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SANTRUMPU PAAISKINIMAI

AB - antimikrobiniai baltymai (angl. AP — antimicrobial proteins)

ACN - acetonitrilas

alfa-LA — alfa-laktalbuminas (angl. alpha-lactalbumin)

AM - aplinkos mastitas (angl. EM — environmental mastitis)

beta-LG — beta-laktoglobulinas (angl. beta-lactoglobulin)

CD - diferenciacijos antigenas (angl. cluster of differentiation)
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ESC - efektyvioji skys¢iy chromatografija (angl. HPLC — high performance
liquid chromatography)

GSA - galvijy serumo albuminas (angl. BSA — bovine serum albumin)

HRP - krieny peroksidazé (angl. horseradish peroxidase)

IFA — imunofermentiné analizé (angl. ELISA — enzyme linked immunosorbent
assay)

Ig — imunoglobulinai

IgG — imunoglobulinas G (angl. immunoglobulin G)

IL — interleukinas (angl. interleukin)

kDa — kilodaltonai

KNS - koaguliazés neprodukuojantys stafilokokai (angl. CNS — coagulase
negative staphylococcus)

LF — laktoferinas (angl. lactoferrin)

LSMU VA - Lietuvos sveikatos moksly universitetas Veterinarijos akademija
(angl. LUHSVA - Lithuanian University of Health Science Veterinary
Academy)

MBA - mikrobiologiné analizé (angl. microbiological analysis)

ml — mililitrai

mm — milimetrai

ng — nanogramai

NK - lgstelés ,,nattiraliosios zudikés* (angl. natural killer)

NM - nespecifinis mastitas (angl. nonspecific mastitis)

OT - optinis tankis

PGR - polimeraziné grandining¢ reakcija

PMN - polimorfonukleariniai neutrofilai

pav. — paveikslas

proc. — procentai

RIA - radioimuninis metodas (angl. radioimmunoassay)

SK — sveikieji ketvirciai (angl. HQ — healthy quarters)

SLS - somatiniy Igsteliy skai¢ius (angl. SCC — somatic cell count)

SM - subklinikinis mastitas (angl. subclinical mastitis)
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V] — valstybés jmoné

ul — mikrolitrai



IVADAS

Pienininkysté — vienas svarbiausiy Lietuvos zemés iikio sektoriy, kurj
plétoti skatina $iai ukio Sakai itin palankios gamtinés salygos. Zmonés
pasaulyje siekia maitintis geriau bei sveikiau, todél itin didelis démesys
kreipiamas j pieno produkcijos sudétj ir kokybe. Siuo metu placiai ieskoma
bioaktyviy baltymy panaudojimo galimybiy sprendziant visuotines sveikatos
ir mitybos problemas. Pieno serumo frakcija turi didel¢ jvairove baltymuy,
skirtingy savo chemine struktiira, biologinémis funkcijomis (Sekmokiené ir
kt., 2007; Liutkevi¢ius ir kt., 2008; Park, 2009; Korhonen and Pihlanto,
2007). Daugelis baltymy pasizymi antimikrobinémis, antivirusinémis,
antigrybelinémis funkcijomis, kurios labai svarbios kovojant pries ivairiy ligy
sukéléjus (Korhonen et al., 2000; Korhonen, 2009).

Pieno sektoriuje pastebimas padidéjes susidoméjimas natiiraliu pieno
liaukos atsparumo didinimu (Sordillo and Streicher, 2002; Malinowski et al.,
2008). Daugybe tyrimy atlickama aiSkinantis imuniteto veikimo principa,
taCiau kaip funkcionuoja imuniné sistema esant teSmens uzdegimui ir kaip
Siuo atveju kinta pieno sudétis mokslinéje literatiiroje néra pakankamai
duomeny (Wheeler et al., 2007; Stelwagen et al., 2009; Szwajkowska et al.,
2011). Manoma, jog esant optimalioms laikymo ir $érimo saglygoms natiiralios
apsaugos reakcijos geba pasalinti i§ gyvulio organizmo infekcijos sukéléjus
(Sandholm and Pyorala, 1995; Oviedo-Boyso et al., 2007; Stelwagen et al.,
2009). Taciau jei imuniné sistema susilpnéjusi ar patogeniniy mikroor-
ganizmy virulentiSkumas didelis, pasireiskia uzdegiminiai procesai, tokie kaip
subklinikinis ar létinis mastitas (Ali-Vehmas and Sandholm, 1995; Aniulis,
2007; Bannerman, 2009). Nepaisant didelio progreso genetikos, $érimo
sistemos, laikymo ir melzimo srityse, karviy mastitas iSlieka daug finansiniy
nuostoliy ir problemy pieno gamintojams sukelianti liga (Oviedo-Boyso et al.,
2007; Wellnitz and Bruckmaier, 2012; Chaneton et al., 2013).

Nespecifiné imuniné sistema yra labai svarbi mastity prevencijoje. Na-
tiraliy antimikrobiniy faktoriy aktyvavimas gali sumazinti antibiotiky kiekj,
bei iSlaikyti didelj terapijos efektyvuma (Kuroishi et al., 2003). Antimikrobinj
pieno aktyvuma lemia jo sudétyje esantys imunoglobulinai ir neimuniniai
proteinai, tokie kaip laktoferinas, lizocimas, laktoperoksidaze, alfa-laktalbu-
minas, beta-laktoglobulinas (Bellamy et al., 1993). Kaip daugiafunkcinis bal-
tymas, turintis antimikrobiniy savybiy, laktoferinas yra vienas svarbiausiy
apsauginiy faktoriy, kuris vaidina svarby vaidmenj mastito prevencijai



ankstyvoje infekcijos stadijoje (Kawai et al., 2003; Wojdak-Maksymiec Mi-
kolajczyk, 2012). Specifiniams apsaugos komponentams priskiriami imuno-
globulinai dalyvauja humoraliniame imunitete. Krekenose esanti imunoglo-
buliny komplemento sistema uztikrina pagrinding apsaugg nuo daugelio risiy
bakterijy bei suformuoja pasyvy imuniteta, kol verSeliui susiformuoja imu-
niné sistema. Piene imunoglobuliny koncentracija nedidelé, taciau infekcijos
ir uzdegimo metu, Siuos antikiinus intensyviai pradeda gaminti PMN (poli-
morfonukleariniai leukocitai) ir jy koncentracija piene padidéja (Lindmark-
Mansson, 2000). Be minétyjy pieno antimikrobiniy baltymy, alfa-laktal-
buminai, beta-laktoglobulinai, galvijy serumo albuminas taip pat dalyvauja
teSmens apsaugos mechanizme ir pasizymi prieSuzdegiminiu, bakteriosta-
tiniu, antivirusiniu, antioksidaciniu veikimu (Chatterton et al., 2006; Pan et
al., 2006; Krol et al., 2008).

Siy medziagy kiekis néra pastovus ir kinta priklausomai nuo te§mens
uzdegimo stadijos, mastito sukéléjo, karvés amziaus, laktacijos tarpsnio, lai-
kymo salygy, Sérimo ir jvairiy aplinkos veiksniy (Zagorska et al., 2007,
Cheng et al., 2008; Krol et al., 2012; Danowski et al., 2012). Lietuvoje iki Siol
netirta, ar laktacijy skaiCius ir tarpsnis, sezonas bei kiti veiksniai turi jtakos
natiiraliy antimikrobiniy baltymy kiekiui hol$teinizuoty Lietuvos juodmargiy
veislés karviy piene.

Visose i§vystytos pienininkystés Salyse, siekiant jvertinti, ar pienas gautas
1§ sveiky, neserganciy teSmens ligomis karviy, tiriamas somatiniy lgsteliy
skaic¢ius (SLS). Somatinés lastelés, aptinkamos karviy piene, yra procesy,
vykstanciy pieno liaukoje, indikatorius (Rivas et al., 2001; Schukken et al.,
2003; Green et al., 2004; Hillertonet al., 2005; Sharif and Muhammad, 2008).
SLS piene parodo kintancias karviy imunines savybes (Philipsson et al.,
1995; Zakas, 2002; Janosi and Baltay, 2004; Simkiené ir Juozaitiené, 2007;
Juozaitien¢ ir kt., 2008). SLS nustatymas piene vienas pirmyjy iki iy dieny
placiai taikomy specifiniy ir patikimiausiy testy diagnozuojant mastitg (Kit-
chen, 1981; Viguier et al., 2009; Madouasse et al., 2012). Mastito formai
ivertinti, bei efektyvaus gydymo parinkimui, be SLS nustatymo, atlickamas
mikrobiologinis mastito sukeéléjo identifikavimo tyrimas (Hagiwara et al.,
2003; Kocina et al., 2012; Chaneton et al., 2013).

Mokslingje literatiiroje gausu duomeny apie pieno baltymy antimikrobines
savybes, jy iSskyrimg ir panaudojimg, ta¢iau neradome informacijos apie
laktoferino, alfa-laktalbumino, beta-laktoglobulino, galvijy serumo albumino
Lietuvoje veisiamy karviy piene tyrimus, bei kas daro jtakg jy kitimui.
Manome, kad reikalingi tyrimai iStirti natiiraliy antimikrobiniy baltymy
dinamiskumg hol$teinizuoty Lietuvos juodmargiy karviy piene, priklausomai
nuo laktacijy skaiCiaus, laktacijos tarpsniy, teSmens sveikumo ir sezony. IS
savo tyrimy taip pat norétume iSsiaiSkinti, kaip kinta imuniniy komponenty,
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tokiy kaip laktoferinas, imunoglobulinas, alfa-laktalbuminas, beta-laktogo-
bulinas ir galvijy serumo albuminas, koncentracijos piene, priklausomai nuo
SLS ir mastito sukeléjy pieno liaukoje.

Atsizvelgiant ] pateiktus teiginius ir prielaidas buvo suformuluota darbo
tikslas ir uzdaviniai.

Darbo tikslas — iStirti natiiraliy antimikrobiniy baltymy koncentracijos
dinamika sveiky ir serganciy mastitu karviy piene, bei pritaikyti optimalius
metodus Sioms medziagoms aptikti bei jvertinti.

Darbo uzdaviniai:

1. Pagal somatiniy lasteliy skai¢iy piene ir mikrobiologiniy tyrimy duo-
meny analize jvertinti karviy teSmens ketvir¢iy sveikuma.

2. Nustatyti LF, IgG, alfa-LA, beta-LG ir GSA koncentracija sveiky ir
serganciy mastitu teSmens ketvirciy piene.

3. Nustatyti LF, IgG, alfa-LA, beta-LG ir GSA kiekiy kitimg jvairiais
laktacijos tarpsniais, pirmos, antros ir trecios laktacijy karviy piene.

4. Ivertinti sezony (pavasario, vasaros ir rudens) jtaka tiriamyjy antimik-
robiniy baltymy kiekiams piene.

5. Ivertinti tiriamyjy veiksniy jtakas LF, IgG, alfa-LA, beta-LG ir GSA
pritaikius vienfaktoring analize¢ ir daugiafaktorinés analizés linijinius mo-
delius.

6. Jvertinti LF, IgG, alfa-LA, beta-LG, GSA ir teSmens sveikumo, lak-
tacijos tarpsniy ir skaiciaus, bei sezony fenotipinius rysius.

Mokslinis darbo naujumas ir praktiné reik§mé

Atliktais tyrimais jvertinti pagrindiniy antimikrobiniy baltymy kiekiai
sveiky ir sergan¢iy mastitu holSteinizuoty Lietuvos juodmargiy karviy piene.

Pirmg karta Lietuvoje alfa-laktalbuminy, beta-laktoglobuliny ir galvijy
serumo albuminy karviy piene tyrimams pritaikytas atvirkStinés fazés (angl.
RP — reverse phase) efektyviosios skys¢iy chromatografijos metodas, o lakto-
ferino ir imunoglobulino G nustatymui — daugiasluoksnis imunofermentinés
analizés metodas (angl. sandwich ELISA).

Pirma kartg taikant misriy tiesiniy modeliy multivariacing analize jvertinta
karviy teSmens ketviréiy sveikumo, laktacijy skaiciaus, laktacijos tarpsniy,
bei sezony jtaka laktoferino, imunoglobulino G, alfa-laktalbumino, beta-
laktoglobulino ir galvijy serumo albumino kiekiams piene.

Pirma kartg Lietuvoje jvertintos natiiraliy antimikrobiniy baltymy ir tirtyjy
pozymiy fenotipinés koreliacijos.

Nustatytas karviy teSmens ketviriy sveikumo rySys su natiraliy anti-
mikrobiniy baltymy kiekiu, rodo Siy baltymy aktyvy dalyvavimg teSmens
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apsaugos mechanizme. ReikSminga laktacijos ir sezony jtaka parodo, gyvulio
organizmo jautrig reakcijg j fiziologinius ir aplinkos pasikeitimus. Atlikta
analiz¢, leidzia geriau suprasti antimikrobiniy baltymy svarba karviy teSmens
apsaugos procesuose bei suteikia naujy duomeny sprendziant visame pa-
saulyje aktualiag problema, susijusig su mastitais ir jy gydymu iSvengiant
nereikalingo antimikrobiniy medziagy (antibiotiky) vartojimo. Laktoferino ir
imunoglobulino G rodikliai kartu su somatiniy lasteliy skai¢iumi piene galéty
buti vertinami nustatant subklinikinius mastitus ir teSmens atsparuma
infekcijoms

Darbo aprobacija

Pagrindiniai disertacijos rezultatai paskelbti trijuose straipsniuose, i$§ kuriy
vienas — referuojamoje duomeny bazéje ,,Thomson Reuters Web of Know-
ledge* ir turintis citavimo rodiklj, kiti du jrasyti i kitas patvirtintas tarp-
tautines referuojamas duomeny bazes. Taip pat duomenys skelbti mokslo
populiarinimo leidinyje. Tyrimy rezultatai pateikti penkiose tarptautinése ir
dviejose nacionalinése mokslinése konferencijose.

Disertacijos struktiira ir apimtis

Darbg sudaro Sios dalys: jvadas, literatiiros apzvalga, tyrimy medziagos ir
metody apraSymas, rezultatai, rezultaty aptarimas, iSvados, pritaikomumas,
naudoti literatiiros Saltiniai (299 Saltiniai), paskelbty publikacijy disertacijos
tema saraSas, kity paskelbty publikacijy sarasas, dalyvavimo konferencijose
sarasas, disertacijos santrauka (angl. summary) angly kalba, gyvenimo
aprasSymas ir padéka. Darbo apimtis — 163 puslapiai, pateikta 15 lenteliy, 22
paveikslai ir 2 priedai.
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1. LITERATUROS APZVALGA

1.1. Karvés teSmens anatominé ir morfologiné struktiira bei
fiziologiné funkcija

TeSmuo yra svarbiausia melziamy karviy kiino dalis, kurios morfologinés
ir fiziologinés savybés bei iSsivystymo tolygumas turi jtakos karviy pro-
duktyvumui ir sveikumui (Weiss et al., 2004; Tilki et al., 2005; Tancin et al.,
2007; Juozaitiené ir kt., 2007).

TeSmuo arba pieno liauka sudaryta i§ jungiamojo, riebalinio ir liaukinio
audiniy. Sekrecinio audinio kiekis, arba sekreciniy lgsteliy kiekis, yra ribotas
veiksnys, turintis jtakos pieno gamybai ir teSmens talpumui. Pieng sintetina
sekrecinés lastelés, kurios iSsidésCiusios kaip atskiras sluoksnis ant bazinés
membranos, rutulélio pavidalo struktiira, vadinama alveole (Stelwagen et al.,
1997). Keletas alveoliy kartu sudaro lobule. Alveoliy dydis priklauso nuo
gyvulio produktyvumo ir laktacijos ménesio (Bruckmaier and Blum, 1998;
Japertien¢, 2007). Alveoliy grupelés, jungdamosios tarpusavyje, sudaro stam-
besnes grupes, latakéliai — stambesnius pieno latakus. Pieno latakai jungiasi |
pieno kanalus, pastarieji — ] pieno takus, o Sie praplatéja teSmens apacioje ir
virsta teSmens ketvircio cisterna. | teSmens ketvir€io cisterng atsiveria 6—12
stambiy pieno taky (Aslam et al., 1994; Stelwagen et al., 1997; Japertiené,
2007). Kiekviena teSmens pusé¢ susideda i§ priekinés ir uzpakalinés dalies
ketvir¢iy. Visi teSmens ketvirciai atskirti vienas nuo kito, todél pienas i$ vieno
ketvir¢io negali patekti i kitus, taigi i§ kiekvieno jy galima iSmelzti atskirai.
Kiekvieng teSmens ketvirt] sudaro sekrecinis ir jungiamasis audinys, pieno
latakai, pieno cisternos ir speniai, gausiai apriipinti limfos ir kraujagysliy
indais bei nervais. Kuo daugiau teSmenyje sekrecinio audinio, kurj sudaro
alveolés, tuo karvé produktyvesné. Remiantis uzsienio mokslininky tyrimy
duomenimis, nustatyta, kad geriau iSsivyst¢ yra uzpakaliniai teSmens ketvir-
Ciai nei priekiniai (Berglund et al., 2007; Tancin et al., 2007; Juozaitiené,
2014). Kiekvienas ketvirtis, tai yra kiekviena pieno liauka, baigiasi speniu.
Speniy odoje plauky, prakaito ir riebaliniy liauky néra. Speniai (papilla
uberis) yra palyginti ilgi, paprastai cilindriskos, reciau kiigiskos formos.
Kiekviename spenyje yra tik po vieng pieno talpykla (receptaculum lactis),
bet kartais pasitaiko talpykla su pertvara (Aniulis, 2007). Speniy paskirtis yra
apsaugoti teSmenj nuo infekcijos i§ iSorés ir aktyviai dalyvauti melzimo
procese (Grindal et al., 1991). Anatominés teSmens speniy savybés turi jtakos
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kiekvieno teSmens ketvirc¢io produktyvumui ir teSmens sveikumui. Grindal su
grupe tyréjy (1991) nustaté, kad didesné rizika infekcijai patekti yra
trumpesni karviy speniai (Juozaitiene, 2014). Spenyje yra platus kraujagysliy
ir nervy tinklas, todél jis labai jautrus. Spenio cisterna pereina j spenio kana-
la, kurio ilgis — apie 1 cm, diametras — 3—5 mm. Spenio kanalo gleivinéje yra
5-8 gleivinés raukslés ir ziedinis raumuo, uzdarantis spenio kanalg ir nelei-
dziantis laisvai iStekéti pienui. Spenio kanale esantis keratino kamstis turi
baktericidiniy savybiy, sugeba adsorbuoti patekusias bakterijas ir jas paSalinti
(Gronlund, 2004). Remiantis mokslininky tyrimais, nustatytas speniy ilgio bei
storio rySys su primelzto pieno kiekiu (Kuczaj, 2003; Weiss et al., 2004) bei
teSmens sveikumu (Grindal et al.,1991; Kuczaj, 2003; Juozaitien¢, 2014).

TeSmens ir speniy morfologiniai rodikliai jvairuoja priklausomai nuo
veislés, bandos, amziaus ir laktacijos (Tilki et al., 2005). TeSmens fiziolo-
giniai rodikliai gali btiti svarbus informacijos Saltinis, susijes su karviy bio-
logija, tinkamumu automatiniam melzimui, produktyvumu ir galimomis svei-
katos problemomis, ypac mastitais (Tancin et al., 2007; Juozaitiené, 2014).

TeSmuo yra labai gerai apriipintas kraujagyslémis, arterijomis ir venomis
(Akers, 2002; Hurley, 2003). I teSmenj patekusios stambiosios arterijos
i$siSakoja 1 daugybe smulkesniy, o pastarosios — i kapiliarus. Kapiliarai
gaubia alveoles, latakélius, latakus, krauju apripina teSmens audinius. Alve-
oliy epitelis i$ prigludusiy prie jy membranos kraujagysliy atrenka pritekancio
kraujo medziagas, reikalingas pieno gamybai. TeSmens poodiniame audinyje
gausu veny ir limfagysliy. Uzpakaliniy ketvir€iy virSuje yra du prie teSmens
priglude limfiniai mazgai. Esant sveikam teSmeniui jie sunkiai apCiuopiami.
TeSmens Sonuose po oda, aiSkiai matomos venos. IS¢jusios i$ giliyjy teSmens
audiniy ir speniy jos palaipsniui jungiasi ] didesnes ir sudaro dvi stambias
poodines pieno venas, einancias papilve galvos link.

Pieno liaukos fiziologiné funkcija — pieno biosintezé. Pieno susidarymas —
sudétingas procesas, kuriame dalyvauja visas gyvulio organizmas, o teSme-
nyje vyksta daugybé biocheminiy ir fiziologiniy procesy (Linzell and Peaker,
1971; Larson, 1978; Sordillo and Streicher, 2002). Pieno gamybg ir atleidima
reguliuoja centriné nervy sistema ir vidaus sekrecijos liaukos, iSskiriancios
hormonus. Svarbig vieta Siame procese uzima endokrininé liauka — hipofizis
(Nevilie et al., 2002). Pienas susidaro pieno liaukos liaukinio epitelio pro-
toplazmoje veikiant fermentams. Pieno sekrecija susideda i§ keturiy stadijy.
PradZioje teSmens liaukinio epitelio lgstelése 1§ kraujo rezorbuojami pieno
sudétiniy daliy pradmenys, jose vyksta Siy daliy sintezé, o susidarg produktai
slenka ] virSuting lgsteliy dalj ir iSskiriami ] alveoliy spindj (Shennan and
Peaker, 2000). Ne visos pieno sudétinés dalys susidaro lagstelése. I pieno
liaukg nepakite praeina kraujo plazmos baltymai (albuminai, imunoglobu-
linai), aminortgstys, riebiosios rigstys, mineralinés medZiagos, vitaminai ir
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kiti. IS pratekancio kraujo epitelinés lastelés atrenka tik tas medziagas, kurios
jeina ] pieno sudétj, todél ji labai priklauso nuo kraujyje esan¢iy medziagy,
reikalingy pieno gamybai, o jy kiekis — nuo gyvulio §érimo. Alveolése su-
sikaupes pienas stabdo, o periodiSkas jo iSmelzimas stimuliuoja sekrecija.
Pacioje pieno liaukoje sintetinami pieno riebalai, baltymai ir laktozé. Pieno
riebalai susidaro pieno liaukoje, pereinant i§ kraujo plazmoje esanciy neut-
raliy riebaly ir riebiyjy rugsciy. Daugiausia jy susidaro i§ acetato. Pieno
riebaly sintezé teSmenyje priklauso nuo prieskrandziuose riigstanciy anglia-
vandeniy.

Pagrindiniai pieno baltymy pradmenys yra kraujo plazmoje esancios
aminorigstys (lizinas, histidinas, triptofanas), polipeptidai, kraujo plazmos
albuminai, globulinai, pieno liaukos parenchimos baltymai ir kitos nebal-
tyminés azoto medziagos. Daugiausia pieno baltymy sintetinama paciame
teSmenyje, ir tik nedidelé¢ jy dalis patenka 1§ kraujo. Pieno baltymai néra
vienaly¢€iai ir susideda i§ trijy frakcijy: kazeino (75-80 proc. visy pieno
baltymy), tirpiyjy baltymy t. y. serumo (iSrigy) baltymy (15-20 proc.) ir
neproteininiy komponenty frakcija, kuriy sudétyje yra nitrogenas (5 proc.).
Sios frakcijos gali biti i$skaidytos j komponentus, besiskirianéius savo
chemine sudétimi (Erasmus et al., 2001; Staniskiené ir kt., 2007). Kazeinu
vadinama grupé baltymy, kurie nuséda partigStinus pieng. Nusodinus kazeing
lieka iSriigy baltymai. Kazeinas sudarytas i§ kazeino frakcijy, o iSriigas sudaro
daugelis kity svarbiy imuniniy proteiny (1.1.1 pav.). Pieno serumo baltymus
sudaro medziagy grupés, vadinamos albuminais (alfa-laktalbuminas) ir glo-
bulinais (beta-laktoglobulinas). Prie pieno baltymy priskiriami fermentai, kai
kurie hormonai bei riebaly apvalkaléliy baltymai. Piene taip pat aptinkami
baltymy skilimo produktai ir nebaltyminis azotas (ur¢ja). Bendras baltymy
kiekis piene ir kraujyje yra pastovus, taciau esant pieno liaukos uzdegimui ir
laktacijos eigoje baltyminiy frakcijy kiekis kinta (Urbiene, 2006; Staniskiené
ir kt., 2007).
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Proteinai
30-35 g/l

Bendrieji baltymai Fermentai

ISriigy proteinai
(14-24 proc.)

Kazeinai
(76-86 proc.)

— —_ 1 0
0.~ kazeinas (60%) | g _ jaktoglobulinai (7-12 proc.)
o s — kazeinas a — laktoalbuminai (2-5 proc.)
45-55 proc.
Imunoglobulinai:
k — kazeinas IgGy, IgG,, IgA, IgM
8-15 proc. (1,3-2,7 proc.)
B — kazeinas Kraujo serumo albuminai | |
25-35 proc. (0,7-1,3 proc.)
v — kazeinas Proteozo peptonai,
3-7 proc. nebaltyminis azotas (2—6 proc.) [~

1.1.1 pav. Pieno baltymy klasifikacija
(pagal O'Mahony,1988 ir Urbiené, 2006)

1.2.TeSmens uzdegimas

Tesmens arba pieno liaukos uzdegimas (lot. mastitis) — dazniausia mel-
ziamy, trukinamy ir uztrikinty karviy liga. Pagal mastity paplitimg ir ekono-
minius nuostolius tai yra vienas nuostolingiausiy susirgimy gyvulininkystéje.
Mastitas — tai ligy kompleksas, dél kurio sumazéja pieno sintezé, pasikeicia jo
sudétis, pablogéja dietinés ir technologinés savybés (Kitchen,1981; Aniulis,
2007).

Uzdegimas — fiziologinis atsakas j jvairius dirgiklius, tokius kaip infekcija
ar audiniy paZeidimai, susiformavegs evoliucijos eigoje, kaip apsauginé or-
ganizmo reakcija. Uzdegimo metu lokalizuojamas patogeninis faktorius, taip
neleidziant jam pasklisti po organizmg. Uzdegimo zidinyje sudaromos sa-
lygos patogeninio faktoriaus sunaikinimui, vyksta specifinés ir nespecifinés
apsaugings reakcijos (Adomaitien¢ ir kt., 2001; Kindt et al., 2007). Uzdegimo
laipsnis priklauso nuo organizmo fiziologinés reakcijos | sukeléja, gyvulio
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amziaus, veislés, imuniteto stiprumo ir laktacijos tarpsnio (Petzl et al., 2008;
Viguier et al., 2009). Mastito forma ir ligos trukmé tiesiogiai yra susijusios su
leukocity migracijos grei¢iu, imuniniu atsaku ir lasteliy baktericidiniu
aktyvumu infekcijos vietoje.

Vienas svarbiausiy uzdegimo atsako komponenty, atliekanciy pagrinding
pieno liaukos apsauging funkcija, yra polimorfonukleariniy (PMN) leukocity
pasieninis judéjimas. Jie prilimpa prie smulkesniy kraujagysliy endotelio bei
migruoja per tarpus, esancius tarp lagsteliy, isklojanciy kraujagysles.
Migruojant PMN leukocitams j infekcijos vieta, piene padaugéja somatiniy
lasteliy skaicius (SLS) (Kelly et al., 2000). IS visy pieno esanciy leukocity, 50
proc. sudaro neutrofilai, 36 proc. — limfocitai ir 14 proc. — makrofagai. PMN
leukocitai infiltruoja audinius, isklojancius iSvedamuosius kanalus, spenio
kanalg. PMN leukocity funkcija piene yra fagocituoti ir sunaikinti jsiverZusias
bakterijas. Jei imuninés lgstelés migruoja greitai 1§ kraujo srauto ir sugeba
pasalinti bakterija, leukocity kiekio did¢jimas sustoja, ir SLS sumazéja iki
pradinio skai¢iaus (Aniulis ir kt., 2000; Paape et al., 2002). Uzdegimas gali
biiti Giminis, kylantis per keletg sekundziy ar minuciy, pavyzdziui, atsakas |
organy suzeidimag, arba létinis, trunkantis ménesius, metus, pavyzdziui, 1étinis
mastitas. Mastitas gali biiti infekcinés ir neinfekcinés kilmés. ISskiriamos dvi
pagrindinés teSmens uzdegimo formos: slaptasis (subklinikinis) ir klinikinis
mastitas. Kad karvé serga klinikiniu mastitu, galima jtarti i§ pakilusios
teSmens temperatiiros. Be to, paZeistas teSmens ketvirtis parausta, patinsta,
yra skausmingas, vizualiai matoma pakitusi pieno konsistencija (sutirStéjes,
gleivétas su kraujo ar fibrino gumuléliais). Klinikinio mastito atveju primil-
ziai labai sumazéja, o atlikus laboratorinius tyrimus nustatomas Zymiai pa-
didéjes SLS bei patogeniniai mastito sukeléjai (Tyler and Cullor, 1990).
Karvei sergant slaptuoju (subklinikiniu) teSmens uzdegimu, piene ir teSme-
nyje 1§ pirmo zvilgsnio jokiy pakitimy nematyti, taCiau pieno gamyba su-
maze¢ja ir pakinta jo sudétis bei padid¢ja SLS (Barbano et al., 1991; Batavani
et al., 2007; Radostis et al., 2007). Be minétyjy mastito formy, pasitaiko ir
kitokiy teSmens uzdegimy, tokiy kaip nespecifinis arba aseptinis mastitas.
Nespecifiniam mastitui (NM) budinga tai, kad jj sukelia ne bakterijos, bet
fizinés pieno liauky traumos, cheminis dirginimas, atsirandantis patekus
gydomiesiems produktams, netinkamas melzimo jrangos veikimas. IStyrus
pieno méginj, sukéléjas neiSskiriamas, bet biina padidéjes somatiniy Igsteliy
skaicius.

Uzdegiminé reakcija teSmenyje lemia pieno kiekybinius ir kokybinius
pokycius (Kitchen, 1981). Stipré¢jant uzdegimui, cheminé pieno sudétis pa-
nasé¢ja i kraujo, nes sudétinés dalys i§ kraujo apytakos filtruojamos j pieno
liauka. Uzdegimo metu pieno komponenty kiekis kinta jvairiai (zr. 1 prieda).
Pagrindiniy sudedamyjy daliy kiekis pieno sausosiose medziagose sumazéja
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5-15 procenty. Labai pasikeicia riebaly sudétis, padaugéja didelés mole-
kulinés masés nesodiyjy riebaly ragsciy. Sie pokyéiai skatina lipolize (riebaly
skaidyma), deél to suprastéja pieno produkty kokybé. Mastitas pazeidzia pieno
liaukos sekrecijos lasteles, kurios sintetina laktoze, riebalus ir baltymus.
Serganciy mastitu karviy piene sumaz¢ja riebaly, laktozés, alfa-laktalbumino,
bendrojo kazeino, kalcio, vitaminy (ypa¢ vitamino C), pagauséja natrio,
chloro, albuminy ir globuliny. Padid¢ja tokio pieno pH (net iki 6,9 ir daugiau)
ir oksidacinis aktyvumas (Hurley, 2003; Rudejeviené, 2007). Pieno liaukos
uzdegimas turi jtakos imunologiSkai aktyviy peptidy kiekiy sumaz¢jimui arba
padidéjimui. Pieniniy karviy bandose galima rasti sveikas karves, karves su
vienu uzdegimo (infekcijos) paZeistu teSmens ketvir¢iu arba karves su visais
pazeistais teSmens ketvirciais. Tokia jvairové liudija, kad mastitiniy susir-
gimy daznis ir paplitimas priklauso nuo karviy pieno liaukos jautrumo in-
fekcijos sukéeléjams (Oviedo-Boyso et al., 2007; Bannerman, 2009; Wellnitz
and Bruckmaier, 2012) ar jy iSskirtiems toksinams (Strandberg et al., 2005;
Mount et al., 2009), bei nuo teSmens ir speniy fiziologiniy rodikliy (Juozai-
tiené ir Zakas, 2002; Uzmay et al., 2003; Tancin et al., 2007).

Pasaulingje literatiiroje mastitai klasifikuojami pagal juos sukélusiy mik-
roby rus] (Blowey and Edmondson, 2010; Bortolami et al., 2015; Stelwagen
et al.,, 2009). Pieniniy karviy mastity sukél¢jais gali buti daugelis virusy
(Wellenberg et al., 2002), mikoplazmy, mieliy, pirmuoniy ir grybeliy. Moks-
lininkas Watts (1988) identifikavo apie 137 skirtingus mastito etiologinius
sukéléjus, taciau tik keletas i$ jy iSskiriami jprastiniais tyrimo metodais. Pa-
togeniniai mikroorganizmai j pieno liaukg patenka per spenio kanalg, krauja
arba limfy. Jie skirstomi j uzkre¢iamuosius (kontaginius) ir aplinkos mikro-
organizmus. Staphylococcus aureus (S. aureus), Streptococcus agalactiae
(Str. agalactiae) ir Mycoplasma bovis (M. bovis) i$skiriami kaip pagrindiniai
uzkreéiamieji, o enterobakterijos (Escherichia coli (E. coli), Klebsiella spp.,
Enterobacter spp., Citrobacter spp. genciy bakterijos), Streptococcus dysga-
lactiae (Str. dysgalactiae) ir Streptococcus uberis (Str. uberis), kaip aplinkos
mastito sukéléjai (Blowey and Edmondson, 2010; Bortolami et al., 2015).
Koaguliazés neprodukuojantys stafilokokai (KNS) (Coagulase Negative
Staphylococci) ir korinebakterijos (Corynebacterium spp.) priskiriami prie
salyginai patogeniniy aplinkos mikroorganizmy. Siy mikroorganizmy sukelto
uzdegimo metu, SLS padaugeja 2-3 kartus, bei stipriai sumazéja produkcija ir
pasikeicia pieno sudétis. Pastaruoju metu Sie mikroorganizmai iSskiriami vis
dazniau klinikiniy mastity atvejais (Pyorala and Taponen, 2009). Vieni i$
dazniausiai nustatomy patogeniniy mastito sukéléjy — E. coli (Hogan and
Smith, 2003) ir S. aureus (Bannerman et al., 2004; Zecconi et al., 2006). Kar-
vés, kurios bent kartg buvo sirgusios S. aureus sukeltu mastitu turi didesne
reinfekcijos galimybg. S. aureus yra labai patogeniSkas mikroorganizmas,
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kuris greitai prasiskverbia j teSmens audinius. UZsikrétusios karvés teSmenyje
jau po SeSiy valandy Sis patogeninis mikroorganizmas randamas
parenchimoje, kur nepalankiomis saglygomis sudaro mikropiilinukus. Nusilpus
organizmuli, 1§ $iy inkapsuliuoty pulinuky bakterijos vél patenka j alveoles ir
uzdegimas atsinaujina. Karvés labai jautrios aplinkos sukéléjy infekcijoms
pirmajj laktacijos ménesj, véliau jautrumas mazéja. Didziausias E. coli in-
fekcijy skaicius biina per pirmasias 7-10 laktacijos dienas po uztrikinimo
laikotarpio (Philipot et al., 2011). Be to, Burvenich ir kity (2003) tyrimai
parodé, kad E. coli ir S. aureus dazniausiai sukelia mastitg arti verSiavimosi
periodo ir ankstyvosios laktacijos metu.

1.3. Somatinés lastelés karviy piene

Somatinés Igstelés — tai biologinés kilmés priemaisos, iSskiriamos teSmens
liauky latakuose. TeSmens epitelinés lastelés, vykstant normaliems organizmo
procesams, nuolat atskyla ir atsinaujina. Kai pieno liaukoje uzdegimo néra,
SLS btna nuo 10 iki 200 tukst./ml (vidutiniS8kai 50-75 tikst./ml) ir vyrauja
epitelinés lastelés. Kitos somatinés lgstelés — tai baltieji kraujo kiineliai
leukocitai: PMN, makrofagai ir limfocitai. Neutrofilai yra mieloidinés kilmeés
lastelés, kuriy citoplazma pripildyta granuliy. Jie skirstomi ] bazofilus,
eozinofilus ir neutrofilus (Paape et al., 2003). Sie leukocitai dalyvauja
nespecifinio imuninio atsako reakcijose infekcijos vietoje. Neutrofilai yra
pagrindinis lgsteliy tipas randamas pieno liaukos audinyje ankstyvojoje
uzdegimo stadijoje (Jensen and Eberhart, 1981). PMN kiekis mastitu ser-
gancios karvés piene gali padidéti net 90 procenty (Paape et al., 2002).
Makrofagai vykdo fagocitoze ir dominuoja (66—88 proc.) sveikos karvés
piene (Sandholm, 1995). Kai mastita sukeliancios bakterijos patenka i pieno
liauka, makrofogai perduoda signalus imuninei sistemai, kuri aktyvuoja
neutrofilus, kad sunaikinty patogeninius sukel¢jus (Mullan et al., 1985). Kar-
vel susirgus teSmens uzdegimu, apie 75 proc. lagsteliy sudaro leukocitai. SLS
padidéjimas uzdegimo metu yra natiirali apsauginé Igsteliy funkcija (Harmon,
2001; Koivula et al., 2005). Priklausomai nuo uzdegimo intensyvumo, SLS
piene gali padidéti net iki keliy deSim¢iy milijony. Atsizvelgiant | jvairiy
veiksniy (sveikatos buklés, laktacijos periodo, $érimo, amziaus, veislés, mety
laiko) jtaka karvés organizmui, ir remiantis zalio pieno pirminiy kokybeés
rodikliy jvertinimo instrukcija, patvirtinta Lietuvos Respublikos zemés iikio
ministro 2006 m. liepos 25 d. isakymu Nr. 3D-303 (zin., 2006, Nr. 85-3337),
zaliame piene SLS negali virSyti 400 tukst./ml.

Somatinés lgstelés piene yra vienas svarbiausiy karviy pieno kokybés ir
teSmens sveikatingumo rodikliy (Sharif and Muhammad, 2008). Kuo daugiau
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somatiniy lasteliy piene, tuo jis Zemesnés kokybés ir menkesnés vertés. Anot
mokslininky Kromker ir kity (2001) bei Hamann (2002), Cheng ir kity
(2008), pienas, kuriame SLS maziau nei 100 tiikst./ml, yra i§ sveiko teSmens,
o Chaneton ir kiti (2013) teigia, kad teSmuo nepazeistas, kai SLS bendrame
ketvir¢iy piene nevirSija 200 tikst./ml. Pienas, kuriame SLS yra daugiau nei
200 tukst./ml, parodo, kad sukelta uzdegiminé reakcija, teSmuo galimai
infekuotas. Toks pienas netinkamas siiriy gamybai dél sumazéjusios striy
i1Seigos, kokybés ir galiojimo laiko (Dohoo and Meek, 1982; Barbano, 1999).
SLS padaugeéjus iki 100-200 tikst./ml, kinta baltymy proporcijos, t. y. mazéja
kazeino, daugg¢ja bendryjy ir iSrigy baltymy koncentracija piene (Barbano et
al., 1991; Coulon et al., 1998; Tripaldi et al., 2003).

Nedidelj arba trumpalaikj SLS padidéjima piene lemia biologiniai (amzius,
veisleé, laktacijos skaiCius ir tarpsnis) ir aplinkos faktoriai (klimatas, sezonas,
Sérimas, laikymas, melzimas) (Harmon, 1994; 2001). Fiziologinis SLS
padidéjimas vyksta visuose teSmens ketvir¢iuose vienodai, o sergant mastitu
— daZniausiai viename ar keliuose teSmens ketvir¢iuose (Hutton et al., 1990,).
Aukstas SLS sveikuose teSmens ketvir€iuose sumazéja per tris paras, o
infekuotuose — iSlieka ir did¢ja (Barkema et al.,1999). Natiiraliai SLS
padidéja karvéms uztriikstant, pradéjus jas melzti vieng karta per diena,
pirmomis dienomis po verSiavimosi, taip pat su amziumi t. y. didéjant
laktacijy skaiciui (Barkema et al.,1999; Skrzypek et al., 2004; Staniskiené ir
kt., 2007).

