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1 Literarni prehled
1.1 Mléko

Mcmanaman & Neville (2003) popisuji mléko jako komplexni smés, jejiz slozeni
reflektuje ¢innost riznych sekre¢nich a transportnich procest probihajici v mlécéné zlaze, stejné
tak odrazi rozdilné nutricni pozadavky savéich mladat. Jednodussi definici pak poskytli
Guetouache et al. (2014). Ti mléko definuji jako bélavou tekutinu obsahujici mlécné proteiny,
lipidy, laktozu, ruzné vitaminy a mineralni latky, ktera je produkovana mlé¢nou zlazou vSech
dospélych samic savcu po porodu a slouzi jako potrava pro jejich mlad’ata. Dle Pereira (2014)
je rovnéz mléko prvni potravou savct, ktera poskytuje veskerou energii a ziviny potiebné
K zajisténi spravného ristu a vyvoje v postnatalnim obdobi. Pereira (2014) také zminuje, ze
mlad’ata savcil jsou postupné od mléka odstaveny, s vyjimkou ¢lovéka, ktery mléko konzumuje
i v dospélosti.

Sekrece mléka probiha v mlécné zlaze, coz je rozvétveny trubicovy organ s obvykle
jednou az dvéma vrstvami epitelovych bunék, ktery neustale reaguje na hormonalni prosttedni
a lokalni epigenetické zmény (Cardiff et al. 2018). Prestoze se mlééna Zlaza zaklada jiz béhem
embryonalniho vyvoje, samotna mamogeneze je dokoncena az béhem biezosti a plné funkéni
Zlazou se stava az po oteleni (Reece 2011). Laktogeneze pak zacina u vétSiny druht piiblizné
V poloviné btezosti. Toto obdobi je charakteristické zménami epitelovych bun¢k mlécné zlazy,
které jsou nezbytné pro piechod od nediferencované mlécné Zzlazy k fadné laktaci. U
prezvykavci lze laktogenezi délit do dvou fazi, a to na laktogenezi I, ktera také byva
oznacovana jako iniciace a laktogenezi II, ktera byva oznacovana jako aktivace (Neville et al.
2001; Truchet & Honvo-Houéto 2017). Béhem prvni faze laktogeneze se alveolarni epitelové
bunky mlécné zlazy cytologicky a enzymaticky diferencuji a stavaji se schopnymi produkovat
a vyluCovat malé mnozstvi nékterych slozek mléka. Naopak druha faze laktogeneze je
oznacovana jako zacatek plné sekrece vsech slozek mléka, respektive mleziva. U dojnic druha
faze laktogeneze zacind pfiblizné 0 aZ 4 dny pfed porodem a pokracuje n€kolik dni po ném
(Tucker 1981). Po laktogenezi nastupuje galaktopoéza, ktera je definovana jako obdobi
udrzovani laktace, kdy je nezbytna nejen funkce galaktopoetickych hormont, ristovych
faktord, ale také pravidelny odvod mléka sanim ¢i dojenim (Capuco & Akers 2022). Samotna
laktace je pak ukoncena procesem zvanym involuce, pii kterém se mlécna Zzlaza vraci
do nelakta¢niho stavu, tudiz klesd produkce mléka, méni se slozeni, zvySuje se apoptoza

alveolarnich epitelovych buné€k i integrita tésnych spoji mezi buiikami (Zhao et al. 2019).



Schéma alveolarni epitelové bunky znazornujici drahy sekrece mléka je zobrazeno na Obrazku

Obrazek €. 1 Schéma tvorby a sekrece slozek mléka
v alveolarni epitelové bunice nachdzejici se na vnitfni
strané alveolu. 1 — paracelularni cesta je vyuzivana pro
transport nékterych slozek pouze béhem t&hotenstvi,
v Casné laktaci, pii involuci ¢&i b&hem mastitidy.
2 —pomoci membranovych transportéri je umoZnén
ptimy pohyb vody, iontd, glukézy pies bazolateralni a
apikalni  plazmatickou membranu. 3 -  nékteré
plazmatické proteiny jsou do lumenu transportovany
pomoci transcytézy. 4 — exocytozova sekrece laktozy,
proteinti, vapniku a dalsich slozkek. 5 — tukové kapénka
se tvofi v endoplazmatickém retikulu. Béhem transportu
k vrcholu postupné rostou, a nakonec jsou uvolnény a
obaleny apikalni plazmatickou membranou. MEC —
mamarni epitelova bunika; BV — céva; BM — bazalni
membrana; TJ — té&sné spojeni; Myo — myoepitelova
burika; M — mitochondrie; ER - endoplazmatické
retikulum; Golgi — Golgiho aparat; SV — sekre¢ni
vezikuly; LD — lipidova kapénka; MFG — mlééna tukova
globule. Pievzato od Truchet & Honvo-Houéto (2017),
upraveno autorem.

Jak je zminéno vyse, primarné bylo mléko pouze potravou pro mlad’ata savci v prvnim
obdobi jejich zivota, nicméné¢, béhem domestikace nékterych bylozravct v neolitu se zptisoby
ziskavani potravy vyznamné zménily (Bylund 1995; Barlowska et al. 2011). Lidé zacali
vyuzivat mléko jinych druht, zejména skotu, buvold, ovci ¢i koz jako zdroj zivin (Bylund,
1995). V 21. stoleti tomu neni jinak, mléko je z nutri¢niho hlediska stale povazovano za vysoce
kvalitni a vSudypfitomnou potravinu ve vyzivé ¢lovéka (Pereira 2014; Roy et al. 2020).

Dnes ve svétové produkci mléka dominuje pét druht zvifat: skot, buvoli, kozy, ovce
a velbloudi. Podle OECD/FAOQ (2022) bylo v roce 2021 vyprodukovano zhruba 887 miliont
tun mléka, z toho 81 % kravského mléka, 15 % buvoliho mléka a zbylad 4 % tvofti kozi, ovci
a velbloudi mléko. Oproti roku 2020 se své€tova produkce mléka navysila o 1,1 %,
ato predevsim diky rozsifeni vyroby v Indii a Pakistanu v disledku pokracujiciho nartstu
poctu stad dojnic a lepsi dostupnosti krmiv. Pfedpoklada se, ze v pfistim desetileti bude rostouci
trend svétové produkce mléka udrzen, a také navySen. Kazdorocné by se méla produkce dle
prognéz zvysovat o 1,8 %. Tudiz by svétova produkce mléka méla v roce 2031 piekrocit hranici
1 000 miliond tun. Nejvétsim svétovym producentem mléka v 2021 byla Indie, nasledovana
Evropskou unii, Spojenymi staty americkymi, Latinskou Amerikou a Pékistanem. Obdobné

poradi je ocekavano i v roce 2031 (OECD/FAO 2022), a to i prestoze, Se V Evropské unii



oc¢ekava pomalejsi riist produkce mléka, jehoz diivodem jsou nastavend omezeni zZivotniho
prostfedi a omezeny rast doméci poptavky (Vesela et al. 2020).

Co se tyka mlékarenského sektoru v Cesku, 1ze konstatovat, Ze se jedna o stabilni sektor
s vysokym potencidlem pro dalsi rozvoj, a také s vysokou sobéstacnosti, kterd v poslednich
letech piesahuje 130 %. V Cesku se vyhradné produkuje a zpracovava v mlékarnach kravské
mléko, které je produkovano ve vsech krajich. V roce 2019 se na uzemi Ceska chovalo
362 729 dojnic s primérnou ro¢ni dojivosti 8 471 litru. Celkové bylo vyprodukovano 3 073
miliont litri mléka, z ¢ehoz 2 497 milionu litrt bylo vykoupeno ¢eskymi mlékarnami (Vesela
et al. 2020). Ekonomické ukazatele produkce koziho a ovéiho mléka na ¢eském tizemi nejsou
v Situacni a vyhledové zprave ,,MIéko* komentovany (Vesela et al. 2020). Divodem je ziejme
skute¢nost, ze v Cesku v soucasné dobé neexistuje mlékarna nebo syrarna, ktera by tato mléka
vykupovala, a tak je vyroba kozich a ov&ich mlé¢nych vyrobki soustiedéna do chovil. Cast
chovatell si také zajiStuje odbyt v zahrani¢i. Dal$i divodem muize byt i vyznamné mensi
produkce téchto druhti mléka v porovnani s kravskym mlékem. V roce 2021 bylo na uzemi
Ceska chovano 3 570 kusti dojnych koz, které vyprodukovaly 1 785 tisic litrti mléka. Dojnych
ovci pak bylo jesté méng, a to 1 399 kusi s roéni produkei 370 tisic litrt mléka (Vylitova 2022).

1.1.1 SlozZeni kravského mléka

Vedle hlavnich slozek, které jsou uvedeny v Tabulce ¢. 1 spole¢né s pramérnymi
hodnotami pro mateiské, kozi a ovéi mléko, obsahuje kravské mléko také mineralni latky,
vitaminy rozpustné v tucich a ve vod¢, imunoglobuliny, hormony, rastové faktory, cytokiny,
nukleotidy, bioaktivni peptidy, polyaminy ¢i enzymy. Hlavni slozky kravského mléka lze také
délit jednoduse do dvou kategorii, a to voda a mlé¢na suSina, kterd obsahuje sacharidy, tuky,
proteiny, mineralni latky a vitaminy (Taylor & Kabourek 2003; Haug et al. 2007).

Tabulka €. 1 Primérné procentualni zastoupeni hlavnich slozek kravského, matefského, koziho

a ov¢iho mléka

Druh mléka Kravské mléko Materské mléko Kozi mléko  Ov¢i mléko
Obsah vody (%) 86,90 87,43 87,14 83,57
Tuk (%) 4,00 3,70 4,09 6,18
Laktoza (%) 4,90 6,98 4,20 4,17
Proteiny (%) 3,50 1,63 3,71 5,15

Zdroj: Clark & Mora Garcia (2017), upraveno autorem
Z fyzikdlné-chemického hlediska se vySe zminéné slozky vyskytuji v mléku ve trech

ruznych fazi, a proto je také mléko oznacovéno jako slozity polydisperzni systém obsahujici



mnoho vzajemné propojenych strukturnich utvarti. Kvantitativné je vétSina hmotnosti mléka
pravym roztokem vody, laktézy, organickych a anorganickych soli, vitamint a ostatnich
malych molekul. V tomto vodném roztoku jsou pak dispergovany jednak proteiny, nékteré
na molekularni urovni (syrovatkové bilkoviny), ostatni jako koloidni agregaty (kaseiny), jednak
tuky, které se zde nachazeji v emulzni fazi ve formé¢ globuli (Fox & McSweeney 1998;
Smirnova et al. 2020).

1.1.1.1 Voda

Voda se nachazi v mléku Vv n¢kolika formach, a to jako voda volna a voda chemicky
vazana na nekteré slozky mléka. Ve volné vode¢ jsou sacharidy, mineralni latky, kyseliny a jiné.
Volna voda se velmi lehce odpatuje i vymrazuje. Pfi stanoveni suSiny mléka se odpatuje jako
prvni (Burdova 2001). Voda chemicky vazana je zastoupena z celkového obsahu vody
2 a7 3,5 % a lze ji délit podle toho, na jaké mléené slozky se vaze (Snicr et al. 2015). Voda
chemicky védzana na laktézu, neboli voda krystalickd, je nejsilngji vazanou vodou Vv mléku
a odstranit ji 1ze pouze okolo 120 °C (Burdova 2001). Jako ptiklad vody krystalické 1ze uvést
spojeni mlé¢ného cukru s jednou molekulou vody, které se oznacuje jako monohydrat a-laktdzy
(Costa et al. 2019). Voda chemicky vazana na proteiny neboli koloidni voda, tvoii hydrataéni
ochranny obal kaseinovych micel. Kapilarni voda je tfeti formou chemicky vazané vody

a je uzaviena ve struktuie kaseinovych micel (Snicr et al. 2015).

1.1.1.2 Sacharidy

Hlavni sacharidem kravského mléka, a také hlavni slozkou susiny je laktoza (4-O-B-D-
galaktopyranosyl-D-glukopyranosa, Ci2 Hz2 O11; Costa et al. 2019). V ramci rutinnich systémi
hodnoceni kvality mléka je individudlné zaznamenavdna u dojnic témét po celém svété.
Kravské mléko obvykle obsahuje okolo 4 az 5 % laktozy, a tento obsah je za normalnich
okolnosti pomérné konstantni, avSak zalezi na zdravotnim stavu mlécné zlazy (Burdova 2001;
Velisek 2002).

Laktéza je redukujici disacharid slozeny z D-glukozy a D-galaktozy, kde aldehydicka
skupina na Ci galaktoze je navazana k C4 glukoze prostiednictvim B-1,4-glykosidické vazby
(Velisek 2002; Snicr et al. 2015). Stejné& jako u jinych sacharidti miize laktoza nabyvat dvou
anomernich forem, a to a-anomér a -anomér. Pti teploté 20 °C je roztok slozeny z 37,3 % a-
laktozy a 62,7 % B-laktozy (Costa et al. 2019). Obé¢ tyto formy vykazuji stejny nutriéni profil,
li$1 se vSak rozpustnosti, tvarem a velikosti krystalii, hydrataci krystalické formy vedouci

k hygroskopicnosti, specifickou rotaci i sladivosti (Fox et al. 2015). Vsechny tyto rozdily maji



zasadni vyznam pro technologické upravy laktdzy. Za nejstabilnéjsi formu laktézy se pak
povazuje monohydrat o-laktozy, ktery byl popsan vySe ve spojitosti s krystalickou vodou
(Velisek 2002).

Laktéza je v mlécné Zlaze syntetizovana z glukdzy, ktera je absorbovana z krve
bazolateralni membranou alveolarnimi epitelovymi buitkami. Po pfemisténi do bunky, které je
fizeno glukdézovymi transportéry spoleéné se sodikoveé-zavislymi transportéry, je cast glukozy
absorbovana do Golgiho aparatu a ¢ast je epimerizovana na uridindifosfat-glukézu, a pak na
uridindifosfat-galaktozu  enzymatickym  plsobenim  uridindifosfat-pyrofosfotylazou-2
a fosfoglukomutazy-1. VySe zminéné transportéry se podileji také na ptenosu uridindifosfat-
galaktozy do Golgiho aparatu. V Golgiho aparatu je uridindifosfat-galaktdza katalyzovana
pomoci laktosyntazy (heterodimerni enzym slozeny z a-laktalouminu a B-1,4-
galaktozyltransferazy), ktera wuvolni fragment uridindifosfatu. Nasledn¢ p-1,4-
galaktozyltransferaza spoji atom glukozy a galaktdzy, ¢ehoz se ucastni i a-laktalbumin, ale jako
inicidtor zvySené specificity praveé p-1,4-galaktozyltransferazy. Po vytvoreni je laktoza
transportovana v sekre¢nich vezikulach K apikalni membrané prostiednictvim facilitovaného
transportu, kde se uvoliiujici do lumenu alveolu (Costa et al. 2019).

Krom laktézy obsahuje mléko ve stopovém mnozstvi také dalsi sacharidy, jako jsou
monosacharidy, oligosacharidy, aminocukry, fosforylované sacharidy, a také glykosylové
zbytky vazané na proteiny ¢i lipidy. Volné monosacharidy, jako je glukédza, galaktoza a myo-
inositol, se v kravském mléku nachazeji v mnozstvi od 0,7 do 12 mg/100 ml mléka (Belloque
et al. 2001). Co se tyce oligosacharidul, tak kravské mléko jich v porovnani s matefskym
mlékem obsahuje vyrazné¢ méné, navic tvoii kratsi oligomerni fetézce. VéEtsina oligosacharidu
kravského mléka se sklada z jadra laktozy a dalSich monomert jako jsou glukdza, galaktdza,
N-acetylglukosamin, N-acetylgalactosamin, fukéza, N-acetylneuraminova Kkyselina a N-
glykolylneuraminova kyselina. Prostfednictvim komplexnich védeckych studii bylo
identifikovano 30 az 50 raznych struktur (Tao et al. 2008; Robinson 2019). Z fosforylovanych
sacharidu je v kravském mléku zastoupena naptiklad glukoza-6-fosfat, galaktoza-1-fosfat ¢i N-

acetylglukosamin-1-fosfat (Larsen 2015; Bruschetta et al. 2021).

1.1.1.3 Dusikaté latky

Mlécné proteiny
Mlécné proteiny predstavuji velmi heterogenni skupinu slozek se Sirokym rozsahem
struktur a vlastnosti molekul. Do této kategorie lze zatadit kaseiny, syrovatkové proteiny,

proteiny tukovych globuli, rizné minoritni proteiny, ¢i proteiny, které jsou soucasti enzymu



(Snicr et al. 2015). Kaseiny spoleéné se syrovatkovymi bilkovinami jsou hlavnimi skupinami
mlécnych proteint a v kravském mléku se nachazeji v poméru piiblizné 80:20 (Toffolon et al.
2021). Aminokyselinovy profil téchto frakci zaujima v lidské vyzivé jedine¢né postaveni,
a to diky vysoké biologické hodnoté téchto proteini (Rafiq et al. 2016).

Kaseiny jsou nedilnou slozkou mlééného proteomu, kterd se nikde jinde v ptirodé
nevyskytuje. Kravské mléko obsahuje ¢tyfi hlavni frakce kaseinu, a to os1-, as2-, B- a k-kasein.
V profilu kaseini je nejvice zastoupeny os-kasein, nasledovany B-kaseinem a k-kaseinem
(Velisek 2002). AZ 95 % kaseinu se v mléku nachédzi ve form¢ koloidnich ¢astic, které jsou
oznacovany jako kaseinové micely. Typicka micela kravského mléka se sklada z komplexu
submicel a obsahuje asi 20 000 molekul kaseinu. Susina kaseinovych micel obsahuje asi 94 %
proteinli a 6 % nizkomolekularnich latek oznacovanych jako koloidni fosforecnan vapenaty,
ktery se sklada predevsim z vapniku, hoiciku, fosfore¢nanti a citratli. Z tohoto diivodu jsou také
kaseiny fazeny k fosfoproteinim (Bylund 1995; Velisek 2002; Fox et al. 2015). Jednotlivé
submicely jsou vzajemné spojené prostiednictvim fosfoserinovych skupin as, B-kaseinii
a fosfore¢nanu vapenatého (Velisek 2002). Stied micely je pak tvofen submicelami
s nedostatkem «-kaseint, pficemZ submicely bohaté na tuto frakci se soustiedi na povrchu
micel. Divodem je hydrofilni C-koncova c¢ast k-kaseinu obsahujici sacharidovou skupinu
vystupujici z vnéj$i Casti micely, kterd vytvaii vrstvu o tloustce 5 az 10 nm a dava micelam
tzv. ,hair look™. Tento vzhled zajiStuje stabilitu micel, jelikoz vyznamné piispiva k zeta
potencialu a stérické stabilizaci. Pokud je tato ¢ast naruSena naptiklad specifickou hydrolyzou
k-kaseinu, koloidni stabilita micel se zhrouti (Fox et al. 2015).

