.05) was determined between tyramine, putre-
scine, cadaverine and ammonia; strong negative (p<0.05)
between tyramine and dry matter; cadaverine and dry matter;
tyramine, putrescine, cadaverine and raw proteins.

4. The average concentrations of mycotoxins in ensiled fodder from
different Lithuanian farms analysed in 2011-2015 at the Animal
Welfare Research Laboratory were as follows: AFB1 (0.65-13
ug/’kg), DON (200-750 pg/kg), ZEA (180-2,000 pg/kg).

5. It was determined that exposition of target cells of organs to pure
mycotoxins, highest mycotoxin concentrations established in
Lithuania, the strongest inhibitory effects were produced by: AFB1
on RPAEC cell line (p<0.05), DON on BHL-21 (p<005) and
RPAEC (p<0.05) cell lines after 72 hours. Comparison of the
effects of different pure mycotoxins and their combinations on cell
cultures showed the following strongest proliferation-suppressive
impact after 72 hours of exposition: DON/ZEA on BHL-21
(p>0.05), AFB1/DON/ZEA on MH-22A (p<0.05), and AFB1/ZEA
on HelLa (p<0.05) and RPAEC (p<0.05) cell lines. It was deter-
mined that extracts of naturally contaminated fodder with myco-
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toxins DON, ZEA, AFB1, and T-2 produced the strongest prolifera-
tion suppression effect on RPAEC cell line.

Long-lasting feeding of dairy cows with fodder naturally contami-
nated with mycotoxins produced by the most widespread in
Lithuania Fusarium spp. and Aspergillus spp. entailed changes of
the chemical composition of milk, increase of the number of
somatic cells and decrease of IgA. Detoxification preparation
MycofixPlus 3 mitigated the negative effect.

Oregano and thyme ethanol extracts added to maize silage reduced
the number of fungi, total number of bacteria and DON and T-2
concentrations.

Recommendations

1.

It is recommended to determine the number of fungi and yeast
colonies 3-8 months after storage or baling in order to evaluate the
aerobic stability of fodder and possible contamination with
secondary metabolites.

Screening of raw mass and silage for mycotoxins at different times
after filling or baling should be performed because, according to
our research data, the investigated raw material is contaminated
with Fusarium spp., Aspergillus spp., Penicillium spp. and other
possibly toxicogenic genera and mycotoxins.

As tests for mycotoxins are rather expensive the tests of different
target cell lines of organs may be used for assessment of fodder
toxicity.

Even good practice is unable to prevent from silage contamination
with mycotoxins. Therefore, it is recommended to add detoxifi-
cation preparations to fodder. Preliminary, the expedience of the
use of preparations should be evaluate. In our opinion, additives
should be used when the following concentrations of mycotoxins
were found: AFB1>5 ng/kg, ZEA > 600 pg/kg, and DON — > 600.
The up-to-date preparations should be chosen, as for example
Mycofix Plus 3E, which would include not only the absorptive but
also biological, fermentation and immunity stimulating groups.
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konsultacijas ir pagalba, atliekant tyrimus.

Dékoju Fiziniy ir technologijos moksly centro Medziagy analizés
laboratorijos vadovei dr. Ritai Butkienei uz konsultacijas ir pagalba,
atliekant tyrimus.

Nuosirdziai dekoju LSMU VA GTF Biologiniy sistemy ir genetiniy tyrimy
instituto kolektyvui bei prof. dr. I. T. Miceikienei ir doc. dr. N. MakStutienei uz
suteikta metoding pagalbg ir sudarytas salygas atlikti mokslinius tyrimus.

Dékoju Nacionalinio maisto ir veterinarijos rizikos vertinimo instituto
Cheminiy tyrimy skyriaus pataréjui P. Druliai.

Taip pat dékoju LSMU VA VF Stambiyjy gyviiny klinikos Gyviiny
reprodukcijos laboratorijos vadovui, prof. habil. dr. Henrikui Zilinskui ir
visam laboratorijos kolektyvui uz galimybe¢ pasinaudoti laboratorijos jranga,
atliekant tyrimus.

Dékoju LSMU VA Gyvulininkystés technologijos fakulteto docentei dr.
J. Cerniauskienei uz vertingus patarimus.

Dékoju LSMU VA VF Stambiyjy gyviiny klinikos veterinarijos gydy-
tojai laboratorinei diagnostikai Ritai Girdvainienei uz konsultacijas ir pagal-
ba, atliekant tyrimus.

Esu labai dékinga recenzentams prof. habil. dr. H. Zilinskui ir prof. dr.
Rasai Zelvytei uz tikslias ir vertingas pastabas bei patarimus, tobulinant di-
sertacinj darbg.

Doktorantiiros metu atlikti tyrimai finansuoti LSMU Mokslo fondo ir

LSMU VA VF Maisto saugos ir kokybés katedros Gyviny gerovés tyrimo
laboratorijos.
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