SLS piene parodo atsparuma mastitams, kintancias karviy imunines sa-
vybes (Philipsson et al., 1995; Zakas, 2002; Simkien¢ ir Juozaitiené, 2007).
Pieniniy galvijy selekcinése programose naudojamas SLS piene rodiklis,
pasizymintis auksSta genetine koreliacija su mastitu ir didesniu paveldimumu
(Philipsson et al., 1995; Rogers et al., 1998; Juozaitieng¢ ir Zakas, 2002).

1.4. TeSmens apsaugos mechanizmas

Pieno liauka nuo patogeniniy mikroorganizmy patekimo yra apsaugota
jvairiy apsaugos mechanizmy (Rainard and Riollet, 2006). Sie mechanizmai
skirstomi ] dvi sistemas: nespecifinj (igimtg) ir specifini (igyta) imunitetg
(Sordillo and Streicher, 2002; Oviedo-Boyso et al., 2007; Kolkman et al.,
2010). Nespecifinés imuninés reakcijos (uzdegimas) paprastai atitinka infek-
cinio proceso lokalizacijg, o specifinés imuninés reakcijos dar apima ir visus
pirminius bei antrinius imuninius organus. Jgimtas imunitetas yra dominuo-
jantis gynybos metu ankstyvosiose infekcijos stadijose ir yra pajégus atsispirti
daugelio mikroorganizmy invazijai, dél to yra labai svarbus apsaugant pieno
liaukg nuo mastito patogeniniy sukeléjy (Chaneton et al., 2008; Stelwagen et
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al., 2009; Wellnitz and Bruckmaier, 2012). Greitas bakterijy sunaikinimas ir
pasalinimas nesukelia jokiy pastebimy pieno kokybés pokyciy (Sordillo and
Streicher, 2002).

Nespecifinio arba jgimto imuniteto veikloje dalyvauja spenio bei teSmens
anatominis barjeras (oda, epitelis, spenio sfinkteris, spenio kanalo peristaltika,
keratinas, Fiurstenbergo rozetés), fagocitinis barjeras (neutrofilai, makrofagai,
monocitai, natiiraltis kileriai), skysCiy barjeras (komplemento sistema,
vazodiliatacija, lizocimas, laktoferinas, laktoperoksidaziné sistema, citokinai),
uzdegiminis barjeras (kapiliary pralaidumas, fagocity emigracija) (Persson et
al., 1993; Burvenich et al., 1995; Kehrli and Harp, 2001; Sordillo and Strei-
cher, 2002; Kutila et al., 2004). Bakterijy sunaikinimas fagocitozés metu —
svarbiausias antibakterinis mechanizmas teSmenyje (Gronlund, 2004). Jei
patogeninis mikroorganizmas jveikia jgimta-nespecifing apsaugos sistema,
suveikia specifinis arba jgytas imunitetas (Hibbit et al., 1995). Specifiniai
faktoriai (cirkuliuojantys antikiinai arba imunoglobulinai IgG1, 1gG2, IgM,
IgA ir su stimuliuotais limfocitais bei makrofagais susij¢ faktoriai) ir reak-
cijos yra labai specifiSki: reaguoja tik su tokiu antigenu, kuris juos sukelé.
Svarbiausieji specifinio imuninio atsako elementai yra B ir T limfocitai ir jy
iSskiriamos imuninés medziagos. Specifiniy antikiiny reakcijoms pieno liau-
koje padeda veikti nespecifiniai bakteriostatiniai faktoriai. Pagal tai, kas
realizuoja specifines imunines reakcijas (cirkuliuojan¢ios imuninés medzia-
gos ar su atitinkamomis lgstelémis susij¢ faktoriai), skiriamos humoralinés ir
lastelinés imuninio atsako reakcijos, o atsizvelkgiant j tai — humoralinis ir
lastelinis imunitetas. Humoralinés reakcijos yra ypa¢ svarbios organizmui
ginantis nuo daugelio bakterijy, virusy, maziau — nuo grybeliy. Jos taip pat
realizuoja greito tipo hiperergines reakcijas. Lastelinés reakcijos padeda
organizmui gintis nuo daugumos lgstelése parazituojanciy sukéléjy. Siekiant
uztikrinti optimaly pieno liaukos apsaugos mechanizmg abi imuninés siste-
mos (ijgyta ir jgimta) turi veikti kooperuotai ir integruotai (Sordillo and
Streicher, 2002). Besidaugindamos bakterijos iSskiria medziagy apykaitos
produktus ir toksinus, kurie stimuliuoja karvés apsauginius organizmo me-
chanizmus. Kelete naujausiy praneSimy pazymeéta, kad sveikoje arba infe-
kuotoje pieno liaukoje vyrauja antimikrobiniai baltymai, susij¢ su teSmens
gynyba (Rainard and Riollet, 2006; Smolenski et al., 2007; Wheeler et al.,
2007; Singh et al., 2008).

1.5. Natiiralios antimikrobinés medZiagos piene

Pieno sudétyje yra daug peptidy ir baltymy, kurie turi bakteriostatiniy ir
baktericidiniy savybiy (Bagnicka et al., 2010). Ypac¢ naudingi, maistininémis,
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fiziologininémis ir funkcininémis savybémis pasizymintys baltymai iSriigose
(Atanasova and Ivanova, 2010). Kaip pabrézé¢ Leman (1995), peptidai
iSrigose pasizymi imunomoduliaciniu (aktyvina apsauginius organizmo
mechanizmus) ir antibakteriniu poveikiu. ISrtigy baltymy komponentai ir jy
peptidiniai fragmentai turi jvairiy savybiy, jskaitant antimikrobing ir anti-
virusing funkcijas, imuninés sistemos stimuliavimg, antikancerogeninj po-
veik] ir kitas metabolines ypatybes (Walstra et al., 2006). ISriigas sitiloma
iSskirti kaip naujg pieno klase, 1§ kuriy ekstrahavus natiiralias imunines,
biologiskai aktyvias medziagas, tiesiogiai moduliuojant imuninj atsaka, bty
galima panaudoti teSmens infekcijos prevencijai arba uzdegimo likvidavimui
(Stelwagen et al., 2009). Pastaruoju metu antimikrobiniai peptidai i§ krekeny
ar pieno atsiranda prekyboje kaip papildai imuninei sistemai stiprinti
(Wheeler et al., 2007; Stelwagen et al., 2009).

ISrtgy baltymai sudaro apie 20 proc. visy piene esanciy baltymy, ] kuriuos
jeina 50 proc. beta-LG, 12 proc. alfa-LA, 10 proc. imunoglobulinai, 5 proc.
serumo albuminai, 0,23 proc. proteozés peptonai, laktoferinas (LF) ir
laktoperoksidazés. Nors Sios sudedamosios dalys néra didelés, taciau yra labai
svarbios tiesioginei ir netiesioginei organizmo apsaugai (Severin et al., 2005).

1.5.1. Laktoferinas (LF)

Laktoferinas yra baltymas, natiiraliai randamas daugelio zinduoliy pries-
pienyje, piene, aSarose, seilése bei kitose organizmo iSskyrose, ir yra vienas
pagrindiniy nespecifinio imuniteto agenty (Hennart et al., 1991; Levay and
Viljoen, 1995). Susizeidus, infekcijos ar uzdegimo atveju LF atpalaiduojamas
1§ neutrofily antriniy granuliy j krauja (Artym, 2010; Garcia-Mantoya et al.,
2012). Zmoniy piene ir prie§pienyje LF koncentracija atitinkamai — 2 mg/ml
ir 7 mg/ml, o karviy piene ir krekenose atitinkamai — 0,2 mg/ml ir 1,5 mg/ml
(Levay and Viljoen, 1995). Isrigy baltymuose LF gali biti iki 5 proc.
(Lonnerdal, 2003). LF biologinés savybés moksliniy tyrimy stebéjimy objekte
nuo 1960 mety, kai jis pirmg karta buvo iSskirtas i§ karvés, o veliau i$
zmogaus pieno (Ensminger and Esminger, 1986; Wood, 1988; Shimazaki,
2000).

Tai yra gelezj suriSantis glikoproteinas (molekulin¢ mas¢ — apie 80 kDa),
kurj sudaro viena polipeptidiné grandiné i§ 689 amino riigs¢iy (Lonnerdal and
Iyer, 1995). LF piene gali biiti trijy formy: be gelezies jony ir prisijunges
vieng arba du geleZies jonus. GeleZies jony (Fe’") prisijungimas lemia
bakteriostatines bei baktericidines savybes. Atimdamas gelezj i§ mik-
roorganizmy, kuriy gyvavimui ji bitina, LF stabdo jy dauginimasi ir augima
(Rainard and Riollet, 2003). LF svarbus ir saugant organizma, gleivines nuo
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grybeliy, ypa¢ nuo Candida rusies, kurie sukelia zarnyno ar lyties organy
kandidoze (pienlige), burnos gleivinés iSop¢jimus (Bellamy et al., 1993).

Moksliniais tyrimais jrodytas LF ir imunoglobulino kompleksinis antimik-
robinis poveikis prie§ gramneigiamas ir gramteigiamas bakterijas (Korhonen
et al., 2000; Drobni et al., 2004). Atlikus tyrimus in vitro, nustatytas LF ir
lizocimo inhibitorinis poveikis Bacillus stearothermophilus var. Calidolactis
ir Listeria monocytogenes (L. monocytogenes) rasiy bakterijoms (Carlsson
and Bjork, 1987).

Nemazai duomeny mokslingje literatiroje pateikiama apie LF antivirusinj
poveikj. LF neleidZia virusams patekti j Igsteles, stabdo jy dauginimasi, gali
prisijungti prie paciy virusy ir juos sunaikinti. LF aktyvus prie§ Zmogaus
imunodeficito virusg, hepatito B, C ir G virusus, herpes virusa, Zmogaus
papilomos virusa, Zzmogaus citomegalo virusa, alfa-, rota-, entero-, adeno-,
polio- virusus (Marshall, 2004; Jenssen, 2005; Pan et al., 2006).

Ypac reikSmingas daugiafunkcis antimikrobinis LF veikimas (Weinberg,
2007; Tomita et al., 2009). Mokslinémis eksperimenty iSvadomis ir klinikiniy
duomeny analiziy duomenimis nustatyta, kad LF veikia pries E. coli,
Salmonella serovar Typhimurium (S. Typhimurium), Clostridium perfrin-
gens, Pseudomonas aeruginosa, Vibrio cholerae, Shigella dysenteria, Hae-
mophilus influenzae, Helicobacter pylori (H. pylori), L. monocytogenes, S.
aureus, Klebsiella pneumoniae (K. pneumoniae), Candida albicans (C. Al-
bicans), Candida crusei, Tinea pedis, Toxoplasma gondii, Plasmodium falci-
parum, Herpes simplex, hepatito C virusus ir daugelj kity patogeniniy mikro-
organizmy (Dionysius and Milne, 1997; Yamauchi et al.,1993; Pan et al.,
2007; 306koBa u ap., 2007; Camoxuna u ap., 2012).

LF atsparus kar$¢iui ir virSkinimo fermentams (Wakabayashi et al., 2006;
Malaczewska and Rotkiewicz, 2007). Klinikiniy tyrimy metu pastebéta, kad
LF vartojant kaip maisto papilda, zarnyno mikrofloroje pagauséja organizmui
naudingy Bifidobacterium ir Lactobacillus rtsiy bakterijy (Losnedahl et al.,
1998). Manoma, kad LF, patek¢s j zarnyng, pirmiausia veikia Zzarnyno
imuning sistemg ir tik véliau, suskaidytas ir patekes j kraujotaka, imuniteta
veikia sistemiSkai (Wakabayashi et al., 2006; Bizulevicius ir kt., 2007; 2008).
Normalios bakterinés floros uztikrinimas, apsauga nuo patogeniniy bakterijy
Vystymosi ir imuniteto stiprinimas labai svarbiis naujagimiams, todé¢l LF
jtrauktas ] naujagimiams skirto maisto sudét; (Wakabayashi et al., 2006;
Actor et al.,, 2009). Dar vienas LF privalumas kovojant su bakterinémis
infekcijomis yra jo gebéjimas padidinti bakterijy jautruma tam tikriems
antimikrobiniams preparatams (vankomicinams, penicilinams, cefalospo-
rinams) tuo paciu mazinat vaisty dozes. LF ir penicilino derinys padidina
antibiotiky inhibitorinj poveikj prie$ S. aureus bakterijas (Diarra et al., 2002;
Park, 2009).
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LF pasizymi prieSuzdegiminémis, antioksidacinémis savybémis, stimu-
liuoja imuning sistemg (Rainard and Riollet, 2003; Wakabayashi et al., 2006;
Pan et al., 2007; Weinberg, 2007; Tomita et al., 2009). Eksperimentai in vitro
patvirtino LF dalyvavimg reguliuojant humoralinio ir Igstelinio imuninio
atsako reakcijas stimuliuojant limfocity proliferacija (dauginimasi), akty-
vuojant makrofagus, monocitus, NK (angl. natural killer) Igsteles ir neutro-
filus, bei stimuliuojant zarnyno ir periferiniy antikiiny atsaka (Pan et al.,
2007). LF blokuoja bakterijy prisitvirtinimg prie gleiviniy, o kai kuriais
atvejais suardo enteropatogeniniy bakterijy struktiiras (Valenti et al., 2004).
Carlsson ir Bjorck (1987), Pan ir kiti (2007) publikacijose teigiama, kad LF
veikimas kartu su lizocimu, komplemento sistema, natiiraliais antikiinais
sustiprina inhibitorinj poveikj bakterijy augimui net ir nepadidéjus jy koncen-
tracijai piene. In vitro bandymo metu nustatyta, jog laktoferino pepsininis
hidrolizatas Zymiai padidina splenocity, iSskiriamy imungoblinu IgM, IgG ir
IgA, sekrecija (Gauthier et al., 2006).

LF taip pat slopina naviky (véziniy Igsteliy) vystymasi plonojoje Zarnoje ir
kitose organizmo vietose (Pierce and Legrand, 2009). Sis baltymas indukuoja
apoptozg, inhibuoja angiogeneze¢, moduliuoja kancerogenus metaboli-
zuojancius fermentus ir veikia kaip gelezies ,,suriS¢jas (Bosselaers et al.,
1994; Parodi, 2007). LF hidrolizatas skiriamas per 0s padidina diferenciacijos
antigeny (CD angl. cluster of differentiation) CD4+, CD8+ ir NK lIasteliy
proliferacijg bluznyje, padidina interleukiny (IL) IL-18 produkavimg Zarnyno
epitelyje. IL-18 potencialus interferono y (IFN-y) produkcijos stimuliatorius,
taip pat padidina NK ir citotoksiniy T lasteliy aktyvumag (Horiguchi et al.,
2005; Biziulevicius ir Kazlauskaité, 2008). Bandymais in vivo ir in vitro
jrodytas tiesioginis LF antivézinis poveikis pries melanomg ir gaubtinés Zar-
nos vézines lasteles (Spadaro et al., 2008).

Ivairiis tyrimai atlikti siekiant nustatyti veiksnius, turinCius jtakos LF kon-
centracijai piene (Cheng et al., 2008; Soyeurt et al., 2007; Chaneton et al.,
2008) ir krekenose (Tsuji et al., 1990). LF kiekis didéja, esant teSmens
involiucijai, ir vél sumazéja prie§ verSiavimasi. Svieziame karvés piene LF
btna nuo 0,02 iki 0,35 mg/ml (Rainard and Riollet, 2006). Ankstyvosiose
krekenose LF koncentracija padidéja nuo 2 iki 5 mg/ml (Rainard and Riollet,
2003), kiti tyrimai nurodo LF koncentracijg nuo 0,5 iki 1 g/l (Walstra et
al.,1999). Keletas autoriy (Piccinini et al., 2007; Hiss et al., 2009) pranese,
kad nustatytas LF koncentracijos padidé¢jimas pirmomis laktacijos dienomis,
kas jrodo jog LF yra susijes su verSeliy apsauga nuo infekciniy susirgimy is
kart po atsivedimo. Tyrimais patvirtinta, kad teSmens uzdegimo atveju (kli-
nikiniu ar subklinikiniu) LF koncentracija piene padid¢ja keletg karty
(Hagiwara et al., 2003; Chaneton et al., 2008; 2013). Carlsson ir kity moks-
lininky (1989) atlikti tyrimai jrodé¢, kad Salmonella genties bakterijy toksinais
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uzkrétus karves ir sukélus mastita, padidéja laktoferino ir lizocimo kon-
centracija piene (Carlsson et al., 1989).

Kolkman ir kity mokslininky (2010) tyrimai patvirtino karviy veislés itaka
LF koncentracijai piene. Vidutiné LF koncentracija pieniniy veisliy karviy
(Holsteiny fryzy ir Dzersiy) krekenose (2 mg/ml) reikSmingai didesné nei
mésiniy veisliy karviyg: 0,5 mg/ml Japonijos juodyjy arba wagyu (angl.
Japanese Black) ir 0,4 mg/ml Japonijos rudyjy (angl. Japanese Brown). Sie
tyrimai sutapo su Soyeurt ir kity (2007) tyrimais, kuriuose LF koncentracija
DzZersiy veislés karviy piene, palyginti su HolSteiny fryzais, nustatyta
aukstesné. LF koncentracija pieniniy veisliy karviy piene kinta nuo 0,02
mg/ml iki 12 mg/ml, kai tuo tarpu mésiniy veisliy karviy piene nustatyta
maziau nei 1 mg/ml (Tsuji et al., 1990). Pastebéti LF koncentracijy skirtumai
aiSkinami tuo, kad pieniniy veisliy karvés daznai serga teSmens uzdegimu, dél
to didéja LF koncentracija piene. Remiantis Soyeurt ir kity (2007) tyrimais,
teigiama, kad yra galimybé atrinkti gyvulius, turinCius auksSta LF koncen-
tracijg. Tikétina, kad tokie gyvuliai turés padidéjusj atsparumg mastitams
(Soyeurt et al., 2007).

Mokslininkai pastebéjo, kad padidéjusi iSriigy baltymy koncentracija
vyresniy karviy piene yra susijusi su padidéjusiu pieno liaukos epitelio pra-
laidumu, kurj lemia ilgalaikiai, anks¢iau buve infekciniy mastity pazeidimai
(Mackle et al., 1999). Laktacijai progresuojant didéja SLS, tai taip pat daro
jtakg padidéjusiai LF koncentracijai piene (Fadlelmoula et al., 2007).
Laktacijos piko metu LF kiekiai mazi, bet véliau laktacijos eigoje LF kiekis
proporcingai didéja. Cheng ir kity mokslininky tyrimuose nustatyta teigiama
koreliacija tarp laktacijos tarpsnio ir LF koncentracijos (Cheng et al., 2008).
Tsuji ir kiti iStyreé, kad LF kiekis vyresniy laktacijy karviy krekenose kelis
kartus didesnis nei pirmaversiy karviy piene (Tsuji et al., 1990).

Kolkman ir kiti mokslininkai (2010) teigia, kad LF galéty biiti melziamy
karviy teSmens sveikatingumo vertinimo rodiklis, rodantis atsparumg infek-
ciniams sukéléjams. Chaneton ir kity (2013) tyrimy rezultatai patvirtino, kad
LF svarbus kovojant prie§ teSmens infekcija, ypa¢ pirmomis laktacijos die-
nomis. Mokslininkai pateiké jrodymus, kad LF gali buti panaudojamas
pieniniy karviy atskiry teSmens ketvir¢iy numatomy uzdegimy rodiklis
(Chaneton et al., 2013).

Atlikti ekperimentai patvirtino galvijy LF hidrolizato antibakterines sa-
vybes (Kawai et al., 2003). In vivo ekperimente nustatyta, kad po 14 dieny
laktoferino pepsininio hidrolizato leidimo tiesiai | pieno liauka, piene visiSkai
neliko mastitg sukélusiy mikroorganizmy, tokiy kaip S. aureus, E. coli, KNS
ir streptokoky, bei sumazéjo SLS (Kawai et al., 2003). Su tuo paciu hidro-
lizatu atlikus eksperimentg in vitro, nustatytas LF antimikrobinis veikimas
pries plazmos nekoaguliuojancius stafilokokus, streptokokus, enterokokus,
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K. pneumoniae, mieliagrybius ir Prototheca zopfii. Be to, laktoferino hidro-
lizatas aktyvina neutrofily O, produkcijg (Kawai et al., 2007).

1.5.2. Imunoglobulinai (Ig)

Imunoglobulinai (Ig) — tai gynybiniai baltymai antikiinai arba gama glo-
bulinai, gaminami plazminiy lasteliy, kilusiy i§ B limfocity. Ig yra imuniniy
komponenty klas¢, kuriy pagrindin¢ funkcija yra atpazinti svetimas or-
ganizmui struktiiras (antigenus), jas specifiSkai prisijungti ir pasalinti i8
organizmo (PieSkus, 2001). Ig molekuliné masé — 160 kD (Park, 2009). Ig
piene gali biti 1,9-3,3 proc. nuo bendro baltymy kiekio, iki 80 proc. kre-
kenose ar iki 10 proc. iSrigose (Walsh and Duncan, 2000; Korhonen, 2004).
Didziausia Ig koncentracija — krekeny formavimosi metu ir pirmomis die-
nomis po apsiverSiavimo. Krekenose esanti Ig komplemento sistema uztikrina
pagrinding apsaugg nuo daugelio bakterijy riiSiy bei suformuoja pasyvy
imuniteta, kol verSeliui susiformuoja imuniné sistema. Galvijy serumo ir
pieno i8skyry sudétyje yra keturios pagrindinés Ig klasés IgG1, IgG2, IgM ir
IgA, kurios skiriasi fizikine, chemine struktiira ir biologiniu aktyvumu (Fox,
2003). Karviy (atrajotojy) piene dominuoja IgG1 izotipas (65-90 proc.), kuris
1 pieng patenka iS kraujo (Basoglu et al., 1999; Korhonen, 2004; Gapper et al.,
2007). Karvés piene tik 30 proc. IgG ir 10 proc. IgA yra gauti i$ kraujo, o
likusieji sintetinami lokaliai, teSmens limfoidiniuose audiniuose. Palyginti su
giminingy izotopy paplitimu karviy piene ir kraujo plazmoje, piene gimininga
IgGl ir IgA proporcija yra auksStesné nei plazmoje (Lindsay et al., 1982). Tai
patvirtina, kad pieno liaukos epitelis aktyviai praleidZia Siuos izotopus j pieng
per receptoriy mechanizmg (Sanholm, 1995). Infekciniam antigenui j orga-
nizmg patekus pirmg kartg pirmiausia sureguoja IgM klasé, kurie siuncia
signalg kitai Ig klasei. IgA klasé pasiskirsciusi gleiviniy iSskyrose ir apsaugo
gleivines nuo infekcinés mikroby agliutinacijos (Hurley and Theil, 2013). Ig
pasizymi bakteriostatinémis (bakterijoms trukdanciomis vystytis) ir bakte-
ricidinémis (bakterijas sunaikinan¢iomis) savybémis. Ig neleidzia bakterijoms
vystytis jas agliutinuodami, trukdo joms prisitvirtinti prie endotelinio
sluoksnio, slopina patogeniniy bakterijy metabolizmo procesus, atlicka op-
sonizacija, bei reguliuoja komplemento sistemag (Marnila and Korhonen,
2002). Be to, Ig gali iStirpinti bakterijy lasteles, sunaikinti jas bei neutralizuoti
toksinus ir virusus. Toksiniy junginiy neutralizacija vyksta juos agliutinuojant
(Park, 2009; Urbiené, 2015). Be fagocitozés bei komplemento aktyvinimo
proceso, Sie baltymai dalyvauja patogeniniy mikroorganizmy E. coli, C.
albicans, Clostridium difficile, Shigella flexneri, Streptococcus mutants ir H.
pylori sunaikinime (Gapper et al., 2007; Korhonen and Kaartinen, 1995).
Tyrimais nustatyta, kad neimunizuoty karviy piene yra specifiniy antikiiny
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prie§ zmoniy rotavirusus, bei mikroorganizmus Salmonella enteriditis, S.
Typhimurium, Shigella flexneri (El-Loly, 2007).

Ivairiy klasiy Ig kiekis serume ir piene néra pastovus, nes priklauso nuo
karvés veislés, amziaus, sveikatos biiklés, bei laktacijos tarpsnio (Larson,
1992; Korhonen et al., 2000). Ig koncentracijos pikas piene pasiekiamas
kolostrogenezés ir pieno liaukos uzdegimo metu (Sordillo and Streicher,
2002). Pienas sumaisSytas su krekenomis netinkamas siiriy, var§kés gamybai.
Ig koncentracija — indikatorius, rodantis, ar j pieng néra pateke ankstyvyjy
krekeny (Conesa et al., 2005). Po apsiverSiavimo imunoglobulinai i§ serumo
patenka j pieno liauka, todé¢l pirmosiose krekenose jy koncentracija yra didelé
(40-50 mg/ml), kuri per kelias dienas nukrenta iki 0,1-0,7 mg/ml (Marnila
and Korhonen, 2002; Elfstrand et al., 2002). Véliau Ig aptinkami galvijy
piene mazais kiekiais ir padaugéja vélyvosios laktacijos metu (Auldist et al.,
1998; Korhonen et al., 2000). Nors Ig normos piene néra nustatytos, manoma,
kad jpuséjus laktacijai nusistovi 0,1-0,3 mg/ml Ig kiekis (Auldist et al., 1998;
Korhonen et al., 2000; Collin et al., 2002; Conesa et al., 2005). Kocina ir kiti
tyr¢jai (2012), atlikg tyrimus, padaré iSvada, kad Ig koncentracija maziausia
laktacijai jpuséjus. Ig koncentracija, infekcinio mastito metu, padidéja dél
padidéjusio teSmens audiniy kraujagysliy pralaidumo (Burvenich et al., 2000;
Kehrli and Harp, 2001; Pyorala, 2002) bei suintensyvéjusios PMN (polimor-
fonukleariniy) leukocity sintezés (Lindmark-Mansson, 2000) Eksperimentai
in vitro parodé, kad IgG koncentracija nuo 0,3 mg/ml slopina zmoniy
limfocity proliferacijos atsakg i T lasteles. Manoma, kad karvés piene IgG
koncentracija vyrauja nuo 0,6 iki 0,9 mg/ml, kurios pakakty zmoniy normaliai
imuninei buklei palaikyti (Marshall, 2004).

Daugelyje Saliy prekiaujama maisto papildais, pagamintais imunoglobu-
liny pagrindu, skirty verSeliy ir parSeliy virSkinimo (gastro-intestinal) infek-
cijy prevencijai bei Zzmoniy imuniteto palaikymui (El-Loly, 2007; Gapper et
al., 2007; Stelwagen et al., 2009; Krol et al., 2012).

Brener su bendraautoriais (1995) teigia, kad yra sgveika tarp imuninés ir
reprodukcinés sistemos. Estrogenai veikia imunosupresyviai arba imunosti-
muliuojanciai, priklausomai nuo gyvulio hormoninés biiklés. IgG kiekis
karviy kraujo serume Zymiai sumazéja rujos metu ir verSiuojantis. Atlikti
tyrimai, norint iSsiaiSkinti antibiotiky jtakg gyvulio imuninei sistemai.
Tyrimai patvirtino, kad antibiotikai gali veikti slopinanciai imuninés sistemos
atzvilgiu (Laval, 1989).

JAV mokslininkas Andrew ir kiti (2001), trimis B-laktaminiy antibiotiky
tyrimo testais (Charm Cowside, CITE Snap ir Penzym) istyr¢ 25 karviy pieng
pirmas septynias dienas po apsiverSiavimo, nustate, jog testai rodo klaidingus
rezultatus dél didelés nattraliy imuniniy medziagy koncentracijos. Pasak
autoriaus, norint iSvengti klaidingai teigiamy testy rezultaty po apsiver-
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pieno struktiirinés savybés (Andrew et al., 2001).

1.5.3. Beta-laktoglobulinas (beta-LG)

Beta-laktoglobulinas yra dominuojantis baltymas iSrtigose iki 50 proc.
baltymy ir jo kiekis piene gali biiti nuo 2 iki 4 g/kg. Tik atrajotojai (karvés,
avys) ir kiti monogastriniai gyvinai (Suo, kat¢) gali iSskirti beta-LG piene
(Sawyer, 2003). Beta-LG yra -SS- ir -SH- grupiy, tod¢l jis lengvai jungiasi su
kitais baltymais. Sis baltymas pasizymi multifunkcinémis savybémis, t.y.
sujungia ir perneSa vitaminus, lipidus, metaly jonus ir yra susijes antivi-
rusiniu, antikancerogeniniu, hipocholesteroleminiu veikimu, trukdo patoge-
niny mikroorganizmy adhezijai (Chatterton et al., 2006; Liu et al., 2007; Krol
et al., 2008). Be to, beta-LG yra biologiskai aktyviy peptidy Saltinis, kuris
pasiZzymi antimikrobiniu, antioksidaciniu, imunomoduliaciniu, opioidiniu ir
kitais metaboliniais poveikiais (Pihlanto and Korhonen, 2003; Korhonen and
Pihlanto, 2007; Korhonen, 2009). Daugiausia (8—15 proc. visy pieno sudé-
tiniy daliy) Sio baltymo yra laktacijos pradzios piene, todél manoma, kad $is
baltymas stiprina auganc¢io organizmo imunitetg (Urbien¢, 2006). Biologinés
Sio baltymo funkcijos vis dar néra gerai zinomos, anot kai kuriy mokslininky,
jis dalyvauja fosforo metabolizme pieno liaukoje, retinolio (vitamino A) ir
riebiyjy rugsciy perneSime virskinimo trakte, bei pasyvaus imuniteto perda-
vime (Farrell et al., 1987; Liu et al., 2007; Krol et al., 2008).

1.5.4. Alfa-laktalbuminas (alfa-LA)

Sio baltymo kiekis yra kintantis, todél jvairiis literatiiros 3altiniai nurodo
skirtingg koncentracija, iSrigose alfa-LA gali biiti iki 25 proc. baltymy ir jo
kiekis svyruoja nuo 1,2 iki 2 g/l pieno (Curadi et al., 2000; Brew and Grobler,
1992). Jy pagaus¢ja krekenose: pirmomis valandomis po apsiverSiavimo,
pieno albuminas sudaro 10-12 proc. visy pieno sudedamyjy daliy (Ski-
mundris, 1997; Park, 2009). Alfa-LA dalelés labai mazos nuo 15-20 nm, o
molekuling masé 14 kDa. Sis baltymas sintetinamas pieno liaukoje ir i3-
skiriamas su pienu (Brew and Grobler, 1992). Pastebéta, kad laktacijos
pradzioje alfa-LA koncentracija sparciai didéja, kol pieno gamyba stabi-
lizuojasi ir pradeda mazéta iki pieno liaukos uztrikimo (Goodman and
Schanbacher, 1991). Alfa-LA pasizymi stipriu hidrofiliSkumu, stabilumu
temperatiiros poveikiui, nekoaguliuoja veikiant fermentams. Alfa-LA — svar-
bus baltymas, reguliuojantis pieno gamyba ir yra fermento-laktozés sintetazés
(t. y. UDP-galactosyltransferase) sudétiné dalis. Laktozés kiekis piene yra
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tiesiogiai susijes su alfa-LA koncentracija (Brew and Grobler, 1992). Alfa-
LA dalyvauja transportuojant kalcio, cinko bei mangano jonus (Strohmaier,
2004; Chatterton et al., 2006; Krol et al., 2010). Alfa-LA — puikus Saltinis
bitiny amino riigs¢iy triptofano ir cisteino, kurios yra serotonino ir glutationo
pirmtakai. Serotoninas ir glutationas yra stipriis antioksidantai, kurie stiprina
imunitetg. Galvijy alfa-LA hidrolizatai ir i$ jy gauti specifiniai peptidai at-
lieka daug biologiskai aktyviy funkcijy, tokiy kaip antimikrobinis, antikance-
rogeninis, opioidinis, prebiotinis, imunomoduliacinis veikimas (Sternhagen et
al., 2001; Pihlanto and Korhonen, 2003; Chatterton et al., 2006). Identifikuota
keletas alfa-LA antimikrobiskai veikianciy peptidy, t. y. LDT1 (1-5 fragmen-
tas), LDT2 (17-31-S-S-109-114 fragmentas) ir LDC (61-68-S-S-75-80 frag-
mentas). Pastarieji peptidai labiausiai aktyvis gramteigiamy bakterijy atzvil-
giu, nors silpnas poveikis pastebétas ir pries Bordetella bronchiseptica bei K.
pneumoniae (Pellegrini, 2003; Clare et al., 2003). Hidrolizuotas alfa-LA padi-
dina B limfocity imuninj atsakg. Toks pat poveikis budingas ir laktoferino
hidrolizatui, kuris padidina IgA, IgG ir IgM produkcija. Kadangi né vienas 18
atskiry peptidy nepasizymi tokiu poveikiu, manoma, jog pasireiskia bendras
keleto peptidy aktyvumas (Meisel and FitzGerald, 2003). Antibakteriniu
poveikiu pasizymi ir avies iSrigy baltymy alfa-LA ir beta-LG hidrolizatai,
kurie inhibuoja visy tirtyjy bakterijy (E. coli HB101, E. coli Cip812, Bacillus
subtilis Cip5265, S. aureus 9973) augimg (El-Zahar et al., 2004).

1.5.5. Galvijy serumo albuminas (GSA)

GSA sudaro 2-5 proc. iSriigy baltymy ir 1 proc. nuo bendro pieno baltymo
(Fox, 2003). Pagrindiné¢ albuminy sintezé vyksta kepenyse, o i pieng jie
patenka per glaudzias epitelines jungtis difuziniu bidu 1§ kraujo (de Wit,
1998; Walsh and Duncan, 2000). Pieno liaukos epitelinés lastelés, nors ir
maziau nei hepatocitai, taip pat sintetina albuminus (Shamay et al., 2005).
Anot mokslininky Litwinczuk ir kity (2011), GSA pieno ir kraujo barjero
pralaidumo pieno liaukoje indikatorius. GSA padidéjimas rodo suaktyvéjusia
uzdegimine reakcija. Sio baltymo biologiné funkcija — baltymy pernesimas
netirpioms riebaly rigstims (Walzem et al., 2002). GSA sudétyje — didele
sieros amino riig§éiy ir glutamilicisteino koncentracija (Bounous, 2000). Sie
peptidai — svarbis antioksidanto glutationo pirmtakai, kurio mazi kiekiai rodo
ligos pozymius (Kharb et al., 2000). Kartu su kitais iSriigy baltymais GSA
pasiZzymi prieSvéziniu potencialu, t. y. gebé&jimu slopinti véziniy lagsteliy
augimg (Laursen et al.,1990; Khan et al., 2013). Antioksidacinés §io baltymo
savybés pastebétos mokslininky Tong ir kity (2000), o Smith su kitais
mokslininkais (1992) jrodé, kad in vitro GSA apsaugo lipidus nuo fenolio
sukeltos oksidacijos.
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1.6. Natiraliy antimikrobiniy baltymy tyrimy metodai

Padidé¢jus susidoméjimui apie pieno baltymy biologinj aktyvuma atsirado
poreikis plétoti technologijas tokiy medziagy atskyrimui ir nustatymui.
Dabartinés technologijos suteikia galimybes nustatyti ir analizuoti pieno
sudét] smulkesnése struktturose. Pieno baltymai tiriami taikant chromato-
grafijos, elektroforezes, radialinés imunodifuzijos, imunofermentinés analizés
ir kitokias metodikas (de Jong et al., 1993; Leonil et al., 1995; Bobe et al.,
1998; Ferreira and Cacote, 2003; Veloso et al., 2004). N¢ vienas analizés bi-
das neuztikrina optimalaus visy pagrindiniy iSriigose esanciy antimikrobiniy
baltymy kiekybinio ir kokybinio nustatymo, todél norint iSskirti keleta bal-
tymy tenka derinti kelias metodikas.

Baltymy atskyrimui pritaikyta daugelis chromatografijos riisiy: jony mainy
chromatografija (Xu et al.,, 2000; Fee and Chand, 2006), pasiskirstymo
chromatografija (Yoshida, 1989; Bridonneau and Lederer, 1993), adsorbciné
chromatografija (Uzun et al., 2005; Plate et al., 2006), gelchromatografija
(Almashikhi and Nakai, 1987), afininé¢ (giminingumo) chromatografija (Bobe
et al., 1998; Tu et al., 2002; Noppe et al., 2010; Ozkara et al., 2003).
Chromatografija — tai fizikinis ir cheminis analizés metodas, grindZiamas
molekuliy atsiskyrimu dél jy skirtingos struktiiros ir kompozicijos (Kupiec,
2004). Tiriamosios medziagos pasiskirsto tarp dviejy faziy, i§ kuriy viena yra
nejudancioji arba stacionari (sorbentas, gelis), o kita judancioji arba mobilioji
(eliuentas), kuri neSa tiriamgsias medziagas per nejudanciagja fazg. Méginyje
molekulés su nejudancigja faze turi skirtingg traukg ir sgveika, todél mole-
kules galima lengvai atskirti. Méginio komponentai, kurie turi stipresne sa-
veikg su nejudancigja faze, per kolonélg juda daug lé€iau, nei komponentai su
silpnesne sgveika. D¢l skirtingo judéjimo kolonéléje galima atskirti jvairius
junginius. Siy dieny modernioje farmacijos industrijoje §is analitinis metodas
yra pagrindinis ir neatsiejamas instrumentas kuriant bei identifikuojant jvai-
rias chemines struktiiras (Kazakevich and Lobrutto, 2007).

Didelio efektyvumo skysciy chromatografija (ESC) yra vienas i§ naujesniy
metody baltymy identifikavimui ir kiekybiniam jvertinimui (Rounds and
Gregory, 2003). ESC metodu galima atskirti plataus poliariSkumo junginius,
kuriy molekulinis svoris — nuo 54 iki 450 tikstan¢iy daltony, tyrimas trunka
apie 10 minuciy ir atkuriamumas iki 99 proc. (McMaster, 2007). Junginiy
atskyrimo efektyvuma Siuo metodu lemia srauto (slégio) kintamumas ir eliu-
entinés medziagos (mobiliosios fazés) (Elgar et al., 2000). Kaip parodyta
1.6.1 paveiksle, ESC prietaisai apima pompa, injektoriy, kolonéle, detektoriy
ir integratoriy arba duomeny kaupimo ir rodymo sistemg. Visos sistemos
Sirdis yra kolonéle, kurioje vyksta atsiskyrimas. Nors nejudanti fazé gali buti
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1.6.1 pav. Efektyviosios skysciy chromatografijos schema
(pagal Levin, 2010)

sudaryta i§ mikrony dydzio daleliy pory, auksto slégio siurblys turi perleisti
judanciaja faze per kolon¢le (Skoog et al., 2007). Placiausiai naudojama
kolon¢lés medziaga yra silicio pagrindas. Populiariausia medziaga yra ok-
tadecilsilicio dioksidas (ODS-silica), kuriame yra C18 danga, taciau gali buti
ir medziaga su C1, C2, C4, C6, C8 ir C22 (Kupiec, 2004). Chromatografijos
procesas prasideda, kai jleidziamas tirpinys ] injektoriy ir injekuojamas
kolon¢lés gale. Komponenty atsiskyrimas prasideda tada, kai analité ir
judancioji fazé yra pumpuojamos per kolonéle. Galiausiai kiekvienas kom-
ponentas iSplaunamas i$ kolon¢lés ir duomeny ekrane matomos kaip smailés
(Skoog et al., 2007). Eliuentiniy komponenty aptikimas priklauso nuo
detektoriaus, tod¢l labai svarbu pasirinkti tinkama detektoriy. Pagrindiniai
detektoriai, naudojami ESC, yra luzio indekso (RI), ultravioletiniai (UV-Vis)
ir fluorescenciniai. Taip pat yra diody matricos, elektrocheminiai, laidumo,
skystas Sviesos sklaidos, aerozoliu pagrjstas, chiralinis detektoriai (Thakkar et
al., 2011).