Syrovatkové proteiny, nebo také sérové proteiny, predstavuji tu Cast proteinového
spektra, ktera ziistane v roztoku po vysrazeni kaseinli syfidlem nebo kyselinou. Nicméné, toto
neni jedinym rozdilem mezi témito dvéma skupinami (Burdova 2001). Syrovatkové proteiny
jsou v porovnani s kaseiny vice termolabilni, ve své molekule neobsahuji fosfor, n¢které z nich
se nesyntetizuji v mlécné Zldze, ale pochdzeji piimo z krve, a také na rozdil od kaseinli
nevytvaii v mléku velké koloidni agregaty, ale jsou molekularn€ rozptylené v roztoku, ¢i maji
jednoduchou kvartérni strukturu (Fox et al. 2015). Mezi hlavni zastupce patii p-laktoglobulin,
a-laktalbumin a sérovy albumin, pficemz B-laktoglobulin je dominantnim syrovatkovym
proteinem se zastoupenim asi 53 % (Burdova 2001).

Syntéza hlavnich mlé¢nych proteint probiha v alveolarnich epitelovych bunikach mlécné
zlazy. Vyjimku tvofi sérovy albumin a n¢které imunoglobuliny, které se do lumenu alveolu
dostavaji prostiednictvim transcytoézy z krve. Zakladni stavebni kameny ostatnich proteint,

aminokyseliny, jsou do bunky pfenaseny také z krve. Mlé¢né proteiny jsou syntetizovany
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klasickou proteosyntézou, ktera zacind transkripci genli do mRNA a pokracuje translaci,
ke které dochazi na ribozomech fixovanych na drsném endoplazmatickém retikulu. Po syntéze
jsou proteiny transportovany do Golgiho aparatu, kde dochazi k posttranslacnim modifikacim.
Proteiny se spojuji s dalsimi komponenty a vytvareji komplexné€jsi struktury (napt. micely),
které jsou zabaleny do sekre¢nich vezikul a vektorové transportovany prostfednictvim
mikrotubull k apikalni membrané, kde dochazi ke splynuti a uvolnéni obsahu do lumenu

alveolu (Truchet & Honvo-Houéto 2017).

Enzymy

V mléku Ize detekovat fadu enzymu nativniho i exogenniho ptivodu. VétSina z téchto
enzymu je termolabilnich a k jejich inaktivaci postacuje fadné provedena pasterace. Existuji
vSak vyjimky, jako je plasmin, coZz je hlavni nativni proteaza mléka. Ten je spojovan
s gelovaténim mléka oSetfeného UHT technologii b&hem skladovani, jelikoz snadno
hydrolyzuje B- a as2-kasein a v mensi mife asi-kasein (Rauh et al. 2014). Nezadouci endogenni
proteazy mohou v mléku produkovat také bakterie rodu Pseudomonas ¢i Bacillus, které jsou
rovnéz odolné viici zdhfevu a zplisobuji tak fadu senzorickych vad tekutych mléénych vyrobk
(Némeckova et al. 2009). Nicméné, v mléku Ize detekovat také Zadouci enzymy. Piikladem lze
uvést laktoperoxidazu, ktera spolecné s peroxidem vodiku a thiokyanatem vytvari komplex
s antibakterialnimi vlastnostmi (Seifu et al. 2005). Dale Ize zminit enzym lysozym, u né¢hoz
bylo prokazano, ze je schopen hydrolyzovat bunétnou sténu grampozitivnich bakterii (Park &

Haenlein 2013).

Nebilkovinné dusikaté latky

Asi 5 % celkového dusiku tvoii v kravském mléku nebilkovinné dusikaté latky, které do
mléka piechazeji z krve po metabolismu bilkovin. Do této skupiny patii amidy, aminokyseliny,
amoniak, kreatin, kreatinin ¢i mocovina. Pfiemz mocovina je nejvice zastoupenou
nebilkovinnou dusikatou latkou v kravském mléku (Ruska & Jonkus 2014; McSweeney &
McNamara 2022).

1.1.1.4 Lipidy

Kravské mléko obsahuje pifiblizné¢ 3,5 az 5 % lipidd, které jsou v mlécném séru
rozptyleny ve formé tukovych globuli, které jsou potazeny slozitou membranou (Jensen et al.
1991). Tukové globule mohou byt rizné velikosti, avSak nejcastéji se uvadi rozpéti
0d 0,2 do 15 pm s pramérem okolo 4 um (Singh 2006). Jadro tukové globule se sklada prevazné

Z triacylglyceridl, jejichz zastoupeni miize piesahovat 98 %. Déle se v jadru nachazeji

11



I diacylglyceridy, monoacylglyceridy, neesterifikované mastné kyseliny, karotenoidy, vitaminy
rozpustné v tucich a dal§i minoritni slozky (Bylund 1995; Snicr et al. 2015). Dominantni
zastoupeni triacylglyceridd souvisi pfimou umérou S obsahem mastnych kyselin, které jsou
vazany na trojuhelnikovou kostru glycerolu. V mlé¢ném tuku bylo identifikovano vice nez 400
ruznych masnych kyselin, nicméné naprosta vétsina z nich byla detekovana pouze ve stopovém
mnozstvi (Fox et al., 2015). Pouze patnact nebo Sestnact mastnych kyselin se v mlééném tuku
nachézi v koncentracich nad 1 % a tvoii asi 95 % z celkového obsahu lipidii (Snicr et al. 2015).

Lindmark Mansson (2008) uvadi, ze nasycené mastné kyseliny piedstavuji 70 % vsech
mastnych kyselin, pficemz palmitova kyselina (C16:0) je =z kvantitativniho hlediska
nejdilezitéj$i mastnou kyselinou a tvoii piiblizné 30 % hmotnosti v§ech mastnych kyselin.
V nizsich koncentracich jsou pak v mléku zastoupeny nésledujici nasycené mastné kyseliny:
myristova (C14:0), stearova (C18:0), laurova (C12:0), kaprinova (C10:0), kapronova (C6:0),
kaprylova (C8:0) ¢i maselna (C4:0). Piiblizné 25 % masnych kyselin pak v mléku tvori
mononenasycené¢ mastné kyseliny. Hlavni mononenasycenou mastnou kyselinou je olejova
kyselina (C18:1), ktera tvoii asi 22 % hmotnosti v§ech mastnych kyselin v kravském mléku.
Znacné nizsich koncentraci pak dosahuji kyseliny vakcenova (C18:1), palmitoolejova (C16:1)
polynenasycené mastné kyseliny, jejichz nejvyznamnéj$imi zastupci jsou linolova (C18:2) a a-
linolenova (C18:3) kyselina. V kravském mléku lze také detekovat transmastné kyseliny
s jednou nebo vice transdvojnymi vazbami. Pficemz hlavnim trans-izomerem je kyselina
vakcenova, a také konjugovana kyselina linolova zahrnujici mnoho rtiznych izomera véetné
bachorové kyseliny (Lindmark Mansson 2008; Snicr et al. 2015).

Jak jiz bylo zminéno vyse, na povrchu tukovych globuli se nachdzi membrana o tloust'ce
asi 5 az 10 nm. Hlavni Glohou této membrany je udrzovani integrity a kompatibility s mléénym
sérem, tudiZ piisobi jako pfirozeny emulgator, ktery zabranuje flokulaci a koalescenci tukovych
globulich a rovnéZ chrani mléény tuk pred enzymatickym piisobenim (Singh 2006; Snicr et al.
2015). Tyto funkce vychazeji ze slozité strukturované skladby této membrany, ktera obsahuje
jedine¢né polarni lipidy a specifické membranové proteiny (Dewettinck et al. 2008).

Syntéza mlécného tuku je u vSech prezvykavci slozitd molekularni regulacni sit’, ktera
zahrnuje nasledujici: de novo syntézu mastnych kyselin, ktera probiha pfimo v alveolarnich
epitelovych buiikach mlécné Zlazy a piijem mastnych kyselin z krevnich lipidd, pochdzeji
predeviim z krmiva &i z lipolyzy tukové tkang (Snicr et al. 2015; Mu et al. 2021). Pfi¢emz
hlavnimi produkty syntézy de novo jsou nasycené mastné kyseliny s kratkymi a stiedné

dlouhymi fetézci, zatimco mastné kyseliny s dlouhymi fetézci pochéazeji predevSim
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z plazmatickych lipida (Clegg et al. 2001). Dale v alveolarnich epitelovych buiikach dochazi
také ktransportu a desaturaci mastnych kyselin, které jsou néasledovany syntézou
triacylglyceridi, ke které dochazi po =zajisténi vSech hlavnich prekurzori Vv hladkém
endoplazmatickém retikulu v bazalni oblasti bunky. Nové syntetizované molekuly lipidi se
formuji do malych zasobnich struktur, na jejichz povrchu se nachézi proteiny. Tyto struktury
se spojuji, zveétSuji a transportuji k apikalni plazmatické membrané, kde jsou vylouceny

do lumenu alveolu jako tukové globule (Mcmanaman & Neville 2003; Mu et al. 2021).

1.1.1.5 Faktory ovliviiujici sloZeni mléka

Napfi¢ celym svétem jsou chovana rizna dojna plemena krav a jejich kiiZenci
v rozmanitych chovatelskych podminkach, tudiZz je nutnosti zde zminit i Cinitele, které
vyznamné ovliviuji slozeni kravského mléka. Zhu et al. (2021) ve své studii uvadi dvé odlisné
skupiny faktorti pisobici na slozeni mléka, a to inherentni a vn¢jsi faktory. PriCemz
do inherentnich faktorti zafadil genetické a fyziologické vlivy jako je plemenna piislusnost,
druh zvitete ¢i stddium laktace. Do vnéjSich faktorti pak zatfadil krmnou davku, sezénnost,
zemépisny pivod, zdravotni stav jedince, zpracovani a skladovani mléka. Radu faktort
pusobici na slozeni mléka okomentovali autofi i dalsich védeckych studii, avSak mezi
nejvyznamngéjsi se zpravidla fadi genetika a vyziva (Jenkins & McGuire 2006; Morand-Fehr et
al. 2007; Heck et al. 2009).

Fakt, Zze plemenna pfislusnost ovliviiuje slozeni mléka, je znam jiz desetileti. Jedna
ze studii, ktera tyto meziplemenné rozdily popisuje, sledovala obsahy slozek mezi hol§tynskym
plemenem a plemenem jersey. Mléko pochazejici od holstynskych dojnic vykazovalo nizsi
koncentraci proteinti, kaseinu a tuku v porovnani s mlékem od dojnic plemene jersey. Déle bylo
zjiSténo, ze vysSi mlécnd suSina mléka od plemene jersey ziejmé pozitivné ovlivnila
technologické vlastnosti mléka (Auldist et al. 2004).

Od sledovani genetické vybavy jednotlivych dojnych plemen se vSak v poslednich letech
vyznamné pokroc€ilo a pozornost se soustfedi na genotypy jednotlivych zvifat v rdmci jednoho
plemene. Védecké studie se zamétuji zvlasté na geny a jejich genetické varianty, které jsou
spojeny se slozenim mléka, protoze poté lze tyto informace vyuzit ve Slechtitelskych
programech s cilem produkovat mléko s vyssi technologickou ¢i nutri¢ni hodnotou. Piikladem
lze uvést studii Gustavsson et al. (2014), ve které byly prostfednictvim genotypovacich testi
uréeny genetické varianty osi, -, k- kaseintli, aby mohl byt prozkouman jejich vliv na profil
bilkovin. Vysledky naznacily, ze vysSi zastoupeni dojnic se slozenym genotypem

BB/A1A2/AB by mohl mit pozitivni vliv na mléko pochéazejici od danského holStynského
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a Svédského Cerveného plemene, jelikoz by se snizila relativni koncentrace as-kaseinu a zvysila
by se koncentrace B-kaseinu a k-kaseinu. Pravé vyssi obsah B-kaseinu a k-kaseinu je spojovan
s lepsimi koagula¢nimi vlastnostmi pii vyrobé syrt. Z pohledu vyzivového je pak casto
diskutovana geneticka varianta A1 B-kaseinu. Ta se nepovazuje za ptivodni genetickou variantu
[-kaseinu, a to z toho divodu, Ze se béhem jejiho traveni ve stfevé uvoliuje bioaktivni opioidni
peptid p-kasomorfin-7, ktery aktivuje p-opioidni receptory exprimované v celém
gastrointestindlnim traktu a t€le. Naproti tomu plivodni geneticka varianta A2 diky jiné
aminokyselinové sekvenci uvoliiuje béhem traveni pouze minimalni mnozstvi tohoto peptidu
(Pal et al. 2015). Chia et al. (2017) nedavno dospéli k zavéru, ze geneticka varianta A1l a jeji
derivat jsou primarnimi kauzalnimi spoustéci diabetu 1. typu u osob s geneticky-rizikovymi
faktory. Geneticka varianta A1 je diskutovana ve spojitosti i s dal§imi onemocnénimi, coz je
také diivod, pro¢ néktefi se chovatelé rozhodli vyslechtit stada bez této genetické varianty (Pal
et al. 2015).

Nicmén¢, polymorfismus se nezkouma pouze v ramci profilu mléénych bilkovin. Conte
et al. (2010) popsal polymorfismy tii klicovych genti podilejici se na metabolismu lipidi. Z této
studie vyplyva, Ze riizné genetické varianty genu SCD1 (gen kodujici enzym stearoyl-CoA
desaturazu 1) a genu DGATI1 (gen kodujici enzym diacyl-glycerol-acyl transferazu 1)
vyznamn¢ ovliviiuji slozeni mastnych kyselin v mléce.

Jednim z nejvyznamnéj$i vngjSich faktorti ovliviiujici sloZzeni mléka je jednoznaéné
vyZziva. Zajisténi dostate¢ného mnoZzstvi krmiva je nezbytné pro udrZeni zakladnich Zivotnich
funkci 1 produk¢nich schopnosti organismu (Tichacek et al. 2007). Z pohledu produkéniho by
m¢él byt bran ztetel zvlasté na vytvotreni optimalnich podminek pro bachorovou fermentaci, aby
prostiednictvim vytvofenych prekurzorti mléka, mohly byt uspokojeny potieby mlécéné zlazy
na produkci mléka a jeho sloZek. Sestavenou krmnou davkou ptedkladanou dojnicim Ize
ovlivnit zejména obsah tuku a v mensi mife i obsah bilkovin a laktozy (Koukolova et al. 2017).
Nicméng, v poslednich letech se védecké studie nezamétuji pouze na vytéznost hlavnich slozek
mléka, ale také na profily sloZeni jednotlivych slozek, a to z diivodu vzristajiciho trendu
konzumace funk¢nich potravin. Dhiman et al. (1999) ve své studii sledovali obsah konjugované
kyseliny linolové (CLA) v mléku pochazejici od dojnic, kterym byly zkrmovany rGzné typy
krmnych davek. Zjistili, ze obsah CLA byl o 500 % vys§i v mléku od dojnic, které byly
celodenné umistény na pastvé a nepiijimaly zadné jiné doplinkové krmivo v porovnani
s mlékem od dojnic, kterym byla zkrmovana kukufi€nd silaz a zrno. Tento vysoky obsah CLA
zfejmé souvisi s C18:3, ktera je prevladajici nenasycenou mastnou kyselinou v porostech

na pastvach. Na profil mastnych kyselin mlééného tuku se zaméfili také Kala¢ & Samkova
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(2010). Ti v zavéru svého literarniho prehledu uvadi, ze mléko od dojnic krmenych Cerstvou
pici, ma vyrazné¢ vys§i pomér nenasycenych mastnych kyselin k nasycenym mastnym
kyselinam a vyssi obsah prospésnych trans-mastnych kyselin, nézZ mléko od dojnic krmenych
silazi ¢i senem. Nizsi nutri¢né piijatelnéjsi slozeni mléka od dojnic krmenych silazi ¢i senem je
ziejme zpisobeno oxidaci béhem zpracovani pice ¢i lipolyzou béhem silazovani. V dalsi studii
pak potvrdili pozitivni vliv zkrmovani samostatné Chlorelly a Chlorelly obohacené luteinem
na obsah mléénych bilkovin, netukové susiny a luteinu v mléku holstynskych krav (Jeon et al.
2016). Autofi se domnivaji, ze za tento pozitivni t¢inek mize byt zodpovédna pravé Chlorella,
z které mikroby v bachoru mohou efektivné vyuzivat celulozu. Problematika tykajici se vlivu
krmeni na kvalitu mléka je dale diskutovana na strané ¢. 81 Vramci piilozené védecké
publikace.

Zvyse uveden¢ho plyne, Ze souCasné genetické testy ¢i nové piistupy krmeni
hospodarskych zvifat mohou ovlivnit vyzivovou hodnotu mléka. Dilezité je vSak se
vybrany faktor. Na mléko totiZ pusobi faktory ve vzajemné kombinaci, ktera v kone¢né fazi
urCuje, jaké bude vysledné slozeni mléka (Jenkins & McGuire 2006). Tudiz produkce
kvalitniho mléka od zdravych dojnic zacina jiz u odchovu telat, a poté u jalovic. Jak uvadi
Erickson and Kalscheur (2020), pouze diky spravné nastavené vyzivé a managementu se
Z jalovice vyvine vysoce produktivni dojnice, kterd dokaze maximalné vyuzit svilj geneticky
potencial. Rovnéz Kala¢ & Samkova (2010) zmitiuji, Ze sloZzeni mlé¢ného tuku je vysledkem

komplexniho ptisobeni mnoha faktort.

1.1.1.6 OdliSnosti koziho a ov¢éiho mléka od kravského mléka

I ptestoze kozi a ov¢i mléko nezaujima tak velky podil na svétové produkci jako kravské
a buvoli mléko, v poslednich letech oba tyto druhy mléka vykazuji stabilné rostouci trend
(Pulina et al. 2018). Duvodem je ziejmé fakt, ze kozi a ovéi mléko je spotiebiteli vnimano jako
alternativa ke kravskému mléku, a to nejen diky specifické chuti, ale také kvuli zdravotnimu
image. Toto image plyne z fady védeckych studii, které kozimu a ov¢imu mléku pfisuzuji vyssi
nutriéni hodnotu nez kravskému.