Mokslingje literatiiroje pateikiami ESC analizés metodai, kurie taikomi
atskiry antimikrobiniy baltymy identifikavimui biologiniuose skys¢iuose ar
piene (Palmano and Elgar, 2002; Rounds and Gregory, 2003). Universalumas,
trumpas analizés laikas ir didelé¢ skiriamoji geba 1émé Sio metodo popu-
liaruma analizuojant baltymus pieno pramonéje (Elgar et al., 2000). Nu-
statyta, kad Sis metodas tinkamas pagrindiniy isSrtigy baltymy, t. y. alfa-LA ir
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beta-LG kiekybiniam jvertinimui, taciau susidurta su sunkumais iSskiriant
mazesniuosius baltymus (GSA, imunoglobulinus ir proteaziy peptony frakci-
jas) (Elgar et al., 2000). Pastaruoju metu daugumoje publikuojamy moksliniy
straipsniy kazeino, Ig, LF, lizocimo, alfa-LA, beta-LG ir GSA karvés piene
identifikavimui ESC metodas naudojamas kaip pagrindinis (Romero et al.,
1996; Palmano and Elgar, 2002; Enne et al., 2005; Drackova et al., 2009;
Krol et al., 2010, Krol et al., 2013; Litwinczuk et al., 2011; Brodziak et al.,
2012; Ruprichova et al., 2014). Syvaoga ir Korhonen (1993) Ig, alfa-LA,
beta-LG ir GSA karvés piene greitai identifikavo ir kiekybiskai jvertino
gelchromatografijos (gelfiltracijos) metodu vienu reakcijos paleidimu. ESC
metodas rekomenduojamas kaip standartinis greitas, tikslus, kiekybinis
imunoglobuliny iSrtigose analizés biidas (El-Loly et al., 2007). Nors ESC
sulauké oficialaus daugelio tarptautiniy organizacijy pripazinimo bei
jteisinimo, metodas turi ir trukumy: analizé¢ sudétinga, naudojami toksiski
reagentai, reikia dideliy investicijy (El-Loly et al., 2007).

Greitesni ir pigesni imunofermentinés analizés (IFA) metodai leidzia iS-
vengti minéty chromatografijos metody triikumy. Populiariausi metodai, kai
reikia kiekybiSkai ir kokybiSkai jvertinti imuniniame atsake dalyvaujancius
antigenus arba antikiinus, yra radioimuninis (angl. RIA — radioimmunoassay)
ir imunofermentinis (angl. ELISA — enzime-linked immunosorbent assay) ty-
rimai (El-Loly et al., 2007; Gelsinger et al., 2015). Siy imunocheminiy
metody esmé yra tai, jog turint gryng antigeng arba antikiing, jy kiekj galima
iSmatuoti panaudojus zyme, t. y. radioizotopg (RIA metodas) arba fermenta
(ELISA metodas). Sukurta nemazai RIA ir ELISA metody varianty, bet
populiariausias yra daugiasluoksnis RIA ar ELISA metodas (angl. sandwich)
(Gelsinger et al., 2015). Siame metode naudojami du skirtingi antikiinai,
atpazjstantys nepersidengiancius skirtingus to paties antigeno epitopus, kurio
koncentracijg reikia iSmatuoti. Fiksuotas pirmy antikiiny kiekis pririSamas
prie tvirto pavirSiaus, dazniausiai plastikinés mikrotitravimo plokstelés
Sulin¢liy. Tada j Sulinélius dedamas tiriamasis tirpalas su nezinoma antigeno
koncentracija, Salia iStitravus standartinj tirpalg su Zinoma antigeno kon-
centracija. Antigenas risasi prie Sulin¢lio dugne esanciy antikiiny, neprisirise¢
antigenai iSplaunami. | Sulin¢lius dedami antri antiktinai, Zyméti radioizotopu
arba fermentu, ir kuo daugiau Sulin¢liuose bus prie pirminiy antikiiny
prisiriSusiy antigeny, tuo daugiau prie $iy antigeny prisiri§ antriniy Zyméty
antikiny. Pagal standartiniy antigeny ri§imgsi nubraizomos standartinés
kreives, i§ kuriy iSskai¢iuojamos tiriamyjy tirpaly antigeny koncentracijos.
Radioizotopas matuojamas specialiu izotopy matavimo skaitikliy, o fermentas
matuojamas spektrofotometru pagal spalvoto produkto susidaryma po jo
reakcijos su substratu. Taip gali biti nustatomi ir specifiniai patogenams
antiklinai organizmo skysciuose ir lasteliy kultirose arba tiesiogiai prie tvirto
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pavirSiaus pririSant patogeny antigenus arba netiesiogiai atliekant daugia-
sluoksnj imunocheminj tyrimg. Metodai yra jautriis ir tinkami iSrtigy baltymy
tokiy kaip laktoferino (Hagiwara et al., 2003; Cheng et al., 2008; Chaneton et
al., 2013; Sobczuk-Szul et al., 2014) ar imunoglobuliny (Li-Chan and
Kummer, 1997; Conesa et al., 2005; Bar et al., 2009; Musayeva ir kt., 2015)
kiekybiniam jvertinimui. El-Loly ir Farrag (2006) iStyr¢ imunoglobulinus
RIA ir ELISA metodais nustaté, kad IgG ir IgM kiekybiniy skirtumy tarp
metodiky néra, iSskyrus IgA, kur ELISA metodika vertinant §j baltyma buvo
jautresné ir tikslesné.

Be minéty metody, imunoglobuliny tyrimams taikoma nefelometriné imu-
noanalizé (Collin et al., 2002) arba turbidimetrin¢ analizé¢ (Eihvalde et al.,
2012; Kocina et al., 2012). Kiekybiniams kazeino, alfa-LA, beta-LG karvés
piene jvertinimams Olandijoje, Italijoje, Lenkijoje taikytas kapiliarinés
elektroforezés metodas (de Jong et al., 1993; Cartoni et al.,1998; Sobczuk-
Szul et al., 2014). Kapiliarinés elektroforezés (KE) metodas pasizymi dideliu
efektyvumu, greita analize, ir paprasta analitine technika. KE yra skysciy
chromatografijos ir elektroforezés derinys, kuris atlickamas kapiliariniu
lygmeniu (mikro- ar nano- formatu). Sis metodas gali bti pritaikomas
daugelyje sri¢iy. KE analizé nereikalauja didelio reagenty kiekio ir méginiy
skaiciaus. TacCiau tai neigiamai veikia rezultaty tikslumg ir metodo jautruma.
Pagrindiné problema — analizei naudojant mazg meéginio kiekj, analité¢ btna
ne visada teisinga. Ta¢iau sumazinus tokias problemas, kurios gali turéti
jtakos rezultaty kokybei, atidus méginiy paruoSimas lemia didelj efektyvuma,
greitg analize ir tikslius rezultatus.

1.7. Literatiiros apzvalgos apibendrinimas

Apibendrinant literatiros duomenis galima teigti, kad pieno biosintez¢ yra
sudétingas procesas, kuriame dalyvauja visas gyvulio organizmas, o
teSmenyje vyksta daugybé biocheminiy ir fiziologiniy procesy (Linzell and
Peaker, 1971; Larson, 1978; Sordillo and Streicher, 2002). Kad pasigaminty
kokybiskas pienas, karve turi biiti sveika. Esant optimalioms laikymo ir
sérimo salygoms natiiralios apsaugos reakcijos pasalina infekcijos sukéléjus
(Sandholm and Pyorala, 1995; Oviedo-Boyso et al., 2007; Stelwagen et al.,
2009), taciau susilpnéjus imunitetui, pasireiSkia uzdegiminiai procesai, tokie
kaip subklinikinis ar létinis mastitas (Ali-Vehmas and Sandholm, 1995;
Aniulis, 2007; Bannerman, 2009). Pieno sektoriuje ieSkoma biidy kaip didinti
natiiraly pieno liaukos atsparuma infekciniams susirgimams (Sordillo and
Streicher, 2002; Malinowski et al., 2008). Nespecifinés imuninés sistemos
komponentai yra labai svarbiis mastity prevencijoje. Antimikrobinj pieno
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aktyvuma lemia jo sudétyje esantys imunoglobulinai ir neimuniniai proteinai,
tokie kaip laktoferinas (LF), alfa-laktalbuminas (alfa-LA), beta-laktoglobu-
linas (beta-LG), galvijy serumo albuminas (GSA) (Bellamy et al., 1993). Siy
medziagy kiekis piene néra pastovus ir kinta, priklausomai nuo teSmens
uzdegimo stadijos, mastito sukéléjo, karvés amziaus, laktacijos tarpsnio,
laikymo salygy, Sérimo ir jvairiy aplinkos veiksniy (Zagorska et al., 2007;
Cheng et al., 2008; Krol et al., 2012; Danowski et al., 2012). Lietuvoje iki Siol
netirta, ar laktacijy skaicius, laktacijos tarpsnis, sezonas bei kiti veiksniai turi
jtakos natiiraliy antimikrobiniy baltymy kiekiui karviy piene. Atlikta analizg,
leisty geriau suprasti karviy teSmens apsaugos mechanizmus ir antimikrobiniy
baltymy svarba Siuose procesuose.
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2. MEDZIAGOS IR METODAI

2.1. Tyrimy laikas, vieta ir objektas

Mokslinis ir tiriamasis darbas atliktas 2012-2016 metais LSMU VA
Anatomijos ir fiziologijos katedroje, Virskinimo fiziologijos ir patologijos
moksliniame centre, LSMU VA Gyvulininkystés instituto Chemijos labo-
ratorijoje, VI ,,Pieno tyrimai*“ akredituotoje laboratorijoje, kuri atitinka la-
boratorijy kompetencijai keliamus reikalavimus pagal standarta ISO/IEC
17025:2005.

Tyrimai atlikti priva¢iame melziamy karviy tkyje Marijampolés rajone
2014-2015 metais. Ukyje buvo laikomos 94 holsteinizuotos (holsteinizacijos
laipsnis 75 proc.) Lietuvos juodmargiy veislés karveés. Karvés melziamos du
kartus per parg: ganykliniu laikotarpiu — 6.00 ir 19.00 wval., tvartiniu
laikotarpiu — 7.30 ir 20.00 val. Vidutinis bandos primilzis per parg sudaré
1013 kg pieno, vidutinis riebaly kiekis piene sudaré¢ — 4,06 proc. (2,96-5,16),
baltymy kiekis — 3,15 proc. (2,74-3,65), laktozés kiekis — 4,34 proc. (3,9-
4,85), somatiniy lgsteliy skai¢ius — 244 tikst./ml (48-874). Karviy amzius
buvo nuo 1 iki 10 mety, o vidutinis laktacijy skai¢ius — 4,2 laktacijos.

Tiriamuoju laikotarpiu atrinkta 30 kliniskai sveiky karviy, atsizvelgiant j jy
laktacijos skaiiy bei tarpsnj. Atrinktos ankstyvo (iki 120 dienos), vidurinio
(121-200 dienos), velyvo (201-305 dienos) laktacijos tarpsnio pirmos, antros
ir trecios laktacijy karvés.

2.2. Pieno méginiy paémimo metodika

Pieno meéginiai tyrimams imti tris kartus per metus (pavasarj, vasarg ir
rudenj) vakarinio melzimo metu pagal standartizuotus méginiy émimo
nurodymus ISO 707:2008. 1§ kiekvienos karvés kiekvieno teSmens ketvircio
paimta po tris pieno meéginius (po 50 ml kiekvienas méginys). Melzimo
pradzioje paimtas pirmasis méginys mastito sukél€jy nustatymui, kuris
konservuotas V] ,,Pieno tyrimai“ boro rugsties (504DI19) pagrindu paruos-
tu konservantu. Prie§ imant meéginj speniai Svariai nuplauti ir nuvalyti
servetéle, sudrekinta dezinfekavimo tirpalu. IS speniy iSmelztos pirmosios 2—
3 pieno Ciurkslés ir tik tada j mégintuvél] iSmelztos 5—6 pieno Ciurksleés
mastito sukelejy tyrimui atlikti. Melzimo viduryje paimta po du méginius
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pieno kokybeés tyrimui: vienas — SLS jvertinimui, kitas — antimikrobiniy
baltymy (AB): imunoglobuliny (IgG), laktoferino (LF), alfa-laktalbumino
(alfa-LA), beta-laktoglobulino (beta-LG) ir galvijy serumo albumino (GSA)
kiekio piene tyrimams. Zalio pieno méginiai SLS nustatymui buvo kon-
servuoti ,,Sedupolo® tabletémis (kiekvienoje tabletéje yra 8 mg bronopolo ir
0,3 mg natamicino). Idéjus konservanto, pienas gerai iSmaiSytas. Konservuoti
pieno méginiai | laboratorija tyrimams pristatyti per 2 val., specialiuose
konteineriuose, kur palaikoma pastovi, ne aukStesnei kaip 4+£2 °C
temperattira. IS viso per visg tyrimy laikotarp; surinkta ir iStirta 360 pieno
meéginiy. Darbo schema pateikta 2.2.1. paveiksle.

Tiriamy karviy atrinkimas

n=30
Pagal laktacijy skaiéiy Pagal laktacijos tarpsnj Pagal sezona
I (n=7) Ankstyvas (n=12) Pavasaris (n=10)
I (n=12) Vidurinis (n=9) Vasara (n=10)
I (n=11) Vélyvas (n=9) Ruduo (n=10)

l h 4 l

I tirlamy karviy kiekvieno teSmens ketviréio paimta po
tris pieno méginius (n=360)

| ! |

Somatiniy lasteliy Antimikrobiniy Mastito sukélejy
skaid¢iaus nustatymas baltymu tyrimai identifikavimas
(n=120) (n=120) (n=120)

Statistiné duomeny analizé

2.2.1 pav. Tyrimy schema
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2.3. Somatiniy lasteliy skaifiaus nustatymo metodika

Pieno kokybés rodiklis — somatiniy Iasteliy skaiCius, nustatytas prietaisu
»SomaScope MK2“ (Foss, 3400 Hillerod, Danija), dirbanciu srauto citomet-
rijos principu pagal LST EN ISO 13366-2:2006/AC:2007 standarta. Soma-
tiniy lgsteliy skaicius piene iSreiSkiamas tukst.1gst./ml.

2.4. Mikrobiologiniy tyrimy metodika

Mikrobiologiniai tyrimai atlikti V] ,,Pieno tyrimai“ akredituotoje labo-
ratorijoje. Mastito sukel¢jai identifikuoti vadovaujantis standartine darbo
procedura SDP 5.4.4.B.6 ,Pagrindiniy mastitg sukelian¢iy bakterijy nusta-
tymas piene” (2009), parengta pagal ,,Laboratory and field handbook on
bovine mastitis“ vadova. Méginiai mikrobiologiniam tyrimui séti j Petri
leksteles su kraujo agaru ir selektyvinémis mitybinémis terpémis (Oxoid,
Anglija). Uzsétos Petri 1€kSteles 24—48 val. kultivuotos termostate +37+1 °C
temperattiroje. ISskirty mikroorganizmy morfologijai nustatyti i§ kulttry
paruosti tepineliai dazyti Gramo metodu (Diagnostika Merck, Vokietija) ir
stebéti mikroskopu. ISaugusios kultiros sétos i manitolio druskos agara,
DNR-az¢s, Slapalo terpes. Taip pat vertinta hemolizé, maltozés skaldymas,
oksidazes testas ir plazmokoaguliaze, su 3 proc. vandenilio peroksido tirpalu
jvertinta katalazés gamyba (zr. 2 prieda). Mikrobiologinis tyrimas buvo
teigiamas, kai i§ teSmens ketvirio pieno méginio iSskiriama viena ar dvi
bakterijy rusys.

2.5. Imunofermentinés analizés (IFA) metodika

Kiekybiniams IgG ir LF 1§ karvés pieno nustatymams taikytas daugia-
sluoksnis ,,sumustinio* tipo IFA (angl. ELISA — double antibody sandwich
enzyme linked immuno sorbent assay) metodas.

Pieno méginiy paruoSimas. Prie§ IgG ir LF tyrima pieno méginiai apdo-
roti paruoSiant iSriigas. ISriigos i§gaunamos centrifuguojant centrifuga (Sigma
3-18KS, Vokietija) 25 ml Sviezio pieno 20 minuciy 4 °C temperatiiroje 3000
rpm sukimosi grei¢iu. Po centrifugavimo nuimamas meégintuvélyje susidares
pavirSinis pieno riebaly sluoksnis (tyrimui naudojamas liesas pienas) ir gautas
liesas pienas uzSaldytas —20 °C temperatiiroje iki tyrimo (pagal Sobczuk-Szul
et al., 2014 metodika).

Méginiy analizé. Kiekybiniams IgG ir LF i§ karvés pieno nustatymams
taikyti imunofermentiniai testai (angl. Quantitative Bovine 1gG ELISA Test
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Kit ir Quantitative Bovine Lactoferrin ELISA Kit, Biopanda Reagents,
Jungtiné Karalysté), skirti imunoglobulinui G ir laktoferinui nustatyti karvés
krekenose, piene ir kituose biologiniuose skysCiuose. Tyrimas atliktas re-
miantis gamintojo protokolais.

2.5.1. ELISA testo procediira

Pries§ tyrima paruosti lieso pieno méginiai ir imunofermentiniy testy rin-
kiniai 3—4 val. laikomi kambario temperattroje +20 °C. Méginiai praskie-
dziami reagenty rinkinyje pateiktu bei prie$ vartojimg paruoSiamu méginiy ir
standarty skiedikliu (méginio praskiedimo buferiu) santykiais LF 1:1000 ir
IgG 1:2000. Pagal gamintojo protokola paruoSiami tiriamo antimikrobinio
baltymo standartai. Tyrimui paruoSiant reagenty rinkinyje pateiktus kon-
centruotus IgG ir LF standartinius tirpalus, atitinkamas koncentruoto stan-
dartinio tirpalo kiekis skiedziamas su 500 pl reagenty rinkinyje pateiktu
standartiniy tirpaly skiedikliu ir gerai sumaiSoma maisykle. Skirtingas IgG ir
LF koncentracijos standartiniy tirpaly paruoSimas pateikiamas 2.5.1.1 ir
2.5.1.2 lentelése. Imunoglobulino G aptikimo riba piene — 0-800 ng/ml, lak-
toferino — 0-500 ng/ml.

2.5.1.1 lentelé. IgG skirtingos koncentracijos standartiniy tirpaly paruosimas

Standartai Galviju IgG Galviju Ig_G _standarto Stan_dal_‘tir_liq t_irp_alq
koncentratas (ng/ml) kiekis skiediklio kiekis
1 800 8 ul rinkinyje pateikto 992 ul
standarto koncentrato
2 400 500 pl 1 standarto 500 pl
3 200 500 pl 2 standarto 500 pl
4 100 500 pl 3 standarto 500 pl
5 50 500 pl 4 standarto 500 pl
6 25 500 pl 5 standarto 500 pl
7 12,5 500 pl 6 standarto 500 pl
8 0 0pl 500 pl

Tyrime naudotos 96 Sulinéliy mikroplokstelés, padengtos tiriamo AB
antigenu. | pirmuosius plokstelés Sulinélius pipete jlasinama (dviem pakar-
tojimais) po 100 pl paruosty standartiniy tirpaly su skirtinga tiriamojo AB
koncentracija. | kitus testo mikroplokstelés Sulinélius pipete (dviem pakar-
tojimais) jlaSinama po 100 pl paruo$ty pieno meéginiy.
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2.5.1.2 lentelé. LF skirtingos koncentracijos standartiniy tirpaly paruosimas

Standartai Galviju LF Galviju LF s_tandarto Stan_dal_“til_liq t_irp_all;
koncentratas (ng/ml) kiekis skiediklio kiekis
1 500 10 pl rinkinyje pateikto 1990 pl
standarto koncentrato
2 250 500 pl 1 standarto 500 pl
3 125 500 pl 2 standarto 500 pl
4 62,5 500 pl 3 standarto 500 pl
5 31,25 500 pl 4 standarto 500 pl
6 15,652 500 pl 5 standarto 500 pl
7 7,8125 500 pl 6 standarto 500 pl
8 0 0 ul 500 pl

ISdozavus standartinius tirpalus ir pieno meginius, mikroplokstelés uzkli-
juojamos sandaria apsaugine plévele ir laikomos kambario temperatiiroje
5 min. létai purtant purtykle (VDRL SHAKER, Principalmed). Véliau in-
kubuojama 25 min. 37 °C temperatiiroje tamsoje. Po inkubacijos skystis 1§
mikroploksteliy iSpilamas. | kiekvieng Sulinélj pripilama po 250 pl buferinio
plovimo tirpalo (pateikto reagenty rinkinyje) ir veél iSpilama. Plovimo pro-
cedura pakartojama keturis kartus. | kiekvieng Sulinélj jpilama po 100 pl
krieny peroksidazés konjugato (angl. HRP — horseradish peroxidase) tirpalo
pateikto reagenty rinkinyje (tiriamo AB antik@inai) ir v¢l 1étai purtant purtykle
laitkoma 5 min. kambario temperatiiroje. Véliau inkubuojama 25 min. 37 °C
temperatiiroje tamsoje. Po to skystis iSpilamas ir keturis kartus praplaunama
buferiniu plovimo tirpalu. | kiekvieng Sulinélj jpilama po 100 pul TMB
(3,35,5° — tetrametilbenzidinas) substrato pateikto reagenty rinkinyje. Sumai-
Soma ir inkubuojama 15 min. kambario temperatiiroje tamsoje. Po inku-
bacijos jpilama po 100 pl reakcija sustabdancio ,,STOP* reagento, pateikto
reagenty rinkinyje. Antikiiny kiekj méginyje parodo reakcijos metu atsiran-
danti melyna spalva, kuri reakcijg sustabdzius riig§timi, tampa geltona. Gauti
tyrimo rezultatai vertinami (ne véliau kaip per 30 minuciy po STOP reagento
ipylimo) plokstele jd¢jus  spektrofotometra. ISmatuojama kiekvieno plokste-
1és griovelio turinio Sviesos absorbcija. Tyrimo rezultatai jvertinti automatiniu
spektrofotometru (Multiskan GO, Thermo Fisher Scientific, Suomija) matuo-
jant tiriamojo méginio optinj tankj (OT), kai bangos ilgis A = 450 nm. Stan-
dartin¢ kreivé bréziama kiekvienai plokStelei atskirai. Standartinés kreivés ir
Jy parametrai pateikti 2.5.1.1 ir 2.5.1.2 paveiksluose.
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2.5.1.2 pav. Galvijy LF standartiné kreivé

Rezultatai apskaiCiuojami iSmatavus standartiniy tirpaly ir tirilamyjy
meéginiy absorbcijos vertes, kurios suvedamos j RIDAVIN.EXE programa,
atlickama regresiné analizé ir pagal standarting semilogaritmine kreive ap-
skaiCiuojama tiriamyjy AB koncentracija méginiuose (mg/ml).
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2.6. Chromatografinés analizés metodika

Kiekybiniams alfa-LA, beta-LG ir GSA karvés piene jvertinimams tai-
kytas atvirkstinés fazés efektyviosios skysCiy chromatografijos metodas
(angl. RPHPLC - reverse phase high performance liquid chromatography).

Pieno méginiy paruosimas. | stikling jpilama 25 ml Zalio nekonservuoto
karvés pieno. Kazeinai iSsodinami pariigStinant pieno méginj iki pH 4,6 su
2M druskos riigStimi ir 15 minuciy palaikant kambario temperatiiroje. Su-
sidariusios nuosédos atskiriamos centrifuguojant 3000 X g 20 minuciy. Po
centrifugavimo 10 ml supernatanto skiedziama 1M NaCl iki 50 ml. Po
30 min. méginiai filtruojami per 0,2 um vienkartinus Svirkstinius filtrus, kuriy
diametras — 25 mm (Carl Roth GmbH & Co. KG, Vokietija) ir 20 pl supilama
1 chromatografinius buteliukus, kurie laikomi Saldytuve 4-6 °C tempera-
tiiroje, kol bus atlieckama analizé (pagal Romero et al., 1996 ir Brodziak et al.,
2012 metodikas).

2.6.1. Chromatografijos jranga ir salygos

Kiekybinei ir kokybinei alfa-LA, beta-LG ir GSA analizei buvo naudota
zemo slégio gradiento skysciy chromatografiné sistema, sudaryta i§ siurbliy
bloko LC-10ATvp, automatinio méginiy paémimo modulio SIL-10ADvp,
kolon¢lés temperatirg kontroliuojan¢io modulio CTO-10ACvp, UV-Vis
detektoriaus SPD-10AVvp bei sistemos funkcionavimg kontroliuojancio
modulio SCL-10Avp (Shimadzu Corp., Kyoto, Japonija). Tyrimy duomeny
kaupimui ir jvertinimui naudota LC Solution programiné jranga (Shimadzu
Corp., Kyoto, Japonija).

Alfa-LA, beta-LG ir GSA atskyrimas atliktas Nucleosil 300-5 C18, 250 x
4,6 mm chromatografine kolonéle (Macherey-Nagel, Duren, Vokietija) nau-
dojant to paties gamintojo Nucleosil 300-5 C18 prieskolonius. Atskyrimui
naudotas dvikomponencio gradiento rézimas (Eliuentas A: 0,1 proc. TFA tir-
palas vandenyje, Eliuentas B: 0,1 proc. TFA tirpalas acetonitrile): 0-80 min.
linijinis gradientas (A:B) 90:10 — 60:40, 90 min. 55:45, 95 min. 10:90, 100
min. 90:10, 115 min. 90:10. Kolon¢lés temperatira 25 °C, mobiliosios fazes
debitas (tekmés greitis) 1,0 ml/min., injekcijos tiiris — 20 pl. Alfa-LA, beta-
LG ir GSA identifikuojami ir kiekybiskai jvertinami matuojant 220 nm ilgio
bangoje. Alfa-LA, beta-LG ir GSA kiekybiskai jvertinti atvirkstinés fazés
efektyviosios skysCiy chromatografijos buidu, palyginti etaloniniy medziagy
su ekstrakte esanciy junginiy smailiy plotais. Kalibraciniy kreiviy parametrai
ir smailés chromatogramose pateiktos 2.6.1.1 lenteléje, 2.6.1.1 ir 2.6.1.2 pa-
veiksluose.
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2.6.1.1 lentelé. Kalibraciniy kreiviy parametrai

koeficiantas (R%)

Parametrai alfa- LA beta-LG GSA
Tiosts Iygtis v =132129x12088,10 |y = 129177x+337,24 | y = 50801x-664,97
Koreliacijos 0,9997 0.9975 0.9996

Kalibracing kreivé
brézta koncentracijy
(mg/ml) intervale

0,300-1,500

0,241-1,207

0,030-0,253

Anali¢iy sulaikymo

A . 92,31 98,47 93,99
trukmé (tg, min) ’ ’ ’
mV(x100) MPa
JDetector B Ch1:220nm [
] [0) A.Press.(Status)f
7.0 2 F35.0
1 & :
6.0 2 E
e F30.0
>03 F25.0
4.0 o
1 F20.0
3.04 b
] F15.0
2.0 :
] F10.0
1.04 ;
] 50
0.04 E
T T 0.0
80.0 85.0
2.6.1.1 pav. Kalibracinio tirpalo chromatograma
mV(x100) MPa
JDetector B Ch1:220nm 9 3
] & A.Press.(Status)f
7.04 (v F35.0
4 Kol L
6.0 F30.0
50 F25.0
4.0 :
] F20.0
305 <! :
] g F15.0
4 © r
2.04 A :
] ) L F10.0
1.0+ < [
1 oy s
0.0 x x -5.0
T T T T —— —— —— —+0.0
90.0 925 95.0 97,5 100.0 1025 105.0 min

2.6.1.2 pav. Charakteringa alfa-LA (tr = 92,31), GSA (tr = 93,99)

ir beta-LG (tg = 98,47) chromatograma
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Cheminés medziagos ir tirpaly paruosimas. Naudoti analitinio §varumo
eliuentai. Gradientinio Svarumo acetonitrilas (ACN) (Sigma-Aldrich GmbH,
Buchs, Sveicarija), 99,8 proc. trifluoracto riigitis (TFA) (Riedel-de-Haen,
Vokietija). ISgrynintas dejonizuotas vanduo (18,2 mQcm-1), ruoSiamas van-
dens valymo sistema (Millipore, JAV). Prie§ naudojima eliuentai degazuo-
jami.

Etaloniai tirpalai ruoSiami 1§ efektyviosios skys¢iy chromatografijos gry-
numo standartiniy junginiy: alfa-laktalbuminas — i§ galvijy pieno (angl.
a-lactalbumin) 85 proc. grynumo; beta-laktoglobulinas — i§ galvijy pieno
(angl. p-lactoglobulin) 90 proc. grynumo ir galvijy serumo albuminas (angl.
Bovine Serum Albumin) — 98 proc. grynumo (Sigma — Aldrich GmbH, Vo-
kietija).

2.7. Duomeny grupavimo statistinei analizei metodika

Statistinei analizei atlikti tyrimy duomenys buvo sugrupuoti vadovaujantis
Siais kriterijais:

e teSmens ketvirciy sveikumu (TKS) pagal SLS piene ir mikrobiologinés

analizés (MBA) rezultatus;

e teSmens ketvirciy sveikumu pagal nustatyta SLS piene;

¢ laktacijy skai¢iumi;

e laktacijos tarpsniu;

e sezonais.

Vertinant karviy teSmens ketviré¢iy sveikuma pagal SLS piene ir mikro-
biologing analiz¢ (MBA), tyrimy duomenys suskirstyti j keturias grupes: AM
grupé¢ — aplinkos mikroorganizmy sukeltas mastitas; NM grupé — nespecifinis
arba aseptinis mastitas; SM grupé — slaptas arba subklinikinis mastitas; SK
grupé¢ — sveiki teSmens ketvir¢iai. Méginiai 1§ grupiy AM, NM bei SM
priskirti mastitu sergantiems ketvir¢iams, o i§ SK grupés — sveikiems
ketvir¢iams (2.7.1 lentelé).

2.7.1 lentelé. Tesmens ketvirciy sveikumo vertinimas pagal SLS ir MBA (gru-
pavimo metodika pagal Chaneton ir kt., 2013)

Grupé Specifikacija ofg;zigze;gl;gslr?;llfil;gas (tﬁlfslzjml) sl\(/:itl‘{lllll;fllz:!s
AM | Aplinkos mastitas + <200 sergantys
NM | Nespecifinis mastitas - >200 sergantys
SM Subklinikinis mastitas + > 200 sergantys
SK Sveikieji ketvirciai - <200 sveiki

(+/-) buvimas/nebuvimas patogeniniy mikroorganizmy pieno méginyje.
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Vertinant karviy teSmens ketvir¢iy sveikumag pagal nustatyta SLS pieno
meéginiuose duomenys suskirstyti j keturias grupes. Pieno méginiai i§ pirmos
ir antros grupés priskiriami sveikiems teSmens ketvir¢iams, o i§ treios ir
ketvirtos grupés — sergantiems teSmens uzdegimu (2.7.2 lentel¢).

2.7.2 lentelé. Tesmens ketvirciy sveikumo vertinimas ir suskirstymas pagal

SLS piene
Grupé SLS (tukst./ml) Ketvirciy sveikumas
1 iki 100 sveiki
2 Nuo 101 iki 200 sveiki
3 Nuo 201 iki 400 sergantys
4 Daugiau kaip 401 sergantys

Norédami nustatyti kity faktoriy, t. y. laktacijy skaiciaus, laktacijos tarp-
snio bei sezono jtaka antimikrobiniy baltymy kiekiy kitimui piene, duomenis
suskirstéme j grupes pagal analizuojama faktoriy (2.7.1 pav.).

Statistinei duomeny analizei sudarytos grupés

Teimens .kelh'irEiu_ vler-tinimas Tesmens ketviréiu sveiknmas pagal
pagal S_Lf ir MBA. Grupés: SLS ir MBA jvertinima. Grupés:
— AM (0=42) NM (0=13) Sveiki (n=49) Sergantys (n=T1)

SM (n=16) SK (n=49)

Grupés pagal SLS piene:

1)iki100 (n=76) Teimens ketviréin sveikumas pagal
| 2)101-200 (n=15) SLS grupavima:
3)201-400 (n=9) Sveikd (n=91) Sergantys (n=29)

4) = 401 (n=20)

Grupavimas pagal laktaciju skai¢iu:
I (n=32); II (n=44); I1I (n=44)

Grupavimas pagal laktacijos tarpsni:
|1 Ankstyvasiki 120 d (n=48)

Vidurinis 121-200 d (n=36)

Vélyvas 201-305 d (n=36)

Grupavimas pagal sezona:
Pavasario (n=40)

Vasaros (n=40)

Rudens (n=40)

2.7.1 pav. Duomeny grupavimo schema
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2.7.1. Statistiné duomeny analizé

Tyrimy duomeny analizei panaudota Microsoft Excel 2010 skaiciuokle ir
SPSS (versija 20.0, SPSS Inc., Chicago, IL) statistinis paketas. Karvés pieno
antimikrobiniy baltymy kiekiams ir SLS apskai¢iuoti apraSomosios statistikos
(angl. descriptive statistics) rodikliai: imties dydis (n), aritmetiniai vidurkiai
(angl. mean), vidurkio standartiné paklaida (angl. standard error of mean,
SEM), tarpusavio rySiai pagal Pirsono (angl. Pearson) tiesinés koreliacijos
koeficientus (rp) bei jy statistinis reikSmingumas (p) (Juozaitien¢ ir Anskiené,
2014).

Kiekvieno veiksnio, grupiy (AM, NM, SM, SK) pagal SLS ir MBA ver-
tinimg (SLS/MBA), teSmens ketvir¢iy sveikumo (sveiki, sergantys) pagal
SLS ir MBA grupes (TKS-SLS/MBA), grupiy (1, 2, 3, 4) pagal SLS piene
(SLS), teSmens ketvirciy sveikumo (sveiki, sergantys) pagal SLS grupes
(TKS-SLS), laktacijy skaiciaus (LS), laktacijos tarpsniy (LT), sezony (S),
jtaka analizuojamiems rodikliams (LF, IgG, alfa-LA, beta-LG ir GSA) jver-
tinta taikant vienfaktorinés analizés metoda (angl. One-way ANOVA). Reiks-
mingumas tarp vertinamy grupiy vidurkiy nustatytas Fisher LSD testu.
Skirtumai laikyti patikimais, kai p < 0,05.

Daugiafaktorinés analizés biidu pagal tiesinj miSry modelj (angl. Mixed
linear model analysis Anova) apskaiciuota atskiry bei grupuoty veiksniy jtaka
tirty antimikrobiniy baltymy pasiskirstymui piene. Vertinant minétyjy
veiksniy jtakg kiekvienam analizuojamam antimikrobiniam baltymui sudaryti
keturi linijiniai modeliai:

Yijlkn = LH'SLS/MBA{*‘LSJ' +LT1+Sk+eij1kn
Yijikn = u-i-TKS-SLS/MBAi+LSj+LTl+Sk+eij1kn
Yijlkn = u+SLSi+LSj+LT1+Sk+eij1kn

Yijikn = p+TKS-SLS;HLS;+LTi+St€ijikn

Kur: Y — antimikrobinis baltymas, p — tiriamojo antimikrobinio baltymo
vidurkis, SLS/MBA; — teSmens ketvir¢iai pagal SLS ir MBA jvertinimg
(1=AM, NM, SM, SK), TKS-SLS/MBA; — teSmens ketvir¢iy sveikumas
pagal SLS ir MBA jvertinimg (i = sveiki, sergantys), SLS; — somatiniy lasteliy
skaiCius piene (i = 1,2,3,4), TKS-SLS; — teSmens ketvir¢iy sveikumas pagal
SLS jvertinimg (1 = sveiki, sergantys), LS; — laktacijy skaicius (j = L, 11, III),
LT, — laktacijos tarpsniai (I = ankstyvas, vidutinis, vélyvas), Sk — sezonai (k =
pavasaris, vasara, ruduo), €, — likutiné paklaida.
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3. TYRIMU REZULTATAI

3.1. Antimikrobiniy baltymuy koncentracijy pasiskirstymas piene pagal
teSmens Ketvirc¢iy sveikuma

TeSmens ketvir¢iy sveikumas pagal pasirinktus vertinimo Kkriterijus
pasiskirsté nevienodai. Pagal SLS ir MBA jvertinimg nustatyta, kad serganciy
mastitais teSmens ketvir¢iy buvo 18,32 proc. daugiau nei sveiky teSmens
ketvir¢iy, o vertinant atskirai tik pagal SLS piene — sveiky ketvir¢iy buvo tis
kartus daugiau nei serganciyjy.

3.1.1. Antimikrobiniy baltymy koncentracijy pasiskirstymas piene pagal
somatiniy lasteliy skaiciaus ir mikrobiologinés analizés jvertinima

Ivertinus teSmens ketvir¢iy sveikuma pagal SLS ir MBA rezultatus, i$ visy
tirtyjy meéginiy nustatyta 41 proc. (n = 49) sveiky ketvirciy, o i§ serganciy
mastitais — 33 proc. (n = 42) atvejy priskirti aplinkos mikroorganizmy
sukeltam mastitui, 15 proc. (n = 16) — subklinikiniam mastitui ir 11 proc. (n =
13) — nespecifiniam mastitui (3.1.1.1 pav.).

%
40

55 .
30 33,33

25
20
15 -

10 10,83

L%y ]

NM | SM ‘ AM SK

Sveiki Sergantys

3.1.1.1 pav. Tesmens ketvirciy pasiskirstymas pagal SLS ir MBA jvertinimg
NM - nespecifinis mastitas; SM — subklinikinis mastitas; AM — aplinkos mastitas;
SK — sveiki ketvirciai.
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Ivertinus antimikrobiniy baltymy pasiskirstyma sveikuose ir mastitu
serganciuose teSmens ketvirCiuose nustatyta, kad LF ir IgG koncentracijos
serganciuose ketvir¢iuose buvo vidutiniskai 46 proc., o beta-LG bei GSA
koncentracijos atitinkamai 4 proc. ir 6 proc. didesnés nei sveikuose ket-
vir¢iuose. Taciau alfa-LA kiekis 2 proc. buvo didesnis sveikuose ketvir-
¢iuose. Kaip pateikta 3.1.1.1 lentel¢je ir 3.1.1.2 paveiksle statistiSkai reiks-
mingi skirtumai tarp antimikrobiniy baltymy vidurkiy sveikuose ir sergan-
¢iuose ketvirc¢iuose nustatyti LF (p < 0,001), IgG (p < 0,001) ir beta-LG (p <
0,05).

3.1.1.1 lentelé. Antimikrobiniy baltymy vidurkiai (mg/ml) sveikuose ir mastitu
serganciuose teSmens ketvirciuose

Ketviréiai | n LF IgG alfa-LA beta-LG GSA

Sveiki 49 | 0,03+0,01*** | 0,12+0,02%** | 0,93+0,03 | 3,14+0,11* | 0,31+0,03

Sergantys | 71 0,08+0,01 0,32+0,03 0,89+0,02 | 3,47+0,11 | 0,35+0,02
*p < 0,05; ***p <0,001.

i Sveiki W Sergantys

1,4 - 4,0
1,3 -
1,2 - 3,5
<11
E 10 - 3,0
0,9 - 25
308 - 9
£07 - 2,0 g
~ 0,6 +—— 0
8o
) T
w03 10
0,2 - - 0,5
o2 1 zk-
0,0 1 0,0
alfa-LA beta-LG
|:I<0,0|Jl p<0,001 p<0,05

3.1.1.2 pav. Antimikrobiniy baltymy koncentracijos (mean + SEM) sveikuose
ir serganciuose tesmens ketvirciuose pagal SLS ir MBA jvertinimg

Pagal SLS ir MBA jvertinimg ir ketvir¢iy suskirstyma j grupes LF ir IgG
koncentracijos subklinikiniu mastitu serganc¢iuose ketvir¢iuose buvo vidu-
tiniSkai 54 proc., o beta-LG — vidutiniskai 10 proc. didesnés nei sveikuose
ketvir¢iuose. GSA daugiausia rasta teSmens ketvir¢iuose, kuriuose nustatytas
aplinkos mikroorganizmy sukeltas mastitas, o alfa-LA — sveikuose ketvir-
Ciuose. Palyginti antimikrobiniy baltymy reikSmiy vidurkiai tarp grupiy,
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sudaryty pagal SLS ir MB analizg, LF, IgG ir beta-LG skirtumai skyrési
statistiSkai reikSmingai (p < 0,05) (3.1.1.2 lentelé ir 3.1.1.3 pav.).

3.1.1.2 lentelé. Antimikrobiniy baltymy vidurkiy (mg/ml) pasiskirstymas SLS
ir MBA vertinimo grupése
Grupés | n LF IgG Alfa-LA Beta-LG GSA
AM 42 | 0,08+0,01 | a | 0,35+0,04 | a | 0,89+0,03 | 3,24+0,13 | abd | 0,36+0,03
NM 13 | 0,04+0,01 | b | 0,14+0,03 | b | 0,89+0,03 | 3,74+0,21 | bec | 0,33+0,03
SM 16 | 0,10+0,02 | a | 0,41£0,07 | a | 0,87+0,06 | 3,88+0,24 | ¢ | 0,35+0,04

SK 49 | 0,03+0,01 | b | 0,12+0,02 | b | 0,92+0,03 | 3,14+0,11 | d | 0,31+0,03
AM - aplinkos mastitas; NM — nespecifinis mastitas; SM — subklinikinis mastitas; SK — svei-
ki ketvirciai. a,b,c,d — raidémis stulpeliuose pazyméti antimikrobiniy baltymy vidurkiai tar-
pusavyje skyreési statistiskai reikSmingai p < 0,05.

HAM ENM OSM OSK

mg/ml

16 - -y

1,5 1 e {

1,4 ¢ _ - 4,0

1,3 4

13 ] L35
311
i o 3,0
309 25 8
£08 8
207 20 8
206 1,5
305 '

03 - 10

0,2 1 0,5

01

0,0 4 0,0

LF IgG alfa-LA beta-LG GSA

3.1.1.3 pav. Antimikrobiniy baltymy koncentracijos (mean = SEM) SLS ir
MBA grupese
AM - aplinkos mastitas; NM — nespecifinis mastitas; SM — subklinikinis mastitas;
SK — sveiki ketvirciai. a, b, ¢, d stulpeliuvose paZyméti antimikrobiniy baltymy vidurkiai
tarpusavyje skyrési statistiskai reiksmingai p < 0,05.
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3.1.2. Antimikrobiniy baltymy koncentracijy pasiskirstymas pagal SLS
piene

Duomenis suskirsCius ] grupes pagal SLS piene ir jvertinus teSmens
ketvir¢iy sveikuma, nustatyta 75,83 proc. sveiky ir 24,17 proc. serganciy
ketvir¢iy (3.1.2.1 pav.). Atlikty tyrimy rezultatai (3.1.2.1 lentelé ir 3.1.2.2
pav.) parod¢, kad LF, IgG, beta-LG ir GSA koncentracijos serganciuose
teSmens ketvir¢iuose (SLS nuo 201 > 401 tukst./ml) buvo aukStesnés —
atitinkamai 2 proc., 8 proc., 4 proc. ir 2 proc., nei sveikuose teSmens ket-
virciuose (SLS iki 200 tukst/ml). Tik alfa-LA sveikuose teSmens ketvirciuose
nustatyta 6 proc. daugiau nei serganciuose ir skirtumas tarp sveiky ir
serganciy ketvir¢iy statistiSkai reikSmingas (p < 0,05).

SLS iki 200 tdkst/ml

SLS daugiau nei 200
tikst/ml

sveiki ketviriai sergantys ketviréiai

3.1.2.1 pav. Tesmens ketvirciy pasiskirstymas pagal SLS piene

3.1.2.1 lentelé. Antimikrobiniy baltymy vidurkiy (mg/ml) pasiskirstymas svei-
kuose ir serganciuose teSmens ketvirciuose pagal SLS jvertinimg

Ketvirciai n LF IgG alfa-LA beta-LG GSA
Sveiki 91 0,06+0,01 0,23+0,02 0,93+0,02* 3,28+0,09 | 0,33+0,02
Sergantys 29 0,07+0,01 0,27+0,05 0,83+0,04 3,53+0,14 | 0,34+0,04
*p <0,05.
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LF 1gG alfa-LA beta-1G GSA
p<0,05

3.1.2.2 pav. Antimikrobiniy baltymy koncentracijos (mean + SEM) sveikuose
ir serganciuose tesmens ketvirciuose pagal SLS jvertinimg

Kaip matyti 3.1.2.3 paveiksle, antimikrobiniy baltymy vidurkiai pagal SLS
grupes pasiskirsté nevienodai. Nustatytas statistiSkai reikSmingas (p < 0,05)
skirtumas tarp maziausiy (pirmoje grupg¢je) ir didziausiy (antroje grupéje) LF
koncentracijy. IgG vidurkiy pasiskirstymas tarp grupiy buvo panaSus kaip ir
LF, taciau statistiSkai nepatikimas (p > 0,05). Serganciyjy ketvirciy trecioje
grupéje beta-LG ir GSA koncentracijos buvo didziausios ir nuo pirmos bei
antros grupés skyrési — atitinkamai 0,57 mg/ml, 0,57 mg/ml, 0,07 mg/ml ir
0,06 mg/l, o nuo ketvirtos grupés — atitinkamai 0,47 mg/ml ir 0,09 mg/ml.
Alfa-LA kiekiai pirmoje ir antroje grupése nesiskyré ir buvo didesni nei
serganCiy ketvirciy trecioje ir ketvirtoje grupése atitinkamai 0,13 mg/ml ir
0,08 mg/ml.
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——1LF 005 | 0,09 006 0,08
——IgG 0,22 0,3 0,24 0,28
—e—alfa-LA 0,93 0,93 0,8 0,85
—+—GSA 0,33 0,34 0,4 0,31
—+—beta-LG 3,28 3,28 3,85 3,38

3.1.2.3 pav. Antimikrobiniy baltymy pasiskirstymas (mean = SEM)
SLS grupése
a, b — raidémis stulpelivose pazymeéti vidurkiai skyrési tarpusavyje statistiskai
reiksmingai p < 0,05.

3.2. Laktacijy tarpsniu bei skaiciaus jtakos antimikrobiniy baltymuy
koncentracijos kaitai piene tyrimy rezultatai

Atsizvelgdami | tai, kad natiraliy antimikrobiniy baltymy kiekis néra
pastovus ir kinta priklausomai nuo jvairiy veiksniy, iStyréme karviy laktacijy
skaiciaus ir tarpsniy jtaka Siy baltymy kiekiams piene.

Iverting karvés amziaus, tai yra laktacijos, jtaka tiriamyjy baltymy pa-
siskirstymui piene (3.2.1 pav.) nustatéme, kad antros laktacijos metu IgG,
alfa-LA ir GSA kiekiai buvo didesni nei pirmoje ar treCioje laktacijoje. Pir-
maversiy karviy piene nustatyta didziausia LF koncentracija, o beta-LG
koncentracijos pikas pasieké treCios laktacijos metu. Vidurkiy skirtumai tarp
antros ir treCios laktacijy grupiy buvo statistiSkai reikSmingi ir skyrési
25 proc. IgG (p < 0,05) ir 8 proc. beta-LG (p < 0,01).
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3.2.1 pav. Antimikrobiniy baltymy kitimas (mean = SEM) piene skirtingy

laktacijy metu
a, b — raidémis pazymeéti atskiry baltymy vidurkiai skyrési tarpusavyje
statistiskai reiksmingai p < 0,05.

Ivertinus laktacijos tarpsnio jtaka (3.2.2 pav.) nustatyta, kad ankstyvajame
laktacijos tarpsnyje padaugéja LF, IgG bei alfa-LA kiekiai. Véliau, laktacijai
ipuséjus, didziausios koncentracijos nustatytos beta-LG ir GSA. Palyginti su
ankstyvuoju laktacijos tarpsniu prie$ uztrilkimg, LF, IgG, alfa-LA bei GSA
kiekiai sumaz¢ja — atitinkamai 34 proc., 30 proc., 8 proc. bei 4 proc. IgG (p <
0,01) ir alfa-LA (p < 0,001) vidurkiy skirtumai tarp ankstyvojo ir vélyvojo
laktacijos tarpsniy, o LF — tarp ankstyvojo ir viduriniojo (p < 0,05) bei
ankstyvojo ir vélyvojo (p < 0,01) laktacijos tarpsniy, buvo statistiSkai reiks-
mingi.
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3.2.2 pav. Antimikrobiniy baltymy kitimas (mean £ SEM) piene skirtingais

laktacijos tarpsniais
a, b — raidémis pazyméti atskiry baltymy vidurkiai skyrési tarpusavyje
Statistiskai reik§mingai p < 0,05.

3.3. Sezony jtakos antimikrobiniy baltymuy koncentracijos kaitai piene
tyrimo rezultatai

Ivertinus sezono jtakg antimikrobiniy baltymy pasiskirstymui piene
(3.3.1 pav.), nustatyta, kad LF, IgG ir GSA didziausios koncentracijos buvo
pavasario, alfa-LA — vasaros, o beta-LG — rudens sezony metu. LF koncent-
racija vasaros ir rudens sezony metu nekito ir buvo 60 proc. mazesné nei pa-
vasario metu. Vasaros metu IgG, beta-LG ir GSA koncentracijos buvo ma-
ziausios, palyginti su kitais sezonais. Tik alfa-LA koncentracijos kiekis
vasaros laikotarpiu buvo didziausias ir nuo pavasario bei rudens sezony sky-
rési — atitinkamai 4 proc. ir 8 proc. StatistiSkai reikSmingi vidurkiy skirtumai
rasti LF ir IgG tarp pavasario ir vasaros (p < 0,001), pavasario ir rudens (p <
0,001), alfa-L.A vasaros ir rudens (p < 0,001), beta-LG pavasario ir vasaros (p
< 0,05), pavasario ir rudens (p < 0,05), vasaros ir rudens (p < 0,001) ir GSA
pavasario ir vasaros (p < 0,05), vasaros ir rudens (p < 0,05) sezony grupiy.
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3.3.1 pav. Antimikrobiniy baltymy kitimas (mean = SEM) piene skirtingy

sezony metu
a, b, ¢ — raidémis pazymeéti atskiry baltymy vidurkiai skyrési tarpusavyje statistiskai
reiksmingai p < 0,05.

3.4. Tirtyju veiksniy jtakos antimikrobiniy baltymy Kkiekiui piene
ivertinimas

Vienfaktorinés disperinés analizés biidu buvo jvertinta SLS, teSmens
ketvir¢iy sveikumo (pagal SLS ir MBA vertinima, bei pagal SLS grupiy su-
skirstymg), laktacijy skaiciaus, laktacijos tarpsniy bei sezony jtaka tiria-
miesiems rodikliams (LF, IgG, alfa-LA, beta-LG ir GSA).

Kaip matome i§ 3.4.1-3.4.3 paveiksly, veiksniy SLS ir MBA grupiy (AM,
NM, SM, SK), bei teSmens ketvir¢iy sveikumo (sveiki, sergantys) pagal SLS
ir MBA jvertinima, jtaka labiausiai iSreiksta LF (p < 0,001), IgG (p < 0,001),
bei beta-LG, kur veiksnio SLS ir MBA grupés statistinis reikSmingumas — p <
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0,01, o veiksnio teSmens ketvir¢iy sveikumas pagal SLS ir MBA jtaka ma-
zesne —p < 0,05.

TeSmens ketvir¢iy sveikumas pagal SLS grupes (1, 2, 3, 4), statistiSkai
reikSmingai (p < 0,05) daré¢ jtakg alfa-LA kiekiui, kai veiksnio jtakos koe-
ficientas sudaré¢ 4,3 proc. (3.4.2 pav.). Laktacijy skaicius reikSmingai
(p<0,01) dar¢ jtaka beta-LG vidurkiui, kai veiksnio jtakos koeficientas
sudar¢ 7,7 proc. (3.4.4 pav.). Laktacijos tarpsniy statistiSkai reikSminga jtaka
nustatyta LF (p < 0,01), IgG (p < 0,05) bei alfa-LA (p < 0,01), kai veiksnio
itakos koeficientai sudaré — atitinkamai 8,5 proc., 6,1 proc. bei 9,1 proc.
(3.4.1,3.4.2 ir 3.4.3 pav.).

Visiems tirtiesiems rodikliams labiausiai tur¢jo jtakos mety laikai. Sezonai
statistiSkai reikSmingai turéjo jtakos LF, IgG ir beta-LG (p < 0,001), alfa-LA
(p < 0,01) ir GSA (p < 0,05) kiekiams, kai veiksnio jtakos koeficientai
daugiausia procenty sudaré LF (46,5 proc.) ir IgG (79,6 proc.) rodikliams
(3.4.1,3.4.2,3.4.5 pav).
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3.4.1 pav. Tirtyjy veiksniy jtaka LF kiekiui piene
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3.4.3 pav. Tirtyjy veiksniy jtaka alfa-LA Kiekiui piene
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3.4.4 pav. Tirtyjy veiksniy jtaka beta-LG kiekiui piene
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3.4.5 pav. Tirtyjy veiksniy jtaka GSA kiekiui piene

Vertinant tirtyjy veiksniy sgveikos itaka (3.4.1 lentelé) analizuoja-
miems rodikliams (LF, IgG, alfa-LA, beta-LG ir GSA), pagal dispersi-
nés analizés tiesin] miSry modelj nustatyta, kad sumazéjo laktacijos tarpsnio
itaka (p > 0,05), bet iSryskéjo statistiSkai reikSminga SLS jtaka LF (5,2 proc.,
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p <0,001) ir IgG (1,6 proc., p < 0,05). ISsiskyré antra SLS grupé (100-200
tiikst./ml), kurioje LF buvo 80,6 proc. daugiau nei pirmoje grupéje (SLS iki
100 tukst./ml) (p < 0,05). Daugiafaktorinés analizés modelis IgGjjxn =
ut+TKS-SLS+LS;+LT+Sk+€ijikn (R* = 85,6 proc.) isryskino biologiniy veiks-
niy — teSmens ketvir¢iy sveikumo, pagal SLS grupes x laktacijos skaiCiaus
jungtinés sgveikos, bei teSmens ketvir¢iy sveikumo, pagal SLS grupes x lak-
tacijos tarpsnio sgveikos, jtakas IgG — atitinkamai 1,3 proc., p < 0,05 ir 1,1
proc., p < 0,05. Antros laktacijos ketvirciy piene IgG buvo 61,1 proc. daugiau
nei pirmos laktacijos (p < 0,05) ketviréiy piene. Sio modelio analizé parode,
kad ankstyvuoju laktacijos tarpsniu IgG buvo 37,67 proc. daugiau nei
viduriniuoju ir 50,25 proc. daugiau nei vélyvuoju (p < 0,05) laktacijos tarp-
sniu. Daugiafaktorinés analizés linijiniu modeliu LFjj, = p+TKS-SLS/MBA;
FLSHLT+Sit€jikn (R2 = 69,8 proc.) nustatyta biologiniy veiksniy — teSmens
ketvir¢iy sveikumo, pagal SLS ir MBA x laktacijy skaiiaus jungtinés
sgveikos, statistiSkai reik§minga jtaka LF (3,2 proc., p < 0,05). Stebimi
skirtingy kryp¢iy LF vidurkiy skirtumai, palyginti su SLS ir MBA grupémis
skirtingais laktacijos tarpsniais. Biologiniy ir aplinkos veiksniy, teSmens
ketvir¢iy sveikumas pagal SLS ir MBA x sezonas jungtinés sgveikos jtaka
buvo statistiskai reikSminga LF (3,0 proc., p < 0,05) ir alfa-LA (5,4 proc., p <
0,05). Pavasarj LF ir alfa-LA buvo daugiau nei vasarg ir rudenj visose TKS-
SLS/MBA grupése. Taip pat nustatyti rySkiis LF skirtumai pavasarj tarp
skirtingy TKS-SLS/MBA grupiy. DidZiausia biologiniy ir aplinkos veiksniy
sezonas x laktacijos skai¢ius jungtiné sgveikos jtaka (6,6 proc., p < 0,01) nu-
statyta LF tiriant modelj LFjj, = p+SLS;i+LS;+LT+Si+€jjikn (R2 =77,9 proc.).
Pastebimas padidéjes LF kiekis pavasario metu visose laktacijose, o ypac
pirmoje laktacijoje (0,16 + 0,01 mg/ml), kai tuo tarpu vasaros laikotarpiu
pirmoje laktacijoje LF kiekis buvo mazesnis 16 karty (0,01 = 0,01 mg/ml),
palyginti su LF kiekiu pavasarj. Daugiafaktorin¢ dispersin¢ analiz¢é iSryskino
biologiniy ir aplinkos veiksniy sezonas x laktacijos tarpsnis jungtinés sgvei-
kos jtakg alfa-LA (8,8 proc., p < 0,05) ir beta-LG (6,2 proc., p < 0,05). Dau-
giausia alfa-LA nustatyta ankstyvuoju laktacijos tarpsniu vasaros laikotarpiu
(1,06 + 0,04 mg/ml), maziausiai — vélyvuoju laktacijos tarpsniu pavasario
laikotarpiu (0,71 + 0,08 mg/ml). Beta-LG pasiskirstymas ankstyvuoju ir
viduriniuoju laktacijos tarpsniais nustatytas didziausias rudens sezono metu, o
velyvuoju laktacijos tarpsniu — pavasario metu.
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3.4.1 lentelé. Tirtyjy veiksniy jtaka (Proc., p vertés) antimikrobiniy baltymy
kiekiui jvertinta daugiafaktorinés dispersinés analizés biidu

Analizuojami veiksniai LF IgG alfa-LA beta-LG GSA

SLS 5,2 proc. 1,6 proc. 4,6 proc. 3,0 proc. 1,7 proc.
p <0,001 p <0,05 p>0,05 p>0,05 p>0,05
0,7 proc. 0,4 proc. 4,3 proc. 1,5 proc. 0,05 proc.

TKS-SLS p>005 | p>005 | p<001 p>0,05 p>0,05
17,4 proc. 25,6 proc. 1,2 proc. 10,3 proc. 1,4 proc.

SLS/MBA p<0001 | p<0001 | p>005 | p<0001 | p>005
12,0 proc. 17,2 proc. 1,1 proc. 3,5 proc. 1,2 proc.

TKS-SLS/MBA p<0001 | p<0001 | p>005 p<005 | p>005
S 46,8 proc. 79,9 proc. 8,8 proc. 14,0 proc. 6,3 proc.
p <0,001 p <0,001 p<0,01 p <0,001 p <0,05

LS 2,3 proc. 0,04 proc. 3,4 proc. 6,9 proc. 3,3 proc.
p>0,05 p>0,05 p>0,05 p <0,05 p>0,05

LT 1,3 proc. 1,2 proc. 10,6 proc. 3,2 proc. 0,5 proc.
p>0,05 p>0,05 p<0,01 p>0,05 p>0,05

SLSx S 2,0 proc. 0,9 proc. 4,3 proc. 6,3 proc. 5,8 proc.
p>0,05 p>0,05 p>0,05 p>0,05 p>0,05

1,0 proc. 1,4 proc. 1,4 proc. 3,1 proc. 2,2 proc.

SLSx LS p>005 | p>005 | p>005 | p>005 | p>005
1,6 proc. 1,2 proc. 3,7 proc. 3,9 proc. 5,4 proc.

SLSx LT p>0,05 p>0,05 p>0,05 p>0,05 p>0,05
1,3 proc. 0,7 proc. 2,2 proc. 5,3 proc. 0,6 proc.

TKS-SLSx S p>005 | p>005 | p>005 p<005 | p>005
0,6 proc. 1,3 proc. 0,9 proc. 1,0 proc. 2,0 proc.

TKS-SLS x LS p>005 | p<005 | p>005 | p>005 | p>005
0,01 proc. 1,1 proc. 0,03 proc. 0,6 proc. 0,4 proc.

TKS-SLSx LT p>0,05 p <0,05 p>0,05 p>0,05 p>0,05
3,4 proc. 0,3 proc. 7,1 proc. 8,5 proc. 2,2 proc.

SLS/MBA x 8 p>005 | p>005 | p<005 p<005 | p>005
5,0 proc. 0,7 proc. 2,9 proc. 4,7 proc. 2,4 proc.

SLS/MBA x LS p<005 | p>005 | p>005 | p>005 | p>005
2,4 proc. 0,5 proc. 6,8 proc. 1,9 proc. 5,9 proc.

SLS/MBA x LT p>0,05 p>0,05 p>0,05 p>0,05 p>0,05
3,0 proc. 0,4 proc. 5,4 proc. 1,2 proc. 1,2 proc.

TKS-SLSMBA x § p <001 p>005 | p<0,05 p>005 | p>0,05
3,2 proc. 0,2 proc. 0,4 proc. 0,6 proc. 0,7 proc.

TKS-SLSMBA x LS p <001 p>005 | p>0,05 p>005 | p>0,05
0,5 proc. 0,4 proc. 1,9 proc. 0,6 proc. 2,8 proc.

TKS-SLS/MBA x LT p>005 | p>005 | p>005 | p>005 | p>005
SxLS 6,9 proc. 1,1 proc. 5,2 proc. 4,0 proc. 4,4 proc.
p <0,05 p>0,05 p>0,05 p>0,05 p>0,05

SxLT 3,4 proc. 1,1 proc. 8,8 proc. 6,2 proc. 3,0 proc.
p>0,05 p>0,05 p <0,05 p <0,05 p>0,05

LS x LT 2,5 proc. 0,2 proc. 2,4 proc. 3,1 proc. 1,7 proc.
X p > 0,05 p > 0,05 p> 0,05 p > 0,05 p> 0,05

SLS/MBA - grupés pagal SLS piene ir jo mikrobiologinés analizés jvertinima; TKS-SLS/MBA - sveiki
arba sergantys teSmens ketvir¢iai pagal SLS ir MBA kompleksinj vertinima; SLS — grupés pagal soma-
tiniy lasteliy skaiciy piene, TKS-SLS — sveiki arba sergantys teSmens ketvir¢iai pagal SLS piene ver-
tinima; LS — laktacijy skaicius; LT — laktacijos tarpsnis; S — sezonas.
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3.5. Tirtyjuy antimikrobiniy baltymuy koreliaciné analizé

Atlikus antimikrobiniy baltymy koreliacing analize (3.5.1 lentel¢) nustatyti
statistiSkai patikimi rySiai tarp LF ir IgG (p <0,01), IgG ir GSA (p < 0,05) bei
tarp beta-LG ir GSA (p < 0,01). Stipriausia teigiama koreliacija pastebéta tarp
LF ir IgG (r = 0,731), silpnesni, bet taip pat teigiami tarpusavio rySiai
nustatyti tarp IgG ir GSA (r = 0,209), bei tarp beta-LG ir GSA (r = 0,293).
Analizé parodé silpnus, statistiSkai nepatikimus, neigiamus koreliacijos
koeficiantus alfa-LA su LF, IgG ir beta-LG.

3.5.1 lentelé. Koreliacija (r) tarp tiriamyjy antimikrobiniy baltymy

Rodikliai IeG alfa-LA beta-LG GSA
LF 0,731** -0,109 0,048 0,165
IgG - -0,025 0,043 0,209*
alfa-LA - -0,166 0,006
beta-LG - 0,293%*

Koreliacijos koeficienty reikSmingumas *p < 0,05; **p <0,01.

3.5.1. Karviy teSmens ketvirc¢iy sveikumo ir pieno antimikrobiniy
baltymy rysys

Ivertinus teSmens ketvir¢iy sveikumg pagal SLS ir MBA bei tirty
antimikrobiniy baltymy tarpusavio rySius (3.5.1.1 lentelé) nustatyta, silpna
teigiama koreliacija tarp LF ir alfa-LA (r = 0,297), silpna neigiama koreliacija
tarp alfa-LA ir beta-LG (r = -0,317) ir vidutiniSkai teigiama koreliacija tarp
beta-LG ir GSA (r = 0,502), kai teSmens ketvirciai sveiki. Esant teSmens
ketvir¢iy uzdegimui pagal SLS ir MBA jvertinimg iSrySkéjo stipri teigiama
koreliacija tarp LF ir IgG (r = 0,792), taip pat statistiSkai patikima, bet silpna
neigiama koreliacija LF su alfa-LA (r = -0,242).

3.5.1.1 lentelé. Tesmens ketvirciy sveikumo pagal SLS ir MBA jvertinimgq ir
antimikrobiniy baltymy koreliacijos koeficientai

Sveikumas Rodikliai IgG alfa-LA beta-LG GSA
LF 0,264 0,297* 0,204 0,175
Sveiki IgG - 0,136 0,110 0,202
ketvirciai alfa-LA - -0,317* =0,145
beta-LG - 0,502**
LF 0,792** —0,242* -0,103 0,126
Sergantys I1gG - -0,024 —-0,091 0,191
ketvirciai alfa-LA - —0,052 0,163
beta-LG — 0,113

Koreliacijos koeficienty reik§mingumas *p < 0,05; **p < 0,01.
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Ivertinus teSmens ketvir¢iy sveikuma pagal SLS piene ir antimikrobiniy
baltymy rys; (3.5.1.2 lentel¢), nustatyta stipri teigiama koreliacija tarp LF ir
IgG (r = 0,698), silpni teigiami statistiSkai patikimi koreliacijos koeficien-
tai tarp LF ir GSA (r = 0,214), IgG ir GSA (r = 0,215), beta-LG ir GSA
(r=0,242), kai teSmens ketvirciai sveiki (SLS < 200 tikst./ml). Stiprus
teigiamas koreliacinis rySys tarp LF ir IgG (r = 0,817), kiek silpnesnis vi-
dutinis teigiamas koreliacinis rysys tarp beta-LG ir GSA (r = 0,471) isrysk¢jo,
esant teSmens ketvir¢iy uzdegimui (SLS > 201 tukst./ml).

3.5.1.2 lentelé. Tesmens ketvirciy sveikumo pagal SLS jvertinimgq ir antimik-
robiniy baltymy koreliacijos koeficientai

Sveikumas Rodikliai IeG alfa-LA beta-LG GSA
LF 0,698%** 0,052 0,038 0,214*
Sveiki IgG - -0,020 0,012 0,215*
ketvir¢iai alfa-LA - 0,153 0,047
beta-LG - 0,242*
LF 0,817** 0,209 0,039 0,032
Sergantys IgG - 0,010 0,115 0,192
ketvir¢iai alfa-LA - 0,123 0,078
beta-LG — 0,471%*

Koreliacijos koeficienty reikSmingumas *p < 0,05; **p < 0,01.

3.5.2. Karviy laktacijos tarpsniy, laktaciju skaiciaus, sezony ir pieno
antimikrobiniy baltymuy rySys

Atlikus rySiy tarp pozymiy analize (3.5.2.1-3.5.2.3 lentelés) iSryskéjo LF
ir IgG stipriis, sezony metu vidutiniai, teigiami tarpusavio rysiai visais lak-
tacijos tarpsniais pirmos, antros ir trecios laktacijy metu (p < 0,01). Pavasarij,
pirmos laktacijos ankstyvuoju tarpsniu, nustatyti neigiami, vidutinio stip-
rumo, LF ir alfa-LA tarpusavio ryS$iai (p < 0,05). Antrai laktacijai jpuséjus
iSryskéjo vidutinisSkai teigiami LF ir GSA, IgG ir GSA tarpusavio rySiai
(p <0,01). Ruden;, trecios laktacijos veélyvuoju laikotarpiu, nustatyti vidu-
tiniSkai teigiami IgG ir beta-LG, beta-LG ir GSA koreliacijos koeficientai
(r=0,398-0,634; p < 0,01). Vasaros sezono metu silpnais rySiais koreliavo
tik LF su IgG ir alfa-LA (p < 0,05). Vélyvuoju laktacijos tarpsniu beveik visy
tirtyjy antimikrobiniy baltymy tarpusavio rySiai buvo statistiSkai reikSmingi.
Ankstyvuoju ir vélyvuoju laktacijos tarpsniais iSrySkéjo silpni neigiami rysiai
tarp LF ir alfa-LA bei tarp IgG ir alfa-LA, o laktacijos viduryje — vidutiniSkai
teigiami koreliacijos koeficientai tarp IgG ir alfa-LA (p < 0,05).
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3.5.2.1 lentelé. Laktacijy tarpsniy ir antimikrobiniy baltymy koreliacijos

koeficientali
Laktacijos tarpsnis | Rodikliai IgG alfa-LA beta-LG GSA
LF 0,705%* —0,345* 0,044 0,011
IgG - —0,293* 0,061 0,079
Ankstyvas
alfa-LA - 0,094 0,043
beta-LG - 0,236
LF 0,745%* 0,255 -0,273 0,559**
o IgG - 0,405%* -0,256 0,509**
Vidurinis
alfa-LA - -0,227 0,185
beta-LG - 0,176
LF 0,770%* -0,330* 0,596%* 0,130
. IgG - —0,349* 0,558** 0,023
Vélyvas
alfa-LA - —0,536** —-0,336*
beta-LG - 0,481%*

Koreliacijos koeficienty reik§mingumas *p < 0,05; **p <0,01.

3.5.2.2 lentelé. Laktacijy skaiciaus ir antimikrobiniy baltymy koreliacijos

koeficientai
Laktacijos skaic¢ius | Rodikliai IgG alfa-LA beta-LG GSA
LF 0,922%%* -0,421* -0,068 0,079
. IgG - -0,241 -0,108 0,121
Pirma
alfa-LA - 0,188 0,300
beta-LG - 0,320
LF 0,684 %** -0,025 0,096 0,405%**
IgG - 0,124 0,088 0,340*
Antra
alfa-LA - -0,324* -0,169
beta-LG - 0,283
LF 0,619%* 0,215 0,209 -0,038
= IgG - -0,035 0,398** -0,038
Trecia
alfa-LA - -0,368% -0,201
beta-LG - 0,507**

Koreliacijos koeficienty

reikSmingumas *p < 0,05; **p < 0,01.
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3.5.2.3 lentelé. Sezono ir antimikrobiniy baltymy koreliacijos koeficientai

Sezonai Rodikliai IgG alfa-LA beta-LG GSA
LF 0,408%** -0,407** -0,003 -0,006
. IgG - 0,028 -0,081 0,165
Pavasaris
alfa-LA - -0,067 0,402*
beta-LG - -0,138
LF 0,360* 0,392% 0,120 0,033
IgG - 0,001 -0,132 -0,111
Vasara
alfa-LA - -0,143 -0,036
beta-LG - 0,218
LF 0,436** -0,276 0,234 0,388*
IgG - -0,049 0,634%** 0,366*
Ruduo
alfa-LA - 0,023 -0,235
beta-LG - 0,533**

Koreliacijos koeficienty reikSmingumas *p < 0,05; **p < 0,01.
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4. TYRIMU REZULTATU APTARIMAS

4.1. Antimikrobiniy baltymy kiekis sveikyjy ir sergan¢iyju mastitu
teSmens ketvirciy piene

Karviy mastitas yra pasikartojanti rimta problema, su kuria susiduria pieno
gamintojai (Bernatowicz et al., 2004; Petrovski et al., 2006; Sharma et al.,
2011; 2012). Si liga yra pieno liaukos uzdegiminis atsakas j metabolinius ir
fiziologinius organizmo pokycius ar traumas. Taciau dazniausiai pieno liau-
kos uzdegiminius procesus lemia susilpné€jusi imuniné sistema, nepajégi
pasalinti kontaginiy ar aplinkos patogeniniy mikroorganizmy invazijos bei
dauginimosi (Dego et al., 2002; Bannerman et al., 2004; Oviedo-Boyso et al.,
2007). Ankstyvas teSmens sveikumo nustatymas yra biitinas pieno gamin-
tojams norint uztikrinti ne tik gyvulio gerove, bet ir pieno kokybe bei
produkcija. Somatiniy lasteliy kiekis piene yra pripaZintas pieno kokybés ir
karviy sveikatos biiklés jvertinimo rodiklis (Rivas et al., 2001; Schukken et
al., 2003; Green et al., 2004; Robert-Granie et al., 2004; Hillerton et al., 2005;
Piccinini et al., 2006). Padidé¢jes SLS — indikatorius rodantis, kad karvé serga
slaptuoju te§mens uzdegimu (mastitu) (Schukken et al., 2003). Si ligos forma
neturi jokiy klinikiniy pozymiy ir nustatoma tiriant SLS piene (Green et al.,
2004). Fiziologinis SLS padidéja visuose teSmens ketviriuose vienodai, o
sergant mastitu — viename ar keliuose teSmens ketvir¢iuose (Hutton et al.,
1990). Anot mokslininky Hamann (2002), Cheng ir kity (2008), pienas,
kuriame SLS — maziau nei 100 tiikst./ml, yra i§ sveiko teSmens, nors Chane-
ton ir kiti (2013) teigia, kad sveikas teSmuo — kai SLS piene iki 200 tiikst./ml.
Hamann (2002) teigimu, SLS ,,auksinis standartas“— < 100 tiikst./ml, nes
did¢jant Siam skaiCiui sutrinka pieno sekrecija, dél to mazéja produkcija,
keiciasi pieno komponenty sudétis. Kiti mokslininkai Smith (2002) ir Pyorala
(2003), remdamiesi tyrimais, nustaté, kad teSmens ketvir¢io pienas, kuriame
SLS - daugiau nei 200 tukst./ml, parodo, kad sukelta uzdegiminé reakcija
(subklinikinis mastitas). Toks pienas netinkamas siiriy gamybai dé¢l sumazé-
jusios siriy iSeigos, kokybés ir galiojimo laiko (Dohoo and Meek, 1982;
Barbano, 1999). Remiantis Zalio pieno pirminiy kokybés rodikliy jvertinimo
instrukcija, patvirtinta Lietuvos Respublikos Zzemés tkio ministro 2006 m.
liepos 25 d. isakymu Nr. 3D-303 (zin., 2006, Nr. 85-3337), auksciausios
rusies piene SLS negali virSyti 400 tukst./ml. Siekiant pagerinti karviy svei-
katinguma, produktyvuma bei gerove, biitinas imuniniy faktoriy ir teSmens
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apsaugos mechanizmo prie$ infekcija veikimo suvokimas (Chaneton et al.,
2013). Literattiroje nurodoma, kad iSrtigose esantys antimikrobiniai baltymai
(AB) dalyvauja imuninés sistemos veikloje atlikdami daug svarbiy apsauginiy
bei imunomoduliuojanciy (stimulivojanciy) funkcijy (Bellamy et al.,1993;
Krol et al., 2010; Pan et al., 2006; Wojdak-Maksymiec Mikolajczyk, 2012;
Sobczuk-Szul et al., 2014). Pastaruoju metu atliekami tyrimai siekiant iSsi-
aiSkinti imuniniy komponenty, tokiy kaip laktoferinas (LF), imunoglobulinai
(Ig), alfa-laktalbuminai (alfa-LA), beta-laktoglobulinai (beta-LG), galvijy
serumo albuminas (GSA), dinamiskuma vietiniy karviy piene (Litwinczuk et
al., 2011; Krol et al., 2012; Chaneton et al., 2013; Sobczuk-Szul et al., 2014).
Daugelio autoriy darbuose teSmens ar teSmens ketvir¢iy sveikumas vertina-
mas remiantis SLS piene tyrimais (Litwinczuk et al., 2011; Krol et al., 2012;
Sobczuk-Szul et al., 2014). Tyrimy duomenys pagal SLS piene dazniausiai
skirstomi ] keleta grupiy, pagal kurias nustatomos sveikos ir teSmens
uzdegimu sergancios karvés. Anot Krol ir kity bendraautoriy (2012), teSmens
ketvir¢iy pienas, kuriame SLS daugiau nei 200 tiikst./ml, parodo, kad teSmuo
galimai infekuotas (subklinikinis mastitas) ir priskiriamas sergantiesiems
(Litwinczuk et al., 2011; Krol et al., 2012). ISanalizave moksling literatiirg ir
norédami jvertinti teSmens ketvir¢iy sveikumg bei SLS itaka natiiraliy AB
kiekiams, pasirinkome tyrimy duomeny grupavimo metodikg pagal SLS
piene. Lenkijoje atlikti tyrimai parod¢, kad didéjantis SLS turéjo jtakos
pagrindiniy albuminy (alfa-LA ir beta-LG) kiekiy sumaZzéjimui, taciau
imunologiSkai aktyviy baltymy (laktoferino ir lizocimo) ir GSA kiekiai padi-
déjo (p < 0,001) (Litwinczuk et al., 2011). Krol ir bendraautoriy (2012) ty-
rimai papildé Litwinczuk ir kity (2011) duomenis, nustacius, kad SLS didé-
jimas statistiSkai patikimai turéjo jtakos didéjancioms LF, IgG bei lizocimo
koncentracijoms piene. Minétuosiuose tyrimuose, SLS ijtakg LF ir IgG
kiekiams patvirtino apskaiciuoti auksti koreliacijos koeficientai, kurie sutapo
ir su musy gautais apskaiCiavimais. Teigiami koreliacijos koeficientai tarp
SLS ir LF nustatyti mokslininky Hutton ir kity (1990), Lindmark-Mansoon ir
kity (2000; 2006), bei Cheng ir kity (2008), o tarp SLS ir IgG - Liu ir kity
(2009) bei Krol ir kity (2012; 2014) darbuose. Miisy ir minéty tyréjy
rezultatai leidzia daryti prielaida, kad LF ir IgG rodiklius kartu su SLS piene
reikéty jvertinti nustatant subklinikin] mastitg.

Nustacius padidéjusj SLS piene biitinas mikrobiologinis mastito suké¢léjy
tyrimas. Pagrindiniai kriterijai, SLS ir mikrobiologiné pieno analizé, nusta-
tantys teSmens ketvir¢iy sveikuma, buvo pasirinkti ir miisy darbe. Hagiwara
(2003), Kocina (2012), Chaneton (2013) su kitais mokslininkais, mastito
formai jvertinti ar sukéléjui identifikuoti, be SLS nustatymo, taip pat atliko ir
mikrobiologinius mastito sukéléjo tyrimus. Anot mokslininky Pyorala (2003),
Chaneton ir kity (2013), remiantis minétaisiais dviem svarbiais kriterijais,
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vertinant teSmens sveikumg, galima diferencijuoti pieno liaukos uzdegima
(aplinkos, nespecifinis ar subklinikinis mastitas). Miisy darbe pagal SLS ir
mikrobiologing analize teSmens ketvirciai pasiskirsté panasiai, t. y. 59 proc. —
serganCiyjy ir 41 proc. — sveikyjy teSmens ketvir¢iy, kai kity mokslininky
tyrime daugiausia (86,6 proc.) buvo sveikyjy ketviréiy (Chaneton et al.,
2013). Chaneton ir kity (2013) atliktame tyrime, dauguma (62 proc.) mikro-
biologiskai tirtyjy méginiy buvo neigiami, nors SLS piene buvo daugiau nei
200 tiikst./ml. Misy darbe tokie méginiai priskirti nespecifiniam mastitui ir
sudareé 11 proc. méginiy. Tokiu atveju manoma, kad tyrimai, identifikuojantys
mastito sukéleja, reikalauja specifiSkumo ir jautrumo, arba uzdegiminiai
procesai gali prasidéti ir be nustatomy bakterijy piene. Siuos rezultatus pa-
tvirtino kiti tyrimai, kuriuose nustatyti kliniskai infekuoti teSmens ketvirciai,
taCiau patogeniniy bakterijy neiSskirta, nors véliau mastito sukel¢jas iden-
tifikuotas atlikus polimerazinés grandininés reakcijos (PGR) analize (Tapo-
nen et al., 2009). Mokslinése publikacijose teigiama, kad pieno liaukos fizio-
login¢ biiklé (uztrukimo periodas ar laikotarpis po apsiverSiavimo) gali su-
mazinti imuninj atsakg prie§ bakterijy invazija (Chaneton et al., 2013). Su-
silpnéjus imuniniam atsakui, iStyrus pieno méginius iSskiriamos kai kurios
bakterijy rusys (Schwarz et al., 2010). Galbit taip galima paaiskinti, kodél
piene, kuriame SLS maziau nei 200 tikst./ml, identifikuojami mastito
sukéléjai.