Jednou z hlavnich charakteristik koziho mléka, ktera prispéla ke zvyseni jeho pritazlivosti
jako alternativé ke kravskému mléku, je jeho nizs§i alergenicita. Ta je dana odliSnym
zastoupenim frakci kaseinii v micele. Kozi mléko mé na rozdil od kravského mléka nizké
zastoupeni alergenniho osi-kaseinu. Tudiz je svym proteinovym profilem vice podobné

matefskému mléku, a tak ho nektefi autofi védeckych studii doporucuji vyuzivat jako jeho
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nahradu (Turkmen 2017). Dals§i vyznamny rozdil mezi kozim a kravskym mlékem je
ve fyzikalné-chemické strukture tuku. U koziho mléka byla prokdzana lepsi stravitelnost
mlécného tuku, coz je prisuzovano mensi velikosti tukovych globuli, které jsou diky vétsi
povrchové plose 1épe dostupné lipazam (Park et al. 2007; W Park et al. 2017). V kozim mléku
také nedochazi ke shlukovani tukovych kuli¢ek pti chlazeni mléka, jelikoz kozi mléko na rozdil
od kravského mléka postradd aglutinin. Tudiz tukové kuli¢ky zistdvaji v mléku pfirozené
rozptyleny (Haenlein 2004). V kozim mléku bylo také detekovano 4 az Skrat vice
oligosacharida nez v kravském mléku (Martinez-Ferez et al. 2006), které hraji vyznamnou roli
v ochrané stfevniho mikrobiomu pted patogeny, a také se podili na vyvoji mozku a nervového
systému (Turkmen 2017).

Ov¢i mléko obsahuje v porovnani s kravskym a kozim mlékem vice lipid{i, mineralnich
latek i1 vitaminu, které jsou nezbytné pro lidské zdravi. Jeho nutri¢ni hodnotu navysuje i obsah
proteint, ktery je témét dvakrat vyssi nez u vySe zminénych dvou druhtt mlék. Nékteti autofi
rovnéz zminuji podobnost proteinovych sekvenci asi- a asz-kaseini ovéiho a koziho mléka,
které se vyrazné lisi od proteinovych sekvenci kravského mléka. V disledku toho je i ov€éimu
mléku prisuzovana niz$i alergenicita. Stejné jako kozi mléko i ov¢i mléko je charakteristické
mensi velikosti tukovych globuli a absenci aglutininu. Co se tyce zastoupeni jednotlivych
mastnych kyselin, ovéi mléko obsahuje oproti kravskému mléku vyssi hladinu kapronové
(C6:0), kaprylové (C8:0) a kaprinové kyseliny (C10:0; Balthazar et al. 2017). Rovnéz kozi
mléény tuk je bohaty na tyto kyseliny se stfedné¢ dlouhym fetézcem (Turkmen 2017).
Z nutri¢niho hlediska je vyssi obsah téchto mastnych kyselin velmi pfiznivy, jelikoz i diky nim
dochazi ke snadngjsi hydrolyze mléEného tuku v zaZivacim traktu. RovnéZ tyto nasycené
kyseliny byly shledany uzite¢nymi pii léCeni chorob traviciho traktu, malabsorpcnich
syndromil, cystické fibrozy, ale 1 srdeCnich chorob, a také ptfi problémech se zlu¢nikem

(Ceballos et al. 2009; Borkova et al. 2015).
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1.2 Hodnoceni kvality mléka

1.2.1 Zakladni slozkové ukazatele

Vyletélova-Klimesova et al. (2014) uvadéji, ze mezi zakladni slozkové ukazatele
syrového kravského mléka patii jednoznacné obsah tuku, bilkovin, kaseinu, laktézy
a tukuprosté susiny. Na rozdil od hygienickych a mikrobidlnich ukazateld, které jsou popsany
nize, nejsou obsahy jednotlivych slozek upraveny evropskou legislativou. Evropska legislativa,
konkrétn¢ Nafizeni EP a Rady (ES) ¢. 1308/2013, sice definuje pozadavky na obsah tuku
I bilkovin, ty se ale tykaji konzumniho mléka nikoli syrového. Hlavni motivaci ¢eskych
producentd jsou tak smluvni podminky tykajici se zpené¢zovani mléka mezi nimi a mlékarnami.
Pticemz cilem producentd je doddvat mléko s vysokym obsah tuku a bilkovin, jelikoz je to
ze strany mlékaren zadouci. Divodem jsou finalni mlécné produkty mlékaren, piikladem lze
uvést konzumni mléko, které podle vyse zminéného natizeni musi obsahovat nejméné 2,9 %
(m/m) bilkovin s obsahem tuku nejméné 3,5 % (m/m, paklize se jedna 0 plnotucné mléko), dale
lze zminit smetanu ¢i maslo, které musi obsahovat minimalné 10 % a 82 % mlécného tuku
(Natizeni EP a Rady (ES) ¢. 1308/2013, Vyhlaska ¢. 397/2016 Sb.). Obsah tuku a bilkovin
rovnéz ovlivituje vytéznost syri i kvalitu fermentovanych mléénych vyrobkt (Sodini et al.
2004; Capper & Cady 2012).

Obsah laktézy byl po desetileti povazovan za ukazatel s velmi nizkou vypovidajici
hodnotou. To se vSak zménilo jednak s védeckymi studiemi, které prokazaly negativni korelaci
mezi laktéozou a poétem somatickych bungk, jednak s vyvojem novych technologii filtrace
syrovatky, diky ¢emuz se z laktozy stala zadouci potravinatska slozka (Costa et al. 2019).
Piestoze obsah laktézy neni nijak samostatné¢ korigovan legislativou jeji obsah je soucasti
tukuprosté susiny (TPS) syrového mléka spole¢né s obsahem bilkovin. Minimalni obsah TPS
8,5 % uréovala Ceska statni norma 57 0529 (Vylet&lova-Klimesova et al. 2014), i pfestoze
norma jiz neni platna, tento limit je v mlékarenském prumyslu uzivan i nadale.

V ramci slozkovych ukazatelil Ize také hodnotit minoritni slozky, které maji uzkou vazbu
na vyzivovy stav samotné dojnice. Hanu§ et al. (2011) mezi tyto slozky zafadili mocovinu,

volné mastné kyseliny, kyselinu citronovou ¢i ketony v mléku.

17



1.2.2 Hygienické a mikrobiilni ukazatele

Pocet somatickych bunék (PSB)

Jak uvedli Alhussien & Dang (2018), PSB je ukazatelem, ktery vyuzivaji vSechny vyspélé
zemé jako marker pro sledovani vyskytu mastitid ve stadech dojnic. PSB je tvoien leukocyty
a artefakty bun€k sekre¢niho a dlazdicového epitelu (Klimesova et al. 2019). Pfi¢emz prvni
zminéna ¢ast zna¢né dominuje a v kravském mléku predstavuje 75 az 85 %. Artefakty bunék
jsou pak zastoupeny 15 az 25 % (Cinar et al. 2015). VVzhledem k tomu, ze vétsinovy podil PSB
tvofi imunitni buiiky, bylo mnohokrat potvrzeno, ze hodnota tohoto ukazatele se zvysuje se
zanétlivymi zménami probihajicimi v mlééné zlaze. V Evropské unii je tento ukazatel limitovan
Natizenim ¢. 853/2004, kde je uvedeno, ze syrové kravské mléko musi obsahovat < 400 000
bun¢k v 1 ml mléka. Green et al. (2008) ve své védecké studii zminuji, ze hodnota PSB
nad 200 000 bun¢k v 1 ml jiz svédéi o bakterialni infekci. Na tuto skute¢nost ziejmé reagovalo
Ministerstvo zemédélstvi CR v dotaénim titulu ,,Rezim jakosti Q CZ pro mléko®, kde byl limit
pro tento ukazatel oproti evropské legislativé zptisnén na hodnotu <220 000 bun¢k v 1 ml
syrového kravského mléka (Ministerstvo zemédélstvi 2016). V nasledujicich letech se
pravdépodobné hodnoceni PSB bude inovovat, a to z divodu novych ptistupti zahrnujici
naptiklad diferencidlni pocet somatickych bun¢k (DPSB). DPSB se zaméfuje na piesnéjsi
a aktualnéjsi popis zdravotniho stavu vemene dojnic, tudiZ nepracuje s PSB jako se souborem
leukocytt, ale detekuje podily jejich zastupct, jako jsou lymfocyty, makrofagy a granulocyty
(Damm et al. 2017).

Rezidua inhibicnich latek (RIL)

Dalsi z hygienickych ukazateli syrového mléka jsou RIL, coz jsou latky vykazujici
bakteriostatické ¢i bakteriocidni u¢inky. Mezi tyto latky lze zatadit napiiklad antibiotika, Cistici
a dezinfek¢ni latky, mykotoxiny, konzervacni a neutralizacni latky, pesticidy ¢i tézké kovy
(Navratilova, 2002). Detekce RIL chrani nejen zdravi spottebitele, ale je také vyznamnd pro
zpracovatele mléka, ktefi syrové mléko déale vyuzivaji pro vyrobu mlécnych vyrobki. V tomto
ptipadé¢ je upinana pozornost zvlast¢ na veterinarni 1éCivé piipravky (antibiotika
a chemoterapeutika) inhibujici rust ¢istych mlékarskych kultur. Evropska legislativa (Nafizeni
¢. 853/2004) uklada povinnost kontroly obsahu urcitych rezidui antibiotik u veskerého
pfijimaného mléka (Navratilova et al. 2016). V piipadé, ze jsou piekroCeny maximalni
rezidudlni limity, mléko je ozna€eno jako zdravotn& zdvadné a nesmi byt v mlékarenském

provozu jakkoliv zpracovano a dodano na trh (Navratilova 2003).
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Celkovy pocet mikroorganismi (CPM)

Krom PSB a RIL Natizeni EP a Rady (ES) ¢. 853/2004 stanovuje rovnéz limit pro obsah
mikroorganismil. V nafizeni je uvedeno, ze CPM syrového kravského mléka pti 30 °C musi byt
<100 000 kolonii tvoticich jednotku (KTJ) v1 ml, pficemz se stanovi jako klouzavy
geometricky primér za dvoumésicni obdobi. Tento mikrobiologicky ukazatel je i kritériem pro
ziskani dotacniho titulu ,,Rezim jakosti Q CZ pro mléko*, kde je v porovnani s evropskym
nafizenim opét ptisnéjsi, a to < 35000 KTJ v I ml syrového kravského mléka (Ministerstvo
zemé&délstvi 2016). Dle Kuchtik et al. (2015) CPM v sobé zahrnuje vSechny mezofilni aerobni
a fakultativné anaerobni mikroorganismy, vcetné mikroskopickych hub zahrnujici kvasinky
a plisné. Vzhledem k tomu, ze $patna mikrobiologicka kvalita syrového kravského mléka mtize
vyznamn¢ ovlivnit nejen technologicky proces vyroby mlécnych vyrobku, ale také zdravi lidi,
je stanoven také limit (Vyhlaska ¢. 289/2007) pro vyskyt Staphylococcus aureus, jehoz pocty

nesmi presahnout hranici 500 KTJ v 1 ml mléka.
1.2.3 Fyzikalni a technologické ukazatele

Bod mrznuti

Bod mrznuti je dilezitym ukazatelem kvality mléka, ktery se pouziva k odhalovani
falsovani mléka vodou. To je umoznéno stabilnim osmotickym tlakem mléka, ktery musi byt
V rovnovaze s osmotickym tlakem krve dojnice, ktery se mtize ménit pouze v uzkych mezich
(Zagorska & Ciprovica 2013). Syrové kravské mléko, které nebylo fedéno vodou, by mélo
vykazovat hodnoty —0,520 °C a nizsi (Kedzierska-Matysek et al. 2011). P¥icemz ptidavek 5 %
vody do mléka zvySuje bod na —0,490 °C a ptidavek 20 % na —0,430 °C (Burdova 2001).
Nicméné, jak uvadi PindeSova et al. (2022) soucasnd referencni metoda vyuzivajici se
ke stanoveni bodu mrznuti mléka, nemusi falSovani vody odhalit, jelikoz fedéné mléko mize
byt doplnéno zaroven i o NaCl, ktery hodnoty bodu mrznuti upravi na pfijatelné. V tomto

ohledu bude zapotiebi dalsich védeckych studii.

Titracni kyselost

Schmidt et al. (1996) uvedli, Ze titra¢ni kyselost se pouziva k uréeni toho, zda mléko
proslo bakterialni degradaci, tepelnym oSetfenim nebo zda je zestarlé. Titra¢ni kyselost je tedy
ukazatel vypovidajici o kvalit¢ syrového mléka, prostiednictvim kterého l1ze velmi rychle
stanovit obsah mlécné kyseliny, mineralnich latek a proteini (Schmidt et al. 1996; Burdova
2001). Hodnota titracni kyselost syrového mléka by se méla pohybovat Vv rozmezi

0d 6,2 do 7,8 SH. Nicméné dynamika titracni kyselosti je znacna. Pfi zanétlivych stavech
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mlécné zlazy muaze titracni kyselost klesat na hodnoty 4 SH, coz je déno alkalickou povahou
mléka v diisledku snizeni syntézy nékterych slozek (Sustova et al. 2016). Naopak pii vy$$im
obsahu proteinti muze titraéni kyselost pfesahovat hodnotu i 8 SH. Hodnoty nad 10 SH pak
vykazuje mléko slabé kyselé, piicemz pii hodnotach nad 24 SH se z vapenatého komplexu
uvolnuje kasein a dochézi ke sraZzeni mléka (Burdova 2001; Vyletélova-KlimeSova et al. 2014).
Hodnota titra¢ni kyselosti se zohlednuje v mlékatstvi po desetileti, a v 21. stoleti tomu neni
jinak. Titracni kyselost je stabilnim fyzikalné-technologickym ukazatelem nejen syrového

mléka, ale i mlé¢nych vyrobki (Feng et al. 2019; Oselu et al. 2022).

Termostabilita

Nékteré mlécné vyrobky jsou v ramci procesu vyroby intenzivné tepelné oSetfovany,
v disledku toho muze dochéazet k fyzikdlni nestabilité. Tato nestabilita se miiZze projevit
v nékolika forméch. Piikladem 1ze uvést flokulaci ¢i gelovaténi béhem tepelného oSetieni, ale
zaznamenat lze také tvorbu proteinovych agregati, které jsou pozorovatelné az béhem
skladovéni, kdy sedimentuji. Tato schopnost mléka snéaset tepelné oSetfeni, a to bez vyse
uvedené fyzikalni nestability, se oznaCuje pravé jako termostabilita (Huppertz 2016).
Termostabilita mléka je vyjadiena jako Cas, za ktery doSlo ke koagulaci mléka pii teplote
140 °C, pficemz za vybornou termostabilitu 1ze povazovat hodnoty blizici se k 30 minutam
(Chramostova et al. 2014). Zcela bézné se stanoveni termostability provadi v provozu
pii vyrobé mléénych vyrobki, jako jsou zahu§téna mléka, mlécné koncentraty, susend mléka,
kojenecka vyziva ¢i tekuta mléka s vysokym obsahem proteini (Huppertz 2016). Jsou také
objasnény slozkové i fyzikélni ukazatele, které termostabilitu ovliviiuji a rovnéZz se stanovuji
b&hem vyroby (Snicr et al. 2015). Je viak velmi malo dostupnych informaci o temostabilité
syrového kravského mléka a vnéjsich vlivech na ni pusobicich, které by umoznily vybér mléka
pro specifické mlécné vyrobky jiz béhem jeho sbéru na farmé. Tato problematika je dale

diskutovana na strané ¢. 50.

SyfFitelnost

Jak uvadi Pytel & Sustova (2017), syfitelnost mléka vyjadfuje schopnost mléka reagovat
s pfidavkem syfidla a tvofit srazeninu. Této vlastnosti mléka je v mlékarenském pramyslu
vénovana velka pozornost. Dlivodem je skute¢nost, Ze fada védeckych studii potvrdila vyznam
tohoto ukazatele z hlediska vyroby, vytéznosti i kvality syrd (Bittante 2011). V ramci
syfitelnosti se nejCastéji stanovuji tii zakladni ukazatele, jedné se o ¢as enzymatické koagulace
mléka, dobu utuZeni syfeniny a pevnost syfeniny métend po 30 minutach od pfidavku enzymu

(Bittante et al. 2012). Stejn¢ jako u bodu mrznuti i U syfitelnosti mléka se o¢ekava posun v
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ramci metod jejiho stanoveni. Souc¢asné metody nejsou totiz vhodné pro studie na trovni

populace, coz znemoznuje vyvoj v ramci Slechtitelskych programti (Stocco et al. 2021).

21



1.3 Nekalé praktiky v mlékarenské priumyslu

Mléko a mlécné vyrobky piedstavuji hlavni slozku lidské vyzivy v mnoha Castech svéta,
coz je podminéno nejen vysokou nutricni hodnotou, ale i relativné nizkymi naklady na vyrobu.
A prave diky velmi vysoké spotiebé je falSovani mléka zcela béznou zalezitosti, coz zpisobuje
jednak ekonomické ztraty, jednak také zna¢né riziko pro zdravi spotiebiteli (Nascimento et al.
2017; Silva & Rocha 2020).

Ola (2015) ve své¢ studii definoval pojem falSovani mléka jako odstranéni nebo nahrazeni
mlécnych slozek a ndsledné piidani latek cizorodych (voda, syrovatka, Skrob, hydroxid sodny,
formaldehyd atd.) bez védomi kupujiciho. NejCastéji, a také nejsnadnéji se mléko falSuje
pomoci dostupnéj$iho mléka jiného druhu, ptikladem lze uvést kozi nebo ovci mléko, které se
mohou mit fatadlni dopady na lidské zdravi, lze zaradit ptfidavek formalinu, melaminu,
mocoviny, nemlécné bilkoviny, syntetického mléka atd. Taktéz je znamo mnoho ptipada fadici
se do tzv. neimyslného falSovani, do kterého lze zatadit napt. mléko s nepovolenym obsahem
antibiotik (Ullah et al. 2020).