Misy tyrimy rezultatai sutapo su Hagiwara ir kity (2003) atliktais eks-
perimentais, kuriuose LF koncentracija, serganciuosiuose subklinikiniu mas-
titu teSmens ketvirCiuose, nustatyta statistiSkai patikimai (p < 0,001) didesné,
nei sveikuosiuose ketviriuose. LF koncentracija piene priklauso ir nuo
bakterijy rusies specifiSkumo bei patogeniSkumo (Hagiwara et al., 2003).
Auksiniu stafilokoku (S. aureus) ir kitais streptokokais infekuotuose teSmens
ketvir¢iuose LF kiekiai reikSmingai didesni, palyginti su KNS ir korine-
bakterijomis (Corynebacterium bovis) infekuotais ketvir¢iais (Hagiwara et al.,
2003). Manoma, kad mazesn¢ nei 0,2 mg/ml LF koncentracija piene nepa-
kankama nuslopinti enterotoksikogeniniy bakterijy E. coli ir S. aureus augimo
(David et al., 1993; Hagiwara et al., 2003; Chaneton et al., 2008). Chaneton ir
kity mokslininky (2008) tyrimuose didziausia LF koncentracija nustatyta
identifikavus teSmens streptokokus (Str. uberis). Miasy tyrimuose nustatyta
padidéjusi IgG koncentracija piene subklinikinio mastito atveju. PanaSis
rezultatai gauti ir kity mokslininky tyrimuose, kai Iétinio ar subklinikio mas-
tito atveju padidéjusi IgG koncentracija piene, bet sumazéjusi kraujo serume
parodé suintensyvéjusig imunoglobuliny migracijg 1§ kraujotakos j teSmens
audinius, siekiant jj apsaugoti nuo infekcinio susirgimo (Kocina et al., 2012).
IgG koncentracija Str. uberis infekcijos atveju labai padidéja, kai tuo tarpu
mastito sukéléjas — S. aureus, IgG kiekis gali biiti mazesnis nei sveikyjy
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teSmens ketvirciy piene (Kocina et al., 2012). StatistisSkai patikimas LF ir
GSA (p < 0,05) kiekiy didé¢jimas, sutampantis su pieno liaukos progre-
suojanciu uzdegimu, nustatytas ozky ir buivoliy piene (Leitner et al., 2004b;
Piccinini et al., 2006). Misy tyrimy rezultatai sutapo su Irane atliktu ban-
dymu, kuriame nustatytas Ig ir GSA koncentracijy padidé¢jimas, o alfa-LA
sumaz¢jimas subklinikiniu mastitu serganciuosiuose ketvirCiuose, taciau,
prieSingai nei mes, Batavani ir kiti (2007), nustaté beta-LG sumaz¢jimg uz-
degiminés reakcijos pazeistame ketvir¢iy piene. Remiantis Auldist ir Hubble
(1998) pateikta teorija, alfa-LA ir beta-LG padid¢jimas karviy kraujyje yra
susijes su SLS padidéjimu piene. Minéty antimikrobiniy baltymy sumazé-
jimas piene susij¢s (Auldist and Hubble, 1998) su pablogéjusia lasteliy sin-
tezeés ir sekrecijos funkcija, ir i$ dalies dél Siy baltymy pratekéjimo j tarplas-
telinj skysti dél uzdegimo metu padidéjusio kraujagysliy pralaidumo.

Sveiky karviy piene Ig yra nedaug ir jy kiekis priklauso nuo teSmens au-
diniy kraujagysliy pralaidumo. TeSmens uzdegimo metu pralaidumo barjeras
pazeidziamas, todé¢l Ig pradedami gaminti paZeistose pieno liaukose. Pa-
didéjusi Ig dalis piene (Batavani et al., 2007) susijusi su teSmens lakto-
albuminy sumazéjimo kompensavimu, nes yra palaikomas tam tikras balansas
Siy komponenty tarp pieno ir kraujo. GSA kiekio padidéjimas nustatytas
mastitu sergan¢iy karviy (Urech et al., 1999; Vijayalakshmi et al., 2001;
Coulon et al., 2002), aviy (Leitner et al., 2004a) bei ozky (Leitner et al.,
2004b) piene. Pagrindiné albuminy sintezé vyksta kepenyse, o ] pieng jie
patenka per glaudzias epitelines jungtis difuziniu bidu i§ kraujo (de Wit,
1998; Walsh and Duncan, 2000). Pieno liaukos epitelinés lgstelés, nors ir
maziau nei hepatocitai, taip pat sintetina albuminus (Shamay et al., 2005).
GSA padidéjimas mastitiniame piene reikSty pacios pieno liaukos reakcija,
kuri suaktyvina albuminy sinteze. Anot mokslininky Litwinczuk ir kity
(2011), GSA pieno ir kraujo barjero pralaidumo pieno liaukoje indikatorius.
Taigi GSA padid¢jimas rodo suaktyveéjusia uzdegiming reakcija, kai kom-
ponentai i§ kraujo apytakos filtruojami j pieno liauka. Pagrindiniai iSrigy
albuminai daugiausia sintetinami pacioje pieno liaukoje. Misy darbe, bei kity
autoriy (Batavani et al., 2007; Litwinczuk et al., 2011; Krol et al., 2012)
tyrimuose, nustatytas alfa-LA sumaz¢jimas subklinikinio mastito atveju,
manoma, yra dél sulétéjusios pieno sintezes liaukoje.
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4.2. Karviy laktacijos tarpsniy ir laktacijuy skaiciaus jtaka
antimikrobiniy baltymy kintamumui piene

Karvés amzius ir laktacijos tarpsniai yra pagrindiniai fiziologiniai fak-
toriai, darantys reikSminga jtaka produktyvumui ir pieno sudéciai (Linn,
1988; Ostersen et al., 1997; Auldist et al., 1998; Heck et al., 2009; Krol et al.,
2013). Pieno liauka, skirtingai nuo kity liauky, funkcionuoja ne nuolat, o tik
tam tikrais laiko tarpais. Karviy laktacija trunka vidutiniskai 305 dienas, o
optimalus uztriikimo laikotarpis — 60 dieny (Akers, 2002). Per laktacija pieno
savybés rySkiausiai pakinta tris kartus. Pirmgsias dienas po apsiverSiavimo
iSsiskiria krekenos, kuriy cheminé sudétis, iSvaizda ir fiziologinis poveikis
labai skiriasi nuo pieno. Jose yra daug lizocimo, globuliny, turin¢iy imuniniy
savybiy ir apsauganciy atvestg verSel] nuo ligy. Véliau, 280-285 dienas, —
normalaus pieno (iprastos sudéties) iSskyrimo laikotarpis. Uztriikinamy kar-
viy piene buna daugiau riebaly (5-7 proc.), baltymy, mineraliniy medziagy,
fermenty ir maziau laktozés nei laktacijos viduryje primelZtame piene (Ray et
al., 1992). Laktacijos pabaigoje mazéja pieno kiekis, did¢ja SLS, todél toks
pienas netinka pramoniniam perdirbimui.

Pirmais laktacijos ménesiais LF ir IgG koncentracijos karviy piene biina
maziausios ir didéja, kol pasiekia pika vélyvuoju laktacijos tarpsniu (Levieux
and Ollier, 1999; Hagiwara et al., 2003; Cheng et al., 2008; Liu et al., 2009;
Krol et al., 2010; Krol et al., 2012; Sobczuk-Szul et al., 2014). Misy tyrimai
parod¢ prieSingus rezultatus. Ankstyvuoju ir viduriniuoju laktacijos tarpsniais
LF ir IgG koncentracijos buvo statistiSkai patikimai aukstesnés nei vélyvuoju
tarpsniu. Sie duomenys sutapo su Chaneton ir kity (2013) prane$imu kur
teigiama, kad auk$tas LF lygis ankstyvuoju laktacijos tarpsniu susij¢s su
infekuotais te$mens ketviréiais. Sie rezultatai rodo, kad kai kurie te$mens
ketvir¢iai yra labai jautriis infekcijos sukéléjams, arba uzdegiminis procesas
tampa létinis. Manoma, kad ankstyvosios laktacijos ir pieno liaukos
involiucijos periodu dél susilpnéjusios imuninés sistemos pieno liauka yra
jautriausia uzdegimui (Burton and Erskine, 2003; Burvenich et al., 2003;
Fadlelmoula, 2007). Elbably ir kity mokslininky (2013) atlikti tyrimai patvir-
tino, kad minétaisiais laikotarpiais mastity paplitimo procentas didéja.
Susirgimy mastitais pikas pastebimas pirmajj laktacijos ménesj (Compton et
al., 2009), daugiausiai dé¢l pasireiskiancio funkcinio streso organizmui, o ypac
teSmeniui. Sergamumas naujomis teSmens infekcijomis padidéja nuo pa-
skutinés uztritkimo savaités iki verSiavimosi (Stoliuk et al., 2011), nes piene
sumazéja LF koncentracija ir somatiniy lgsteliy veiksmingumas naikinant
mikroorganizmy invazijg (Suriyasathaporn et al., 2000; Philipot et al., 2011).
Kocina ir kiti (2012) tvirtina, kad viduriniuoju laktacijos tarpsniu LF ir Ig
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koncentracijos zemiausios, tod¢l Siuo periodu bitina didinti Siy baltymy
kiekius optimaliai imuninei sistemai palaikyti. AukStus koreliacijos koefi-
cientus tarp laktacijos tarpsnio ir LF nustat¢ Cheng ir kiti mokslininkai
(2008), o tarp laktacijos tarpsnio ir IgG — Liu ir kiti (2009). Miisy gauti
rezultatai sutapo su Ostersen ir kity mokslininky (1997) bei Sobczuk-Szul ir
bendraautoriy (2014) tyrimais, kuriuose beta-LG koncentracijos viduriniuoju
ir vélyvuoju laktacijos tarpsniais aukStesnés nei laikotarpiu po apsiver-
Siavimo. Vélyvuoju laktacijos tarpsniu alfa-LA kiekis musy bei Ostersen ir
kity mokslininky (1997), Krol ir kity (2013) tyrimuose buvo maziausias.
Manoma, kad alfa-LA kiekis sumazéja prie§ karviy uztrikimg dél suma-
Z€jusios pieno sintezés pieno liaukoje.

Priestaringi tyrimy rezultatai gauti vertinant laktacijos skai¢iaus jtaka AB
kiekiams piene. Misy rezultatai panasiis su Hagiwara ir kity tyréjy (2003)
atliktais tyrimais, kuriuose LF koncentracija vyresniy karviy piene statistiskai
reik§mingai (p < 0,05) mazesné nei pirmaversiy. Taciau kiti tyrimai paneigé
teorija, kad karvei senstant LF ir Ig koncentracija piene mazéja (Soyeurt et
al., 2007; Krol et al., 2010; Krol et al., 2012). Anot Krol ir kity (2010), su
kiekviena laktacija Ig ir lizocimo kiekiai didéja, kol pasiekiamas pikas
ketvirtos laktacijos metu. Be to, didziausios LF koncentracijos karviy piene
nustatytos antros ir ketvirtos laktacijy metu (Krol et al., 2010). Vélesni Krol ir
kity bendraautoriy (2012) tyrimai patvirtino anks¢iau minétuosius rezultatus
ir nustaté, kad LF ir IgG kiekis pirmaverSiy karviy piene reikSmingai
mazesnis, palyginti su antros—ketvirtos (p < 0,05) ar vyresniy (p < 0,01)
laktacijy karviy pienu. Vyresniy karviy krekenose LF (Tsuji et al.,1990) ir
IgG (Gulinski et al., 2006) kiekiai, didesni nei pirmaversiy (Mian-bin and
Yin-jun, 2009). Panasts rezultatai gauti Cheng ir kity (2008), kuriuose LF
kiekis trecios ir ketvirtos laktacijos piene yra didesnis nei pirmos ar antros
laktacijos, nors skirtumai statistiSkai nepatikimi. Galima biity diskutuoti, ar
pienas ir krekenos, dél skirtingos cheminés sudéties ir produkcijos laikotar-
pio, gali biti lyginami. Tokie prieStaringi rezultatai galéty buti dél skirtingy
metodiky ar méginiy skaiciaus bei pasirinkty vertinimo kriterijy tyrimuose.

Kaip jau buvo minéta, SLS tiesiogiai koreliuoja su LF ir IgG didéjimu,
taigi vertinant laktacijos jtaka AB kiekiams reikéty atsizvelgti ir | kitus
faktorius. Su kiekviena laktacija albuminy ir globuliny kiekiai reikSmingai
mazéja, o GSA didéja (Krol et al., 2013). Karvei senstant sergamumas mas-
titu daznéja (Sharma et al., 2011; 2012). Uzdegimo metu padid¢ja krauja-
gysliy pralaidumas, dé¢l to kraujo baltymai, kitos sudétinés dalys ir uzde-
giminés (somatinés) lgstelés i§ kraujo patenka j pieng. Turint omenyje, kad
GSA pieno ir kraujo barjero pralaidumo pieno liaukoje indikatorius (Lit-
winczuk et al., 2011), leidzia manyti, kad karvei senstant teSmens audiniy
pralaidumas did¢ja, dél to GSA piene nustatoma daugiau. D¢l uzdegimo
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teSmenyje, pieng gaminancios epitelio lgstelés, tampa maZziau produktyvios,
sumaz¢ja primilzis ir alfa-LA sintezé. Miisy tyrimai, vertinant minétuosius
antimikrobinius baltymus, yra prieStaringi. Beta-LG didZiausia koncentracija
nustatyta treCios, o alfa-LA ir GSA — antros laktacijos karviy piene. Be to,
laktacijy skaiCius turé¢jo statistiSkai reikSmingos jtakos (p < 0,01) beta-LG
koncentracijai piene. Minétyjy AB kiekiams piene jtakos galéty turéti ir kiti
organizmo bikle veikiantys faktoriai (sezonas, veislé, laktacijos tarpsniai,
mastitas ir kt.).

4.3. Sezono jtaka antimikrobiniy baltymy kiekiams karviy piene

Sezonas — vienas svarbiausiy aplinkos faktoriy, kurio jtaka pieno sudéciai
tirta daugelio mokslininky Lietuvoje (Juozaitiené ir Zakas, 2002; Zakas,
2002; Peciulioniené ir kt., 2004; Pauliukas ir kt., 2005; Klimiené¢ ir kt., 2005).
Taciau kaip kinta AB kiekiai skirtingy sezony metu, vietiniy karviy piene,
néra pakankamai duomeny. Miisy tyrimais pirmg kartg nustatyta,
kad holSteinizuoty Lietuvos juodmargiy karviy piene antimikrobiniy baltymuy,
t.y. LF (p <0,001), IgG (p < 0,001), alfa-LA (p < 0,01), beta-LG (p < 0,001)
ir GSA (p < 0,05) kiekiy pasiskirstymui sezonas turi reikimingos jtakos. Sie
rezultatai sutapo su Latvijoje atlikty tyrimy duomenimis, kuriuose nustatyta
statistiSkai reikSminga sezoninio karviy laikymo jtaka IgG koncentracijai
piene (p < 0,001) (Kocina et al., 2012). Kiti tyrimai Lenkijoje patvirtino
statistiSkai reik§mingg sezono itaka LF ir alfa-LA kiekiams ozky piene (p <
0,01) (Brodziak et al., 2014). Conesa ir kiti (2005) i$ skirtingy Ispanijos
regiony iStyr¢ daugiau nei tris tikstancius pieno meéginiy nustate, kad IgG
kiekis pavasario metu statistiSkai reikSmingai (p < 0,05) didesnis nei kitais
sezonais. Miisy tyrimy duomenimis, tirty antimikrobiniy baltymy (LF, IgG ir
GSA) kiekiai pavasario sezono metu statistiSkai patikimai (p < 0,05) didesni
nei kitais mety laikais. Kai alfa-LA didziausig koncentracija piene nustatéme
vasaros, 0 maziausig — rudenio metu, kaip ir Gellrich ir kity mokslininky
(2014) atliktame tyrime. Kituose tyrimuose Kazachstane, kuriuose sezonas
buvo vienintelis reikSmingas faktorius, aukSciausia LF koncentracija
kupranugariy piene nustatyta pavasarj, o IgG — Ziemg (Konuspayeva et al.,
2007). Krol ir kiti (2008), bei Brodziak ir kiti (2012) panaSiais tyrimais
nustaté padidéjusius LF, beta-LG ir alfa-LA kiekius karviy piene ganiavos, o
GSA - tvartiniu laikotarpiu. Karviy piene, kurios ganosi laisvai, LF kiekiai
reikSmingai didesni, nei ty, kurios ganiavos laikotarpiu laikomos pririStos
(Turner et al., 2007). Galima daryti prielaida, kad ganiavos laikotarpiu jau-
noje zol¢je gausu biologiskai aktyviy medziagy, turin¢iy imunomoduliaciniy
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savybiy (Brodziak et al., 2012), ir tai tiesiogiai turi jtakos LF, Ig ir beta-LG
kiekiams piene.

Misy tyrimuose buvo analizuojamos sezony, laktacijy skaiCiaus bei
laktacijos tarpsniy jungtinés sgveikos jtakos tiriamiesiems antimikrobiniams
baltymams. StatistiSkai patikimg sezono ir laktacijy skai¢iaus jtaka nustatéme
LF (p < 0,05), o sezono ir laktacijos tarpsniy jungtinés sgveikos jtaka
nustatyta alfa-LA ir beta-LG (p < 0,05). Tyrimais nustatyta, kad karviy,
apsiversSiavusiy vasaros metu, krekenose Ig kiekis didesnis, nei ty, kurios
verSiavosi ziemos laikotarpiu (Eihvalde et al., 2012). Pavasario ir vasaros
sezonais antimikrobiniy baltymy procentas karviy ir ozky piene yra didesnis,
nei rudens ir ziemos laikotarpiais (Litwinczuk et al., 2011; Brodziak et al.,
2014). Manoma, kad tokie baltymy kiekio svyravimai galimi dél skirtingy
Sérimy ir laktacijos tarpsniy, t. y. dauguma karviy mety pradzioje biina
ankstyvosios laktacijos. Tai leidzia daryti prielaidg, kad baltymy koncen-
tracijos sezoniniam kintamumui piene turi jtakos keliy veiksniy kombinacija.
Nuo balandzio iki birzelio ménesio, po Ziemos sezono, karviy imunitetas
nusilpes, o prasidéjus ganiavai, suintensyvéjus pieno gamybai, padaugéja
susirgimy mastitu (Klimiené ir kt., 2005), galbiit tode¢l ir padidéja anti-
mikrobiniy baltymy kiekiai. Nors kiti tyrimai liudija, jog karvés mastitu
dazniau serga tvartiniu laikotarpiu. Siuo laikotarpiu sergamumo padidéjimui
jtakos turi prasta tvarty ventiliacija. Tvartuose laikomos karvés i$skiria daug
Silumos, susidaro drégmé, dél to kyla tvarto temperatira, o tokia aplinka
sudaro palankias salygas bakterijoms daugintis. Kocinos ir kity mokslininky
(2012) tyrimuose IgG koncentracija tvartiniu laikotarpiu buvo panasi tiek
meéginiuose, kuriuose buvo nustatyti patogeniniai sukél¢jai, tiek neinfekuo-
tuose meginiuose, o ganykliniu laikotarpiu IgG koncentracija buvo auksStesné
neinfekuotuose pieno méginiuose.

AB pasiskirstymas piene, priklausomai nuo karviy veislés bei SLS,
skirtingais mety laikais tyrinétas Lenkijoje (Litwinzuk et al., 2011). Ziemos
laikotarpiu did¢jant SLS did¢jo alfa-LA ir beta-LG kiekiai jvairiy veisliy
karviy piene. Vasaros laikotarpiu alfa-LA kiekis panasus, o beta-LG kiekis
statistiSkai reikSmingai (p < 0,01) did¢jo. Statistiné analizé parodé reikSmingg
veislés ir sezono jtakg analizuojamiems antimikrobiniams baltymams
Litwinzuk ir kiti (2011) tyrimuose, nors kituose tyrimuose Svedijos pieniniy
veisliy karviy jtaka antimikrobiniy baltymy kiekiy kitimui, nepasitvirtino
(Wedholm et al., 2006). Misy tyrime analizuota sezono ir SLS jungtinés
saveikos jtaka, kuri tirtiesiems antimikrobiniams baltymams nebuvo reiks-
minga (p > 0,05). PanasSiis tyrimai atlikti kity mokslininky, kurie nustaté
statistiSkai reik§mingg veislés ir sezono sgveikos itaka LF, lizocimo, alfa-LA,
beta-LG bei GSA proporcijoms piene (Brodziak et al., 2012).
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ISVADOS

1. Kompleksinis somatiniy 1asteliy skaic¢iaus ir mikrobiologiniy tyrimy
rezultaty vertinimas tiksliau parodo uzdegima teSmens Ketvirtyje, t. .
serganciyjy teSmens ketvir¢iy nustatyta 35 proc. daugiau, nei vertinant
tik pagal somatiniy Igsteliy skaiciy piene.

2. Mastitu serganciuosiuose teSmens ketvirciuose nustatytas po 46
proc. (p < 0,001) LF ir IgG, 4 proc. (p < 0,05) beta-LG ir 6 proc. GSA
koncentraciju padidéjimas, o alfa-L A koncentracija 2 proc. buvo didesné
sveikuosiuose teSmens ketvirciuose.

2.1. Subklinikiniu mastitu sergan¢iuosiuose teSmens ketviriuose nustatyti
didziausi LF, IgG ir beta-LG vidurkiai — atitinkamai 0,1 mg/ml, 0,41 mg/ml ir
3,88 mg/ml (p < 0,05).

2.2. Piene, kuriame nustatytas aplinkos mikroorganizmy sukeltas mastitas,
nustatyta 7,4 proc. GSA daugiau nei sveikuose ketvir¢iuose.

3. Ivertinus laktacijos skaiiaus bei tarpsnio jtaka antimikrobiniy bal-
tymy pasiskirstymui piene nustatyta:

3.1. Pirmaversiy karviy piene didziausia koncentracija — LF (0,08 mg/ml),
antros laktacijos karviy piene — IgG , alfa-LA ir GSA (atitinkamai 0,3 mg/ml,
0,95 mg/ml ir 0,37 mg/ml), o treCios laktacijos piene daugiausia nustatyta
beta-LG (3,59 mg/ml).

3.2. Ankstyvuoju laktacijos tarpsniu nustatyta padidéje LF, IgG bei alfa-
LA kiekiai (atitinkamai 0,08 mg/ml, 0,3 mg/ml ir 0,97 mg/ml), o laktacijai
Ipus€jus — padidéje beta-LG ir GSA (atitinkamai 0,37 mg/ml ir 3,44 mg/ml).

4. Nustatyta, kad holSteinizuoty Lietuvos juodmargiuy veislés karviy
piene antimikrobiniy baltymuy, t. y. LF (46,8 proc.), IgG (79,9 proc.), alfa-
LA (8,8 proc.), beta-LG (14 proc.) ir GSA (6,3 proc.) kiekiu pasi-
skirstymui sezonas turi reikSmingos jtakos. LF, IgG ir GSA Kkiekiai pa-
vasario (atitinkamai 0,12 mg/ml, 0,54 mg/ml ir 0,37 mg/ml), alfa-LA —
vasaros (0,98 mg/ml), o beta-LG — rudens (3,74 mg/ml) sezony metu
aukStesni nei kitais mety laikais.

5. Vienfaktorinés dispersinés analizés metodu nustatyta tiriamyju
veiksniy jtaka antimikrobiniams baltymams:

5.1. Karviy teSmens ketvir¢iy sveikumo (pagal SLS ir MBA kompleksi-
nj vertinima) jtaka labiausiai iSreikSta LF (17,4 proc.; p < 0,001), IgG
(25,6 proc.; p <0,001) bei beta-LG (10,3 proc.; p < 0,05).
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5.2. Karviy teSmens ketvir¢iy sveikumo (pagal SLS vertinimg piene) jtaka
nustatyta alfa-LA (4,3 proc.; p <0,05).

5.3. Biologiniy veiksniy jtakos analizé parodé¢, kad laktacijy skaicius daré
reikSmingg jtaka beta-LG (7,7 proc.; p < 0,01), o laktacijos tarpsniai daré
itaka LF (8,5 proc.; p <0,01), IgG (6,1 proc.; p < 0,05) bei alfa-LA (9,1 proc.;
p <0,01).

5.4. Aplinkos faktorius sezonas reikSmingai jtakojo visy tirty antimikro-
biniy baltymy kiekiy pasiskirstymg piene, kai veiksnio jtakos koeficientai
daugiausia procenty sudaré LF (46,5 proc.) ir IgG (79,6 proc.) rodikliams.

6. Pritaikius daugiafaktorinés analizés linijinius modelius iSryskéjo
statistiSkai reikSminga tiriamyju veiksniy tarpusavio saveikos jtaka:

6.1. IgG didziausig jtakg daré teSmens ketvir¢iy sveikumo (pagal SLS
grupes) ir laktacijy skaiCiaus jungtiné saveika (1,3 proc., p < 0,05) bei
teSmens ketvir¢iy sveikumo (pagal SLS grupes) ir laktacijos tarpsnio sgveika
(1,1 proc., p <0,05).

6.2. LF didziausig jtaka daré teSmens ketvir¢iy sveikumo (pagal SLS ir
MBA) ir laktacijy skai€iaus jungtiné sgveika (3,2 proc., p < 0,05) bei sezono
ir laktacijy skaiciaus jungtiné sgveika (6,6 proc., p <0,01).

6.3. alfa-LA ir beta-LG kiekiai piene labiausiai priklaus¢ nuo sezono ir
laktacijos tarpsnio jungtinés sgveikos (atitinkamai 8,8 proc. ir 6,2 proc.,
p <0,05).

7. Ivertinus antimikrobiniy baltymy ir tirtyjuy veiksniy fenotipinius
rySius nustatyta:

7.1. Stiprus teigiamas rysys tarp LF ir IgG (r = 0,731; p <0,01), o tarp IgG
ir GSA bei tarp beta-LG ir GSA — silpna teigiama koreliacija (atitinkamai r =
0,209; p<0,051irr=10,293; p<0,01).

7.2. Stipri teigiama koreliacija tarp LF ir 1gG (r = 0,792; p < 0,01), bet
silpna neigiama koreliacija tarp LF ir alfa-LA (r = -0,242; p < 0,05) ser-
ganciuosiuose teSmens ketvir¢iuose pagal SLS ir MBA kompleksinj verti-
nima.

7.3. Stipri teigiama koreliacija tarp LF ir IgG tiek sveikuosuosiuose
(r=0,698; p < 0,01), tiek serganciuosiuose (r = 0,817; p < 0,01) teSmens
ketvir¢iuose; silpni teigiami koreliacijos koeficientai tarp LF ir GSA
(r=0,214; p < 0,05), IgG ir GSA (r = 0,215; p < 0,05), beta-LG ir GSA
(r=0,242; p < 0,05), kai teSmens ketviréiai sveiki ir vidutinio stiprumo
teigiamas koreliacinis rySys tarp beta-LG ir GSA (r = 0,471; p < 0,05) esant
teSmens ketvir¢iy uzdegimui pagal SLS vertinima.

7.4. Ivertinus tirtyjy veiksniy ry$] su antimikrobiniais baltymais nustatyti
stipriis, sezony metu vidutiniai, teigiami LF ir IgG tarpusavio rySiai visais
laktacijos tarpsniais pirmos, antros ir trecios laktacijy metu (p <0,01).
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Abstract

The aim of this study was ko analyze an cffect of udder health status, somatic cell count (SCC),

stage and number of lactations, and different scasons on the coneentration of lactoferrin (LF) and
immunoglobulin G (IgG) in quarter milk samples (n=120} from crossbreed (Lithuanian
Black-and-White & Holstein ) dairy cows. Cluarter health status was based on 3CC and microbiologi-
cal analysis. The highest mean value of LF and Ig(s were observed in quarters with subclinical mastitis
1 £0.02 mg/ml and 0.41 £ 0.06 mg/ml, respectively. Grouping the data according to SCC revealed
increased LF (007 £ 0001 mg/ml as against (.06 + 001 mg/ml) and 1gG values (027 +0.05 mg/ml as
against 0.23 + 0.02 mg'm1) in DO (SCC from 201,000 = 401,000 cells/m1) compared to HQ (SCC up
200,000 cellsimi). The milk LF and IgG levels were effected by stage of lactation (p<.01 and p<0.03,
respectively) and season of the year (p<.001 and p<l001, respectively). Nevertheless, SCC and
subsequent lactation (p=0.05) had no effect on these immunity components.

K(‘}' words: udder, milk, lactofernin, immunoglobulin G, mastitis

Introduction

Among the ailments that affect dairy ruminants,
mastitss plays a promment part. The prevention and
treatment of mastitis represent a senous burden to
producers and are primary concems of the dairy m-
dustry. Innate immumty is a target of choice for selec-

tion against infectious diseases (Rainard and Riollet
2006). Immune factors in colostrum and malk play an
important role in the host defense of the mammary
gland itself, protecting it from pathogenic organisms
{Sordillo et al. 1997, Oviedo-Boyso et al. 2007). The
mammary host defense system has evolved mto an
extremely well-developed, complex, and highly effec-
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tive barrier against pathogens, integrating both the in-
nate and acquired immune response. If the actvity of
the immunological system s reduced or the virulence
of pathogenic microorganisms is high, infecton, partly
eliminated, may continue for a longer period, and this
process becomes apparent as subclimical or chromic
mastitis (Ak-Vehmas and Sandholm 1995). Investiga-
tions indicate that those humoral immunity compo-
nents as IgG and antibactenial factor of the wdder LF
play an important role i the immunological defence
response of the cow udder (Korhonen and Kaartinen
1995, Marnila and Korhonen 2002, Kocina et al.
2012).

LF s an wron-binding protein, and because iron is
required by some bacteria to grow, LF can reduce the
growth of certain bacteria (Lotti et al. 2013). In cattle
milk, bovine LF is present in polymorphonuclear lym-
phocyte secondary granules and is synthesized by cells
of the glandular epithelium of the mammary gland
(Molenaar et al. 1996). It has been shown that LF
concentration imcreases during mammary mvolution
{Hurley and Rejman 1993) and infection (Harmon et
al. 1976, Kawai et al. 1999, Komine et al. 2005).
A number of studies described factors that affect the
relative LF concentration in milk. Harmon (1994) re-
ported that the LF concentration of milk was sigmifi-
cantly associated with SCC, levels of bovine serum
albumin, stage of lactation, and milk production. Tsuj
et al. {1990) reported that the LF content of multipar-
ous cows was 2 to 3 umes higher than that of
primiparous cows. After the third lactation, no dif-
ferences in LF content were observed. Hagrwara et al.
(2003) reported that the concentration of milk LF was
significantly refated to the age of cows but not to the
stage of lactation.

Immunoglobulins form specific immunity compo-
nents and they are translocated by receptors through
the blood-udder barrier (Kehrli and Harp 2001,
Pyirdild 2002). Antibodies in milk are a reflection of
the specific antibodies in the serum of cows. Im-
munoglobulin concentration increases dunng colos-
trogenesis due to an merease of receptors and accu-
mulation of IgG m the wdder. The ncrease m m-
munoglobuling during mastitis is mamly caused by
a leaky blood-udder barmer. Immunoglobulins are
able to prevent the adhesion of microbes, mhibit bac-
terial metabolism, agglutinate bactenia, augment
phagocytosis of bacteria, kill bacteria through actva-
tion of complement-mediated bacteriolytic reactions,
and neutralize toxins and viruses (Pyorila 2002, Ko-
rhonen Z00G9).

Gaiming more insight in the self-defence mechan-
ism of the udder may help to develop alternative pro-
tocols to enhance uwdder protection and to better
identify cows at nisk.

In order to understand and evaluate the role of
LF and IgG in maintainng vdder health, the dynami-
cs of thewr amount in cow's milk in relation to
pathogenic bactenia presence in the vdder, SCC, stage
and number of lactations during spring, summer and
autumn $¢asons were investigated.

Materials and Methods

Selection of animals and collection
of milk samples

The dairy herd tested consisted of 30 Lithuanian
Black-and-White crossbreed with Holstein dairy cows.
In total, 120 milk samples were collected individually
from normal lactating dairy cows. Milk samples from
individual quarters were collected once during the
spring, summer and autum (10 cows/40 quarter
samples/each season). In order to test and estimate
the udder health status, in all cows included in the
nvestigation, we evaluated the udder and teats vis-
wally and palpated both before milking. All cows were
chinically healthy with no signs of udder infection (by
checking the presence of redness, swelling, hardness,
and pain m the udder, or the presence of clots in milk)
at sampling time. Evaluation of milk samples was car-
ried out according 1o the method described by Sand-
holm and Pyarila ( 1995).

Milk samples were collected for laboratory exam-
ination aseptically i accordance with the method rec-
ommended by the standard IS0 707:2008. Milk was
obtained from udder quarters of the 1st, 2nd and 3rd
lactations at early, middle and late stages of lactation.
Criteria that included both SCC and a microbial
analysis were used to assess the health status of the
quarters.

Microbiological examination of milk samples

Microbiological examination for dentification of
pathogenic microorgamisms was carried out as soon as
the milk samples were delivered to the accredited cen-
tral milk testing laboratory. Standard procedures for
identifying pathogenic microorganisms in milk were
performed in comphance with the laboratory criteria
ISOVIEC 17025:2005 and according to standard oper-
ating procedures SOP 5.4.4.B.6:2009. A microbiolog:-
cally positive quarter was defined as isolation of 1 or
2 bacterial species from a quarter milk sample.
A sample was considered contaminated when three or
more dissimilar colony types (mixed cultures) were
observed with no predomination of a single colony
type (Hogan et al. 1999).
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Estimation of SCC

For determination of SCC, milk samples were
preserved  with  bronopol  (2-bromo-2-mitropro-
pane-1.3-diol and 2-bromo-2-matropropanol} m micro-
tabs and analysed with the flow cytometric analysis
method wsing a Somascope cell counter (Foss, 3400
Hillerzd, Denmark) according to standard EN IS0
13366-1:2008/Cor.1: 2009,

Estimation of LF and lgGG concentration

The enzyme-hnked immunosorbent  assay
(ELISA) uwsed to determine LF and IgG concentra-
tion m bovine biological fluids is distributed as Bi-
opanda Reagents {United Kimgdom). Determmations
were carried out in whey obained by centrifugation of
50 ml of fresh milk for 20 minutes at a temperature of
4°C and a speed of 3,000 rpm (Sobczuk-Szul et al.
2014). The resultant whey was stored frozen at a tem-
perature of -20°C until analysed. The concentration of
LF and IgG in quarter nulk samples was assayed using
ready kits, following the procedure recommended by
the manufacturer. For LF analyses the milk samples
were diluted at the ratio of 1:1,000 and for 1gG
1:2,0040. In both analyses, a standard curve was plotted
for each plate separately. The test results were es-
timated by measuring the optical density of samples at
wave length A=450 nm using & Thermo Scientific
Multiskan EX spectrophotometer (Thermo electron
corporation, China, 2005).

Grouping of the numerical material
for statistical analysis

The numerical matenal was divided mto groups
according to the health status of the udder quarters,
milk SCC, lactation and season of the year.

The health status of the wdder quarters was as-
sessed according o microbiological analysis and SCC
in milk (Chaneton et al. 2013). Quarters with pres-
ence of bactenal growth, nonspecific mastitss, or sub-
clinical mastitis were classified as diseased guarters
(Table 1).

On the basis of the milk SCC the data were allo-
cated mto four groups: group I — up 10 100,000
cells/ml (n=76); group II — from 101,000 to 200,000
cells/ml (n=15); group 11T - from 201,000 to 400,000
cells'ml (n=9) and group IV — over 400,000 cells/ml
(n=20). Udder quarters from group I and group 11
corresponded to the healthy quarters (n=%1) and
quarters from group I and group IV to the diseased
quarters (n=29).

To test the reliance of milk LF and IgG on subse-
quent lactation and its stage, the data were classified
in three age classes: 1* (n=32), 2" (n=44) and 34
{n=44) lactation, as well as three lactation stages:
early stage {until 120 day, n=48). middle stage (from
121 up to 200 day, n=34) and late stage {from 201 up
to 305 day, n=36).

The data were dvided mto spring (n=40), sum-
mer (n=40) and autumn (n=40) for the analysis of
seasonal effect on LF and IgG in milk.

Statistical analysis

The data obtained were statistically processed by
using the SPSS program 200 for Windows using
a one-way ANOWVA procedure. The resulls are pres-
ented as mean and standard eror of mean
{mean £ SEM). The significance of differences be-
tween mean values of the evaluated groups was deter-
mined with the posi-hoc Fisher LSD criterion. A value
of p<0.05 was considered significant.

Results

The distribution of bacterial findings in 120 quar-
ter milk samples, the proportions of bacterial isolates
and the corresponding SCC, LF, 1gG are shown in
Table 1. Samples with maxed cultures (n=10) were
excluded from these figures as these quarters cannot
be categomsed either as healthy or masttic. No
growth of bacteria was determined in 38.66% of quar-
ter milk samples. Pathogenic staphylococci (two
samples were positive for Staphylococcus aureus) and
CNS were the most common bacterias of the microbi-
ologically positive quarters isolated (35.2 and 20.17%,
respectively). Gram-negative bactena were solated
from 4.2%, and streptococc from 1.68% of the
samples. LF and IgG concentrations were higher in
quarters where bacteria were 1solated compared with
quarters where no growth of bacteria was determined.

Under the wdder health assessment, 33% of dis-
eased quarters (D) corresponded to the category
presence of bacterial growth (BG)™, 13% to subclini-
cal mastitis (SM) and 119% corresponded to non-
specific mastitis (NM) (Table 2). The DO showed -
creased concentrations of LF and IgG (0,08 £ 0.01
mg/ml and 0.32 £ 0.03 mg/ml, respectively) compared
with healthy guarters (HQ) (0.03 £0.01 mg/ml and
0.12£0.02 mg/ml, p<0.001, respectively) in Fig. L
The highest mean value of LF {0.1 £ 0.02 mg/ml) and
IgG (0.41£0.06 mg/ml) were observed in quarters
with SM. Higher LF and IgG concentrations
{0.08 £ 0.01 and 0.35 £ 0.03 mg/ml, respectively) were
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Table 1. Bacterial findings.