Za nejstarsi rutinu falSovani mléka Ize jednoznacné oznacit ,,nastavovani mléka vodou
jakékoliv kvality. V minulosti byla ptidavana hlavné s cilem navysit objem vyprodukovaného
mléka. V soucasné dobé nastésti zvodnéni mléka pozbyva na vyznamu, nebot zpenézovani
mléka vyplyva z obsahu dvou hlavnich slozek, a to bilkovin a tuku. SniZzeny obsah celkové
suSiny neni zdaleka jediny znak zvodnéného mléka, dale se také méni jeho hustota, index lomu
laktozy a bod mrznuti. A pravé stanoveni bodu mrznuti je nejcastéjs$i metoda pro detekci
zvodnéného mléka. Avsak legislativni detekéni limit (—0,520 az —0,515 °C) miiZe byt ovlivnén
nejen vnitinimi a vng&js§imi Ciniteli vztahujici se K zvifeti, ale také mize byt snizen
pod —0,520 °C ptidanim konzervacnich, nebo jinych rozpustnych latek, jako je cukr ¢i sl (Ola
2015; Hanus et al. 2016; Poonia et al. 2017).

Jak jiz bylo zminéno vySe, obsah bilkovin hraje dileZitou roli pfi zpenéZovani mléka
mlékarnami, a proto falSovani mléka ¢asto zahrnuje pfidani dusikatych sloucenin, které navysi
jejich celkovy obsah. Zjevnou vyhodu pro podvodniky pfedstavuje fakt, ze nebilkovinny dusik
neni mozné odliSit metodami Kjeldahl a Dumas, které se bézn€ pouzivaji ke stanoveni
celkového obsahu v mléku a mléénych vyrobeich (Nascimento et al. 2017). Kvuli vysokému
obsahu dusiku jsou pro tyto Ucely vyuzivany melamin, mocovina a syrovatka. Pfidani
melaminu se ukdzalo byt obzvlast lukrativnim zptisobem, jak navysit celkovy zjevny obsah

bilkovin. Toho jsou diikazem 1 dva zavazné incidenty. V roce 2007 doslo v Severni Americe
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K hromadnym uhynim pst a kocek. Pfi¢ina byla akutni melamin-kyanuratova nefropatie.
Nasledné byly tyto latky identifikovany v krmivu dovezeném z Ciny. O rok pozdgji doslo
k masivnimu falSovani kojenecké vyzivy melaminem v Cing. Nasledovala hromadna
intoxikace kojencti. FalSované kojenecké mléko pozielo téméi 300 tisic déti, pres 50 tisic bylo
hospitalizovano a nejméné 6 jich zemielo (Andél & Dlouhy 2009). Dalsi cestou, jak zvysit
obsah bilkovin a taktéz objem vyprodukovaného mléka, je miseni mléka, mocoviny a vody.
V zavislosti na findlnim objemu se koncentrace mocoviny upravuje tak, aby se mérna hmotnost
rovnala mérné hustoté pfirozené¢ho mléka. I kdyZ mocovina je pfirozenou slozkou mléka
aVvnizké koncentraci neptedstavuje riziko pro lidské zdravi, prekroceni stanovenych
meznich koncentraci mize zpisobit vazné zdravotni komplikace (Khan et al. 2015). V obdobi
2010-2016 byla vyvinuta fada analytickych postupt pro detekci téchto dusikatych slouc¢enin
vmléce a kojenecké vyzivé v ndvaznosti na incident s melaminem, ktery se odehral
v roce 2008 v Ciné. Tyto metody budou popsany v nésledujici kapitole.

Mléko, suSené¢ odstfedéné mléko a dalsi mlééné vyrobky mohou byt rovnéz
znehodnoceny nemléénymi proteiny jako sojovy, hrachovy, ryzovy, mandlovy ¢i pSenicny.
Podvodnikiim se nemlé¢né proteiny zamlouvaji pfedevsim po strance nakladové. Piikladem lze
uvést sdjovy protein, jehoz vyrobni naklady jsou o 70 % nizsi nez na mlé¢ny protein (Azad &
Ahmed 2016). Navyseni celkového obsahu bilkovin v mléku prostiednictvim rostlinnych
proteinii bez oznaceni, muze ohrozit pfedevsim spotiebitelé trpici alergii a vést tak k hypotenzi
nebo anafylaxi (Yang et al. 2018).

Dalsi hlavni slozkou, ktera casto podléha falSovani, je jednoznaéné mlécny tuk,
a to predevsim diky faktu, Ze jeho vyroba patii mezi nejnakladnéj$i na svéte. Mlécny tuk muize
byt smichan nebo také zcela nahrazen a vyuZit pro dalsi finan¢ni zisk. Nejcastéji se mlécny tuk
kompenzuje nemléénym tukem rostlinného ¢i zivoc¢isného piivodu. Z rostlinnych olejl je
k falsovani nejCastéji vyuzivan sojovy, slunecnicovy, podzemnicovy, kokosovy, palmovy
i arasidovy olej, ze Zivoc¢isnych se pak vyuziva hovézi 1dj nebo vepiové sadlo (Nascimento et
al. 2017). Nejucinnéjsi zpusoby, jak detekovat ptitomnost cizich tukt v mléku, je stanoveni
sloZzeni profilu mastnych kyselin, triacylglyceridového profilu a rtznych dalSich frakci
minoritnich slozek lipidii, zejména pak nezmydelnitelné frakce. FalSovani mlééného tuku
rovnéz nékdy doprovazi ptidavek detergenti slouzici k emulgovani a rozpousténi ve vodé, ¢imz
je ziskan charakteristicky pénivy roztok (Poonia et al. 2017).

Predmét vazného znepokojeni piedstavuje i chemicky syntetizovand mlé¢na tekutina.
Syntetické mléko, jak setato tekutina odbornou vefejnosti nazyva, je ,vynikajici®

napodobenina pfirodnitho mléka obsahujici rostlinné oleje, mo€ovinu a také emulgatory,
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které zajistuji dobrou pénivost a podobnou mérnou hmotnost jako u klasického mléka.
V mnoha ptipadech se syntetické mléko michd s klasickym mlékem, aby se dosahlo typické
mlécné ving, konzistence 1 barvy. Tudiz syntetické mléko z celkového objemu tvoii ptiblizné
5 az 10 %. Detekei syntetického mléka komplikuje zvlasté rozmanitost cizorodych latek, které
jsou vyuzivany pii jeho vyrobé. Nedavna zprava Indické rady 1ékarského vyzkumu naznacila,
ze mezi tyto cizorodé latky mohou spadat i karcinogenni latky (Sadat et al. 2006; Nascimento
etal. 2017; Poonia et al. 2017).

FalSovani mléka muze byt také cileno na snizeni mikrobidlniho ristu a zvySeni
trvanlivosti kone¢ného produktu, coz zahrnuje pridani pomérné velkého mnozstvi exogennich
latek, z nichz je nejcastéji pridavan peroxid vodiku. I kdyz diky nativnim chemickym procestim
syrové mléko milize obsahovat peroxidy (1 az 2 mg/1), na to, aby byly inhibovany patogeny, by
koncentrace musela byt minimalné 10krat vétsi. Tyto vysoké koncentrace posSkozuji
gastrointestinalni buiky a jejich poskozeni miuze vést az ke gastritidé stfev konzumenta
(Nascimento et al. 2017; Poonia et al. 2017; lvanova et al. 2019).

Nejbeéznéjsi a nejsnazsi falSovani mléka v dneSnim 21. stoleti predstavuje nahrazovani
vyrazn€ draz§iho mléka, jako je buvoli, kozi a ov¢i, levnéj$im a celoroné dostupnym kravskym
mlékem, a to zvlasté diky vyraznému snizeni nakladu, které tento druh falSovani poskytuje.
V tomto piipad¢ je ohrozena piedevSim ta Cast populace, kterd je alergicka na bilkovinu
kravského mléka a po pozieni napt. koziho mléka, které bylo znehodnoceno mlékem kravskym,
u ni mohou nastat kozni, gastrointestinalni, respira¢ni problémy ¢i dokonce anafylakticky Sok
(Ewida & Abd EI-Magiud 2018). Chovatelé ptedevsim malych piezvykavet zamétujici se na
produkci mléka nemusi mléko falSovat jen s vidinou vyssiho zisku, ale také kvili pfijatelnéjSim
senzorickym vlastnostem, kdy kravské mléko mize z ¢asti maskovat typickou chut’ a vini

koziho ¢i ov¢iho mléka (Golinelli et al. 2014).

1.3.1 Metody detekce falSovani mléka a mléénych vyrobki

K dnes$nimu dni existuje fada technik, které se pouzivaji pro kvalitativni 1 kvantitativni
analyzu slouzici k detekci podvodii v ramei mlééného primyslu. Piehled nejpouzivanéjSich
analytickych metod v letech 2010 az 2016 je zobrazen v Grafu ¢. 1. v¢etn€¢ poctu publikaci

na toto téma, cizorodych ptimési a ptipravy vzorki.
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Graf ¢. 1 Nejcastéji pouzivané analytické metody k detekci falsovani mléka a mléénych vyrobki v letech 2010 az 2016 (c),
pocet publikaci tykajici se detekce falsovani mléka a rok publikace (a), druh cizorodé ptimési ve vztahu k poctu publikaci (b)

a piiprava vzorku (d).
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Elektromigracni metody

Jednou znejbézngji vyuzivanych technik pro detekci falSovani mléka jsou
elektromigra¢ni metody, tedy rizné formy elektroforézy, které se pouzivaji k separaci bilkovin.
Mezi nejCastéji vyuzivané formy lze zaradit kapildrni elektroforézu a elektroforézu
na polyakrylamidovém gelu, taktéz oznac¢ovanou jako PAGE (Poonia et al. 2017). U kapilarni
elektroforézy probiha separace v uzké kapilafe z fizovaného kiemiku, diky ¢emuz se odd¢luje
komplexni fada velkych molekul. Tento typ elektroforézy prokézal svoji vyuzitelnost pro
ovéiovani autenticity mléka a mlécnych vyrobku jiz na konci minulého stoleti k rozpoznani
pfitomnosti kravského mléka v kozim mléku i syru s detekénim limitem 2 % kravského mléka
(Cartoni et al. 1999). Kalibra¢ni kiivka byla sestavena z poméri kravského B-laktoglobulinu
a koziho a-laktalouminu. Z novéjsich publikaci, které se zaméfily na vyuziti kapilarni
elektroforézy, 1ze zminit védeckou praci Trimboli et al. (2019). Ti se zamé&fili na vyvoj nové,
rychlé a robustni metody pro detekci falSovani buvoliho mléka kravskym s pouZitim pouze
jednoho markeru. Vyvinutd metoda byla schopna detekovat 1 % kravského mléka, limit

kvantifikace byl 3,1 % a jako biomarker byla vyuzita syrovatkova bilkovina a-laktalbumin.
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Pesic et al. (2011) rovnéz vyuzili elektromigracni metodu, konkrétné nativni PAGE,
ke kvantitativni a kvalitativni analyze kravského mléka v kozim a ov¢im mléku. Kvantifikace
kravského mléka, ktera byla umoznéna na zakladné linearnich vztahti mezi intenzitou signalt
v pasu kravskych syrovatkovych bilkovin (a-laktalbumin, B-laktoglobulin) a objemovym
procentem cilené pfidan¢ho kravského mléka ve vSech analyzovanych vzorcich, byla mozna

Vv Sirokém rozhrani od 3 % do 90 % v kozim 1 ov¢éim mléku.

Chromatografické metody

Rovnéz chromatografické metody, konkrétné vysokoucinna kapalinova chromatografie
(HPLC) i plynova chromatografie (GC), nasly v ramci ovéfovani autenticity mléka a mlécnych
vyrobkd své uplatnéni. Vyuzivany jsou predev§im diky schopnosti oddélit velké mnozstvi
slouenin, coz umoziuje jejich identifikaci pomoci rtiznych typt detektort. Udaje ziskané
z téchto technik jsou porovnévany jednak s informacemi ulozenymi v nejriznéjSich databazich,
jednak s vysledky analyzy autentickych standardi provedenych za ucelem identifikace obsahu
dané potraviny (Abbas et al. 2018). HPLC v kombinaci s riznymi detekénimi technikami je
vSeobecné nejcastéji vyuzivanou technikou pro detekci cizorodych latek v ramci
potravinaiského sektoru. V ramci mlékarstvi byla HPLC sriznymi detektory shledana
uzitecnou naptiklad pfi detekci peroxidu vodiku v pasterovaném mléku, praskovych detergenti
Vv kojenecké vyzivé nebo melaminu v UHT mléku (Tay et al. 2013; Finete et al. 2015; lvanova
et al. 2019). Vyuzitelnost HPLC na reverzni fazi s UV detektorem k detekci riznych druhi
mléka pouzitého k vyrobé¢ syrt potvrdili ve své studii i Ferreira & Cagote (2003). Dle peaku B-
laktoglobulinu v kravském, kozim a ovéim mléku byla umoznéna kvantifikace procenta dan¢ho
druhu mléka s detekénim limitem 2 %. Naopak GC v kombinaci s riznymi typy detektorti byva
Casto vyuZzivéana k detekci podvodi s mléénym tukem. Ptikladem Ize uvést studii, kde vyuzili
GC s plamenovym ioniza¢nim detektorem (FID) k detekci rostlinnych oleji v mlécném tuku.
Jako biologické markery byly v tomto ptipad¢ vyuZity kyselina olejova, kyselina linolova,
triacylglycerol a cholesterol, pomoci nichZ bylo mozné detekovat 10 % nemlécného tuku
v mlééném tuku (Kim et al. 2015). Kromé detekce rostlinnych tukt 1ze pomoci GC s FID
detekovat v mlééném tuku i jiné Zivocisné tuky, konkrétné hovézi 1j a vepiové sadlo, coz
potvrdili ve své studii Rebechi et al. (2016). Ti prostiednictvim analyzy profili mastnych
kyselin a mnohonasobné linearni regrese dokazali detekovat 10 % hovéziho loje a 5 %

veproveého sadla v mlééném tuku.
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Metody zaloZené na detekci DNA

V posledni dobé¢ si velkou pozornost ziskaly i metody zalozené na detekci DNA,
a to predevsim diky faktu, Ze molekuly DNA jsou extrémné perzistentni nejen vuci tepelnému
zéhtevu, ale i technologickému zpracovani, tudiz si mohou zachovat sekvencné-specifické
informace, které lze pak ziskat po amplifikacni reakci. Jednou z nejbéznéji pouzivanych metod
zalozenych na detekci DNA v ramci mlékarstvi je jednoznacné polymerazova fetézova reakce
(PCR). Nejcastéji se pak aplikuje jednoplexni PCR, a také Real Time PCR (Agrimonti et al.
2015). Jako dalsi vyuzivané PCR metody v ramci mlékaistvi Ize zminit $t€peni fragmentd
restrikénimi endonukleazami (PCR-RFLP), amplifikaci dvou nebo vice fragmentl rGznymi
pary primerd (multiplexni PCR) nebo analyzu polymorfismu konformace jednotetézct (PCR-
SSCP, Mafra et al. 2008). Diky své vysoké citlivosti a specifi¢nosti si technika PCR nasla své
misto ptredevSim pii detekci levnéjSich a hojnéji dostupnych druhiit mléka, coz svou studii
jednoznacné prokazali Tsakali et al. (2019). Ti na zakladé€ vybéru vysoce polymorfnich oblasti
uvnitt kravskych a kozich mitochondridlnich D-smycek zvolili specifické pary primerti pro
detekci kravské a kozi DNA. Detekéni limit Real Time PCR metody byl na stopové trovni,
ato 0,01 % kravského mléka v kozim mléku se 100% senzitivitou a 100% specificitou.
Extrakci vysoce kvalitni DNA lze rovnéz pouzit v rdmci procesu autentizace mlécnych
vyrobkt. Agrimonti et al. (2015) popsali vyuziti kvadruplexni kvantitativni Real-time PCR
pro identifikaci kravské, kozi, oveéi a buvoli DNA v mléku a mléénych vyrobcich. Sestavena
metodika umoznila detekci kravské DNA ve smésich mléka i syrti s detekénim limitem 0,1 %.
Vliv tepelného opracovani na detekéni limit stanoveny duplexni PCR metodou publikovali
ve své studii Deng et al. (2020). Velbloudi, kobyli a kozi mlé¢ko cilené padé€lali kravskym
mlékem a nasledné¢ vyhodnotili pouZzitelnost duplexni PCR na syrové, pasterované, UHT
a lyofilizované smé&si. Pro smési syrového mléka byl detekéni limit 0,1 % pro vSechny druhy
mléka; pro pasterované 0,1 % pro smési kravské—velbloudi a kravské—kobyli a 0,2 % pro smés
kravské—kozi; pro UHT 0,5 % pro smési kravské—velbloudi a kravské—kobyli a 2 % pro smés
kravské—kozi. Detekéni limity pro lyofilizovana mléka se pak pohybovaly od 0,1 do 0,2 %.

Imunochemické metody

Technologie imunoanalyzy se vramci potravinaiského primyslu vyuziva
jiz od 80. let 20. stoleti, a to nejen pro vyzkumné ucely, ale také pro rutinni analyzy. Na rozdil
od chromatografickych a elektromigracnich metod muze tato technologie poskytnout
pfedevS§im rychlost, niz§i nakladovost, minimalni pfipravu vzorku, reprodukovatelnost

I citlivost. Prvni imunotesty navrzené pro kontrolu kvality mléka a mlé¢nych produktti byly
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polyklondlni protilatky purifikované imunoafinitni chromatografii antisér ziskané
z imunizovanych laboratornich zvifat (Pizzano et al. 2011). Mezi bézné pouzivané
imunologické metody pro analyzu mléka lze zatradit pfimou Enzyme-Linked Immuno Sorbent
Assay (ELISA), neptimou ELISA, nepiimou kompetitivni ELISA, konkuren¢ni ELISA
a sendvicovou ELISA (nekompetitivni, Poonia et al. 2017). Ren et al. (2014) ve své studii
vyuzili nepfimy kompetitivni ELISA test k detekci kravského mléka v ja¢im mléku. Kravské
mléko bylo detekovano pomoci monoklonalni protilatky specifické pro kravsky B-kasein.
Minimalni detek¢ni limit kravského mléka v ja¢im byl 1 %. Autofi této publikace rovnéz
otestovali vliv tepelného oSetfeni, pfidavku kyseliny i syfidla na stabilitu f-kaseinu, ktery byl
vyloucen. K ovéteni autenticity mléka a mléénych vyrobki byl rovnéz vyuzit sendviCovy
ELISA test. Pomoci tohoto testu bylo detekovano kravské mléko v kozim, ov¢éim a buvolim
mléku, a také v syru. Detekéni limit se pohyboval v rozmezi od 0,001 az 0,01 % kravského
mléka. Kombinace monoklondlnich a polyklonalnich protilatek byla vyuzita k detekci
kravskych imunoglobulini (Hurley et al. 2006). Nepiima kompetitivni ELISA, vyuzivajici
protilatky proti peptidim kravského mléka k detekci B-kaseinu, byla rovnéz vyuzita k detekci
kravského mléka v oslim mléku (Pizzano & Salimei 2014). Nutno zminit, Zze tyto metody
mohou selhat a to v pfipad¢€, Ze cileny antigen je degradovan zahfevem nebo proteolyzou

probihajici béhem zpracovani potravin (Poonia et al. 2017).

Spektroskopické metody

V ramci detekcei cizorodych latek se v sektoru mlékarenstvi osvédcily i spektroskopické
metody ve spojeni s chemometrii, a to pfedev§im z diivodu, Ze jsou oznacovany za tzv. zelené;si
analytické metody, coz znamena, Ze Zz pohledu ekologické zatéze jsou méné€ narocné,
a to pfedevsim diky minimalni nebo zadné ptipravé vzorku a nedestruktivité (Nascimento et al.
2017). V soucasné dobé mezi nejéastéji vyuzivané spektroskopické metody patii infracervené
zafeni (IR), Ramanova spektroskopie, ultrafialovo-viditelna spektroskopie (UV-Vis),
fluorescence a nuklearni magnetické rezonance (NMR) ¢i hmotnostni spektrometrie (MS).

Blizka (NIR) a stfedni infracervena spektroskopie (MIR) s aplikacemi ve spektralnim
rozsahu 14000-4000 cm™ a 4000-400 cm™ predstavuje jednu z nejpouZivangjsich
spektroskopickych metod pro kvalitativni i kvantitativni analyzu kvality i autenticity mléka
a mléénych vyrobkl. Rychlou identifikaci zkoumaného vzorku lze ziskat diky jedine€nym
zménam vibraéniho a rotacniho stavu molekul, které lze nasledné¢ pouzit pro analyzu
fingerprinti (Kucharska-Ambrozej & Karpinska 2020). Infraervené spektrometry v soucasné

dob¢ vyuzivaji Fourierovou transformaci (FT—IR), ktera pomoci matematické funkce pievede
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ziskany signal na spektrum (Dvofték et al. 2016). Spektroskopie blizké infracervené oblasti byla
uspésné pouzita pii detekci syrovatky, mocoviny, syntetického mléka, syntetické moci,
tetracyklind, pfimési glukdzy nebo peroxidu vodiku v kravském mléku. Rovnéz byl pomoci
této metody detekovan melamin v mlé¢nych produktech (Zhang et al. 2014; Poonia et al. 2017),
a také se podafilo pomoci NIR v kombinaci s chemometrii na zéklad¢ profilovani mastnych
kyselin rozlisit organické a konvencni mléko (Liu et al. 2018). Riazné pridavky kravského
mléka (od1% do20 %) do koziho mléka bylo mozno pomoci NIR detekovat s 95%
spolehlivosti (Teixeira et al. 2020). Obdobnou studii publikovali i Mabood et al. (2017), kteti
rovnéz vyuzili NIR v kombinaci s vicerozmérnou analyzou pro detekci koziho mléka
ve velbloudim mléku s detekénim limitem 0,5 %. Jak jiz bylo zminéno vySe, krom NIR Ize
vyuzit i MIR, které se nelisi pouze spektralnim rozsahem, ale také interpretaci spekter, kterd je
omezenéjsi u NIR, kviili mnoha prekryvajicim se pasim, z cehoz vyplyva, ze velké mnozstvi
chemicky odlisnych vzorktl vede k téméf nerozeznatelnym spektralnim profilim. Na druhou
stranu lze NIR zatadit do on—line kontroly kvality surovin, a to diky faktu, ze pomoci NIR Ize
mefit pres nékteré obaly (Bertelli et al. 2007; Dvorak et al. 2016). Detekci jedendcti
neptvodnich latek v syrovém mléku otestovali Gondim et al. (2017) pomoci sekvencni strategie
zalozené na MIR a statistické metodé Soft Independent Modelling of Class Analogy Technique
(SIMCA). Z jedenacti testovanych latek bylo nakonec do modelu ,,multi-class* zafazeno pouze
pet tfid, a to peroxid vodiku, citrat sodny, uhli¢itan sodny, formaldehyd a Skrob. Pficemz 82 %
vzorku bylo klasifikovano spravné, 17 % vyhodnoceno jako nepriikaznou klasifikaci a 1 % bylo
zatazeno chybné. Statistickou metodu SIMCA rovnéz vyuzil i Limm et al. (2018) k vyvoji
rychlého screeningového néstroje pro necilenou detekci melaminu v suSeném mléku. Hlavni
pfistrojové vybaveni pifedstavoval pienosny spektrometr s oslabenou celkovou odrazivosti
a Fourierovou transformaci. Sbér dat probihal ve spektrdlnim rozsahu 650 az 4 000 cm™. Mira
spravné klasifikace byla 100 % pro koncentrace melaminu 0,3 % az 1,0 % dle Gpravy vzorku.
Také Ramanova spektroskopie vyuziva atomové vibrace pro ziskani fingerprint
molekul. Vyuziti Ramanovy spektroskopie v rdmci analyzy potravin je v poslednich letech
na vzestupu, jelikoz tato technika mulze poskytovat obsahové relevantni informace
zalozené na dobie definovanych spektrech v rizném skupenstvi vzorku (kapalina, pevné latka,
plyn, El-Abassy et al. 2011). Vyuziti této techniky je mozné pro hodnoceni hygienické
I mikrobialni jakosti mléka a rovnéZ byl prokazan potencial pro odhalovani podvodnych
manipulaci s mlékem (He et al. 2019). Dva ruéni Ramanovy spektroskopické pfistroje
v kombinaci s chemomentrii byly vyuzity Karunathilaka et al. (2018) jako rychly a necileny

screeningovy nastroj pro detekci melaminu v suseném mléku. Model vyuziti v této studii byl
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uspésné pouzit ke klasifikaci vSech kontrolnich vzorkli bez falesné¢ negativnich zatazeni
s detek¢énim limitem 1,0 % pro suché smési a 0,3 % pro mokré smési. Mendes et al. (2020)
naopak vyuzili Ramanovu spektroskopii k detekci sladké syrovatky v syrovém kravském
mléku. Usp&sné byly detekovany koncentrace sladké syrovatky v rozmezi od 0 % do 20 %.

Mezi mén¢ pouzivanou spektroskopickou techniku lze zatadit UV-Vis spektrofotometrii,
ktera se pouziva predevsim pii detekci chemickych skupin obsahujici konjugované vicenasobné
vazby, které mohou absorbovat UV svétlo. I piestoze slozitost ziskanych UV-Vis spekter
ztézuje jejich pouziti pro klasifikaci nebo rozliseni vzork od sady vzork, bylo u¢inéno nékolik
pokust. Prikladem lze uvést jednoduchou a citlivou kolorimetrickou metodu slouzici k detekci
melaminu v mléku. Tato vyvinuta metoda je zalozena na principu, Ze melamin zpisobuje
agregaci nanocastic stfibra, coZz ma za nasledek zménu barvy. Timto monitorovanim
absorpénich spekter nanocastic stiibra pomoci UV-Vis spektrofotometru Ize kvantifikovat
az 0,04 mg/l melaminu (Kumar et al. 2016; Kucharska-Ambrozej & Karpinska 2020).

NMR se rovnéz prokéazala jako velmi uzite¢na technika pro rutinni kontrolu falsifikace
mléka a mléénych produktil. Pro tyto potieby se pouziva nékolik izotopt jako °N, 'O a 3P,
nejéast&ji viak *H a 1*C (Luykx & van Ruth 2008). *H NMR s vysokym rozlisenim v kombinaci
s vicerozmérnymi statistickymi metodami Gspé$né¢ pouzil Consonni & Cagliani (2008)
Kk rozliseni italského syru Parmigiano Reggiano a syri typu ,.grana“ pochazejici ze zemi
vychodni Evropy. V souvislosti s neddvnou melaminovou krizi v Cin& prob&hl vyzkum
zaméfujici se na pouziti NMR k detekci melaminu v kojenecké vyzivé. Bylo zjisténo,
7e 'TH NMR pracujici pti 400 MHz v kombinaci s vicerozmérnou statistickou analyzou je
schopna rozlisit kojeneckou vyzivu bez a s melaminem (Lachenmeier et al. 2009). Pro cil
autentizace byla také pouZita 'H NMR v pevné fazi s principem rotace pod magickym thlem,
tzv. ,,magic angle spinning“ pro pfimou identifikaci specifickych metabolitli v neporusenych
vzorcich italského syru Mozzarella di Bufala Campana. Specifické pulzni sekvence
(eCPMG a eDiff) urcené k modulaci spin-spinovych a difuznich vlastnosti vyfesily problém
s prekryvajicimi se spektry ziskanymi béZnymi pulznimi sekvencemi. Nasledna vicerozmérna
statistickd analyza, zahrnujici i1 hierarchickou klastrovou analyzu, poskytla zcela spravnou
klasifikaci syri mozzarella pochézejici ze dvou riznych vyrobnich zavoda (Mazzei & Piccolo
2012). Rozmanity soubor cizorodych latek jako syrovatka, mocovina, peroxid vodiku,
syntetické mléko nebo syntetickda mo¢ se pokusili detekovat v kravském mléku Santos et al.
(2016) pomoci *H Time Domain Nuclear Magnetic Resonance (TD-NMR). Regresni modely
ziskané prostrednictvim *H TD-NMR a relaxa¢ni ¢asy T2 prokézaly silnou korelaci pro odhad

miry falovani. Cistd mléka od mlék obsahujici pfimési rozliSovaly klasifikaéni modely pii
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urovni falSovani > 5 % v/v. NMR rovnéZ prokéazala vyuzitelnost pfi identifikaci a kvantifikaci
profilu mastnych kyselin. Na zdkladn¢ poméru nasycenych mastnych kyselin s kratkym
a dlouhym uhlikatym fetézcem bylo mozné pomoci *H NMR rychle stanovit podezieni na
falSovani syru rostlinnymi tuky (Tociu et al. 2018).

V posledni dobé¢ se také pro ti€ely ovétovani pravosti mléka a mléénych vyrobki vyuziva
hmotnostni spektrometrie (MS), zejména MS s laserovou desorpci/ionizaci za ucasti matrice
s pruletovym analyzatorem (MALDI-TOF), ato zvlast¢ diky faktu, Ze primarni struktura
homolognich proteinti vykazuje druhové rozdily v aminokyselinach, coz ovliviuje jak jejich
molekularni hmotnosti, tak ,,fingerprinty” peptidové hmoty, to vSe lze pouzit k posouzeni
proteinového ¢i peptidového profilu daného vzorku. Pouzitelnost MALDI-TOF MS k detekci
kravského a koziho mléka v oslim mléku byla ovéfena Cunsolo et al. (2013) pomoci
proteinovych profild nejhojnéjsich syrovatkovych proteinti (a-laktalbumin a -laktoglobulin).
az 2 % kravského/koziho mléka v oslim mléku. Na zakladé spektralniho profilovani proteint
alipidd pomoci kapalinového MALDI MS bylo mozné rozpoznat Cisté kravské, kozi,
ov¢i a velbloudi mléko s presnosti klasifikace 100 %. V ramci té samé studie byla testovana
I detekce kravského mléka v kozim mléku, kdy nejsilngj$i piispévek k rozpoznani mély
proteinové slozky mléka. Nove vyvinutd metoda byla schopna detekovat 5 % kravského mléka
Vv kozim mléku s 92,5% senzitivitou a 94,5% specificitou. Detekce 10% piimési kravského
mléka v kozim byla pak mozna s témét 100% senzitivitou a specificitou (Piras et al. 2021).
Dalsi védecké studie zamétujici se na odhalovani falSovani mléka malych prezvykavci mlékem

kravskym pomoci metod NMR a MALDI-TOF MS jsou diskutovany na stranach ¢. 36 a 67.
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2 Cile a hypotézy

Cilem této disertacni prace bylo jednak otestovat nové ¢i jiz existujici analytické metody,
konkrétné NMR a MALDI-TOF MS, uplatnitelné v mlékarskych laboratoii pro odhalovani
falsovani mléka malych pfezvykavct mlékem kravskym, jednak rozsifit poznatky o vnitinich
a vn&jSich vlivech, které vyznamné pusobi na slozkové, hygienické, mikrobialni, fyzikalni
a technologické ukazatele syrového kravského mléka.

Pticemz vyuziti NMR si kladlo za cil najit biomarkery kravského a koziho mléka z fad
nizkomolekularnich latek, pomoci nichZ by bylo mozné tyto dva druhy rozlisit. Pokud budou
nalezeny charakteristické biomarkery kravského nebo koziho mléka, ovéfit je jako potencialni
biomarkery falSovani v riznych binarnich smésich a vyhodnotit, zda se jedna o stabilni latky,
které nejsou nachylné ke zménam v disledku pasteracnich procesti, genetického pozadi, krmné
davky nebo sezonnosti. U metody MALDI-TOF MS bylo pak cilem ovéfit spolehlivost detekce
falsovani mléka malych piezvykavci pochazejici z riznych stad napii¢ nékolika kraji CR,
a také otestovat zmény peptido-proteinovych biomarkera vlivem tepelnému osetieni.

Dalsim cilem této disertacni prace bylo urcit vnéjsi faktory farmy, které mohou ovlivnit
variabilitu termostability syrového kravského mléka. Prioritou tohoto experimentu bylo provést
vyhodnoceni s vyuzitim vysledkt rozsahlého souboru dat z tankovych vzorkt mléka, u kterych
nebyla provadéna technologicka tiprava, uprava slozZeni ani uprava kyselosti. Dalsi cil se rovnéz
zaméfil na vnéjsi faktor pisobici na slozeni syrového kravského mléka, a to na slozeni krmné
davky vysokoprodukénich dojnic. Cilem bylo zhodnotit vliv zkrmovéni luskovino-obilné sildze

na slozkové, mikrobiologické, hygienické a technologické ukazatele syrového mléka.

V ramci disertacni prace byly testovany nasledujici hypotézy:

1. Prostiednictvim protonovych experimenti NMR lze v podminkich CR odhalit
falSovani koziho mléka kravskym mlékem.

2. MALDI-TOF MS je rychla, spolehliva a robustni metoda vyuzitelna pro detekci
kravského mléka v ov&im a kozim mléku v podminkach CR.

3. Na zakladé definovani vnéjsich vlivii farmy piasobicich na termostabilitu syrového
kravského mléka lze ucinit vybér mléka pro specifické mlécné vyrobky oSetfené
vysokoteplenym oSetfenim jiz béhem sbéru.

4. Zvyseny podil luskovino-obilné silaze v krmné davce vysokoprodukénich dojnic nema

vliv na kvalitu syrového mléka.
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ABSTRACT

In a return to tradition, the popularity of caprine
milk is on the rise. However, particularly in countries
with developed dairy industries based on bovine milk,
there is the risk of adulteration with bovine milk, which
is a cheaper alternative. Thus, a rapid, robust, and
simple method for the detection of bovine milk added
to caprine milk is necessary, and "I nuclear magnetic
resonance spectroscopy appears to provide a solution. A
matrix of 115 pure and artificially adulterated pasteur-
ized milk samples was prepared and used to discover
biomarkers of bovine milk that are independent of
chemical and biological variation caused by factors such
as genetics, diet, or seasonality. Principal component
analysis and orthogonal projections to latent structures
discriminant analysis of pure bovine milk and pure cap-
rine milk revealed spectral features that were assigned
to the resonances of 4 molecules. Of these, the peaks
corresponding to protons in the N-acetylglucosamine
and N-acetylgalactosamine acetyl moieties showed sig-
nificant applicability for our method. Receiver operat-
ing characteristic curve analysis was used to evaluate
the performance of the peak integrals as biomarkers
of adulteration. This approach was able to distinguish
caprine milk adulterated with 5% of bovine milk with
84.78% accuracy and with 10% of bovine milk an ex-
cellent 95.65% accuracy. This study demonstrates that
N-acetyl carbohydrates could be used as biomarkers for
the detection of bovine milk in caprine milk and could
help in protecting caprine milk authenticity.

Key words: biomarker, caprine milk, food authenticity,
nuclear magnetic resonance
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INTRODUCTION

The importance of goats as part of the human diet,
during infancy as well as adulthood, has been recog-
nized since the beginning of domestication (Clark and
Mora Garcia, 2017). However, the production level of
caprine milk is much lower than that of bovine and buf-
falo milk. Worldwide population of goat has been rising
dramatically since the 1960s (Miller and Lu, 2019).
In 2016, the production of caprine milk represented
only 1.9% of entire production of the dairy industry.
In the future, however, things may change. If the cur-
rent growing trend continues, caprine milk production
is expected to increase by approximately 9.7 million
tonnes (+53%) by 2030 (FAOSTAT, 2018; Pulina et al.,
2018). Although caprine milk is similar to bovine milk
in composition, it is becoming popular because of 2
specific characteristics: lower allergenic properties and
better digestibility (Lara-Villoslada et al., 2004; Chen
et al., 2019; Li et al., 2020). The growing demand for
caprine milk and the distinct differences in rearing cows
and goats, such as the liters of milk produced per ani-
mal, prices per liter of milk, and seasonality, are major
reasons for fraud to be committed with caprine milk
(Haenlein, 2004; Clark and Mora Garcia, 2017). This
fraud is worrying because many consumers, especially
children, are allergic to bovine milk protein (Haenlein,
2001; Ballabio et al., 2011; Watson et al., 2017).