Bacterial isolate Mo f:?{:}pm * c:;s?;alus LF mg/mi IgG mg'ml (li’c.:tl}
Pathogenic staphylococa 42 5753 008 =00 034 0004 e
CNS M 1288 005+ 001 022 +0.03 166
Streptococcus spp. 2 2174 0,08 + 001 052 +0.03 113
Gram-negative bacteria 5 685 007 £ 0001 0.56 + 0,04 32
No growth 46 - 003+ 001 0.09 £ 0.02 100

CINS: Coagulase Negative Staphylocoecd. The figure in the first column is the number of all quarter milk samples. The second

column represents percentages of bacterial isolates.

Table 2. Grouping of edder quarters according 1o microbiological analysis and 3CC in milk.

’ ’ Pathogen isolation 50C Hcalth status Number
Group Specification (+4-) {1Pmiy of the guarters of samples
BG Presence of bactenal growth - = 00 diseased 42
MNM Nonspecific mastitis - =200 diseasad 13
M Subclinical mastitis + = 200 discased 16
HQ Healthy quarters - <200 healthy 40
(+/-) presence /absence of pathogenic microorganisms in milk sample
W LF W G HLF W G
05 0n.3s
045 0.3
0.4
0.25
035+
-
s 03 § 02
g B
2 0.5 g 015
=
S oz =
S 01
0,15
worl 005+
0.05 - L1}
0-100 101-200 201-400 =400
04—

BG

WM HQ

Fig. 1. Lactoferrin and immunoglobulin G concentrations
mgml {mean£SEM) in healthy and discased quarters nc-
cording to microbiological analysis and 3CC  groups.
BG-positive for presence of bacterial growth, NM-non-
specific mastitis, SM-subclinical mastitis, HO-healthy quar-
ters. ab Different letters indicale a significant difference at

p<l05

detected m quarters with BG compared o HO
(0.03£0.01 and 0.12 £ 0.02 mg/ml, respectively) and
quarters with NM (0.04 = 0.01 and 0.14 + 0.03 mgml,

respectively).

SCC groups (x10°/ml)

Fig. 2. Lactoferrin and immunoglobulin G concentrations
mg/ml {mean = 3EM) in healthy and diseased quarters ac-
cording to SCC groups. a,b Different letters indicate a sig-
nificant difference at p<(.03.

Exploration of the SCC effect on LF and IgG re-
vedled ncreased LF (0.07+0.01 mgml as agamst
0,06 £0.01 mg/ml) and IgG values (0.27 £ 0.05 mg/ml
as aganst 0.23+0.02 mgml) m DQ (SCC from
201,000 = 401,000 cells/ml) compared to HO (SCC up
1o 200,000 cells/ml) (Fig. 2). The highest mean value
of LF 0.09 +0.02 mg/ml and IgG 0.3 £ 0.03 mg/ml was

Brought to you by | LMBA Lithuanian Research Library Consortium

Authenticated
Download Date | 426/17 8:25 AM

104



Concentration of lactoferrin and immunoglobulin ... 741
Tahle 3. Effect of subsequent lactation on lactofernin and immunoglobulin G content (mg'ml} in cows’ milk.
Subsequent lactation
Specification 1= Tk Effect
n=32 n=4 n=H
LF 0.08 + 0.01 0.06 + 0,01 0.05+0.M L6% p=0.220
IgG 026 + 0.04 030 + 0004 0.18 + 0,02 4.7 p=0.060
% —values (mean + SEM) in the same row with different superscripts differ significantly (p<0.05).
Table 4. Effect of lactation stage on lactoferrin and immunoglobulin G content (mg/ml) in cows’ milk.
Stage of lactation
Specification Farly Miadle Tabe Effect
n=48 n=36 n=36
LF 0.08 £ 001+ 005 £ 001 0.04 £ 0.01* 8.5% p=0.005
Igis 030 + 003 025+ 0.4 0.16 +0.03 6.1% p=0.025
~* — values (mean + SEM) in the same row with different superscripts differ significantly (p<0.05).
Table 5. Effect of season on lactoferrin and immunoglobulin G content (mg/ml) in cows’ milk.
. . Season
Specification Spring Summer Autumn Efect
n=40 n=4{ n=40
LF 012 001" 003 £ 001* 0.03 + 0.01* 46.5% p=0.000
Igs 054 £ 003 0.08 + 001* 0.11 +0.01* T9.65 p=0.000

= — values (mean £ SEM) in the same row with different superscripts differ significantly (p<0.05).

observed in HQ group II (SCC from 101,000 to
200,000 cells'ml) and significant differences between
HQ groups (I and IT) of LF mean values were found
(p=0.03). The lowest mean value of LF 0.05 £0.01
mg/ml and IgG 0.22 £ (.03 mg/m| was observed in HO
group I (SCC up to 200,000 cells/ml). No significant
effects of SCC on milk LF and IgG concentrations
were found (p=0.05).

The richest source of LF appeared to be milk ob-
tained from primiparous cows, whereas the highest
amount of IgG was at the 2™ lactation. At subse-
quent lactations LF conmcentrations decreased and
lactation numbers had no effect on LF content in
milk. The lowest level of IgG was found at the 3
lactation and in the 2™ and 3 lactations significant
differences in 1gG content were determined (p=<0.03)
(Table 3).

Milk collected during the first months of lactation
(=120 days) had the highest LF and 1gG content. Sig-
mificantly lower LF content was determined in the
middle and late stages of lactation (p<0.05). Milk ob-
tained at the late stage of lactation also showed the
lowest level of IgG. At the late stage of lactation IgG
content was sigmficantly lower compared to IgG
mean values at the early stage of lactation (p<0.05).
A significant effect of stape of lactation on LF

(p<0L01) and IgG (p<0.05) content was noted
{Table £).

A further seasonal effect on LF and IgG content
n milk was evaluated. LF and 1gG peak concentra-
tions were clearly observed in the spring season. LF
concentration did not change m summer and autumn
seasons and was 60% lower than during the spring. In
summer, IgG level was the lowest compared to other
seasons. A significant effect of seasom on LF
(p<0.001) and IgG (p<0.001)} contents was noted
(Table 5).

Discussion

The LF and IgG concentrations in the milk of
dairy cows might depend on the pathogenicity of each
bacterial species. In the present study the lowest LF
and Igl concentrations were found m milk infected
with CNS, suggesting that CNS has a low pathogenic-
ity. The present research data are m agreement with
the results of Hagiwara et al. (2003) where LF con-
centration m quarters of cows infected with S.aurcus
and with other streptococci species were higher m
comparison to CNS (coagulase negative staphylococ-
cus). Investigations by Chaneton et al. (2008) and
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Kocina et al. (2012) showed that LF and IgG concen-
trations are induced by different bacteria. with Strep-
tococcus uberis causing the highest increase. Kocina et
al. {2012) indicated that in the case of S.aurcus mfec-
tion the lgG mean value was lower even than im
healthy quarter milk.

The effect of different factors, such as milk SCC,
lactation stage, cow's age and season of the year, on
milk LF and IgG were evaluated.

SCC s a commonly recognized indicator of bovine
udder health, milk quality and its technological usabil-
ity (Krol et al. 2012). As reported by Hillerton (1999),
Hamann (2002) and Cheng et al. {2008), milk contain-
ing less than 100,000 somatic cells per 1 ml orginates
from a healthy udder. The SCC in milk constitutes
a good diagnostic tool which allows early detection of
gither the subclinical or acute form of mastitis { Green
at al. 2004, Cheng at al. 2008). According to Krol et al.
{2012) a bovine quarter producing milk with a SCC of
over 200,000 cells/ml shows the symptoms of subelini-
cal mastitis. In the present research, the concentration
of LF and IgG in the cows’ milk related to health
status of udder quarters was analysed. Two combined
variables were used to determine the quarter health
status: the SCC value and the solation of pathogemic
bacteria. Similar criteria have been used by other
authors (Pydrald 2002, Chaneton et al. 2013). In the
present study 59% corresponded to diseased quarters
and 41% to healthy quarters. Chaneton et al. (2013)
show that the majority of analyzed milk samples con-
sisted of healthy quarters (86.87%) and of the diseased
quarters 62% corresponded to nonspecific mastitis.
Maost of the analysed milk samples with SCC levels
lower than 200,000 were positive for bactenal isola-
tion. This observation means that some specific bac-
terial species could be associated with weak immune
responses (Schwarz et al. 2010) and it 15 possible that
the physiological status of the mammary gland could
induce a diminished immune response to bacterial
invasion. Chaneton et al. (2013) established that
most of the samples with an SCC level higher than
200,000 were negative for bactenal isolation; their
explanation for this is that an mflammation process
can occur without detectable bactenia i malk. The
present research demonstrated higher LF and 1gG
concentrations in diseased quarters compared to
healthy quarters (p<0.001). Significant differences m
these immunity components were observed between
quarters with BG, NM, SM and HO (p<0.05). The
same tendency of LF was also shown by Chaneton et
al. (2013), but no sigmificant differences were ob-
served between quarters. Kocina et al. (2012) re-
ported that IgG mean values in milk samples with
pathogenic agents and without pathogens differed
slightly and insignificantly.

The data for those indicators in groups formed by
SCC showed increased values of LF (0.07 £0.01
mg/ml as against 0061001 mgml) and IgG
{0.27+0.05 mg/ml as agamst 0.23+0.02 mg/ml) in
DO (SCC from 201,000 = 401,000 cells/ml) compared
to HO (SCC up to 200,000 celis'ml). Similar results
were also obtamed by Cheng et al. (2008) where a re-
lationship between milk LF concentration and SCC
and LF correlation with SCC were indicated
{r=0375, p<0.001). Krol et al. (2012} calculated high
correlation coefficients for LF r=0.65 and for IgG
r=0.79 and these results confirmed the effect of SCC
on LF and IgG. The effect of SCC on the content of
IgG was reported also by other authors (Liu et al.
2009). In this research the highest mean value of LF
was observed m the group with SCC from 101,000 to
200,000 cells/ml and the lowest mean value of LF in
the group with SCC up to 100,000 cells/ml. According
to Hamann {2002) the .gold standard” for a cell count
to be up to 100,000 somatic cellsfml. Counts that
reached above this point provided evidence of disturb-
ed milk secretion that would lead to changes in ils
chemical compositaon.

Age of cows, usually referred to as the subsequent
lactation, s one of the man physiological factors af-
fecting the productivity and chemical composition of
cow milk {Krol et al. 2012). In the present study, the
milk LF and IgG concentrations tended to be fow in
lactating cows of advanced age (p=0.05). These resulls
agree with Hagmwara et al. (2003) where the milk LF
concentration in S-vr-old lactating cows was lower
than that in 2-yr-old (p=0.01) and 3-yr-old (p=0.05)
lactating cows. On the other hand. Krol et al. (2010,
2012) reported reverse results: primiparous COws were
shown to produce significantly less LF and IgG as
compared to cows at the 2™ to 4 jactations {p=0.03)
and older (p=0.01). The lowest level of LF and IgG
was found in the 1* lactation (0.89+0.17 and
0.45 £ 0.16 mg/ml, respectively) and m subsequent lac-
tations LF and IgG compounds mcreased gradually
{Krol et al. 2012). Tsuji et al. (1990) reported that the
LF content of multiparous cows was 2 to 3 times high-
er than that of primiparous cows. These conflicting
results might reflect differences in the sample size and
critena for selecting malk samples.

While some researchers (Cheng et al. 2008, Krol
et al. 2012, Sobczuk-Szul et al. 2014) noticed the high-
est mean concentration of LF i cow’s milk obtained
from the late lactation period, the present studies
showed opposite results. The mean values of LF in
milk i the early and nuddle stages of lactation were
higer than in the late stage of lactation. These findings
agree with Chaneton et al. (2013), where high levels
of LF in early lactation was associated with infected
quarters. These resulls suggest that some specific
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quarters are highly susceptible to infection or are
chronically infected. Concentrations of 1gG during
the lactation period were investigated by many other
researchers. The significantly higher 1gG content was
reported in milk obtained i late lactation (Krol et al.
2012, Musayeva et al. 2015). In the present investiga-
tion the highest IgG content was observed in the
early stage of lactation and significantly differed be-
tween stages of lactation (p<0.05). In thss research
we observed a significant effect of the lactation stage
on LF (p<0.01) and IgG (p<0.05) content. Cheng et
al. {2008) also found high correlation coeficients be-
tweenm the content of LF and lactation stage
(r=0.557).

The present study on the seasonal effect on these
immunity components i cow’s milk indicated signifi-
cantly higher LF and IgG values in the spring season
{p<0.05). This is in agreement with Conesa et al.
{2005), who reported that IgG values from the whole
population of analysed samples were found to be sig-
nificantly hagher also in the spring. In another study,
the seasonal effect was the only sigmificant varation
factor observed, with the highest values in the spring
for LF and in the winter for IgG (Konuspayeva et al.
2007). In our research data, a sigmficant effect of
season was estimated on LF (p<0.001) and IgG
{p<0.001} contents. These results are m agreement
with the findings of Korcina et al. (2012), who noted
a significant effect of the seasonal storage of cows on
the concentration of IgG in cows milk (p<0.001) and
Brodziak et al. (2014) whose research results m-
dicated a significant effect of the season on LF con-
tent in goats malk (p=<0.01).

In terms of mastitis, it can be concluded that LF
and IgG concentration in milk were elevated during
subclinical mastitis as well as in quarters positive for
bacterial growth. It should be assumed that the in-
creased concentrations of LF and IgG in the dis-
eased quarters indicated immune response activity.
This suggests that LF and 1gG content in milk might
be a wseful tool in mastitis detection and for evalu-
ation of innate resistance against iNtramammary in-
fections. Furthermore, the findings showed the high
contribution of lactation stage and season of the year
on milk LF and IgG concentrations, whereas parity
showed no association.
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Abstract. The aim of the study was to evaluate the amount of chosen whey protems. ie. lactoferrm (LF),
mmmuneglobulin G (IgG), alpha-lactalbumin (alpha-LA), beta-lactoglobulin (beta-LG) and bovine semam albumin (BSA)
in cow milk m relation with somatic cell count (SCC) and pathogenic bacteria presence in quarter milk at different seasons.
The quarters health status was set on the basze of 5CC and microbiological analysis. The diseased quarters (DQ) showed
increased concentration of all proteins analysed, except alfa-LA, i compare to healthy quarters (HQ) (p=0.001).
Significant differences of LF. IgG and beta-LG were observed between quarters with presence of bactenial growth (BG).
nonspectfic mastitis (M), subelinical mastitis (SM) and healthy quarters (HQ) (p=0.05). In our research datz, significant
effect of season was estimated on LF (p=0.001}, IzG (p=-0.001}, alfa-LA (p=0.01), beta-LG (p=0.001) and BSA (p=0.03)
contents.

Kevwords: whey proteins, udder, mulk, mastitis

Introduction

Mastitis has been and continues to be recognized as one of the major disease problems concerning the damry
industry. The prevention and freatment of mastitis represent a serious burden to producers. Innate immunity 15 a target of
choice for selection agamst infectious diseases (Fainard and Ricllet, 2006). Immune factors in colostrum and milk play
an mmportant role in the host defense of the mammary gland itself, protecting it from pathogenic orgamsms (Sordillo et
al., 1997; Oviedo-Bovso et al, 2007). Milk contains many peptides and protems, which exhibit bactenostatic and
bactericidal properties m their mtact form (Bagnicka et al., 2010). Especially the whev proteins contain peptides that
improve the immmnomodulatery activity (stmulating defence mechanisms of the body) and anttbactenial activity
(Sobezuk-Szul et al., 2010). The concentration of the whey profeins varies not only depending on the degree of infection
of the udder but it iz also affected by the keeping conditions (Kocina et al., 2012).

In order to understand and evaluate the role of LF, Ig, alpha-LA. beta-LG and BSA in mamtaimng the udder health,
the dynamucs of thewr amount i cow mulk m relation with SCC and pathogenic bactena at different seasons was
mvestgated.

Material: and methods

The tested dauy herd consisted of 30 Lithuaman Black-and-Whte crossbreed with Hoelsten dawry cows. In total 120
milk samples were collected mdividually from normal lactating dawy cows. Milk samples from mdrndual quarters were
collected once duning the sprng, summer and autumn (10 cows 40 quarter samples/each seazon). All cows were clincally
healthy without any signs of udder infection at the samphing time. Milk samples were collected for laboratory examination
aseptically in accordance with the method recommended by the  Milk and milk products. Guidance on samphng (IS0
T07-2008) standard.

Microbiological examination for identification of pathogenic microorgamsms was made as soon as the milk samples
were delmvered to the accredmed central mulk testing laboratory. Standard procedwes for identifying pathogemic
microorganisms in milk were performed in compliance with the laboratory criteria (Generzl requirements for the
competence of testing and calibration laboratories (JSO/TEC 17025:2005) and according the method | Estimation of the
main pathogenic microorgamsms causing mastitis in omlk SDP 5.4 4 B 6%(2009).

For determination of SCC milk samples were preserved with bronopol m microtabs and analysed with the flow
eytometric analysis method using 2 Somascope cell counter (Foss, 3400 Hillered, Denmark).

ELISA used to determune LF and IgG concentration in bovine milk (Biopanda Reagents, UK). Determanations were
carmried out in whey obtained by centrifiugation of 50 ml of fresh malk for 20 minutes at a temperature of 4°C and the speed
of 3,000 rpm (Scbezuk-5zul et al. 2014). The resultant whey was stored frozen at a temperature of -20°C until analysed.
The concentration of LF and IgG m quarter mulk samples was assayed using ready kits, followmng the procedure
recommended by the manufacturer.
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To evaluate the content of whey pretems, Le. alpha-LA, beta-LG and BSA, samples from cow's mulk were prepared
according to Romero et al (1996). Separation of whey protems was performed by high performance hqud
chromatography (HPLC) method deseribed by J. Krel (2012). For this pwpose, a high pressure gradient HPLC system
Vanian ProStar (Vanan Corp., USA) was used, consisting of two ProStar 210 pumps, antomatic samphing module Prostar
410 and Prostar 363 flucrescence detector. The separation of the alpha-LA, beta-LG and BSA content was performed by
HPLC using a 5§ um particle size, 250 mm long and 4.6 mm internal diameter MNucleosil C18 chromatographic column
equipped with guard column contaimming the same packing material (Macherey-Magel, Diwven, Germany). Each protem
was calibrated individually by injecting solutions of the standards (20 wul). Punifield proteins from bovine milk (alpha-LA,
beta-LG and BSA) were puchased from Sigma (Germany). All chemicals were HPLC analytical grade. The separation
was camried out at 25 °C using the gradient system. The mobile phase was solvent A: 90% water, 10% acetonstmle and
0.1% mflouwroacetic acid (TFA) and solvent B: 90% acetomitrile, 10% water and 0.1% TFA_ alpha-L A beta-L{z and B5A
content was identified and quantified by measuring the fluorescence at 220 mm wavelengths. The sample injection volume
was of 20 ul. Data collechion and evaluation was performed by using LG Seluton (Shimadzu Corp., Kyoto, Japan)
operating system.

Grouping af the numerical maverial for statistical analysis

The health status of the udder quarters was assessed according to microbiological analysis and SCC m oulk (according
to Chaneton et al., 2013). Cluarters with presence of bactenal srowth, nonspecific mashhs, or subchnical mastitis were
classified as diseased quarters (D)) (Table 1).

Table 1. Grouping of the udder quarters according to the microbiclogical analyziz and $CC in milk

Group | Specification i“;’:&f: SCC (10%/ml) Hi;ﬁ:;;’; of Nﬂ“’:;:f
BG Presence of bactenal zrowth + = 200 diseased 42
NM Nonspecific mastitis - =200 diseaszed 13
5M Subclinical masths + = 200 diseaszed 16
HQ Healthy quarters - = 200 healthy 49

| (+/-) presence /absence of pathogenic microorganisms in nulk sample

All the data obtained were fractionated imto spring (n=40), summer (n=40) and autumn (n=40) for the analysis of
seasonal effect on whey proteins.

Staristical analysis

The obtained data were statistically processed by using SPSS program 20.0 for Windows using a one-way ANOVA
procedure. The results are presented as mean and standard emor of mean (meantSEM). The sigmificance of differences
between mean values of the evaluated groups was determuined wath the post-hoc Fisher LD crrtenion (o=0.05) (Juszathené
atal, 2014).

Rezults

The DO showed statistically significant increased concentrations of LF (p=0.001} 46%. IgG (p=0.001) 46%, beta-LG
(@=0.05) 4% and B5A 6% compared with HQ, while alfa-LA concentration was 2% higher in HQ milk samples (Table
.

Table 2. Mean values of whey protein: (mg'ml) in healthy and dizeazed quarters according to health status of
the udder

Chuarters LF IeG alfa-LA beta-LG BSA

Healthy 0.03=0.01%** 0.1240.02 #%= 0.93=0.03 3.14=0.11* 0.31=0.03

Dizeased 0.08+0.01 0.32+0.03 0.89=0.02 3.47+0.11 0.35=0.02
| Dhiferences sipmficant at * p=0.05; ** p=0_01;*** p=0.001

Under the udder kealth assessment 33% of DO comespended to the group BA, 153% - to 5M and 11% comresponded
to NI and the rest part 41% corresponded to HQ. The highest mean value of LF (0.120.02 mg'ml), IzG (0.41+£0.06
mg/ml) and beta-LG (3. 8§8+0 24 mg/ml) were observed m quarters with SM. It was determined hugher LF (72.7%) IgG
(74.5%), beta-LG (50.8%) and BSA (57.3%) concentrafion in quarters with BG compared to HQ). The peak of alfa-LA
was observed i HQ. Sigmficant differences of LF, IgG and beta-LG mean values between groups were determuned
(p="0.03) (Tabla 3}).

Further seasonal effect on whey proteins content in milk was evaluated. LF. Igc and BSA peak concentrations were
clearly observed m spring, alfa-LA in summer and beta-LG m autumn. LF content remained stable i summer and autumn
and 60% were lower compared to content in sprnghme. The lowest levels of Iz, beta-LiG and BSA (008 mg/ml, 2.94
mg'ml and 0.27 mg/ml, respectively) were in summer in compare to content with other seasons. The final results of one-
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way analysis of vanance (summarized m Table 4) indicate a siznificant effect of season on the content of all the proteins
analysed.

Table 3. Distribution of whey protein: mg/ml (mean=5EM) in guarters according to the microbiological analysiz
and SCC groups

Groups n LF IeG alfa-LA beta-LG BSA

BG 42 008001 a 035004 a 0.89:0.03 3.24+0.13 abd 0.360.03

NM 13 004001 b 014003 b 089003 3.74+0.21 be 0.330.03

SM 16 0.10:002a 041:007a 0.87£0.06 385024 ¢ 0.35=0.04

HQ 49 0.03:0.01 b 0.12+0.02 b 0.920.03 3140114 0.31+0.03
| abc,d - differences sigmifeant at p=0.05

Table 4. Variability of whey proteins mg/'ml {mean=5EM) depending on season

Season n 0 [glz#** alfa-LA** beta-LG*** BSA*

Spring 40 0.12+001a 0.54+0.03 a 0.90+0.04 3.33+0.12a 0.37:0.02 2

Sumrmer 40 003001 b 008001 b 0.98+0.03 a 2940100 027003 b

Autumn 40 003001 b 0.11=0.01 b 0.84+0.02 b 3.74+0.16 ¢ 0.35£0.03 a
| ab.e -differences sigmifeant at p=0.05 and significant effect at * p=0.05; ** p=0.01;*** p=0.001

Dzcuszion and conclusion

The 5CC in nulk constitutes a good diagnostic tool that allows early detection of erther subclinical or acute form of
mastifis (Cheng at al. 2008, Erol et al. 2012). In the present research the concentration of LF, IzG, alpha-LA_ beta-LG
and BSA m the cow’s milk related to health status of udder gquarters was analysed. Two combined vanables were used to
determine the quarter health status: the SCC value and the isolation of pathogenie bacteria. Similar eriteria have been
used by other authors (Chaneton et al. 2013). In the present sdy 59% comesponded to DO and 41% to HQ. In Chaneton
et al (2013) research the most part of analyzed milk samples consisted of HQ (86.8%:) and of the D) 62% comesponded
to NM. Most of analvsed mulk samples with SCC levels lower than 200,000 cells/ml were positive for bactenal iselation.
This obzervations means that some specific bacterial spacies could be associated with weak immune responses (Schwarz
et al. 20100 and it 15 possible that the physiological status of the mammary gland could induce a diminizhed immmne
response upon bactenal invasion. Chaneton et al. {2013) have establhished most of the samples with SCC level ngher than
200,000 cells/m] and were negatrve for bactenal 1sclation. Thus factor researchers explained that an inflammation process
can occur without detectable bacteria in mulk. The present research demonstrated hizher levels of all proteins analysed,
except alfa-LA, in DQ compared to HQ (p=-0.001). Sizmficant differences of LF, IzG and beta-LG were observed between
quarters with BG, WM, SM and HQ (p=0.05). The same tendency of LF was also shown by Chaneton et al (2013}, but
no significant differences wera observed between quarters. EKorcina et al. (2012) reported IgG mean values in milk
samples with pathogenic agents and without pathogens differed slightly and insignificantly.

The present studies on seasonal effect on analyzed whey proteins indicated the significantly higher LF, Iz and BSA
values in spring seaszon (p=0.05). Thi= 15 in agreement with Conesa et al. (2003), who reported that Iz values from the
whole populaticn of analysed samples were found to be significantly lagher also m the spring. It can be assumed that the
bicactive compounds contained m green forages (at pasture period), which have mymunomeodulatory properties, have an
indirect effect on LF levels (Brodziak et al. 2014). In another study, the seasonal effect was observed, with the highest
values in the spring for LF and m the winter for Iz’ (Konuspaveva et al 2007). In our research data, sigmificant effect of
season was eshmated on LF (p=0.001), IgG (p=0.001}, alfa-LA (p=0.01), beta-LG (p=0.001) and BSA (p=0.05) contents.
These results are in agreement with the findings of Korcina et al (2012}, who noted sipmificant effect of the seasomal
keeping of cows on the concentration of [zG in cows mulk (p=0.001) and Brodziak et al. {2014) research results with the
significant effect of the season on LF and alfa-L A contents in goats oulk (p=0.01). A higher percentage of whey proteins
1o the spring—summer season compared with the aufumn-winter season was also found i research performed on cow’s
milk by Litwinezuk et al. (2011).

It can be concluded that LF, Igls and BSA concentration in milk were elevated during subclinical mastitis as well as
in quarters positive for bacterial growth It should be assumed that the increased concentrations of analysed proteins
(except alfa-LA) mn the diseased guarters showed their immune response activity. Furthermore, the findings showed the
high conmbuton of season of the vear on milk antimicrobial proteins concentrations.
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Ahbstract. In this study, the purpose was to estimate immunoglobulins G (1g() concentration in milk depending on
cows’ breed, number of lactations and somatic cell count (SCC). Twenty cows of different breeds (Lithuanian Black-
and-White, Dutch Black-and-White, and German Black-and-While) and lactations (from 17 1o 6'“) were psed in the
stucy. The research material was split into four groups according to SCC detected in the milk samples: 17 group — SCC
up to 100 x10%ml; 2™ group 101 400 x10°/ml; 3 group 401 1,000 x10°ml and 4" group 1,001 x10°/ml.
Samples of fresh milk were analysed for SCC performed by the heavy-duty counter-measurer Somascope. The contents
of TgG were determined by the enzymatic method ELISA based on the competition between marked antigen-antibodies
The mean value tor IgG concentration abtained from all the samples was D.2940.14 mg/ml. Milk IgG content increased
with the increment of SCC. The relation between SCC and 1gG content correlated significantly r,=0.931, r,=0.854
(P=0.0001), It was determined that 1gG concentration varied from 0.26=0.15 mg/ml (I“-2"" lactations) to 0410011
mg/ml [S”' " lactations), Tgl concentration in milk was not significantly different among numbers of lactations and

hreeds of cows (P=0.03).

Keywords: immunoglobulin G, somatic cell count, cow, milk

Introduction

Bovine mastitis remains  the disease causing the
higgest economic losses o the dairy industry, despite the
intensive research and prevention measures at herd level
carried out for decades (Sobezuk-Szul et al., 2014). The
immunclegical response (o intramammary infection s a
normal function of the cow’s immune system (Harmon,
1994). Matural immunological protective reactions of the
animal can successfully restrict and eliminate the udder
infection (Sandholm and Pyiicild, 1995; Koreine et al,
2012).  Investigations  show  evidence that  humoral
immunity components, such as immunoglobulins A and
G, play an important role in immunological defence
response of the cow udder (Korhonen and Kaartinen,
1995; Marnila and Korhonen, 2002; Korcine et al., 2012).
Immunoglobulins form specific immunity components
and  they  mainly  penetrate  inte the  udder  during
inflammation but are also formed locally (Burvenich et
al., 2000; Kehrli and Harp, 2001; Pyirili, 2002).
Immunoglobuling are able to prevent the adhesion of
microbes, inhibit  bacterial  metabolism,  agglutinate
hacteria, augment phagoeytosis of hacteria, kill hacteria
through activation of complement-mediated bacteriolytic
reactions, and neutralize toxins and  viruses (Pyiirild,
2002; Park, 2009,

The amount of immunoglobulins in milk varies and
all factors influencing their concentration are not
discovered yet (Korhonen et al, 2000; Krol et al, 20000,
Some publications reported that during the middle stage
of lactation, the concentration of immunoglobulins in
healthy cow milk 15 low but it increases during the udder
inflammution [Korhonen and Kaartinen, 1995; Korhonen
et al., 2000; Korcina et al., 2012), As somatic cell count

(SCC) also forms a part of the defence system of the
udder against mastitis, it has been sugzested that with
very low SCC the risk to environmental mastitis may
increase (Schukken et al., 1990, Pydeild, 2002). Pybedli
(2003) and Smith (2002) reported that a bovine quarter
producing milk with an SCC =200 x10°ml shows the
symptoms of subclinical mastitis, According Burvenich et
al. (2000), the quarters with elevated SCC are more
resistant to mastitis than the guarters with low SCC.
However, it is not likely that SCC levels of dairy cows
will, through breeding, reach “too low’ levels in the near
future. Dairy cows have been bred for high milk
production, and there 15 a positive correlation between
high milk yield and mastitis (Fleischer et al,, 2001,
Pytrdld, 2002).

It is penerally accepted that changes in the content of
milk components are caused in more than 50 % by genetic
factors and in about 40 % by environmental ones
(Brodeiak et al., 2012). Nowadays, thirteen breeds of
cattle are in use im Lithuania, while the milk production is
dependent mainly on the Lithuanian  Black-and-White
breed. The productivity of’ cows and physico-chemical
parameters of milk are influenced not only by breed of
cows and feeding system but also by physiological factors
such as age and stage of lactation (Krol et al,, 20013; Kral
etal., 2014).

Work should be concentrated on ways of minimising
the megative influence on immune [unctions and ways of
stimulating these functions, especially during periods of
immune suppression, to increase the natural ability of the
cow to resist, or defend herself, against udder infections.
Detailed knowledge about the immune responses and
important host defence factors is essential in order to find

113



ISEN 1392-2150. VETERINARDA IR ZOODTECHNIKA ( Fer Med Zoof). T. T2 (94). 2015

hetter ways for the prevention and trestment of wdder
infections and mastitis {Mol and Clegg, 2002).

The aim of the presenl '\ehld}' wits to evaluate the
voncentration of [gGom milk depending on cow breed,
number of lactations and somatic cell count.

Mafterial and methods

Selection of ammals and collection of milk samples

The experimental part of the study was carried out at
the Lithuanian University of Health Sciences, Veterinary
Academy (LUHS WA), Practical training and testing
ventre. Overall, 20 cows were selected. Cows enrolled in
the study were from the 1" to 6" lactations of the hest
production (22-30 kg per day). Milk samples collected
from three different breeds (Lithuanian Black-and-White,
Duteh Black-and-White, and German Black-and-White)
of dairy cows maintained in Lithuania. Milk samples were
collected during control evening milking time as total
yuarier milk froom each cow in pitirs After |.:|1:ur|i1|g and
disinfection of the teats, 30ml of milk were pseptically
collected im sterile plastic tuhes according o LET EN 1500
TOT-1995 1 2003 stundard. Samples were kepl under
refrigeration until arrival to laboratory tacilities and were
tested within Ah Trom collection

Methodsitechwigue

For determination of somatic cell count milk samples
were preserved and analysed  with the flow cytometric
analysis method wsing o Somascope cell counter [Foss,
3400 Hillered, Denmark) according to LST EN 150
13366-1:2008+A0 2009 microscopic method standard.

The emeyme-linked  immunosorbent assay (ELISA)
used to determine lgl concentration in boving hiclogical
fluids 15 distributed a5 Biopanda Reagents  (United
Kingdom). This assay  has bheen  designed for  the
quantification of lgl by means of specific untibodies and
it has been validated in an interlaboratory study with
sulisfactory resulls of repeatability, The procedure of the
assay was carried out as follows. The kit provided the 96-
well p|n1u coated with .\puuiﬁu antihodies uguin'\l Thovine
lgli. Standards or samples (100pl) i duphcate were
added into each well and the plate was incubated at room
temperature (RT) for 30 min. Afterwards, the wells were
emptied by inverting the plate and tapping firmly onto
ahsorhent tissue, The plall,' wars sweashed in |_ah¥y\1¢||m
Multiwash microtiter plate automatic washer (Helsinki,
Finland) with 300 pl of diluted wash huffer per well,
misking five cycles of washing. Afler removing the excess
liguid gs described sbove, 100 pl of the diluwed
howseradish - peroxidase (HRP) antibody  conjugate
solution was added into each well and incubated at R1)

for 30 min. Afler this second incubation, the plate was
washed as previously described and 100ul of the substrate
3.3 55 tetramethybenzidine (TMB] solution was
added into esch well In order o allow the colour
development, the plaic was incubated at BT for 10 min.
Finally, 100pl of the stop solution were added inlo each
well. The concentration of antibodies in o sample was
indicated hy the hlue colour appearing during ihe reaction
and turning yellow alter suppression of reaction with aed,
The test results were estimated by measuring the optical
density (D0 of sumples at wave length =450 nm using
specirophotometer Thermo  Scientific Multiskan  EX
{ Thermo electron i.'urpurnﬂul'l_ China, 2008). In order to
calculate the 1gl concentration of cach sample, a graphic
representation was made hy plotting the concentrations of
the standards (v axis) versus the mean values of the
corresponding ahsorbances [x axis) ftor each plate. The
IEG comeentration of the "Gill“plq:h wits determined 'hy
interpoluting  the  corresponding  absorbunces in the
standard curve, which was adjosted 0 a sccond-order
pulynomial eguation

Kraristica! analysis

CiraphPad Prism version 4.0 stafistical package was
used for biometric dita analysis. Arithmetic averages
(X ), mediom standard deviations (513, minimum and
maximum values were caleulated for cow's milk gl
parameters and somatic cell count. Pearson’s 1) and
Spearman's  (r) correlation  coellcients  and  linear
regression were uwsed too investigate the relationship
QFI" II!VI."\ ?l'l'ld Illilk .IE‘-I RL"II“E
statistically significant when B was not less than 0,25,

The following factors were taken intn consideration:

o The research material was split inio four growps
according to somatic cell count detected in the milk
samples: 17 grouwp — SCC up 1o 100 x10"ml (n=3}; 2"

hetween WERE

group 101 200« 10l (n=n); 3 group 4001 1,000
x10°%'ml (n=81 and 4" group — 1,001 x10%ml (n=3).
& Ape  classes mostly noticed a5 subseguent

lactation: 1,2, 3,4, 5 h

o Three breeds of cows (Lithuanian Black-and-
White, Dutch  Black-and-White, CGerman  Black-and-
White] were involved in this ~1|,||.1}-.

Results. The mean wvalue for gl concentration
chiained from all the .‘-JIII'I|_'IIE"G was 1290 140 |||.|_g|fml.
Immunoglobulin values in milk obtained in our resesrch
and the standards given in literature are summarized in
Tuhle 1.,

Fable 1 lmmuonoglobulin G values mg/ml (mean £ S in cow’s milk

Immunoglobulin class Data obtained in our studies

lgli values given in lilerature

T isn Hunge of values

lgls

0.20+0.14 0.01-0,58

QA0-0.60  Pakkanen et al., 1997; Krol et al., 20000
0.30-0.50 (Collin et al, 2002)

0.25+0.12 the range of values 0.008-1.437 (Conesa et al.,
2005)

0,72 (Girapper et al., 2007)

2.05+0.43 the range of values §.16-4 30 (Korcina et al
012y
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With the growth of SCC, the concentration of gl
significantly increased. A substantial effect of SCC on
|gn cortent was |.'||||rlrr|1|.'|:| h:{ r|.'|=|li|.u|:( F”gh Fll.l‘\i.li\'lﬂ
values of caloulated correlation coefficients. The relation
hetween 5CC and 1glv content corrclated significantly
rl 831 RS P00, regression unalysis wis
significant B*=0.467. The results are shown on Figs 1
il 2

ks 2 linear = 0,967
E s,
. -
'a & 50 . ..-""”
E “ ._-*‘f
E; N __,-d"'
= posd : L <"
'
000 , . . . -
0 250 500 750 1000 1250 1500
8CC, x10%ml

Fig. | Linear regression madel of the effect of SCC
[x[tl*-'mlil on milk 1gl: mg/ml

It was shown that among the many breeds of cows
invalved inomilk production in Litheania, the cows of the
Giarmian Blwck-and-White breed produce o higher comtent
of immunoglobuling G (the range from .14 w0 58] A
slightly lower level of lgli was established in milk of
Dutch Black-snd-White cows {the range from 015 to
039 as well as Lithuanian Black-and-White cows (the
range from 001 g 051) The cows breed influence on

lgli concentration was nol significant (P=0.05), The

results are shown in Tabkle 2.

lzli concentration (mg/mil

[- 101

100-400 407-FXEy = 101

S0U groups

Fig. 2. Distribution of immunoglobulin & content
by SCC groups

The obtained sverage results of lets at different
lactations ranged from 0262015 mg/ml I:I"— and 2"
lactations cows) o 410,11 mg/ml (57 and & lactations
cows). Caleulated congruency hetween cows lactations
and gl concentration in milk was nol signilicant
(r=0.02). We observed that the concentration of
wlobuling in milk increases proportionally with
nereasing number of lactations as shown in Table 3.

i

Table 2, Effect of breed on Igl (meansstandard deviation) content in cow*s milk

Breed

Number of cows, n

Immunoglobulins G, ma/ml

Lithuanian Hlack-and- White 7 125012
Duteh Blick -and-Whiate 4 0.27&0 08
Crerman Black and-White ] 0.33=0.15

Tahble 3. Effect of lactation on Igls

{mean+standard deviation) comtent in cow's milk

Lactation Numher of cows, n Trmiunaglohuling G, mg/ml
1-2 11 0.26:0.15
i-4 fi 0.28+0.08
5-f 3 0.41+0.11

Discussion. The amount of immunaoglohuling in milk
varies and all factors influencing their concentration wre
not yet discovered (Korhenen et al, 2000, Krol et al.,
2000y, Eifferent authors have indiceted that concentration
ot immunoglobulins A, (3, and M in the cow milk varies
ot ﬂn]:‘- depunding an the lll:!l'ﬂ of wdder infection bt it
is alsv considerably affected by the cow age, luciation
period, keeping conditions, and feeding (McFadden et al,
1997; Korcing el al,, 2002)

The mean levels obtained fw IpG oin the whole
population studied are 0.2920.14 mg'ml, o value close to
the range referred to as normal for mature milk, which is
B3-S meml (Collin et al, 2002} Similar 1pGo values
were obtained by other nescarchers as well: (0.30-0.60
(Pakkanen, 1997, Krol et al, 2000), In the mln|_fsi:ﬁ af
Bovine lgG in milk, Grapper et ul. (2007 ) ordered a higher
Te(i value 0.72 mgfml. The highest concentration of the

wmunoglobulin. Gooin omilk 2052083 mg'ml was
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indicated by Latvian researchers (Korcing et al., 2002)
As mentioned ahove, the amount of immunaglobulins in
Illilk \'ilril.'.‘\. dl.'FII.'IHlirlg ||f |r|m|}' rill.'lllr"i;, I:h-r_'n:ﬁ:-rl.'. iI“
indizated immunaglobulin G values in milk are different.