Adulteration is a major current issue for the food
industry and security authorities on a global scale be-
cause fraudsters continually develop new ways to elude
protection methods. This situation led to the constitu-
tion of the Administrative Assistance and Cooperation
System, which has been used by members of the Euro-
pean Union Food Fraud Network to exchange informa-
tion since 2015. In milk, the adulteration options have
expanded from water, whey, and urea manipulation to
include the addition of a diverse list of unfamiliar sub-
stances or other species of milk with greater availability
(Azad and Ahmed, 2016; Poonia et al., 2017; Romero
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Gonzalez et al., 2019). For instance, the tragic inci-
dent in 2008 when milk powder was adulterated with
melamine, or the adulteration of water buffalo moz-
zarella with sodium hydroxide in Italy, are 2 examples
of such (Pei et al., 2011; Aiello et al., 2019). Given the
increase in the fraud mentioned, the development of
new, simple, rapid, affordable, and effective methods
for the quantification and detection of milk adultera-
tion is a priority to ensure the protection of consumers.

To date, several analytical approaches have been
developed for the detection of bovine milk in milk
from other species, despite the great similarity between
different dairy matrices and the intrinsic variability
within each. These methods include GC and liquid
chromatography (LC), immunological tests, capillary
electrophoresis, and PCR analysis based on detecting
genomic DNA. In the past, substantial progress has
also been made with spectroscopic techniques. For in-
stance, Brandao et al. (2017) proposed a novel method
for the discriminant analysis of powdered bovine and
caprine milk by fluorescence techniques. Pereira et al.
(2020) employed near-infrared spectroscopy and par-
tial least squares algorithms for the identification and
quantification of caprine milk adulteration with added
bovine milk. Also, a method based on matrix-assisted
laser desorption/ionization time-of-flight MS was used
to identify marker peptides of bovine milk that were
usable for the detection of adulteration (Calvano et al.,
2012).

In addition to the above-mentioned spectroscopic
techniques, in recent decades, nuclear magnetic reso-
nance (NMR) spectroscopy has also proved to be a very
powerful tool for dairy commodities fraud detection,
despite the fact that milk is considered to be among
the most complicated foods to study (Sundekilde et al.,
2013; Sobolev et al., 2019). Nuclear magnetic resonance
spectroscopy has gained popularity in the dairy science
field because of its many advantages, such as minimal
sample preparation, nondestructive application, rapid-
ity, reproducibility, easy automation, remarkable selec-
tivity, and ability to look at all of the components in
a mixture at once (Mannina et al., 2012; de Moura
Ribeiro et al., 2017; Shi et al., 2018).

A few previous studies have mentioned that me-
tabolite profiles could be used to discriminate between
bovine milk and milk from other species. Andreotti et
al. (2000) were able to distinguish pure bovine milk and
pure buffalo milk through quantitative determination
of the fatty acid content by *C NMR spectroscopy. A
combination of "H NMR spectroscopy and an artificial
neural single-layer network was used by Lamanna et
al. (2011) to quantify the relative amounts of bovine
milk in mixtures with ovine milk. Several biomarkers
for distinguishing pure milk from bovines and other
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ruminants were revealed by Yang et al. (2016) using 'H
NMR spectroscopy and LC-MS spectrometry. Li et al.
(2017) successfully developed a "H NMR spectroscopic
method in combination with mathematical models for
the detection of milk adulteration. The limit of quan-
tification was 5% (vol/vol) for bovine milk in caprine
milk.

However, to our knowledge, the previously published
NMR studies demonstrated the applicability of pro-
filing by multivariate analysis but were not designed
and validated with the intention of practical use. The
objective of this study was to find biomarkers of bovine
milk that are robust and not prone to chemical and bio-
logical variation as a result of pasteurization processes,
genetic background, diet, or seasonality to develop a
robust and rapid method that would be useful for the
inspection authorities of the Czech Republic.

MATERIALS AND METHODS
Milk Samples

Milk samples were obtained from 6 dairy goat flocks
and 6 dairy cow herds. The goats were of the following
average breeding ratio: 59% white shorthaired goat,
29% brown shorthaired goat, 12% Anglo-Nubian goat;
83% of the cows were Holstein, and 17% were Czech
Fleckvieh. The herds were selected to cover the typical
breeding profiles of dairy farms in the Czech Republic
(Bucek et al., 2019; Kvapilik et al., 2019).

Bulk tank samples of raw milk were collected from
cooling tanks (<8°C) on the dairy farms twice in
May and twice in August during the year 2019 and
were transported under cold conditions (<6°C) to the
laboratory. A total of 23 pure bovine milk and 23 pure
caprine milk samples were taken. These samples were
thermally treated by pasteurization in a batch process
in a water bath to reach 72°C for 20 min. Then, a ma-
trix of adulterated samples was prepared with random
combinations of pure bovine and caprine milk; series
with 1%, 5%, and 10% adulteration were prepared from
each pair (Table 1). The total number of pure and adul-
terated milk samples was 23 x 5.

Table 1. Ratios of bovine and caprine milk in artificially adulterated
samples

Bovine Caprine

Sample

identification % mL % mL
Caprine 100% 0 100 250
Bovine 1% 1 99 247.5
Bovine 5% 5 95 237.5
Bovine 10% 10 & 90 225
Bovine 100% 100 250 0 0
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Other series of milk samples were obtained during
the year 2020. This series was used as an external vali-
dation data set to verify the capability of the biomarker
discovered by the blind test. Bulk tank samples of pure
caprine and bovine milk were collected from the same
goat flocks and dairy cow herds mentioned above. The
blind test was performed with 20 pure and adulterated
milk samples in 4 categories: caprine 100%, bovine 5%,
bovine 10%, and bovine 100% (Table 1). Each category
contained 5 samples. Equivalent pasteurization was ap-
plied.

Baseline Sample Characteristics

The samples were characterized in terms of their
physicochemical and microbiological properties to
guarantee the reproducibility and validity of the find-
ings. The composition of the milk (fat, crude protein,
casein, lactose monohydrate, total dry matter (solids),
nonfat solids, and urea) was determined by indirect in-
frared spectroscopy with Michelson interferometry and
Fourier transformations by using a Bentley DairySpec
FT instrument (Bentley Instruments). The SCC was
determined by fluoro-opto-electronic flow cytometry on
a Somacount 300 instrument (Bentley Instruments).
The active acidity of the milk was measured by using
a pH meter (pHenomenal pH 1100L; VWR), and the
titratable acidity was determined by titration of 100
mL samples of milk with 0.25 mol/L NaOH with phe-
nolphthalein as the indicator. Results were calculated
as Soxhlet Henkel degrees (°SH).

The classical plate method, performed according to
the International Standard Organization (ISO 4833-
1:2013; 1SO, 2013), was used to determine the total
count of mesophilic microorganisms (TCM). Milk
samples and the appropriate dilutions in a volume of
1 mL were plated on GTK-M agar (MILCOM Corp.),
then the Petri dishes were incubated at 30°C for 72
h. The number of colonies was expressed as colony-
forming units in 1 mL of sampled milk, in accordance
with ISO 7218:2007 (ISO, 2007).

The fermentation ability of milk (yogurt test) was
determined by the titratable acidity according to the
above-mentioned method. The test was performed with
a mixed thermophilic yogurt culture, YC-180 Yo-Flex
50 U, containing Streptococcus thermophilus, Lactobacil-
lus delbrueckii ssp. lactis, and Lactobacillus delbrueckii
ssp. bulgaricus; the inoculum was prepared according to
the manufacturer’s specifications (Chr. Hansen). The
starter culture was grown at 43°C for 3.5 h. The rennet
coagulation time of lactoproteins (time until the forma-
tion of visible protein flakes) was determined with the
addition of bacterial rennet (Fromase 220 TL BF; Royal
DSM) in 50 mL of milk at 32°C in a water bath. The
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time was adjusted empirically to approximately 5 min
of exposure. After 1 h of syneresis, the quality of the
curd was checked according to the fitness of the curd
cake formed, in centimeters, by dropping the inserted
body under standardized conditions.

NMR Spectroscopy

Heat-treated samples were mixed with chloroform
(1/1, vol/vol). The chloroform contained ethanol as
stabilizer (0.5-1.0%) (PENTA, Prague, Czech Repub-
lic). After 1 min of agitation with an IKA MS 3 instru-
ment, centrifugation at 18,000 x g was applied at 4°C
for 15 min to separate the milk fat (Rotanta 460 R;
Hettich). The supernatant (720 pL) was added to a
new centrifuge tube and mixed with 80 pL of phosphate
buffer (pH 7.4; 1.5 M phosphate salt buffer, 5 mM
sodium  3-trimethylsilyl-2,2,3,3-d,-propionate  (TSP),
0.2% NaNj). The mixture was thoroughly shaken for 1
min. After centrifugation at 4°C for 15 min at 24,400 x
g, 600 pL of the supernatant were transferred into an
NMR tube (5mm; Norell ST500; Norell Inc.).

The NMR spectra were acquired on a Bruker Avance
IIT HD spectrometer, operating at 500.23 MHz. The
spectrometer was equipped with a 5-mm broad-band
fluorine observation SmartProbe and autosampler
(Bruker BioSpin) and was controlled by Topspin 3.57
software (Bruker BioSpin). The Bruker standard pulse
sequence for one-dimensional nuclear Overhauser en-
hancement spectroscopy with water peak suppression
(noesyprld) at a temperature of 298 K (25°C) was ap-
plied. The "H NMR spectra were measured by using
the following acquisition parameters: relaxation delay
= 1 s; acquisition time = 4.00 s; mixing time = 100
ms; spectral width of 8,000 Hz; over 32,000 data points
obtained by using 128 scans and 4 dummy scans. Based
on standard Bruker routines, the NMR conditions were
optimized by using automated tuning, locking, gaining,
shimming, and calibration of 90° pulses. The free induc-
tion decay was multiplied by a 0.3 Hz line broadening
function.

For multivariate analysis, NMR spectra were Fourier-
transformed (F'T), phased, zero-filled to 64,000 data-
points, aligned to the TSP at 0.0 ppm, and baseline
corrected by using the Splines algorithm in the Mes-
tReNova 14.0.1 software package (Mestrelab Research).
The spectra were then normalized to the average in-
tensity of the internal standard, and their resolution
was reduced to 232 bins with equal width of 0.04 ppm.
excluding the solvent signals (1.02-1.3 and 3.66-3.70
ppm) and water signal (4.70-4.98 ppm).

Peaks from the discriminating bins were assigned
as described below. The FT spectral datapoints in the
ranges of 2.05 to 2.07 ppm (N-acetyl carbohydrates),
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2.42 to 2.66 ppm (citrate), 5.34 to 5.38 ppm (unknown
compound), and 6.18 to 6.20 ppm (orotate) were ex-
ported into Microsoft Office Excel 2016, in which the
regions were precisely baseline corrected by using a
zero-degree polynomial function, the peaks were inte-
grated, and the integral values were normalized to the
integral of TSP.

Metabolites in the milk profiles were assigned in the
'H NMR spectra by using authentic standards (betaine,
carnitine, fucose, galactose-1-phosphate, lactulose, N-
acetylgalactosamine, N-acetylglucosamine, taurine, and
tyrosine), all purchased from Sigma-Aldrich and Alfa
Aesar. Signatures from these authentic standards were
constructed in Chenomx NMR Suite 8.6. professional
edition software (Chenomx Inc.) and were used for
quantification and confirmation. All other compounds
were confirmed by using the Chenomx built-in library
ver. 10.0, the Human Metabolome Database (https://
hmdb.ca/; Wishart et al., 2018), and previous referenc-
es (Klein et al., 2010; Sundekilde et al., 2013; Yanibada
et al., 2018; Garwolinska et al., 2020).

Statistics

The characteristics of the experimental bulk tank
samples of pure bovine and pure caprine milk were
compared by univariate statistical methods by using
the 2-tailed Student’s #test in Microsoft Excel 2016
(Microsoft Corp.).

Multivariate statistical analyses were carried out
with the online processing tool for metabolomics data,
MetaboAnalyst 4.0 (https://www.metaboanalyst.ca/
; Chong et al., 2019). Principal component analysis
(PCA) and orthogonal projections to latent structures
discriminant analysis (OPLS-DA) were applied to the
mean-centered binned data of the pure bovine and cap-
rine milk samples. Before the multivariate analysis, data
were scaled by using auto scaling. The PCA was used
to examine the overall arrangement structure in terms
of the similarities and differences between samples. To
determine the key features in the spectra for distinction
between caprine and bovine milk, OPLS-DA was per-
formed to improve the significant metabolite variations
associated with complex exposures, as well as to reduce
the complexity of the model. Furthermore, OPLS-DA
was conducted on the 4 peak integral values of the ma-
jor biomarkers of bovine milk to select the most robust,
with a significant difference between 100% caprine milk
and the lowest possible percentage of bovine milk. Vali-
dation of the OPLS-DA models was performed by the
random permutation test based on 1,000 permutations.
Characteristics evaluating the OPLS-DA included the
goodness of fit (R*Y) and predictive ability (Q°). A
color-coded 'H NMR spectrum corresponding plot
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based on the p(corr) value from the above-mentioned
OPLS-DA was constructed in MATLAB R2020a soft-
rare (MathWorks Inc.).

The ability of the biomarker to represent the level of
adulteration was assessed from the validation correla-
tion coefficient by using leave-one-out cross-validation
(LOOCYV). Based on the LOOCV process, n—1 corre-
lation coefficients were obtained. This set of values was
used to obtain the estimation of correlation coefficient
as a mean value with its confidence interval.

The univariate receiver operating characteristic
(ROC) curve analysis was used to calculate the per-
formance of the N-acetyl carbohydrate signal as a bio-
marker. The ROC curve enabled the decision about the
cutoff point separating positive (pure bovine milk or
caprine milk adulterated by bovine) and negative (pure
caprine milk) cases. Sensitivity, specificity, and accu-
racy were determined by true positive (TP; number
of samples correctly identified as pure bovine milk or
caprine milk adulterated by bovine milk), true negative
(TN; number of samples correctly identified as pure
caprine milk), false positive (FP; number of samples
incorrectly identified as pure bovine milk or caprine
milk adulterated by bovine milk), and false negative
(FIN: number of samples incorrectly identified as pure
caprine milk) results. The ability of the biomarker to
distinguish between positives and negatives was evalu-
ated by measuring the area under the curve (AUC).
The AUC values were evaluated according to the fol-
lowing scale: an AUC of 1.0 indicated a perfect test,
0.9 to 0.99 was an excellent test, 0.8 to 0.89 was a
good test, 0.7 to 0.79 was a fair test, and <0.7 was
not a useful test (Carter et al., 2016). To evaluate the
ability of the test to classify the positive and negative
values, the data set was split randomly into training
and validation sets by using k-fold cross-validation. The
k-fold cross-validation was performed by dividing the
data set into 9 groups chosen randomly (k = 9). Eight
of these 9 groups were used as the training data set to
set the ROC curve and to assess the AUC values. The
last group was the validation data set. This procedure
was repeated 9 times; each time, a different group was
used for validation. The sensitivity, specificity, and ac-
curacy were computed to measure the quality of the
classification process based on the cutoff point provided
by the ROC curve to distinguish between pure caprine
milk and caprine milk adulterated by bovine milk. The
optimum cutoff point was set by the highest sum of
sensitivity and specificity. The utility of the N-acetyl
carbohydrate signal for the detection of caprine milk
adulterated by bovine milk was evaluated in a blind test
according to the formula mentioned by Dalabasmaz et
al. (2019). Unless stated otherwise, statistical analysis
was performed with the IBM SPSS Statistics software
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acteristics obtained from the random permutation test 2 g ¢ =
indicated that the model had very high explanatory Ei‘; 5 g Sa
and predictive ability with good concordance of data. éj =z 4 3 Q' )
The corresponding coefficient color-coded plot based — £F = i g4
on the p(corr)correlation coefficients revealed bins that —E g é &
were more abundant in bovine milk and may serve as ; § z . = =4 E.
biomarkers of adulteration (2.06, 2.50-2.66, 5.34, and 3 = -z E é E <
6.18 ppm; Figure 1C). z g =& & 8 = o |2 3
One-dimensional 'H NMR spectra were subject to é% S5 & TwwsxxE 5,58 Z g
metabolite profiling. Fifty-two metabolites were identi- £ 2 &=
fied in either caprine, bovine milk, or both. The repre- Z% 8 = 5 é E
sentative spectra for all of the analyzed milk samples £ i g £ BE |® ';_':r
are shown in Figure 2, with the corresponding proton S 5- _ = E = § E £ |E 3
chemical shifts, metabolite assignments, and sources of — «i = 5 8 = g H £ § § &£ g ;
identified metabolites listed in Table 3. The discrimi- = % g |850s 25E. 8gfEREE|E
nating bins from the OPLS-DA contained signals from &% 2 ERRREES S5 5EERSEER|F g
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4 compounds: N-acetyl carbohydrates (2.05-2.07 ppm;
singlet), citrate (2.48-2.70 ppm; 2 doublet signals), an
unknown compound (5.34-5.38; quartet), and orotate
(6.19-6.20 ppm; singlet). The peak of the N-acetyl
carbohydrates was further assigned, by spiking with
authentic standards, as the signal of the acetyl moieties
of 2 related compounds: N-acetylglucosamine and N-
acetylgalactosamine.

The integrals of these 4 signals were submitted as
variables to another OPLS-DA, in which the p(corr)
correlation coefficients for all combinations of bo-
vine—caprine pairs were compared (Supplemental File
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S1 Table 1; https://doi.org/10.5281/zenodo.4779047;
Rysova et al., 2021). It has been found that the N-
acetyl carbohydrate peak had the highest scores by far
and, therefore, had utility as a single highly specific
biomarker (Figure 3).

Role of N-Acetyl Carbohydrates in Bovine
and Caprine Milk

In this study, it was found that bovine milk was rich
in  N-acetylglucosamine and N-acetylgalactosamine,
whereas these compounds were almost completely
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o | [
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= o > v °
4 € °8 oy
: 1o &
st o o4
o~ £ ®
5 ©1 g ° ‘g'
< = ()
g 2%
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Figure 1. (A) Principal component analysis (PCA) score plot, (B) orthogonal projections to latent structures discriminant analysis (OPLS-

DA) score plot, and (C) OPLS-DA corresponding color

coded coefficient plot of median proton nuclear magnetic resonance ("H NMR) spectra

for pure bovine (n = 23) and caprine milk (n = 23). The filled red circles represent the 95% confidence region for caprine milk, and the filled

blue circles represent the 95% confidence
metabolites toward class segregation bet

region for bovine milk. The color of the signals in the coefficient plot signifies the contribution of the
>n pure bovine milk and pure caprine milk. The color of the bar indic

es the correlation loading of

the bin p(corr) value. The size of the bar denotes the p(corr) multiplied by SD.
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Figure 2. Median proton nuclear magnetic resonance (‘H NMR) spectra of pure caprine milk (top) and pure bovine milk (bottom) includ-
ing metabolite assignment (see Table 3). Spectra were referenced to the internal sodium salt (TSP) signal at 0 ppm. Solvent signals (C,H;O;
1.06-1.46 and 3.64-3.71 ppm) and water suppression artifacts (4.75-4.98 ppm) were removed.

lacking in caprine milk. These compounds are likely
part of the oligosaccharide fraction of the milk; their
role in milk is largely unknown and has been shown to
vary between species and dairy breeds (Sischo et al.,
2017; Giorgio et al., 2018). It has been shown that the
total concentration of oligosaccharides in caprine milk
(0.25-0.30 g/L) is low compared with that in human
milk (5-8 g/L); however, the total content should be
even lower in bovine and ovine milk (0.03-0.06 and
0.02-0.04 g/L, respectively; Martinez-Ferez et al., 2006).
Therefore, the presence of N-acetyl carbohydrates in
higher quantities in bovine milk suggests the presence
of some specific oligosaccharides with a higher degree
of N-acylation, rather than reflecting the total content.
Recent studies have suggested that N-acetyl carbohy-
drates may be affected by the stage of lactation in dairy
cows, as evidenced by Tomassini et al. (2019). It was
found that the N-acetylglucosamine peak increased in
late lactation, suggesting significant qualitative and
quantitative changes in oligosaccharide synthesis dur-
ing lactation. These results were also confirmed by Zhu
et al. (2020a). The presence of N-acetylglucosamine
and N-acetylgalactosamine in bovine milk in connec-
tion to freeze-drying and subsequent storage was also
described by Zhu et al. (2020b). The N-acetyl carbohy-
drates in caprine milk have also been studied in relation
to the milk metabolome and the anti-adhesive effect
of these compounds on bacterial, viral, and protozoan
pathogens, preventing them from binding to mammary
tissue. Salama et al. (2020) stated that the N-acetyl
carbohydrate content increased in response to infection
to boost the mammary immune system. In a previous
study, N-acetyl carbohydrates were also used as 1 of 10
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metabolites for the multivariate model for the detection
of bovine milk in caprine milk. Li et al. (2017) reported
higher amounts of this group of compounds in bovine
milk (P < 0.05) but did not specify the type of sugar
moiety. N-Acetyl carbohydrates can also originate from
catabolism of glycoprotein. As part of the glycoprotein,
oligosaccharides are not detectable by NMR spectros-
copy, however, during the proteolysis, glycans can be
cleaved off from the protein structure and become de-
tectable. Increased amounts of N-acetylglucosamine and
N-acetylgalactosamine may be associated with longer
milk coagulation time (Sundekilde, 2012; Sundekilde et
al., 2014). The role of N-acetylcarbohydrates in cap-
rine and bovine milk remains unclear; other analysis is
needed to further understand it.

ROC Curve Analysis and Optimization
of Classification Threshold

Before the evaluation of ROC curve analysis, the
significance of the relationship between the N-acetyl
carbohydrates and the percentage of bovine milk was
confirmed by the validation correlation coefficient (r =
0.9344 with 95% CI from 0.9342 to 0.9347) based on
the LOOCV process. The previously mentioned values
indicate that there is high positive correlation between
bovine milk and N-acetyl carbohydrates. Arithmetic
mean, standard error, minimum and maximum of peaks
integral values of N-acetyl carbohydrates are given in
Supplemental File S1 Table 2 (https://doi.org/10.5281/
zenodo.4779047; Rysova et al., 2021).

To determine the performance of N-acetyl carbo-
hydrates as a biomarker, the matrix of adulterated
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Table 3. Chemical shifts (ppm), assignments, and sources of median
proton nuclear magnetic spectra ("H NMR) signals of 52 metabolites
in caprine and bovine milk (spectra in Figure 2)

9590

Table 3 (Continued). Chemical shifts (ppm), assignments, and
sources of median proton nuclear magnetic spectra ('H NMR) signals
of 52 metabolites in caprine and bovine milk (spectra in Figure 2)

'H Chemical

'H Chemical

No.  Metabolite shift (ppm) Assignment No.  Metabolite shift (ppm) Assignment
1 2-Oxoglutarate' 2.99 CH, 43 Taurine® 3.26 S-CH,
2 Acetate” 1.90 CH,4 3.42 N-CH,
3 Acetone’ 2.22 2 x CH, 44 Threonine' 1.31 CH,
4 Alanine'? 147 CH,4 45 Tyrosine’ 6.88 CH-3,5
5 Betaine® 3.26 3 x CHy 7.18 CH-2,6
3.88 CH, 46 Uridine Llighosphate 1.02-7.94 Multiple
6 Butyrate® 1.54 CH, galactose’
2.13 CH, 47 Uridine diphosphate 3.46-7.94 Multiple
7 Caprate' 1.27 CH, glucose'?
2.16 CH, 48 Uridine diphosphate 2.7-8.33 Multiple
0.85 CH, N-acetﬁvlglucosamiue"
8 Caprylate' 1.27 CH, 49 Uracil® 5.79 CH-5
2.16 CH, 50 Urea’ 5.79 NH,
’ 0.85 CH,4 51 Uridine’ 5.92 CH-2,10
9 Carnitine 2.44 CH, 7.86 CH-11
3.21 3 x CH; 52 Valine’ 0.98 CH,
i 3.43 N-CH, 1.02 CH,
T n tate |9
1(1] %ﬁ:ﬁz?—;“mu Z)gg gﬁ 'Literature (Klein et al., 2010; Sundekilde et al., 2013; Wishart et al.,
: ) 2:65 CH_: 2018; Yanibada et al., 2018; Garwolinska et al., 2020).
12 Creatine'? 3.02 CH, “Chenomx Inc.
: 3.92 CH, *Standard.
13 Creatinine'? 3.03 CH,
4.05 CH,
14 Etlr.lnuli}lnilm''2 3.13 N-CH,
i Yormate 8.4 o samples with integrals of relative intensities of the re-
16 Fucose 1.25-5.21 Multiple 3 BURE %
17 Galactose? 17-5.26 Multiple gion between 2.05 and 2.07 ppm was subjected to ROC
18 Galamnst‘»—ll_;phmplmt‘l‘3 50 CH-1 curve analysis (Figure 4). Overall, 5 ROC analyses
19 “Clucongie™ 40z 1 were conducted to examine accuracy in distinguishing
20 Glucose 3.23-5.22 Multiple % o p o A poe 3
21 Glucose-1-phosphate? 3.39-5.44 Multiple the caprine 100% from bovine 1%, bovine 5%, bovine
22 Glucose-6-phosphate” 3.26-5.22 Multiple 10% and bovine 100%, including the analysis of bovine
2 ‘Glutamate gig gg; 5% and bovine 10% groups. Each group contained 23
24 Glutamine' 213 CH, observations. Before the analysis, each data set was
5 2.43 CH, divided into 9 subsets following the principles of A-fold
5 1 atoe 54 B . . . . .
2 Hippurate ,7”;,: gﬁ_?“; cross-validation, as introduced in the Materials and
7.82 CHA Methods section.
26 Choline® 3.19 3 x CHy The diagonal line for the pair of caprine 100% and
- 4.05 O-CH, bovine 1% indicates an AUC ranging from 0.454 to
ging
27 Isoleucine 0.91 CH, ; o 3
0.99 CH, 0.528 with an accuracy of <50%; this result represents
28 Lacmtcz 4.12 CH a chance result with no significance (Figure 4A2). The
G 28-5 Tulti ; ‘
29 Lactose " 5:28-5.22 Multiply performance of the model for the pair of caprine 100%
30 Lactulose 4.01-4.43 Multiple < %
31 Malonate? 31 CH, and bovine 1% was not further classified. As another
32 Malt(?sei' . 3.26-5.39 Multiple pair, caprine 100% and bovine 5% were plotted against
33 Methionine 214 %SH“ each other (Figure 4B2). Although the discriminatory
34 N-Acetyl carbohydrates® 2.02-2.10 CH, power was not confirmed in the first model, the inte-
35 O-Phosphocholine® 3.21 3 x CHy grals of relative intensities of N-acetyl carbohydrates
i 416 O-CH, produced optimal detection of 5% bovine milk in cap-
36 Orotate 6.19-6.20 CH £ % % 5
37 Phenylalanine' 7.29 CH-2,6 rine milk, with AUC values ranging from 0.908 to 0.952
o 741 CH-35 (P < 0.001). The AUC values obtained from the ROC
] 3 rreati v Y . .
38 Phosphocreatine 3.03 CH, curve analysis can be considered as an excellent test,
39 yruvate 2.35 CH, & S P S AR 2
40 sn-Glycero-3- 3921 N-(CHy), with 86.96% sensitivity and 82.61% specificity. Higher
|)lmphocl_;ulixm’‘2 4.31 O-CH, sensitivity than specificity means that the model bet-
4 Succinate 2.39 2 x CH, ter recognized adulterated milk (FP > FN). Further
42 Sucrose 3.46-5.39 Multiple 2
ROC curve analysis was performed to evaluate the
Continued  AUC values for N-acetyl carbohydrates between the
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caprine 100% and bovine 10% pair (Figure 4C2). The
AUC values ranged between 0.992 and 1 (P < 0.001);
thus, model can be described as an almost perfect test.
The sensitivity and specificity in this case had identical
values of 95.96%. According to the performance of the
latter ROC curve analysis, the expected performance of
the model between pure bovine milk and pure caprine
milk was confirmed. The comparison of these 2 groups
represented a perfect test with an AUC value of 1 (P <
0.001; Figure 4D2).

ROC curve analysis was also constructed to assess
the cutoff points for 5 and 10% adulteration by bovine
milk and for pure bovine milk (Table 4), which are
related to the specificities and sensitivities listed above.
The cutoff points were determined as the best trade-offs
of sensitivity and specificity. However, it is not always
necessary to use a compromise between sensitivity and
specificity to determine the cutoff point; the specific
aims of the analysis may require cutoff points to be
adjusted for either greater sensitivity at the expense
of specificity or the converse (Carter et al., 2016). For
a lower detection limit than 5% bovine milk in caprine
milk, different methods are clearly advantageous, such

9591

as the immunochemical method developed by Hurley
et al. (2006), which is capable of unbiased detection of
0.01% bovine milk in caprine milk or method based on
the duplex polymerase chain reaction by Rodrigues et
al. (2012) with detection limit of 0.5% of bovine milk. It
should be noted that a content of bovine milk below 5%
is unlikely to be a targeted adulteration but rather an
accidental impurity, especially if the farm raises both
large and small ruminants or the dairy factory is used
to process various types of milk.

The last ROC curve analysis of evaluation of 5%
bovine (negative cases) against 10% bovine (positive
cases) was used to evaluate whether N-acetyl carbohy-
drates could differentiate the percentage of adultera-
tion. The AUC was 0.871 to 0.914 (P < 0.001), a result
referred to as a good test with an overlap of values into
an excellent test (Figure 4E2). The values of 86.95%
sensitivity and 78.26% specificity are related to the
selected optimal cutoff point of 0.0862 that represents
the integral of relative intensities of N-acetyl carbohy-
drates. Higher sensitivity than specificity indicates a
better detectability of samples with a higher percent-
age of bovine milk, which also confirms the number of

N-acetylgalactosamine

80 75 70 65 60 55 50 45

ppm

40

35 30 25 20 1510 05 00

Figure 3. Proton nuclear magnetic resonance spectra overlay of pure caprine milk (n = 23; red) and pure bovine milk (n = 23; blue) in the

region of the N-acetyl carbohydrate signals.
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Figure 4. (A1-E1) Confusion matrices of receiver operating characteristic (ROC) analysis (TP = true positive, TN = true negative, FP
= false positive, FN = false negative). (A2-E2) The ROC curve analyses calculated from integrals of relative intensities of the 2.05-2.07 ppm
spectral region resonance peaks of N-acetyl carbohydrates. (A3-E3) Box plots showing the separation of pairs based on the integrals (red =
pure caprine milk; dark blue = pure bovine milk; pale blue = caprine milk with 1, 5, or 10% bovine milk); boxplots show the lower and upper
quartile, median, minimum, and maximum.
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Table 4. Area under the curve (AUC) and optimal cutoff point
of 3 categories of milk samples determined by receiver operating
characteristic (ROC) curve analysis

Sample identification AUC Optimal cutoff point'
Bovine 5% 0.908-0.952 0.060
Bovine 10% 0.992-1 0.072
Bovine 100% 1 0.337

'Integrals of relative intensities of N-acetyl carbohydrates.

samples designated as FP. This result opens the way to
finding the thresholds for other categories of adultera-
tion (>10%).

The capability of N-acetyl carbohydrates to act as
biomarkers for the detection of caprine milk adultera-
tion with bovine milk was evaluated in a blind test
according to the method of Dalabasmaz et al. (2019).
The blind test was performed with 20 external milk
samples in 4 categories, 5 samples in each: pure caprine
milk, pure bovine milk, caprine milk with 5% bovine
milk, and caprine milk with 10% bovine milk (Supple-
mental File S1 Table 3; https://doi.org/10.5281 /zenodo
A4710195; Rysova et al., 2021). Based on the suggested
cutoff points shown in Table 4, the percentage of adul-
teration was predicted. The accuracy of prediction was
calculated for the pairs that are mentioned in Figure
4B2, 4C2, 4D2. The accuracy obtained from the blind
test reflected the results from the ROC curve analysis.
The distinction between pure bovine milk and pure
caprine milk, as well as the distinction between pure
caprine milk and caprine milk adulterated with 10%
bovine milk, was ideal, with 100% accuracy. The 5%
adulterated caprine milk was predicted with 80% ac-
curacy (details not shown), owing to the lower clas-
sification sensitivity of NMR spectroscopy over other
analytical methods (Karoui and De Baerdemacker,
2007; Kamal and Karoui, 2015).

NMR Spectroscopy in the Detection
of Milk Adulteration

Recent literature has reported the ability of NMR
spectroscopy to detect the addition of cheaper milk;
a 2017 study (Li et al., 2017) showed detection of the
adulteration of caprine milk with bovine milk at a
concentration of 5% by incorporating 10 variables into
a mathematical model. Although the authors of that
study achieved a similar result to ours, their method
was not intended for practical use, as evidenced by the
fact that only milk treated at ultrahigh temperature
was used. The detection of adulteration of milk from
another small ruminant, specifically sheep, has also
been reported (Lamanna et al., 2011). The combined
approach of NMR profiling and an artificial neural
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single-layer network was used to detect bovine milk in
ovine milk. Although the correspondence between the
mixture content and the artificial neural single-layer
network was high, the lowest mixing ratio was only 20%
bovine milk in ovine milk. No other previous studies
have examined the feasibility of the NMR chemometric
approach for detecting caprine milk adulteration by
bovine milk.

CONCLUSIONS

In this study, an NMR chemometric approach com-
bined with multivariate and univariate analysis identi-
fied N-acetylglucosamine and N-acetylgalactosamine
as biomarkers for uncovering fraud with caprine milk.
It was found that a high positive correlation exists
between the N-acetyl carbohydrates and the percent-
age of bovine milk. Subsequent models constructed by
using ROC curve analysis determined the threshold
value of N-acetyl carbohydrates to detect 5% bovine
milk in caprine milk with 84.78% accuracy and 10%
bovine milk in caprine milk with 95.65% accuracy. The
fact that most adulteration by cheaper milk occurs at
between 10% and 50% makes this method particularly
useful. The present findings show a promising utility of
NMR spectroscopy for routine analysis in the control of
caprine milk authenticity by inspection authorities in
the Czech Republic.
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on the results of an extensive data set of bulk tank milk samples. There was implemented neither a
compositional technology modification nor acidity adjustment of milk, just original raw milk was
used for the analysis. A total 2634 HS analyses were performed, including other milk indicators,
during three years of an experimental period. The log HS mean and standard deviation were
1.273654 £ 0.144189, equal to the HS geometric mean of 18.8 min. Explanation of the HS variability
through the linear model used was 41.1% (p < 0.0001). According to the results of the variance anal-
ysis, the milk HS was influenced (p =0.0033 and mostly <0.0001) by all the farm factors such as year;
season; calendar month; altitude; total annual rainfall; herd size by the number of cows; milk yield;
cow breed; type of milking; litter type in the stable; summer grazing application; farm effect. During
the calendar months (p <0.0001), milk HS values suggest similar seasonal dy with the somatic
cell count, total count of philic microorgani coli bacteria count and urea and lactose con-
centration and opposite configuration pattern to fat, crude protein, solids-not-fat and total solids
content and milk freezing point depression. Here performed quantification of these effects by ana-
lyzing the variance may allow efficient raw milk selection to be processed into specific dairy prod-
ucts.

Keywords: cow; breed; farm factors; milk heat stability; milk composition; microbiologic indicators

1. Introduction
The quality of raw milk is important for its technological processing on products [1].
Milk quality means, in particular, the sum of its hygiene and health indicators, such as the
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total count of microorganisms, the somatic cell count (SCC) or residues of inhibitory sub-
stances (RAD) [2]. In a broad sense, the quality of raw milk can also be described as its
composition and several technological indicators. These may include titration acidity, fer-
mentation ability, or cheeseability [3]. The values of mentioned indicators are then deci-
sive for the processing of raw milk into dairy products. Dairy products with a long shelf-
life must show good stability, mainly influenced by raw milk composition [4]. Thus milk
quality is also important regarding the possibility of applying the added value in the dair-
ying. In general, products with higher added value are increasingly required for economic
reasons.

The ability of milk and concentrated milk to withstand a defined heat treatment with-
out noticeable changes, such as flocculation of protein, is commonly denoted as heat sta-
bility [5]. Milk stability is considered the total time for visual coagulation to occur at a
given pH and temperature, and it is directly related to the ability of milk to resist coagu-
lation at certain temperatures [6]. As an indicator of protein stability, this heat stability
(HS; also milk thermostability) is also an important technological property of raw milk as
its evaluation can contribute to higher added value in dairy [7-10]. The composition of
raw milk is essential for the stability of dairy products with a long shelf-life [4]. A sample
of milk with short HS is generally considered to be unstable in terms of processability. It
can result in problems during processing as opposed to longer HS [11,12]. Such milk has
high stability. It means that it is ideal for the heat treatment processes to produce dairy
products with a more extended shelf-life. The above mentioned is why it is crucial to study
the sources of HS variability in practical conditions, although milk hygiene has improved
during the last couple of decades, rendering milk less sensitive to coagulation [5]. Scien-
tific and professional technological interest in the analysis of environmental (farm tech-
nology) and biochemical effects, including effects of food technology affecting the HS of
lactoproteins also in the milk of small ruminants, can be found according to the other pa-
pers [13,14].