Somatic count s a  commonly  recognized
indicator of bovine udder health and milk guality. SCC
has been shown to influence the immuncactive protein
content (Krol et al,, 2012}, Milk with the highest number
of the somatic cells (group 4) contained the highest gl
concentration  0L55  mg/ml. The same  resulls  were
ubtained from another research corried oul in Poland
[Krol et al, 20012} A substantial etfect of 53CC on g
content was confirmed hy  high positive values of
caloulated  correlation coctficients ©r,=0.49531, 0854,
F=0.0001, where they were higher than those indicated by
Borol el (2002 and 2004) in their research r=0.7% and
r=1.507 respectively. Also the effiect of SCC growth on
the content of IgG was reporied by Liv et al, (2009),

Cow's breed s one of the factors influencing the
amount of immunoglobulin in milk. Erukowski et al
(2006) determined 1gG content in milk from Black-and-
White variety cows. lgli concentration in these cows’
milk was 0628 mg'ml The studies of Levieus and Ollier
[1999]) revealed that milk gaimed from Holstein-Friesion
cows contained 047 mg'ml of IglG at average. A
sigmificant amaount of 1eGoowas reported inmilk of Polish
Black-and-White cows 042+0 18mg/ml (Krol et al.,
2000 and 0534029 me/ml (Krol et al, 2002) In the
present research, a lower lgl content was  found.
Following our test data, the richest content of Tgl in the
milk  of the breed German  Black-and-White
033+0015 mg/ml. The poorest source ol lgls content in
milk the hreed Lithuanian  Rlack-and- White
(0.2640.15 mg/ml). Some authors have reported that in
healthy cow milk during the middle stage of lactation the
concentration of immunoglobulin is low (Korhonen et al.,
20000; Koreina et al., 2002). (hher authors indicated that
there isa pl::-lc'l['h.'u correlation between high milk _'_..-iuld and
mistitis (Fleischer etal, 2000; Py@rild, 2002), Our results
possihly indicate that the breeds with a low amount of
IgGowere in the middle stage of lactation and the milk
yield ot these cows was low too.

T|'||.: e of Il'n,- LW ilnd 1'|I|; 11||||||:'||.:r af |:1|.:l;:||i||||1 iwre
vonsidered as two relevant factors, which determine 1gi
concentration in milk. The poorest sowrce of TgG proved
i he the milk obiined from the 1 and 2" lactations
cows (0126015 mg/ml). (der cows, in the 5% and 6"
lacia

cell

Wil

Wil

Wi, |Jn1d|t:ud milk with highur eoncentration of
Izl compared to younger ones (0.41+0.11 mg/ml). These
findings arc similar with the Keol et al, (20010, 20012)
research where primiparous cows showed 10 produce
significantly less lgloas compared o cows al 2 1o 4
lactatioms (P=005) and older (P00 The lowest level
of leti was found n the 17 lactation (0.454=0_16 mz'ml)
and in subhsequent lactations 1glG compounds increased
eridually (Krol etal. 2012),

In conclusion, it should be stated that somatic cell
count had a significant effect on content of the lgG in
pows' milk evaluated. The increase i SCC caused a
significant increase (P<0.0001) in 1gli concentrations in

milk. Their source proves o be milk obtained from
multiparous cows of German Black-and-White breed.
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SUMMARY

INTRODUCTION

Dairying is one of the most important agricultural industries in Lithuania.
People over the world seek to eat better and healthier food. They pay
particular attention to the composition and quality of milk production. Milk is
a valuable nutrient source. However recently, an interest has arisen in the
ability of milk to kill bacteria and in the possibilities to apply this knowledge
in mastitis control, functional food production and promotion of human
health. An increasing scientific and commercial interest has been focused on
biological properties of milk proteins. The whey fraction of milk contains a
great variety of proteins that differ from each other in their chemical
structure, functional properties and biological functions (Sekmokien¢ ir kt.,
2007; Liutkevicius ir kt., 2008; Park, 2009; Korhonen, 2009).

With the aim of facilitating the resistance of dairy cows against mastitis
caused by pathogenic microflora, intensive investigations in immunology
have been carried out almost for a century. However, remarkable contra-
dictions still exist in this field of research and expected achievements are
delayed (Wheeler et al., 2007; Stelwagen et al., 2009; Szwajkowska et al.,
2011; Kocina et al., 2012). Natural immunological protective reactions of
animals, if they are not in a suppressed condition, can successfully restrict
and eliminate the udder infection (Sandholm et al., 1995; Oviedo-Boyso et
al., 2007; Stelwagen et al., 2009). If the activity of the immunological system
is reduced or the virulence of pathogenic microorganisms is high, infection,
even partly eliminated, may continue for a longer period, and usually this
process becomes apparent as subclinical or chronic mastitis (Ali-Vehmas and
Sandholm, 1995; Aniulis, 2007; Bannerman, 2009). In spite of the great
progress in genetics, feeding systems, housing and milking conditions, mas-
titis is still the most economically important illness leading to drastic milk
losses, increasing drug and veterinary costs, reduced genetic improvement,
changes in the hygienic and compositional quality of milk and decreased
reproductive performance (Oviedo-Boyso et al., 2006; Wellnitz and Bruck-
maier, 2012; Chaneton et al., 2013).

The non-specific immune system is very important in mastitis prevention.
Activation of natural antimicrobial factors can reduce the amount of
antibiotics, and maintain high effectiveness of treatment (Kuroishi et al.,
2003). Antimicrobial activity in milk is determined from the immunoglo-
bulins and non-immune proteins, such as lactoferrin (LF), lysozyme, lacto-
peroxidase, alpha-lactalbumin (alpha-LA), beta-lactoglobulin (beta-LG)
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(Bellamy et al., 1993). LF has been well recognized as multifunctional
protein and one of the most important protective factors, which plays an
important role in the prevention of mastitis infection at an early stage (Kawai
et al., 2003; Wojdak-Maksymiec and Mikolajczyk, 2012). Immunoglobulins
(Igs) link various parts of the cellular and humoral immune system. The
importance of colostral Igs to the newborn calf in protection against microbial
infection is well documented (Korhonen, 2009). They are able to prevent the
adhesion of microbes, inhibit bacterial metabolism, agglutinate bacteria,
augment phagocytosis of bacteria, kill bacteria through activation of
complement-mediated bacteriolytic reactions, and neutralize toxins and
viruses. In addition to the mentioned antimicrobial proteins of milk, alpha-
LA, beta-LG, and BSA also are involved in the udder protection mechanism
and anti-inflammatory, bacteriostatic, antiviral and antioxidant activity (Chat-
terton et al., 2006; Pan et al., 2006; Krol et al., 2008).

Different authors have indicated that the concentration of these antimic-
robial proteins in the cow milk varies depending not only on the degree of
infection of the udder. It is also affected considerably by the cow age,
lactation stage, keeping conditions, feeding and various environmental factors
(Zagorska et al., 2007; Cheng et al., 2008; Krol et al., 2012; Danowski et al.,
2012). So far, in Lithuania this kind of investigations have not been carried
out.

Somatic cell count (SCC) is commonly recognized as an indicator of
bovine udder health, milk quality, and the technological usability of the milk
(Rivas et al., 2001; Schukken et al., 2003; Green et al., 2004; Hillerton and
Berry, 2005). The measuring of the somatic cell count in milk is the standard
method for detection of mastitis with subclinical manifestations (Schukken et
al., 2003; Malinowski et al., 2008). For mastitis form assessment and
effective selection of treatment, in addition to the SCC determination, a
microbiological test for mastitis agent identification is carried out (Hagiwara
et al., 2003; Kocina et al., 2012; Chaneton et al., 2013).

There is currently lack of data on antimicrobial protein variability in local
cows. In our opinion, in order to understand and evaluate the role of
antimicrobial proteins in the udder health it is necessary to investigate the
dynamics of LF, IgG, alpha-LA, beta-LG, and BSA in milk in relation with
somatic cell count and microbiological analysis of milk, lactation stage and
number and the season.

Summarizing theoretical achievements reported in literary sources as well
as the data obtained in the scientific studies, the objective of the present
study was to evaluate the dynamics of natural antimicrobial proteins
concentration in the milk of healthy cows and cows with mastitis, and apply
optimal methods for detection and evaluation of these substances.
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Goals:

To achieve the objective, the goals were as follows:

1. To evaluate the functional status (health) of the cow udder quarters by
somatic cell count and microbiological analysis of milk;

2. To estimate the concentration of LF, IgG, alpha-LA, beta-LG and BSA
in the milk of udder quarters of healthy cows and cows with mastitis;

3. To analyze the change of LF, IgG, alpha-LA, beta-LG and BSA con-
centrations in the milk of cows during different lactation stages of first,
second and third lactations;

4. To estimate the seasonal (spring, summer and autumn) effects on the
content of analysed antimicrobial proteins in milk;

5. To investigate influence of analysed factors on LF, IgG, alpha-LA, beta-
LG and BSA by applying dispersion analysis (ANOVA) and linear statitical
models;

6. To evaluate the relationship between antimicrobial proteins and udder
health, stage and number of lactations and seasons.

Scientific novelty and practical significance of the research

The present study was focused on analysis of the dynamics of natural
antimicrobial proteins in the milk of the Lithuanian Black-and-White cross-
breed with Holstein dairy cows. For the first time in Lithuania, the reverse
phase high performance liquid chromatography (RPHPLC) was applied for
detection and evaluation of alpha-lactalbumin, beta-lactoglobulin and bovine
serum albumin and sandwich enzyme linked immunosorbent assay for
lactoferrin and immunoglobulin G. In addition, for the first time the re-
lationship between these antimicrobial proteins and udder health, stage and
number of lactations, and seasons was established by statitical modelling and
the coefficients of phenotypical correlation were calculated. The estimated
relationship between antimicrobial proteins content and udder quarters health
indicates active participation of these proteins in the udder protection
mechanism. Gaining more insight in the self-defence mechanism of the udder
may help to develop alternative protocols to enhance udder protection and to
better identify cows at risk. The established significant effect of lactation and
seasons indicates that the animal body is very sensitive to the physiological
and environmental changes. In terms of mastitis, it can be concluded that
lactoferrin and immunoglobulin G in milk is elevated during subclinical
mastitis. This suggest that lactoferrin and immunoglobulin G concentration
together with the somatic cell count in milk might be a useful tool in mastitis
detection and for evaluation of innate resistance against intramammary
infections.
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MATERIALS AND METHODS

Investigation venue, time and object

The scientific research was carried out during the period between 2012 and
2016 at the Department of Anatomy and Physiology at the Research Centre of
Digestive Physiology and Pathology and at the Chemical Laboratory of the
Institute of Animal Science of the Veterinary Academy (VA) Lithuanian
University of Health Sciences (LUHS), and State enterprise ,,Pieno tyrimai‘
accredited by the National Accreditation Bureau to carry out chemical,
physical and microbiological tests of raw milk.

Selection of animals and collection of milk samples

The tested dairy herd consisted of 94 Lithuanian Black-and-White cross-
breed with Holstein dairy cows. In total, 360 milk samples were collected
individually from 30 normal lactating dairy cows. Milk samples from in-
dividual quarters were collected once during the spring, summer and autumn
(10 cows/120 quarter samples/each season). For estimation of the udder
health status of all cows included in the investigation, we evaluated the udder
and teats visually and palpated before milking. All cows were clinically
healthy with no signs of udder infection (by checking the presence of redness,
swelling, hardness, and pain in the udder, or the presence of clots in milk) at
sampling time.

Milk samples were collected for laboratory examination aseptically in
accordance with the method recommended by the standard ISO 707:2008
(Milk and milk products - Guidance on sampling). Primarily milk samples
were taken for microbiological analysis. Teats were washed thoroughly and
dried with a disposable paper towel. The first three streams of milk from each
teat were discarded. The teat end and orifice were disinfected with cotton
swabs soaked in 70% ethyl alcohol and foremilk samples of approximately 50
mL were collected from each quarter of cow in a sterile tube held
horizontally. Later, in the middle of the milking two samples of milk were
taken for quality testing: one for estimation of somatic cell count (50 mL)
another for antimicrobial proteins investigation (50 mL) (Fig. 1).

Milk was obtained from udder quarters of the 1%, 2"® and 3™ lactations at
early, middle and late stages of lactation. Criteria that included both SCC and
a microbial analysis were used to assess the health status of the quarters.
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Fig. 1. Scheme of the investigations
Estimation of somatic cell count (SCC)

For determination of SCC, milk samples were preserved with bronopol (2-
bromo-2-nitropropane-1,3-diol and 2-bromo-2-nitropropanol) in microtabs
and analysed with the flow cytometric analysis method using a Somascope
MK2 cell counter (Foss, 3400 Hillerod, Denmark) according to standard EN
ISO 13366-1:2008/Cor.1:2009 (Milk — Enumeration of somatic cells — Part 2:
Guidance on the operation of fluoro-opto-electronic counters). The direct
measurement reading is SCC in thousands per one milliliter of milk
(thou/mL).

Microbiological analysis of milk samples

Microbiological examination for identification of pathogenic microorga-
nisms was carried out as soon as the milk samples were delivered to the acc-
redited central milk testing laboratory. Standard procedures for identifying
pathogenic microorganisms in milk were performed in compliance with the
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laboratory criteria ISO/IEC 17025:2005 (General requirements for the com-
petence of testing and calibration laboratories) and according to standard
operating procedures SOP 5.4.4.B.6:2009 (Laboratory and field handbook on
bovine mastitis. National mastitis council, 1987). A microbiologically posi-
tive quarter was defined as isolation of one or two bacterial species from a
quarter milk sample. A sample was considered contaminated when three or
more dissimilar colony types (mixed cultures) were observed with no prie-
domination of a single colony type.

Estimation of LF and IgG concentration

Milk sample preparation for analysis. The enzyme-linked immune-
sorbent assay (sandwich ELISA) used to determine LF and IgG concentration
in bovine biological fluids was distributed as Biopanda Reagents (United
Kingdom). Determinations were carried out in whey obtained by
centrifugation of 50 mL of fresh milk for 20 minutes at a temperature of 4°C
and a speed at 3,000 rpm to remove creams and cells. The samples were then
treated with 0.1 M hydrochloric acid at the controlled pH of 4.6 for casein
precipitation. The treated samples were re-centrifuged and the supernatants
(whey) were collected. The whey was stored frozen at a temperature of —20°C
until analysed (according to Sobczuk-Szul and others method (2014)).

Immunosorbent assay procedure. The concentration of LF and IgG in
quarter milk samples was assayed using ready Kkits, following the procedure
recommended by the manufacturer’s instructions. For LF analyses, the milk
samples were diluted at the ratio of 1:1,000 and for IgG 1:2,000. In both
analyses, a standard curve was plotted for each plate separately. The
procedure of the assay was carried out as follows. The kit provided the 96-
well plate coated with specific antibodies against bovine IgG or LF.
Standards or samples (100 pl) in dublicate were added into each well and the
plate was incubated at room temperature for 5 min and at incubator for 25
min at 37°C. Afterwards, the wells were emptied by inverting the plate and
tapping firmly onto absorbent paper. The plate was washed in a Labsystems
Multiwash microtiter plate washer (Helsinki, Finland) with 250 pl of wash
buffer per well, making four cycles of washing. The rinsed wells were filled
100 pl with peroxidase conjugated antibodies and incubated at room
temperature for 30 min. After repeated rinsing, the wells were filled with
substrate solution (100 pl) and incubated at incubator for 15 min at 37°C. The
concentration of antibodies in a sample was indicated by the blue colour
appearing during the reaction and turning yellow after suppression of reaction
with acid. The test results were estimated by measuring the optical density of
samples at wave length A = 450 nm using a Thermo Scientific Multiskan EX
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spectrophotometer (Thermo electron corporation, China, 2005). In order to
calculate the IgG and LF concentration of each sample, a graphic repre-
sentation was made by plotting the concentrations of the standards (y axis)
versus the mean values of the corresponding absorbances (x axis) for each
plate. The concentrations of the bovine IgG and LF were determined by linear
regression using computer program. The diluted samples values were
corrected by dilution factor used to obtain the final concentration of bovine
IgG and LF in the original milk sample.

Estimation of alpha-LA, beta-LLG and BSA concentration

Milk sample preparation for analysis. For evaluation of the content of
antimicrobial proteins, i.e. alpha-lactalbumin (alpha-LA), beta-lactoglobulin
(beta-LG) and bovine serum albumin (BSA), whey samples from cow milk
were prepared according to Romero et al. (1996) as follows: 25 mL of raw
milk was adjusted to pH 4.6 with 0.1 mol'L-1 HCI and allowed to stand at
room temperature for about one hour for acid precipitation of caseins.
Consequently, whey (7 mL) was taken from each of the samples separately
and then centrifuged at 10,000 rpm for 15 min. Finally, whey solutions were
filtered through quality filters and then through 0.20 pm disposable sterile
filters (Millipore). The supernatants in vials were refrigerated until further
analysis and, when appropriate, injected into the chromatograph (in the
amount of 20 pL).

The chromatographic equipment and conditions. Separation of anti-
microbial proteins was performed by RP-HPLC method described by Krol
and others (2010) and Brodziak and others (2012). The whole system con-
sisted of a HPLC apparatus, a LC-10ATvp pumping system, a SIL-10ADvp
autosampler, CTO-10Acvp column temperature controlling module and a
SPD-10AVvp UV-VIS detector (Shimadzu Corp., Kyoto, Japonija). The
system was controlled by SCL-10Avp Chromatography Workstation System
(Shimadzu Corp., Kyoto, Japan). Data collection and evaluation was per-
formed by using LC Solution operating system. The column used was
Nucleosil 300-5 C18, 4.6 X250 mm, equipped with guard column containing
the same packing material (Macherey-Nagel, Duren, Germany). The
separation was carried out at 37°C using the gradient system. The mobile
phase was solvent A: water and 0.1% trifluoroacetic acid (TFA) and solvent
B: acetonitrile and 0.1% TFA. The mobile phases were filtered through 0.45
um filters (Millipore) and degassed using ultrasound. The eluate was
monitored at fluorescence 220 nm wavelengths. The alpha-LA, beta-LG and
BSA compounds were quantified by comparison between peak area of alpha-
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LA, beta-LG and BSA compound in sample and peak area of this compound
in standard solution. Calibration curve parameters and the peak chroma-
togram are shown in Table 1 and Fig. 2.

Table 1. Calibration curve parameters

Parameters alpha- LA beta-LG BSA
Equations line y =132129x+2088.10 |y =129177x+337.24 | y =50801x-664.97
Correlation
coefficient (R%) 0.9997 0.9975 0.9996
Concentration range
of calibration curve 0.300-1.500 0.241-1.207 0.030-0.253
(mg/ml)

Run time (tR, min) 92.31 98.47 93.99
mV(x100) MPa
+Detector B Ch1:220nm F
2.0 ] A.PressA(Slatus)E_sslo
: 2 5—30.0
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Fig. 2. Standard chromatogram of alpha-LA, beta-LG and BSA

Calibration of the chromatographic system for determination of anti-
microbial proteins was carried out by the external standard method. For this
purpose, each protein was calibrated individually by injecting solutions of the
standards (20 pl). Purified proteins from bovine milk (alpha-LA, beta-LG and
BSA) were purchased from Sigma (Germany). All chemicals were of HPLC
analytical grade.

Statistical data analysis and software

The data obtained were statistically processed by using Microsoft Excel
2010® and the SPSS program 20.0 for Windows (Inc., Chicago, IL) using a
one-way ANOVA procedure. The results are presented as mean and standard
error of mean (mean £ SEM). The significance of differences between mean
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values of the evaluated groups was determined with the post-hoc Fisher‘s
LSD test. A value of P < 0.05 was considered significant. The inner
correlation of the parameters was evaluated according to Person correlation
coefficients (r) and their statistical reliability (P). The results are considered
to be statistically reliable when P < 0.001, P < 0.01, P < 0.05. The following
General Linear models were used for calculations of effects:

Yijin = p+ SLS/MBAGgr; + LS;+ LT + S + €jjikn

Yijikn = ut TKS_SLS/MBAgr; + LS; + LT + Sk + €jjikn
Yiikn =  + SLSgr; + LS;+ LT} + Sk + €ijikn

Yijtn = p+ TKS_SLSgr; + LS;+ LT, + Sk + €jjikn

Where: Yjjin — dependent variable, p — effect of total mean, SLS/MBAgr; —
effect of microbiological analysis and SCC evaluation (i = EM, NM, SM,
HQ), TKS SLS/MBAgr; — effect of the health status of the udder quarters
according to microbiological analysis and SCC (i = diseased, healthy), SLSgr;
— effect of SCC in milk (i = 1,2,3,4), TKS-SLS; — effect of the health status of
the udder quarters according to SCC groups (i = diseased, healthy), LS; —
effect of subsequent lactation (j = I, II, III), LT, — effect of lactation stage (1 =
early, middle, late), Sy effect of season (k = spring, summer, autumn), €jixn —
random error.

Grouping of the numerical material for statistical analysis

The numerical material was divided into groups according to the health
status of the udder quarters, milk SCC, lactation and season of the year.

The health status of the udder quarters was assessed according to
microbiological analysis and SCC in milk according Chaneton and others
(2013). The quarters with the presence of mastitis caused by environmental
microorganisms, nonspecific mastitis, or subclinical mastitis where classified
as diseased quarters (Table 2).

Table 2. Grouping of udder quarters according to microbiological analysis
and SCC in milk

Group Specification Pathogen SCC Health status
Isolation (thou/mL) of the quarters
EM Environmental mastitis + <200 diseased
NM Nonspecific mastitis - >200 diseased
SM Subclinical mastitis + > 200 diseased
HQ Healthy quarters - <200 healthy

(+/-) presence /absence of pathogenic microorganisms in milk sample.
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Based on the milk SCC, the data were allocated into four groups:
e group I —up to 100 thou/mL;
e group I - from 101 to 200 thou/mL;
e group III - from 201 to 400 thou/mL,;
e group IV —over 401 thou/mL.

Udder quarters from group I and group II corresponded to the healthy
quarters (n = 91) and quarters from group III and group IV — to the diseased
quarters (n = 29).

To test the reliance of antimicrobial proteins on subsequent lactation and
its stage, the data were classified into three age classes: 1% (n = 32), ond
(n = 44) and 3" (n = 44) lactation, as well as three lactation stages: early stage
(until 120 day, n = 48), middle stage (from 121 up to 200 day, n = 36) and
late stage (from 201 up to 305 day, n = 36).

The data were divided into spring (n = 40), summer (n = 40) and autumn
(n = 40) for the analysis of seasonal effect on antimicrobial proteins in milk.

RESULTS

Distribution of antimicrobial protein concentrations in the milk
of udder quarters according to their health status

In order to evaluate the health status of udder quarters the investigation
data were grouped using two methods: somatic cell count (SCC) and results
of microbiological analysis (MBA) and SCC in the milk. According to the
chosen evaluation criteria, the health status of udder quarters varied.
According to SCC and MBA, the number of udder quarters with mastitis was
by 18.32% higher than the number of healthy quarters. Yet the evaluation
based on the SCC in milk alone showed the number of healthy quarters to be
three times as high as that of the quarters with mastitis.

Distribution of antimicrobial protein concentrations in the milk
according to somatic cell count and microbiological analysis

Assessment of udder quarters according to the SCC and MBA results
showed 41% (n = 49) of healthy quarters of the total. Thirty three percent
(n=42) of quarters had mastitis caused by environmental microorganisms,
15% (n = 16) had subclinical mastitis and 11% (n = 13) had nonspecific
mastitis (Fig. 3).
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Fig. 3. Distribution of the udder quarters based on SCC and MBA assessment
NM - nonspecific mastitis; SM —subclinical mastitis; EM — environmental mastitis;
HQ - healthy quarters.

By assessment of antimicrobial protein distribution in healthy and affected
quarters, it was established that LF and IgG concentrations in the affected
quarters were on the average following by 46% and beta-LG and BSA
concentrations respectively by 4% and 6% higher than in the healthy quarters.
Yet the content of alpha-LA was by 2% higher in healthy quarters. As given
in Table 3 and Fig. 4, the statistically reliable differences between the mean
values of antimicrobial proteins in healthy and affected quarters were LF (P <
0.001), IgG (P < 0.001) and beta-LG (P < 0.05).

Table 3. Concentrations (mean + SEM) of antimicrobial proteins in healthy
and affected udder quarters according to SCC and MBA results

Quarters | No. LF IgG alpha-LA | beta-LG BSA

Healthy 49 | 0.03+0.01*** | 0.12+0.02*** | 0.93+0.03 | 3.14+0.11* | 0.31+0.03

Diseased 71 0.08+0.01 0.32+0.03 0.89+0.02 | 3.47+0.11 | 0.35+0.02

Differences signifcant at *P < 0.05; ***P < 0.001.
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Fig. 4. Concentration of antimicrobial proteins in healthy and diseased
quarters according to SCC and MBA assessment (mg/mL)

SCC and MBA results obtained in each group of quarters showed that LF
and IgG concentrations in the quarters with subclinical mastitis were on the
average by 54% and beta-LG by 10% higher than in healthy quarters. BSA
concentrations were highest in the quarters with mastitis caused by
environmental microorganisms and alpha-LA in healthy quarters. The
average values of antimicrobial proteins in groups were compared and
showed significant differences of LF, IgG and beta-G (P < 0.05) results are
given in Table 4 and Fig. 5.

Table 4. Distribution of the average values (mg/mL) of antimicrobial proteins
in SCC and MBA groups

Groups | No. LF IgG alpha-LA beta-LLG BSA

EM 42 | 0.08+0.01a | 0.35+0.04a | 0.89+0.03 | 3.24+0.13 abd | 0.36+0.03

NM 13 | 0.04+0.01b | 0.14+0.03b | 0.89+0.03 3.74+0.21 be 0.33+0.03

SM 16 | 0.10+0.02a | 0.41+£0.07a | 0.87+0.06 3.88+0.24 c 0.354+0.04

HQ 49 | 0.03£0.01b | 0.12+0.02b | 0.92+0.03 3.14+0.11d 0.31+0.03

EM - environmental mastitis; NM — nonspecific mastitis; SM — subclinical mastitis; HQ —
healthy quarters. Mean values denoted by different letters in rows are significantly different
ata,b,c,d—P <0.05

129




HEM ENM wSM _HQ
15 - e &

131 abd d k35

LF / 1gG/ alpha-LA [/ BSA
=]
=)

LF IgG alpha-LA beta-LG BSA

Fig. 5. Distribution of antimicrobial proteins in SCC and MBA groups
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Mean values denoted by different letters in columns are significantly different
ata,b,c,d-P<0.05

Distribution of antimicrobial protein concentrations according
to SCC in the milk

By grouping the data according to SCC in the milk and evaluation of
the health status of udder quarters, 75.83% (n = 91) of healthy and 24.17%.
(n=29) of affected quarters were determined (Fig. 6). The obtained results
(Table 5 and Fig. 7) showed that LF, IgG, beta-LG and BSA concentrations
in the affected udder quarters (SCC from 201 > 401 thou/mL) were higher
than in the healthy quarters (SCC up to 200 thou/mL) by 2%, 8%, 4% and 2%
respectively. Only alpha-LA in healthy quarters by 6% exceeded the value of
affected quarters. The difference between the healthy and affected quarters
was statistically significant (P < 0.05).
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Fig. 6. Groups of quarters according to SCC in the milk

Table 4. Distribution of the average values (mean £ SEM) of antimicrobial
proteins in healthy and affected quarters according to SCC

Quarters No LF IgG alpha-LA beta-LG BSA
Healthy 91 | 0.06+0.01 | 0.23£0.02 | 0.93+0.02* | 3.28+0.09 | 0.33+0.02
Diseased 29 | 0.07+0.01 | 0.27+0.05 0.83+0.04 3.53+0.14 | 0.34+0.04

Differences signifcant at *P < 0.05.
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Fig. 7. Concentrations of antimicrobial proteins in healthy and affected
quarters according to SCC (mg/mL)
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As is shown in Fig. 8, the distribution of the average values of anti-
microbial proteins in the groups distinguished by SCC is uneven. A sta-
tistically significant difference (P < 0.05) was determined between the lowest
(first group) and highest (second group) LF concentrations. The distribution
of IgG average values between the groups followed a similar pattern as that of
LF yet it was not statistically significant. In the third group of udders with
mastitis, the concentrations of beta-LG and BSA were highest. They differed
from the values in the first and second groups by 0.57 mg/mL, 0.57 mg/mL,
0.07 mg/mL and 0.06 mg/mL respectively. The differences from the fourth
group were 0.47 mg/mL and 0.09 mg/mL respectively. The values of alpha-
LA in the first and the second groups were similar but higher than in the third
and fourth groups of affected quarters: by 0.13 mg/mL and 0.08 mg/mL
respecttively.
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Fig. 8. Distribution of the average values (mean = SEM) of antimicrobial
proteins in SCC groups (mg/mL)
Mean values denoted by letters a and b are significantly different at P < 0.05.
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Results of investigation of the influence of lactation stages and number
on the concentrations of antimicrobial proteins in the milk

Bearing in mind that the concentration of natural antimicrobial proteins is
a dynamic value, which can vary depending on different factors we
investigated the influence of the number and stages of lactations on the values
of these proteins in the milk.

Assessment of the influence of cow age, i.e. lactation number, on the
distribution of proteins in milk (Fig. 9) showed that during the second
lactation the concentrations of IgG, alpha-LA and BSA were higher than
during the first or third lactations. The milk of the first-calf heifers contained
the highest concentration of LF whereas the peak of beta-LG concentration
was established during the third lactation. The average values of the second
and third lactation groups differed (IgG by 25% and beta-LG by 8%) and the
differences were statistically significant (P < 0.05 and P <0.01 respectively).
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Fig. 9. Variations of antimicrobial proteins in milk during different lactations
(mg/mL)

Mean values denoted by letters a and b are significantly different at P < 0.05.
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Assessment of the influence of lactation stage (Fig. 10) revealed that the
concentrations of LF, IgG and alpha-LA increased in the early stage of lac-
tation. Later, in the middle of lactation, the highest concentrations were
determined for beta-LG and BSA. In comparison with the early stage of
lactation, before drying the concentrations of LF, IgG, alpha-LA and BSA
decreased by 34%, 30%, 8%, and 4% respectively. The differences of IgG
(P <0.01) and alpha-LA (P < 0.001) average values during the early and late
lactation stages and LF during the early and middle (P < 0.05) and early and
late (P < 0.01) stages were statistically significant.
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Fig. 10. Variations of antimicrobial proteins in milk during

different lactation stages (mg/mL)
Mean values denoted by letters a and b are significantly different at P < 0.05.

Seasonal dynamics of antimicrobial protein concentrations in milk

Assessment of the influence of seasons on the distribution of antimicrobial
proteins in milk (Fig. 11) showed that the highest concentrations of LF, IgG
and BSA occurred in the spring, alpha-LA in the summer and beta-LG in the
autumn. The LF concentration in the summer and autumn did not change and
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was by 60% lower than in the spring. In comparison with other seasons, the
concentrations of IgG, beta-LG and BSA in the summer were lowest. Only
the concentration of alpha-LA was highest in the summer differing from the
spring and autumn seasons by 4% and 8% respectively. Statistically sig-
nificant differences of the average values were established for LF and IgG in
the spring and summer (P < 0.001) and in the spring and autumn (P < 0.001),
for alpha-LA in the summer and autumn (P < 0.001), for beta-LG in the
spring and summer (P < 0.05), spring and autumn (P < 0.05), summer and
autumn (P < 0.001) and for BSA in the spring and summer (P < 0.05) and
summer and autumn (P < 0.05) groups.
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Mean values denoted by letters a and b are significantly different at P < 0.05.
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Assessment of the influence of the investigated factors on the content
of antimicrobial proteins in milk

By unifactor dispersion analysis the influence of SCC, health status of
udder quarters (according to SCC and MBA and SCC groups), number and
stages of lactation and seasons on the investigated indices (LF, IgG, alpha-
LA, beta-LG and BSA) was evaluated.

As 1s shown in Figs 12, 13 and 14, the influence of factors of SCC and
MBA (EM, NM, SM, HQ) groups and health status of udder quarters (heal-
thy, diseased), established by SCC and MBA, is strongest on LF (P < 0.001),
IgG (P <0.001), and beta-LG, where statistical significance of factors of SCC
and MBA groups is P < 0.01. Meanwhile, the influence of health factor of
udder quarters according to SCC and MBA is less noticeable — P < 0.05.

Health status of udder quarters in SCC groups (1, 2, 3, and 4) produced a
statistically significant influence (P < 0.05) on the content of alpha-LA when
the factor influence coefficient was 4.3% (Fig.13). The number of lactations
significantly (P < 0.01) affected the average value of beta-LG when the factor
influence coefficient was 7.7% (Fig. 15). A significant influence of lactation
stage was established for LF (P < 0.01), IgG (P < 0.05) and alpha-LA (P <
0.01), when factor influence coefficients were 8.5%, 6.1% and 9.1% res-
pectively (Figs. 12, 13 and 14).

All investigated indices were most strongly affected by seasons. Seaso-
nality statistically significantly affected the concentrations of LF, IgG and
beta-LG (P < 0.001), alpha-LA (P < 0.01) and BSA (P < 0.05) when factor
influence coefficients were highest for LF (46.5%) and IgG (79.6%) indices
(Figs. 12, 13 and 16).

136



Immunoglobulin G

Lactoferrin

according to SCC according to SCC and MBA Seasons Lactations Lactation

Fig. 12. The influence of the studied factors on LF concentrations
in milk (mg/mL)

|

|

|

|
AIREREEE
2 i g
HEIE

82

P < 0.001 P < 0.05
according to SCC according to SCC and MBA Seasons Lactations Lactation
stages

Fig. 13. The influence of the studied factors on IgG concentrations
in milk (mg/mL)

137



110

1.00

0.90 -
0.80 -
£ 0.70 -
3060 -

‘E 0.50 -

2040 -
% 0.30
= 0.20
0.10
0.00 -

Healthy

T 7
: %‘
- . %ﬁ
1 |
- f - . L1
3888823225 ¢88E 7333
2o e
523
_ U lE
P <0.05 P <0.01 - P<001
according to SCC according to SCC and MBA Seasons Lactations ; Lactation
| stages

. The influence of the studied factors on alpha-LA concentrations
in milk (mg/mL)

(TET1

Telale ' e e
g8 8 8 8 2 £ B 5|28

$:43 8 8 il
3|8 a a HEIE:

209

x| 2
IHE

=

P <0.05 P <0.01 P <0.001 P<0.01

according to SCC according to 5CC and MBA Seasons Lactations Lactation
stages

Fig. 15. The influence of the studied factors on beta-LG concentrations

in milk (mg/mL)

138



0.50
0.45

0.40 - -
£ o T I 1 I I [ — I i I
3 030 : 1 ] 1 1 1
2 025
5 0,20
2 01s
o
£ 010
=
8 005

0.00 - s R e B BN s - ¢ o

£ T 88 8 8 £ 3 = 3 ¢ 2 ¥ g - =183 3 =
£ 8 3 8|3 8 £ 8 8 Z T £ E 8 8 8
g 2 & L 4 5 2 8 & E SR
= 5 =2 8 8 &8 = 3 3 g g4
- - ~

> & 3

HHE

=

P <0.05

according to SCC according to SCC and MBA Seasons Lactations Lactation
stages

Fig. 16. The influence of the studied factors on BSA concentrations
in milk (mg/mL)

Assessment of the joint influence of the studied factors (Table 6) on the
analysed indices (LF, IgG, alpha-LA, beta-LG and BSA) using mixed linear
model analysis ANOVA revealed that the influence of lactation stage
decreased whereas the statistically significant influence of SCC on LF (5.2%,
P < 0.001) and IgG (1.6%, P < 0.05) became more noticeable. The second
SCC group (100-200 thou/mL) stood out for LF which by 80.6% exceeded
the value of the first group (SCC up to 100 thou/mL) (P < 0.05). The model
of multiple factor analysis IgGjjun = p+TKS-SLS+LS;+LT+Sitijikn (R2 =
85.6%) allowed establishing the influence of biological factors (health status
of udder quarters according to joint interaction of SCC groups x the number
of lactations and health status of udder quarters according to joint interaction
of SCC groups x lactation stages) on IgG; 1.3%, P <0.05 and 1.1%, P <0.05
respectively. IgG in the milk of udder quarters of the second lactation by
61.1% exceeded the value of the first lactation (P < 0.05). Analysis of this
model showed that in the early lactation stage IgG concentration was by
37.67% higher than in the middle stage and by 50.25% higher than in the late
stage of lactation (P < 0.05). Linear model of multiple factor analysis LF;jjm =
pu+TKS-SLS/MBA;+LS;+LT+Sk+eijikn (R2 = 69.8%) showed a statistically
significant influence of biological factors (health status of udder quarters
according to SCC and MBA x joint interaction of the number of lactations) on
LF (3.2%, P <0.05). Comparison of SCC and MBA groups during various
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Table 6. The influence (proc., p values) of the analysed factors on the content
of antimicrobial proteins established by multiple factor dispersion analysis

Analyzed Factor LF IgG Alpha-LA | Beta-LG BSA

SCC 52% 1.6% 4.6% 3.0% 1.7%
P <0.001 P <0.05 P>0.05 P>0.05 P>0.05

HUQ-SCC 0.7% 0.4% 4.3% 1.5% 0.05%
P>0.05 P>0.05 P <0.01 P>0.05 P>0.05

SCC/MBA 17.4% 25.6% 1.2% 10.3% 1.4%
P <0.001 P <0.001 P>0.05 P<0.001 P>0.05

HUQ-SCC/MBA 12.0% 17.2% 1.1% 3.5% 1.2%
P <0.001 P <0.001 P>0.05 P <0.05 P>0.05

S 46.8% 79.9% 8.8% 14.0% 6.3%
P <0.001 P <0.001 P <0.01 P<0.001 P <0.05

LN 23% 0.04% 3.4% 6.9% 3.3%
P>0.05 P>0.05 P>0.05 P <0.05 P>0.05

LS 1.3% 1.2% 10.6proc. 3.2% 0.5%
P>0.05 P>0.05 P <0.01 P>0.05 P>0.05

SCCx S 2.0% 0.9% 4.3% 6.3% 5.8%
P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

SCC x LN 1.0% 1.4% 1.4% 3.1% 2.2%
P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

SCCx LS 1.6% 1.2% 3.7% 3.9% 5.4%
P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

HUQ-SCCx S 1.3% 0.7% 2.2% 5.3% 0.6%
P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

HUQ-SCC x LN 0.6% 1.3% 0.9% 1.0% 2.0%
P>0.05 P <0.05 P>0.05 P>0.05 P>0.05

HUQ-SCC x LS 0.01% 1.1% 0.03proc. 0.6% 0.4%
P>0.05 P <0.05 P >0.05 P>0.05 P>0.05

SCC/MBA x S 3.4% 0.3% 7.1% 8.5% 2.2%
P>0.05 P>0.05 P <0.05 P <0.05 P>0.05

SCC/MBA x LN 5.0% 0.7% 2.9% 4.7% 2.4%
P <0.05 P>0.05 P>0.05 P>0.05 P>0.05

SCC/MBA x LS 2.4% 0.5% 6.8% 1.9% 5.9%
P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

HUQ-SCC/MBA x S 3.0% 0.4% 5.4% 1.2% 1.2%
P <0.01 P>0.05 P <0.01 P>0.05 P>0.05

HUQ-SCC/MBA x LN 3.2% 0.2% 0.4% 0.6% 0.7%
P <0.01 P>0.05 P>0.05 P>0.05 P>0.05

HUQ-SCC/MBA x LS 0.5% 0.4proc. 1.9% 0.6% 2.8%
P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

Sx LN 6.9% 1.1% 5.2% 4.0% 4.4%
P <0.05 P>0.05 P>0.05 P>0.05 P>0.05

SxLS 3.4% 1.1% 8.8% 6.2% 3.0%
P>0.05 P>0.05 P <0.05 P <0.05 P>0.05

LNxLS 2.5% 0.2% 2.4% 3.1% 1.7%
P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

SCC/MBA - groups according to the microbiological analysis and somatic cell count; HUQ-SCC/MBA
— health of udder quarters according to the microbiological analysis and somatic cell count; SCC —
groups on the base of milk SCC; HUQ-SCC - health of udder quarters according to somatic cell count
in milk; LN — number of lactation; LS — stage of lactation; S — season.
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lactation stages showed the differences of LF average values in various
directions. The joint influence of biological and environmental factors (health
status of udder quarters according to SCC and MBA x season) was sta-
tistically significant for LF (3.0%, P < 0.05) and alpha-LA (5.4%, P < 0.05).
In the spring, the content of LF and alpha-LA was higher than in the summer
and autumn in all TKS-SCC/MBA groups. Noticeable variations of LF spring
concentrations also were determined in different TKS-SCC/MBA groups. The
strongest joint influence of biological and environmental factors season x
number of lactations (6.6%, P < 0.01) was determined for LF by analysis of
the model LFijlkn = M+SLSi+LSj+LT1+Sk+eij1kn (R2 = 77.9%). An elevated
concentration of LF in the spring was observed in all lactation stages, in the
first lactation in particular (0.16 = 0.01 mg/mL). Meanwhile, in the summer
the content of LF in the first lactation was 16 times (0.01 £ 0.01 mg/mL) as
low as in the spring. Multiple factor dispersion analysis revealed the joint
influence of biological and environmental factors season x lactation stage on
alpha-LA (8.8%, P < 0.05) and beta-LG (6.2%, P < 0.05). The highest
concentrations of alpha-LA occurred in the early lactation stage in the
summer (1.06 = 0.04 mg/mL) and the lowest in the late lactation in the spring
(0.71 £ 0.08 mg/mL). The distribution of beta-LG values of early and middle
lactation stages was highest in the autumn and of late lactation stage in the
spring.

Correlation analysis of investigated antimicrobial proteins

By correlation analysis of antimicrobial proteins (Table 7), statistically
significant relations were determined between LF and IgG (P < 0.01), IgG
and BSA (P < 0.05) and beta-L.G and BSA (P < 0.01). The strongest positive
correlation was observed between LF and IgG (r = 0.731). A weaker positive
correlation was observed between IgG and BSA (r = 0.209) and between
beta-LG and BSA (r = 0.293). The correlation between alpha-LA and LF, IgG
and beta-LG was weak and statistically insignificant.

Table 7. Correlation (r) between the investigated antimicrobial proteins
Indicators IgG alpha-LA beta-LG BSA
LF 0.731%* -0.109 0.048 0.165
IgG - -0.025 0.043 0.209*
alpha-LA - -0.166 0.006
beta-LG - 0.293**

Differences signifcant at *P < 0.05; **P <0.01.
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Correlation between health status of udder quarters and antimicrobial
proteins in milk

Assessment of the health status of udder quarters by SCC and MBA and
interrelations between the investigated antimicrobial proteins (Table 8)
showed a weak positive correlation between LF and alpha-LA (r = 0.297),
weak negative correlation between alpha-LA and beta-LG (r = —0.317) and
average positive correlation between beta-LG and BSA (r = 0.502) in healthy
udder quarters. In the quarters affected by inflammation (according to SCC
and MBA analysis), a strong positive correlation was established between LF
and IgG (r = 0.792) and weak negative correlation between LF and alpha-LA
(r=-0.242).

Table 8. Correlation (r) between the health status of udder quarters deter-
mined by SCC and MBA and analyzed antimicrobial proteins

Health status | o fors 1eG alpha-LA | beta-LG BSA
of the quarters
LF 0.264 0.297* 0.204 0.175
1eG - 0.136 0.110 0.202
Healthy a%pha-LA _ 20317% 20.145
beta-LG - 0.502%*
LF 0.792%% | —0.242* 0.103 0.126
biseased 112G - -0.024 0.091 0.191
alpha-LA _ 20.052 0.163
beta-LG - 0.113

Differences signifcant at *P < 0.05; **P < 0.01.

Analysis of the relations between the health status of udder quarters
established by SCC in milk and antimicrobial proteins (Table 9) showed a
strong positive correlation between LF and IgG (r = 0.698), weak positive
correlation coefficients between LF and BSA (r = 0.214), IgG and BSA
(r=0.215), and beta-L.G and BSA (r = 0.242) in healthy quarters (SCC < 200
thou/mL). A strong positive correlation link between LF and IgG (r = 0.817)
and a slightly weaker average positive correlation between beta-LG and BSA
(r = 0.471) were observed in udder quarters affected by inflammation
(SCC > 201 thou/mL).

142



Table 9. Correlation (r) of the health status of udder quarters determined by
SCC and analyzed antimicrobial proteins

Health status of ) 1 4; tors IgG | alpha-LA | beta-LG | BSA
the quarters

LF 0.698%* | —0.052 0.038 0.214%

1eG _ 20.020 0.012 0.215%

Healthy alpha-LA _ 20.153 0.047
betaLG _ 0.242%

LF 0.817%* | —0.209 0.039 0.032

. 1eG _ 0.010 0.115 0.192
Diseased alpha-LA - ~0.123 ~0.078
betaLG _ 0.471%%

Differences signifcant at *P < 0.05; **P < 0.01.

Correlation between number and stages of lactation, seasons and
antimicrobial proteins in the milk

Analysis of the links between the factors (Tables 10, 11 and 12) revealed
LF and IgG strong, average in seasons, positive correlations during all stages
of first, second and third lactations (P < 0.01). In the spring, during the early
stage of the first lactation, the correlation between LF and alpha-LA was
negative and average strong (P < 0.05). An average positive correlation
between LF and BSA, and IgG and BSA was observed in the middle of the
second lactation (P < 0.01). Average positive correlation coefficients (r =
0.398-0.634) between IgG and beta-LG, and beta-LG and BSA were
established in the late stage of the third autumn lactation (P < 0.01). Weak
correlation in the summer was established only between LF and IgG, and LF
and alpha-LA (P < 0.05). In the late lactation stage, the correlations between
almost all investigated antimicrobial proteins were statistically significant. In
the early and late lactation stages, weak negative correlation was observed
between LF and alpha-LA and between IgG and alpha-LA, whereas in the
middle of lactation, average positive correlation was observed between IgG
and alpha-LA (P <0.05).
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Table 10. Correlation (r) between lactation stages and antimicrobial proteins

Lactation stages Indicators IgG alpha-LA beta-LG BSA
LF 0.705%* —0.345* 0.044 0.011
IgG - —0.293* 0.061 0.079
Early
alpha-LA - 0.094 0.043
beta-LG - 0.236
LF 0.745%* 0.255 —-0.273 0.559%*
) IeG - 0.405%* —0.256 0.509%*
Middle
alpha-LA - -0.227 0.185
beta-LG - 0.176
LF 0.770%* —0.330* 0.596** 0.130
IeG - —0.349* 0.558** 0.023
Late
alpha-LA - —0.536%* —0.336%*
beta-LG - 0.481%*
Differences signifcant at * P < 0.05; ** P <0.01.
Table 11. Correlation (r) between lactation numbers and antimicrobial
proteins
Lactation Indicators IgG alpha-LA beta-LG BSA
LF 0.922%%* —0.421%* —0.068 0.079
| IgG - -0.241 -0.108 0.121
alpha-LA - 0.188 0.300
beta-LG - 0.320
LF 0.684%* -0.025 0.096 0.405%*
I IgG - 0.124 0.088 0.340%*
alpha-LA - —0.324%* —-0.169
beta-LG - 0.283
LF 0.619%* 0.215 0.209 —0.038
" IgG - —-0.035 0.398%* —0.038
alpha-LA - —-0.368* —0.201
beta-LG - 0.507**

Differences signifcant at * P < 0.05; ** P <0.01.
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Table 12. Correlation (r) between seasons and antimicrobial proteins

Season Indicators IgG alpha-LA beta-LG BSA
LF 0.408** —0.407%* -0.003 -0.006
. IgG - 0.028 —-0.081 0.165
Spring
alpha-LA - —-0.067 0.402*
beta-LG - -0.138
LF 0.360* 0.392%* 0.120 0.033
IgG - 0.001 -0.132 -0.111
Summer
alpha-LA - —0.143 -0.036
beta-LG - 0.218
LF 0.436** —0.276 0.234 0.388*
IgG - -0.049 0.634** 0.366*
Autumn
alpha-LA - 0.023 —-0.235
beta-LG - 0.533%*
Differences signifcant at * P < 0.05; ** P <0.01.
DISCUSSION

Concentrations of antimicrobial proteins in the milk of healthy
and mastitis-affected udder quarters

Milk producers are confronted with mastitis in cows as a serious recurring
problem (Bernatowicz et al., 2004; Petrovski et al., 2006; Sharma et al., 2011;
2012). Mastitis is an inflammatory reaction of mammary gland to metabolic
and physiological changes of the organism or injury. The weakened immune
system unable to eliminate the invasion of contagious or environmental
pathogenic microorganisms and stop their proliferation is the most common
cause of mastitis (Dego et al., 2002; Bannerman et al., 2004; Oviedo-Boyso et
al., 2007). Prompt identification of health status of the udder is essential in
order to ensure the welfare of the animals and high quality of milk and its
products. Somatic cell count is recognized as the main indicator of milk
quality and health status of cows (Rivas et al., 2001; Schukken et al., 2003;
Green et al., 2004; Robert-Granie et al., 2004; Hillerton et al., 2005; Piccinini
et al., 2006). An increased SCC is an indicator of latent mastitis (Schukken et
al., 2003). This form of mastitis shows no clinical signs and can be detected
by SCC in milk (Green et al., 2004). The physiological SCC increases in all
udder quarters evenly whereas in cases of mastitis it increases only in one of a
few quarters (Hutton et al., 1990). According to Hamann (2002) and Cheng et
al. (2008), the milk with SCC less than 100 thou/mL indicates a healthy
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udder. Chaneton et al. (2013) suggests that the udder can be regarded as
healthy when SCC in milk is up to 200 thou/mL. Hamann (2002) is confident
that SCC — < 100 thou/mL is the “golden standard” because higher values
disturb milk secretion and change milk components reducing milk
production. Other researchers, Smith (2002) and Pyorala (2003), reported that
milk from udder quarter in which SCC exceeds 200 thou/mL is indicative of
inflammatory reaction (subclinical mastitis). This kind of milk cannot be used
for cheese production because of reduced output, lower quality and shorter
expiry date (Dohoo and Meek, 1982; Barbano, 1999). Following the
regulation on the assessment of initial quality indices of raw milk, approved
by Order No 3D-303, 25 July, 2006, of Minister for Agriculture of the
Republic of Lithuania (Official Gazette 2006, No. 85-3337), the SCC in the
highest quality milk cannot exceed 400 thou/mL. Attempts to improve the
health status of cows and their productivity and welfare require knowledge
about immunity factors and operation of udder protection mechanism
(Chaneton et al., 2013). Literary sources point out that antimicrobial proteins
(AP) contained in the whey participate in the activity of immune system
performing many important protective and immunomodulation (stimulation)
functions (Bellamy et al.,1993; Krol et al., 2010; Pan et al., 2006; Wojdak-
Maksymiec Mikolajczyk, 2012; Sobczuk-Szul et al., 2014). Recent researches
focus on the dynamics of components of immune system, such as lactoferrin
(LF), immunoglobulins (Ig), alpha-lactalbumins (alpha-LA), beta-
lactoglobulins (beta-LG), and bovine serum albumin (BSA), in milk
(Litwinczuk et al., 2011; Krol et al., 2012; Chaneton et al., 2013; Sobczuk-
Szul et al., 2014). In many research works, the health status of udder and
udder quarters is assessed based on SCC in the milk (Litwinczuk et al., 2011;
Krol et al., 2012; Sobczuk-Szul et al., 2014). The data obtained by milk SCC
usually are grouped and the groups serve as a basis for identification of
healthy cows and cows with mastitis. Krol and co-authors (2012) maintain
that the milk from udder quarters with SCC exceeding 200 thou/mL is
indicative of possible udder infection (subclinical mastitis) and the udder
should be identified as affected by mastitis (Litwinczuk et al., 2011; Krol et
al., 2012). Having analysed scientific literary sources and seeking to evaluate
the health status of udder quarters and the influence of SCC on the AP
concentrations we chose the method of grouping the investigation data
according to SCC in the milk. Researches conducted in Poland showed that
increasing SCC contributed to decreasing values of the main albumins (alpha-
LA and beta-LG) but the concentrations of immunologically active proteins
(lactoferrin and lysozyme) and BSA increased (P < 0.001) (Litwinczuk et al.,
2011). Krol and co-authors (2012) supplemented Litwinczuk’s et al. (2001)
data. They determined that the increasing SCC statistically significantly
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influenced the increasing concentrations of LF, IgG and lysozyme in the milk.
In the mentioned researches, the influence of SCC on the content of LF and
IgG was proved by high correlation coefficients, which are in agreement with
our calculations. The positive correlation coefficients between SCC and LF
also were confirmed by Hutton at al. (1990), Lindmark-Mansoon et al. (2000;
2006), and Cheng et al. (2008) and between SCC and IgG by Liu et al. (2009)
and Krol et al. (2012; 2014). Our results and results obtained by other
researchers allow assuming that identification of subclinical mastitis should
be based on assessment of LF and IgG indices and SCC in milk.

Elevated SCC in milk requires microbiological investigation of mastitis
agent. The present study is based on SCC and microbiological milk analysis
for the health status of udder quarters. For identification of the form of
mastitis and its agent, Hagiwara (2003), Kocina (2012), Chaneton (2013) and
other researchers also applied microbiological analysis of mastitis agent along
with SCC. According to Pyorala (2003), Chaneton et al. (2013), assessment
of the health status of udder quarters by the mentioned two important criteria
allows differentiating the inflammation of mammary gland (environmental,
non-specific or subclinical forms of mastitis). In the present study, the
distribution of udder quarters according to SCC and microbiological analysis
was comparable, i.e. 59% affected quarters and 41% healthy quarters.
Meanwhile, in the studies of other researchers healthy quarters accounted for
86.6% (Chaneton et al., 2013). The majority (62%) of microbiologically
examined samples in Chaneton et al. (2013) study were negative despite that
SCC in the milk exceeded 200 thou/mL. Such samples in our study were
attributed to non-specific mastitis. They accounted for 11%. We can assume
that procedures for identification of mastitis agent must be even more precise
and sensitive. Nevertheless, we cannot deny the possibility that inflammatory
processes may start before it is possible to identify bacteria in the milk. This
assumption has been proved by other investigations when clinically infected
udder quarters were identified without isolation of pathogenic bacteria, which
were subsequently detected by analysis of polymerase chain reaction (PCR)
(Taponen et al., 2009). It has been reported that the physiological state of
mammary gland (dry period or after-calving time span) can weaken the
immune response against bacterial invasion (Chaneton et al., 2013). When the
immune response is weak, it is possible to identify some strains of bacteria in
milk samples (Schwarz et al., 2010). Perhaps this is the explanation why
mastitis agents are identified in milk with SCC below 200 thou/mL.

The results of our study are in agreement with the results obtained by
Hagiwara et al. (2003) who determined a statistically significantly (P < 0.001)
higher LF concentration in udder quarters affected by subclinical mastitis.
The concentration of LF in the milk also depends on the specific character

147



and pathogenicity of bacteria strains (Hagiwara et al., 2003). The concen-
trations of LF in udder quarters infected with Staphylococcus aureus (S.
aureus) and other streptococci are considerably higher than in the quarters
infected with KNS and Corynebacterium (Corynebacterium bovis) (Hagiwara
et al., 2003). It has been suggested that LF concentration in the milk lower
than 0.2 mg/mL is insufficient to supress proliferation of enterotoxigenic
bacteria E. coli and S. aureus (David et al., 1993; Hagiwara et al., 2003;
Chaneton et al., 2008). In Chaneton et al. (2008) studies, the highest LF
concentrations were detected after identification of udder streptococci (Str.
uberis). In our study, the elevated concentration of IgG was determined in the
case of subclinical mastitis. Other researchers obtained similar results, when
in cases of chronic and subclinical mastitis the concentration of IgG was
higher in the milk but lower in the blood serum indicating an intensive
migration of immunoglobulins from the blood circulatory system to udder
tissues as a protective reaction against infection (Kocina et al., 2012). The
IgG concentration in the case of Str. uberis infection noticeably increases in
affected udder quarters whereas in the case of S. aureus infection it can be
lower than in the milk of the healthy udder quarters (Kocina et al., 2012). A
statistically reliable increase of LF and BSA (P < 0.05) concentrations in
cases of progressive inflammation of mammary gland was determined in the
goat and buffalo milk (Leitner et al., 2004b; Piccinini et al., 2006). Our
results are in agreement with the results of the experiment performed in Iran,
which showed increasing concentrations of Ig and BSA and decreasing
concentrations of alpha-LA in udder quarters affected by subclinical mastitis.
Yet Batavani et al. (2007), as distinct from our results, determined that the
concentration of beta-LG decreased in the milk of inflammation-affected
udder quarters. According to Auldist and Hubble (1998) theory, the increase
of the concentrations of alpha-LA and beta-LG in the cow blood is related
with the increase of SCC in the milk. The decrease of the mentioned
antimicrobial proteins in the milk is predetermined (Auldist and Hubble,
1998) by impaired cell function of synthesis and secretion causing leakage of
these proteins into the intracellular fluid due to increased vascular
permeability during inflammation.

In the milk of healthy cows, the concentration of Ig is low and depends on
the vascular permeability of udder tissues. Inflammation damages the
permeability barrier and Ig production starts in the affected udder quarters.
The elevated portion of Ig (Batavani et al., 2007) is related with the com-
pensation of the decrease of lactoalbumins in milk in order to maintain equi-
librium of these components between the blood and milk. BSA concentrations
increase in the milk of cows (Urech et al., 1999; Vijayalakshmi et al., 2001;
Coulon et al., 2002), sheep (Leitner et al., 2004a) and goats (Leitner et al.,
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2004b) with mastitis. Albumins are synthesized in the liver. They can be
transported into milk by diffusion across the epithelial cells from the blood
(de Wit, 1998; Walsh and Duncan, 2000). The epithelial cells of blood also
synthesize albumins though less intensively than hepatocytes (Shamay et al.,
2005). Increasing concentrations of BSA in the milk of cows with mastitis are
indicative of the reaction of the mammary gland, which activates albumin
synthesis. Litwinczuk et al. (2011) suggest that BSA is an indicator of milk
and blood barrier permeability in the mammary gland. Thus, the increasing
concentrations of BSA indicate intensive inflammatory reaction when the
components from the blood circulation system are filtered into the mammary
gland. The main whey albumins usually are synthesized in the mammary
gland. Presumably, the decrease of alpha-LA in the cases of subclinical
mastitis, determined in the present study and in the studies of other
researchers (Batavani et al., 2007; Litwinczuk et al., 2011; Krol et al., 2012),
occurs due to slowdown of milk synthesis in the gland.

The influence of the number and stages of cow lactations
on the changes of antimicrobial albumins in the milk

Cow age and lactation stages are the main physiological factors of pro-
ductivity and milk composition (Linn, 1988; Ostersen et al., 1997; Auldist et
al., 1998; Heck et al., 2009; Krol et al., 2013). Mammary gland, as distinct
from other glands, functions at certain stages. Cow lactation lasts for 305
days on the average. The optimal dry period takes 60 days (Akers, 2002).
During lactation, milk quality changes three times. On the first few days after
calving, cows generate colostrum whose chemical composition, look and
physiological impact differ from milk. Colostrum contains high concen-
trations of lysozyme and globulins to protect the new-born calf from disease.
Later, normal milk (of normal composition) is generated for 280-285 days.
The late-lactation milk before drying contains higher concentrations of fat,
proteins, minerals, and enzymes and lower concentrations of lactose than the
middle-lactation milk (Ray et al., 1992). At the end of lactation, the daily
milk performance decreases and SCC increases what makes it unfit for
industrial processing.

In the first months of lactation, the LF and IgG concentrations in the cow
milk are lowest and increase towards the peak values during the late-lactation
stage (Levieux and Ollier, 1999; Hagiwara et al., 2003; Cheng et al., 2008;
Liu et al., 2009; Krol et al., 2010; Krol et al., 2012; Sobczuk-Szul et al.,
2014). Opposite results were obtained in the present study. The concentra-
tions of LF and IgG were statistically significantly higher during the early-
and middle-lactation stages than during the late-lactation stage. These data are
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in agreement with the results reported by Chaneton et al. (2013) who suggest
that the high concentration of LF in the early-lactation stage is related with
infected udder quarters. The results indicate high sensitivity of some udder
quarters to infection agents when the inflammatory process becomes chronic.
It is assumed that in the early-lactation stage and during involution the
mammary gland becomes especially sensitive to inflammation due to weake-
ned immune response (Burton and Erskine, 2003; Burvenich et al., 2003;
Fadlelmoula, 2007). Investigations conducted by Elbably et al. (2013) proved
that during the mentioned time spans the incidence of mastitis increases. The
peak of mastitis infection occurs in the first lactation month (Compton et al.,
2009) mainly due to functional stress on the organism, udder in particular.
The incidence of new udder infections increases from the first dry week until
calving (Stoliuk et al., 2011) because LF concentration in the milk decreases
as also the efficiency of somatic cells in elimination of microorganism in-
vasion (Suriyasathaporn et al., 2000; Philipot et al., 2011). Kocina and others
(2012) suggest that LF and Ig concentrations in the milk of middle-lactation
stage are lowest therefore during this stage the content of these proteins
should be supplemented for maintaining the optimal immune response. High
correlation coefficients between the lactation stages and LF were determined
by Cheng et al. (2008) and between the lactation stages and IgG by Liu et al.
(2009). Our results are in agreement with the findings of Ostersen et al.
(1997) and Sobczuk et al. (2014) who established that beta-LG concentrations
in the middle- and late-lactation stages are higher than during the postpartum
period. According to our data and data obtained by Ostersen et al. (1997) and
Krol et al. (2013), the concentration of alpha-LA was lowest in the late-lac-
tation stage. It is assumed that alpha-LA concentration decreases before
drying period due to reduced milk synthesis in the mammary gland.
Contrasting results were obtained on the influence of the number of
lactations on the content of AP in the milk. Our results are comparable with
the results obtained by Hagiwara et al. (2003) showing that LF concentration
in the milk of older cows is lower than in the milk of first-calf heifers
(P <0.05). However, other studies disproved the theory that LF and Ig
concentrations decrease in the milk of older cows (Soyeurt et al., 2007; Krol
et al.,, 2010; Krol et al., 2012). Krol et al. (2010) maintain that Ig and
lysozyme concentrations in the milk increase with cow ageing and reach their
peak values during the fourth lactation. Besides, the highest LF concentra-
tions in the cow milk occur during the second and fourth lactations (Krol et
al., 2010). Subsequent investigations conducted by Krol et al. (2012) backed
up the previous results. They showed that LF and IgG concentrations in the
milk of first-calf heifers was significantly lower than in the milk of cows of
the second-third lactations (P < 0.05) and even older cows (P < 0.01). The
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content of LF in the colostrum of older cows (Tsuji et al., 1990) and IgG
(Gulinski et al., 2006) is higher than in the colostrum of first-calf heifers
(Mian-bin and Yin-jun, 2009). Cheng et al. (2008) obtained similar results
according to which LF concentrations in the milk of the third and fourth
lactations are higher than in the milk of the first and second lactations though
the differences are not statistically significant. It could be a subject of
discussion whether milk and colostrum can be compared bearing in mind
their different composition and production time. The contradictory results
might have been obtained as a result of different investigation methods,
different number of examined samples or different chosen assessment criteria.

As was mentioned above, SCC is in direct correlation with increasing va-
lues of LF and IgG. Therefore, other factors also should be taken into con-
sideration when evaluating the influence of lactations on AP concentrations.
During subsequent lactations, the concentrations of albumins and globulins
significantly decrease whereas the concentration of BSA increases (Krol et
al., 2013). The incidence of mastitis in cows increases with age (Sharma et
al., 2011; 2012). Inflammation increases vascular permeability contributing to
transportation of blood proteins, other components and somatic cells from
blood to milk. Bearing in mind that BSA is an indicator of milk-blood barrier
permeability we can assume that in older cows the permeability of udder
tissues increases and is responsible for higher BSA concentrations in the
milk. Udder inflammation reduces the activity of milk-producing cells
resulting in lower milk performance and poorer synthesis of alpha-LA. Our
results obtained on assessment of the mentioned antimicrobial proteins are
contradictory. The highest beta-LG concentration was established in the milk
of the third lactation and alpha-LA and BSA concentrations in the milk of the
second lactation. Besides, the number of lactations produced significant
influence on the beta-LG concentration in milk (P < 0.01). The concentrations
of AP in milk must depend also on other factors responsible for the status of
the organism (season, breed, lactation stages, mastitis, etc.).

The influence of the seasons on the concentrations of antimicrobial
proteins in the cow milk

Season is one of the most important environmental factors affecting milk
composition. Many Lithuanian researchers (Juozaitiené ir Zakas, 2002;
Zakas, 2002; Pe¢iulioniené ir kt., 2004; Pauliukas ir kt., 2005; Klimiené ir kt.,
2005) have studied its influence. Yet data about AP concentrations in milk in
different seasons are lacking. Our investigation is the first in Lithuania which
showed that seasons have a significant influence on the distribution of
antimicrobial proteins (LF (P < 0.001), IgG (P < 0.001), alpha-LA (P < 0.01),
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beta-LG (P < 0.001) and BSA (P < 0.05)) in the milk of Lithuanian Black-
and-White crossbreed with Holstein dairy cows. The obtained results are in
agreement with the findings of Latvian researchers who established a
statistically significant seasonal influence on the IgG concentration in the cow
milk (P < 0.001) (Kocina et al., 2012). Researches carried out in Poland
proved statistically significant seasonality of LF and alpha-LLA concentrations
in the goat milk (P < 0.01) (Brodziak et al., 2014). Conesa et al. (2005)
analysed over three thousand milk samples from different regions of Spain
and determined that in the spring concentrations of IgG are significantly
(P <0.05) higher than the values obtained in other seasons. According to our
data, the concentrations of investigated antimicrobial proteins (LF, IgG and
BSA) in the spring were significantly (P < 0.05) higher than in other seasons.
The highest alpha-LA concentration in milk was established in the summer
and the lowest in the autumn. Gellrich and other researchers (2012) have
reported similar results. According to investigations in Kazachstan, where
season was the only established significant factor, the highest LF
concentration in the camel milk was determined in the spring and the lowest
in winter (Konuspayeva et al., 2007). By similar investigations, Krol et al.
(2008) and Brodziak et al. (2012) established elevated concentrations of LF,
beta-LG and alpha-LA in the cow milk during the grazing season and BSA
during the time of indoor feeding. The concentrations of LF in the milk of
cows, which graze moving freely, are significantly higher than in the milk of
cows that graze attached (Turner et al., 2007). It is possible to assume that
during the pasturage time the young grass abounds in biologically active
substances with immunomodulatory properties (Brodziak et al., 2012), which
have a direct influence on the concentrations of LF, Ig and beta-LG in the
milk.

In the present study we investigated the joint influence of seasons, number
of lactations and lactation stages on the analysed antimicrobial proteins. A
statistically significant influence of seasons and number of lactations was
determined for LF (P < 0.05) and the joint influence of seasons and lactation
stages for alpha-LA and beta-LG (P < 0.05). It has been reported that
colostrum of cows of summer calving contained higher concentrations of Ig
than colostrum of cows of winter calving (Eihvalde et al., 2012). In the spring
and summer, the percentage of antimicrobial proteins in the milk of cows and
goats is higher than in the autumn and winter (Litwinczuk et al., 2011;
Brodziak et al., 2014). The variations of the content of proteins may be
predetermined by different feeding protocols and lactation stages, i.e. the
majority of cows are in early lactation. Based on the mentioned findings, we
can draw a conclusion that the seasonal variations of antimicrobial proteins
concentrations in the milk depend on a combined influence of a few factors.
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From April until June (after winter), the immune response of cows is weak.
The beginning of grazing period and higher rates of milk production increase
the incidence of mastitis (Klimien¢ ir kt., 2005). These are possible causes of
elevated concentrations of antimicrobial proteins. Yet other researchers have
reported that the incidence of mastitis is higher during the time of indoor
feeding. Poor ventilation of cowsheds may be one of the causes. Cows pro-
duce much heat and moisture increasing the ambient temperature in the
building, which is favourable for reproduction of bacteria. Kocina et al.
(2012) found that IgG concentration during the indoor feeding period was
similar in the samples with identified pathogenic agents and in uninfected
samples whereas during the pasturage it was higher in the uninfected milk
samples.

Antimicrobial proteins seasonal distribution in the milk depending on the
breed of cows and SCC was investigated in Poland (Litwinzuk et al., 2011).
In the winter, alpha-LA and beta-LG concentrations increased with the
increasing SCC in the milk of cows of different breeds. In the summer, alpha-
LA concentration was comparable whereas the values of beta-LG increased
(P < 0.01). Statistical analysis conducted by Litwinzuk et al. (2011) showed
significant influence of breed and season on the analysed antimicrobial
proteins. Yet the influence of Swedish dairy cow breeds on the variations of
antimicrobial protein values was not proved (Wedholm et al., 2006). We
analysed the joint influence of season and SCC on the chosen antimicrobial
proteins and determined that it was insignificant. Other researchers who
determined a significant joint influence of season and breed on LF, lysozyme,
alpha-LA, beta-LG and BSA proportions in the milk (Brodziak et al., 2012)
reported similar findings.
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CONCLUSIONS

1. It was determined that complex evaluation by somatic cell count
and microbiological analysis is more reliable in identification of
inflammation of udder quarter (the number of identified affected udder
quarters was by 35% higher) than evaluation by SCC in the milk alone.

2. The concentrations of LF and IgG in the udder quarters with
identified mastitis were higher by 46%, beta-LLG by 4% and BSA by 6%
whereas the concentration of alpha-LA was by 2% higher in the healthy
udder quarters.

2.1. The highest determined average values of LF, IgG and beta-LG were
in udder quarters affected by subclinical mastitis by 0.1 mg/mL, 0.41 mg/mL
and 3.88 mg/mL respectively (P < 0.05).

2.2. The concentration of BSA in the milk with identified environmental
microorganisms caused mastitis was by 7.4% higher than in the healthy udder
quarters.

3. Evaluation of the influence of the number and stage of lactations on
the distribution of antimicrobial proteins in the milk showed that:

3.1. Highest concentrations of LF (0.08 ml/mL) occur in first-calf heifers,
IgG, alpha-LA and BSA in the milk of second lactation cows (by 0.3 mg/mL,
0.95 mg/mL and 0.37 mg/mL respectively), and beta-LG (3.59 mg/mL) in the
milk of third lactation.

3.2. The concentrations of LF, IgG and alpha-LA (by 0.08 mg/mL, 0.3
mg/mL and 0.97 mg/mL respectively) are elevated in the early stage of lac-
tation and beta-LG and BSA (by 0.37 mg/mL and 3.44 mg/mL) are elevated
in the middle stage of lactation.

4. It was determined that season is an important influencing factor for
concentrations of antimicrobial proteins, i.e. LF (46.8%0), IgG (79.9%),
alpha-LA (8.8%0), beta-LG (14%) and BSA (6.3%0) in the milk of Lithua-
nian Black-and-White crossbreed with Holstein dairy cows.

4.1. LF, IgG and BSA (by 0.12 mg/mL, 0.54 mg/mL and 0.37 mg/mL
respectively) in the spring, alpha-LA (0.98 mg/mL) in the summer and beta-
LG (3.74 mg/mL) in the autumn are significantly higher than in other
seasons.

5. The influence of the chosen factors on antimicrobial proteins was
determined by unifactor dispersion analysis:

5.1. The influence of the health status of udder quarters (determined by
complex evaluation of SCC and MBA) is strongest on LF (17.4%; P < 0.001),
IgG (25.6%; P <0.001) and beta-LG (10.3%; P < 0.05).

5.2. The influence of the health status of udder quarters (determined by
SCC in the milk) was determined for alpha-LA (4.3%; P <0.05).
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5.3. Analysis of biological factors showed significant influence of the
number of lactations on beta-LG (7.7%; P < 0.01) and lactation stages on LF
(8.5%; P <0.01), IgG (6.1%; P <0.05) and alpha-LA (9.1%; P <0.01).

5.4. Season as an environmental factor significantly influenced the
distribution of the concentrations of all analyzed antimicrobial proteins in
milk whereas the highest factor influence coefficients were for LF (46.5%)
and IgG (79.6%).

6. Employment of linear models of multi-factor analysis showed
statistically significant joint influence of investigated factors:

6.1. IgG was most strongly affected by joint interactions of the health
status of udder quarters (SCC groups) and number of lactation (1.3%; P <
0.05) and by joint interaction of the health status of udder quarters (SCC
groups) and lactation stages (1.1%; P < 0.05).

6.2. LF was most strongly affected by joint interaction of the health status
of udder quarters (SCC and MBA) and the number of lactation (3.2%; P <
0.05) and by joint interaction of season and the number of lactation (6.6%; P
<0.01).

6.3. The concentrations of alpha-LA and beta-LG were most highly depen-
dent on the joint interaction of season and lactation stage (by 8.8% and 6.2%;
P <0.05 respectively).

7. Assessment of phenotype relationships between the antimicrobial
proteins and investigated factors showed that:

7.1. Correlation analysis showed a strong positive correlation between LF
and IgG (r=0.731; P < 0.01), and a weakly positive correlation between IgG
and BSA and between beta-LG and BSA (r=0.209; P <0.05 and r = 0.293; P
<0.01 respectively).

7.2. A strong positive correlation between LF and IgG (r = 0.792;
P <0.01) and statistically reliable weak negative correlation between LF and
alpha-LA (r = -0.242; P < 0.05) in the affected udder quarters were
determined by complex assessment of SCC and MBA.

7.3. A strong positive correlation between LF and IgG in healthy (r =
0.698; P < 0.01) and affected (r = 0.817; P < 0.01) udder quarters, weak
positive correlation coefficients between LF and BSA (r = 0.214; P < 0.05),
IgG and BSA (r =0.215; P <0.05), beta-LG and BSA (r =0.242; P <0.05) in
healthy udder quarters and an average positive correlation between beta-LG
and BSA (r = 0.471; P < 0.05) in the inflammation-affected udder quarters
were determined by assessment of SCC in milk.

7.4. A strong, average in seasons, positive correlation was determined
between LF and IgG in all lactation stages during the first, second and third
lactations (P < 0.01).
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PRIEDAI

1 priedas

1 lentele. Mastito poveikis pieno sudéciai (Korhonen ir Kaartinen, 1995)

Komponentai | Normalus kiekis | Pasikeitimo kryptis*
Pagrindiniai komponentai
Riebalai, proc. 43 -
Proteinai, proc. 33 -
Laktoz¢, proc. 4.8 —
Laisvosios riebiosios rigstys (mEqv/l) 0,7 ++
Proteiny frakcijos (mg/ml)
Bendras kazeinas 27,9 ——
ISriigy baltymai 8,5 +++
Kazeinai (mg/ml)
asl-kazeinas 13,3 -——
B-kazeinas 10,6 ——=
k-kazeinas 1,6 ++
ISriigy baltymai (mg/ml)
B-laktoglobulinas 33 -—=
o-laktalbuminas 1,2 -
Imunoglobulinai 0,6 +++
Serumo albuminas 0,3 +++
Laktoferinas 0,1 +++
Mineralinés medZiagos (ng/ml)
Natris 470 ++
Chloridas 1030 +++
Kalis 1500 -
Kalcis 1210 ———
Magnis 120 -—=
Fosforas 950 ——=
Gelezis 0.53 +
Varis 0.12 +
Cinkas 3.60 -
Fermentai
Katalazé (umol O*/min/ml) 0,08 ++++
Laktatdehidrogenazé (mU/ml) 300-500 +++
Laktoperoksidazé (ug/ml) 0,02 +
Lipazé (pg/ml) 1,5 ++
Lizocimas (pg/ml) 0,0004 ++++
Plazminas (U/ml) 73,5 +++
Ornitinodekarboksilazé (U/ml) 984 ——
N-acetyl-B-D-glukosaminidase (NAGase) 7,3 +H+
Vitaminai(pg/ml)
vit. A 0,37 +/—
B1 (tiaminas) 0,42 —
B2m (riboflavinas) 1,72 ——
vit. C 18 ——=
* + = 10 x padauggja; ++ = 11-100 x padauggja; +++ = 101 — 1000 x padauggja; ++++ = >1000 x
padaugéja; — = 10% sumazéja; — — = 11-25% sumazgja; — — — = 26-75% sumazéja; — — — — = >75%
sumazéja.
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2 priedas

Pasélis ant kraujo agaro su eskulinu

Vizualinis kolonify jvertinimas

Perséjimas ant mitybinio agaro

Neigiamas (Gramteigiamos) KOH testas Teigiamas (Gramneigiamos)
Mielés Kokai Lazdelés Lazdelés Greitasis E. colf testas
Katalazés testas Teigiamas
(E. coli)
r
Teigiamas (stafilokoka) Neigiamas (streptokokai)
L v \
Agliutinacijos testas Eskulino nehidrolizuojantys streptokokai Eskulina hidrolizuojantys
l streptokokai
Teigi Neigiamas - 4
eigiamas ; R S ot i
nepatogeni- Agliutinacijos testas Agliutinacijos testas
nial
stafilokokal ¥
; Neigiamas - Teigiamas
Patogeniniai ScD
Baird - Packer = Y i D)
agaras/ ScA 5cC | | ScF | | S¢G S;roert;: 3
Manito agaras PYR testas
r
Tei ‘ _ *\‘eigiamas— Streptococcws agalactiae — * +
?3“‘“’ sssenidl (patvirtintas C AMP testu) Teigiamas - Neigiamas -
. QUFILS ] &
stafilokokai enterokokal | | streptokokai

1 pav. Mastito sukeléjy iSskyrimo i8 pieno ir jy identifikavimo schema
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PADEKA

Nuosirdziai dékoju visiems, padéjusiems parengti §j disertacinj darba.

Dékoju darbo vadovui profesoriui Antanui Sedereviciui uz paskatinimg
imtis mokslinio darbo, uz idéjas, vertingus patarimus, skirtg laikg rengiant Sig
disertacija.

Nuosirdziai dékoju LSMU VA Anatomijos ir fiziologijos katedros
kolektyvui ir katedros vedéjai profesorei Juditai Zymantienei uz malony
bendradarbiavima ir naudingus patarimus.
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Esu dékinga docentei Sigitai Kerzienei uz pagalbg ir suteiktas Zinias
atliekant statistinius tyrimus, vyresniajam mokslo darbuotojui Sauliui
Bliznikui uz pagalbg atliekant laboratorinius tyrimus.

Dékoju bendradarbiams uZz nuoSirdzig pagalba, supratingumg, bei
paskatinimg vykdant §j darba.

Dékoju savo Seimai uz jy meilg, supratima ir pagalba. Salia manes esandiy
Zzmoniy paskatinimai bei tikéjmas suteiké jégy nesustoti, daryti, bei tikéti tuo
ka darai.

Disertacijoje atlikti moksliniai tyrimai i§ dalies buvo finansuojami LSMU
mokslo fondo léSomis.
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