The HS is, therefore, substantial property of raw milk. This represents the resistance
of lactoproteins against thermal coagulation [5]. In other words, it is the resistance of the
milk to heat denaturation. Decreased milk quality ([15], for instance, because of mastitis)
may adversely affect the HS. Hence, the raw milk’s good HS value is a prerequisite for
milk processing into durable dairy products with long shelf life, such as condensed and
sterilized, ultra-heat treated (UHT) milk [9,11]. Therefore, the HS was mentioned as an
important indicator in evaluating milk quality, especially in terms of heat gains to which
milk is exposed at its processing [16]. A simple technological test is usually used to deter-
mine the HS value. However, this test is laborious and often lengthy ([5] methods of sub-
jective determination of HS). Because of HS determination laboriousness, the data sets
used in the evaluation of HS variability are made up of a smaller number of data, which
usually do not exceed one hundred [17,18]. Therefore, the number of HS measurements
in our study is exceptional. Due to its laboriousness, HS measurements are often replaced
by simpler and indirect determinations in practical dairy laboratories. This technological
test is called determining the alcohol stability of milk. The results of the milk alcohol sta-
bility test may be in positive correlation with HS values (r = 0.28, p < 0.0001) [19], but this
is not always the rule.

Furthermore, possible sources of variability were also analyzed in connection with
this fact for the alcohol stability of raw milk [3,20-26]. Alcohol unstable milk showed
higher SCC. On the contrary, the contents of lactose and casein were lower along with this
[27). According to these facts, high SCC could be marked as the primary causal reason, in
this case of the high occurrence of alcohol unstable milk in commercial herds of dairy
cows. Further, the differences in raw milk HS in dairy animals (among species such as
cow, sheep, goat, camel, or yak) were also recorded [14,17,28,29]. Metabolic disorders of
cows, such as subclinical rumen acidosis, could also reduce the technological quality of
milk by reducing the content and quality of protein (so-called low protein syndrome; [30]).
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In previous studies, we dealt with the relationships between milk indicators and the
season to HS, and also the effect of feeding silage from legume-cereal mixtures on HS [31-
33]. While the milk components of the bulk tank samples did not correlate much with the
HS, in terms of simple correlations, closer relationships were shown between the compo-
sition of the milk and the HS, taking into account the effect of the season. Several HS stud-
ies have been performed during technological modifications of milk. While the change in
calcium (CaClz) level showed a high effect on the raw cow milk HS [4,34-37], the modifi-
cations of the citrate and urea concentration did not affect this HS value [4]. The HS of
calcium citrate fortified milk was higher than the control milk and other calcium (different
salts) fortified milk [38). However, HS can be affected by many external and internal farm
factors.

It turned out that in South America (Brazil, Chile, Colombia), the titratable acidity,
alcohol stability, and HS of milk have been particularly intensively studied in recent years
as the technological properties of milk. It was caused by often occurrence of problems of
alcohol (heat) unstable raw milk that were not identified as acidic in cow herds. This phe-
nomenon was probably determined by the problematic climate conditions for dairying,
the progressive development of industrial milk processing there and the concomitant oc-
currence of possible technological problems. The effects of various dairy cow nutrition
(starvation, feeding cows only by forage, anionic nutrition) on the stability of milk, con-
cerning its titratable acidity, were evaluated [19,39,40]. In this context, a scheme [41] of a
current analytical method for the identification of so-called UNAM bulk milk samples,
i.e,, unstable (positive ethanol test 72 °GI and negative boiling test) non-acidic cow milk
samples (pH 2 6.6 or titratable acidity < 18 °D) was described. In three feeding systems
(herds) in spring-calving dairy cows, two based on grazing and one on a total mixed feed
ration [42], no significant effects on the HS of milk in the mid-lactation (July) and in late
lactation (September, October) were noted. Seasonal calving and pasture-based milk sys-
tems are widely used in countries with temperate climates and abundant rainfall [12]. As
aresult, synchronous changes in macro and micronutrients in milk are much more visible.
Lactation here takes place in parallel with seasonal changes in the feed source, in contrast
to non-seasonal milk production systems. It can have a greater impact on the processabil-
ity and functionality of the milk. So, this logically means that the HS value of raw milk
can be a general (global) problem in milk processing.

To the best of our knowledge, there is very little information on the variability of raw
milk HS on farms in the scientific literature. Therefore, the goal of this work was to eval-
uate the practice sources which can influence the variability of raw cow milk HS. The
priority was to carry out this evaluation with the results of an extensive data set of bulk
tank milk samples, which were not under technological, compositional modification or
acidity adjustment, just using original milk with its natural composition.

2. Materials and Methods
2.1. Dairy Cow Herds, Stables and Milk Sampling

Bulk tank milk samples were collected regularly on a monthly or two-week basis
under dairy production conditions in East Bohemia. The following were included in the
experimental assessment: 48 herds in total; 35 Czech Fleckvieh herds; 10 Holstein herds;
3 mixed herds. Cow milking was carried out by milking machine: 35 in the milking par-
lours (cows were housed in free cowsheds); 13 into the pipeline (cows were housed in
binding stables). Dairy cows were milked twice a day. In monitoring, there were included
8928 dairy cows in total. In Table 1 there are listed relevant practice conditions in terms of
environment and dairy technology in herds.
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Table 1. Basic indicators of herds of dairy cows included in the experiment.
Indicator Unit  Mini Maxi X+ 54
Mean number of cows per herd head 4 630 186 + 164
Altitude of herd m 254 510 347.7 + 68.8
Total annual rainfall, an average mm 325 750 554 + 143
Dairy plant ilk deli herd,
airy plant raw milk delivery per her: ke € 13,870 4454 + 4095
an average
Milk yield per cow and 305 days in kg 2033 11,124 6728 + 2488

milk, an average

x + sa = arithmetic mean + standard deviation; 305 days in milk = standard lactation.

The experimental period took three years in total. During this time, 3310 bulk tank
milk samples and 2829 for technological HS analyses were collected. Dairy cow feeding
was performed regularly twice a day by TMR (total mixed ration). In this system of feed-
ing, a mobile feed mixer tow trailer was used. The animals were fed using volume modi-
fication of the feed ration, according to the stage of lactation and milk yield. The compo-
sition of the feed rations was supplemented by the consumption of forage cereal concen-
trates, according to the standard feed tables for the current milk yield. The same method
was used for the consumption of mineral feed supplements. The TMR quality during the
experimental period can be considered medium, without extremes, regarding the rough-
age portion of feed rations. The grazing of cows on pasture was carried out during late
spring, summer, and early autumn in a part of herds.

2.2. Quality Indicators for Bulk Tank Milk

Chemical preservation of bulk tank milk samples was performed with bronopol (2
bromine, 2 nitro, 1,3 propanediol, 0.03%, Broad Spectrum Microtabs). The samples were
then transported to the laboratory under cold conditions (<8 °C). These were analyzed in
an accredited dairy laboratory (Bustéhrad, Czech Republic), Czech-Moravia Breeders
Corporation a.s. (CMSCH) according to the relevant standard operation manuals. Milk
indicators such as components and properties were determined by analytical methods
and in units, according to the relevant abbreviations as listed in Table 2. Analyzes of milk
samples were carried out using relevant methods and instruments that were calibrated
and controlled by procedures and techniques according to standard operation manuals
and with application of relevant result uncertainties of measurements stated by validation
of methods in accredited laboratory.

Table 2. List of used milk analytical methods and indicators.

g . s Added
Milk Indicator Abbr. Unit Method/Instrument Tifoemation/Nete
CombiFoss FT+ (Foss,
ot RN - Hillerdd, Denm(:rk) PAIRER:
Crude protein  CRP % see above total Nx6.38, MIR-FT
Lactose LA %o see above monohydrate, MIR-FT
Solids-not-fat  SNF % see above MIR-FT
Total solids  TOS % see above MIR-FT
Urea UR  mg-100 mL+ see above MIR-FT
Milk fréezing MIR-FT, combined with
intd ok MFPD L & see above electrical conductivity
PRt Cepress measurement
Sor::::tcell scC 10%-mL~ see above flow cytometry
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Total count of IBC FC (Bentley Instru-
mesophilic mi- TCMM 10° CFU-mL ments, Chaska, MN, flow cytometry
croorganisms USA)
plate cultivation
Count of coli- ., method (VRBL agar, 37
form bacteria CCOL - CFUmL +1 °C, abbreviated cul-
tivation period 24-48 h)
microbiological (Geo-
bacnh{s s{w.".”hmmmh" mostly as residues of an-
) . Ius) inhibition assay T
Residues of in- o, tibiotic drugs and also
s (growth at 65 °C) with Ropit.
hibitory sub- RAD +/- A8 for possible interference
pH indicator :
stances : potential of some phyto-
Felipee 30 (<RLE active substances
INMUNOTEC, Zara-
goza, Spain)
Fat/crude pro- g energy (ketosis) milk
tein RACRE ealculation (cow) coefficient [43-47]
Fat/lactose =~ FA/LA calculation see FA/CRP

Abbr. = Abbreviation; MIR-FT = mid-infrared spectroscopy with Fourier-transformation; % =
weight percentage (g-100 g™); CFU = colony forming unit; +/- = positive/negative result.

The milk HS was logically analyzed in unpreserved samples. The HS results were
methodically expressed in minutes as used units. The time was stopped at the moment of
the creation of visible protein flakes in investigated milk [48], which means the visual de-
naturation. Milk samples were treated by heating in glass vials with thick walls in an oil
bath at a temperature of 135 °C. This determination was performed with the volume of
2.5 mL of milk sample in the laboratory of the dairy plant Bohemilk Opo¢no. In this sense
[49], a shortened test to determine milk resistance against protein denaturation by heating
was also developed. Nevertheless, in this experiment, the complete method was used.

2.3. Statistic Assessment of the Results

Obtained experimental result file for milk indicators was added to records about con-
ditions for raw milk production. These records were obtained by the specific question-
naire. Information about cow herds and relevant environmental and technological condi-
tions were recorded and completed. A lack of information in the data file occurred, which
was consequently limited to the complete form of results. Some monitored milk indicators
have usually confirmed an absence of normal data frequency distribution, such as hy-
gienic and microbiological indicators (SCC, total count of mesophilic microorganisms
(TCMM), count of coliform bacteria (CCOL)) and also HS, according to the results of pre-
vious studies [31-33,50-54]. Further, because of this reason, the logarithmically trans-
formed (log, on a decimal basis) results were used for the statistic evaluation, including
an application of relevant geometric means. This procedure was logically carried out only
with samples where a record of correspondence about type and time of analysis existed.
So, by this method, the number (n) of bulk tank milk sample results in the evaluation was
a little bit limited.

The statistic evaluation of experimental results was performed by multifactorial anal-
ysis of variance. There was used a reduced range of data file number (n = 2634 for HS
compared to 3310 for other milk indicators). This reduction was done correctly in a math-
ematical sense with respect to reality. SAS ver. 9 program package (55] was used for the
statistical result of processing of milk indicators. It resulted in Means and GLM (general
linear model; the GLM procedure uses the method of least squares to fit general linear
models) procedures. The significance of investigated factors was expressed on standard
levels of probability. The results were processed by a linear model with fixed effects (Table
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3). Including random effects, the model was performed with formula as follows (general
equation parameters: Y = investigated milk indicator; y = general mean; eitmaopgest = ran-

dom effect):

Yijimnoparse = B+ YR + SEj + CMy + ALy + WE,, + NC,, + Yl, + BR, + MTg + LT, + PA; + FM; + ejamnoparst

Table 3, The list of used effects in statistic linear model equation of multifactorial analysis of vari-
ance and their specifications in the experiment.

Number of Effect

Identification Index  Effect Title Categories (from-to) Effect Specification
YR i year 1-3
1 =summer (from May to
SE i season 1-2 October); 2 = winter (from
November to April
CM k  calendar month 1-12
AL 1 altitude 1-3 KSR 2 20003~
>450 m
WE m total annual rainfall 1-3 st 2= 000
> 650 mm
NC number of dairy 1-3 1=<100; 2=100-400;3 =
cows in the herd > 400 of heads
i level of milk yield 1-3 1 =< 6000; 2 = 6000-9000;
by milk recording =>9000 kg
1 = Czech Fleckvieh (CF);
2 = Holstein (H); 3 = vari-
e P beerd = ous hybrids between CF
and H
1= machine milking into
. can and pipeline; 2 =
L q: opentuiiing A2 milking pafl:ue:; 3=auto-
matic milking system
litter type in the sta- 1=straw; 2 nibbes map:
LT bl 1-3 tress; 3 = manure separa-
e Ry
tion (liquid excrements)
1= grazing, sometimes
with green forage feeding
application of sum- next to silages in the mix-
PA s mer grazing (pas- 1-2 ture; 2 = without green
ture) forage, only by preserved
roughage feeding rations
(silages)
FM t farm 1-29

Milk recording = 305 days in milk = standard lactation.

3. Results and Discussion
3.1. Main Statistic Results and Explanation Efficiency by Model of Analysis of Variance

Main statistic parameters of indicators in bulk tank samples of raw cow milk are in-
cluded in Table 4. There is a good quality of raw milk included in cow herds during the
experiment regarding dairy conditions compared to the country’s relevant references (The
Czech Republic [56]). It is also well comparable to a high level of the west European re-
sults. Only two positive RAD cases were recorded (0.06%, n =3310) in monitoring for three
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years of the experiment. It is approximately half of the value compared to the regular
Czech Republic sliding average of 0.124 + 0.033% (in the period from 2012 to 2016 [56]).
That is why the RAD findings did not significantly affect the results of this evaluation

negatively.

Table 4. Basic statistic parameters of raw milk indicators in bulk tank milk samples and efficiency
explanation by model in analysis of variance.

IND n X xg S4 R2 4
FA 2993 3.89 - 0.282 0.463 <0.0001
CRP 3015 34 - 0.128 0.56 <0.0001
LA 3015 4.89 - 0.08 0.548 <0.0001
SNF 3015 8.89 s 0.144 0.595 <0.0001
TOS 2993 12.79 - 0.332 0.494 <0.0001
UR 1804 245 - 50 0.435 <0.0001
FA/CRP 2993 115 - 0.083 0.458 <0.0001
FA/LA 2993 0.8 - 0.063 0477 <0.0001
MFPD 3015 —0.526048 0.005521 0237 <0.0001

log SCC 3013 2329102 213+ 0.188909 0.344 <0.0001
log TCMM 3069 1.486766 30.6"° 0.355881 0.302 <0.0001
log CCOL 3069 0.666409 46¢ 0.749125 0.244 <0.0001
log HS 2634 1.273654 18.8¢ 0.144189 0.411 <0.0001

IND = indicator; n = sample number; x = arithmetic mean; xg = geometric mean; sa = standard devi-
ation; R? = coefficient of determination by linear model in analysis of variance; p = probability of
zero hypothesis; * in 10#mL"; ¥ in 10* CFU-mL"* (CFU colony forming unit); ¢ in CFU-mL™; ¢in
minutes; used units and explanation of abbreviations of milk indicators are in Table 2; some fig-
ures in table were used also previously [31-33] in different evaluation of milk heat stability (HS).

Explanation of the variability of the monitored milk indicators by the linear model
(Table 4) ranged from 23.7 (for milk freezing point depression (MFPD)) to 59.5% (for sol-
ids-not-fat). The corresponding figure for the log HS was 41.1%. Thus, theoretically, 58.9%
of the variability of HS values falls on uncontrolled effects. The efficiency of explanation
of variability for all mentioned milk indicators, with the statistic model used, was signifi-
cant (p <0.0001). These figures are relatively high in terms of solving a biological problem
and can be explained by including a specific farm effect that is the combined effect of all
factors.

The data file used is interesting thanks to the high number of analytical results, du-
ration of the experimental period, and the range of the evaluated farm conditions. The
absolute majority of the observed fixed effects of the GLM significantly influenced most
of the monitored milk indicators (Table 5). Milk HS was statistically significantly influ-
enced by all the observed factors of farm conditions when the weakest effect (p = 0.0033)
was in summer grazing or fresh green forage in the summer feeding ration.

Table 5. Fixed effects and their significance of impact, regarding monitored milk indicators by results of analysis of vari-

ance.
IND YR SE CcM AL WE NC YI BR MT LT PA FM
FA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0184 0.2236 <0.0001 <0.0001
CRP <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 0.0023 0.8489 0.8016 <0.0001
LA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.1398 0.5349 <0.0001
SNF <0.0001 <0.0001 <0.0001 <0.0001 0.2389 <0.0001 <0.0001 <0.0001 03563 0.8043 0.2625 <0.0001
TOS <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0112 0.2698 <0.0001 <0.0001
UR <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0003 0.0948 <0.0001 <0.0001

FA/CRP _ <0.0001 _<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0004 <0.0001 0.2148 <0.0001 <0.0001
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FA/LA  <0.0001
MFPD  <0.0001
log SCC  <0.0001
log TCMM  <0.0001
log CCOL  <0.0001
log HS  <0.0001

<0.0001

0.2197
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.6359 0.4766 <0.0001 <0.0001
0.0187 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001
0.0012 <0.0001 <0.0001 <0.0001 <0.0001 0.0154 <0.0001 0.3618 <0.0001 <0.0001
0.0328 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.8379 0429 <0.0001
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.7686 <0.0001 0.2288 <0.0001 <0.0001
<0.0001_<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 0.0033 <0.0001

IND = indicator; figure means probability of zero hypothesis by F value; normal letters, statistic significant; italics letters,

insignificant; the

of abbreviations of milk indicators (x axis of this table) and environmental and technology farm

factors (y axis) is in Tables 2 and 3; some figures in table were used also previously [31-33] in different evaluation of milk
heat stability (HS).

3.2. The Effects of Practice Conditions on Milk Heat Stability

The log HS mean and standard deviation for this reduced analysis of variance of data
file were 1.273654 + 0.144189, which corresponds to a geometric mean (xg) of 18.8 min
(Table 4). The year had a significant impact on HS values (Table 5, YR (year); p < 0.0001).
The F criterion of analysis of variance was 75.78 (Table 6). Therefore, this effect was
stronger concerning the F criterion, although the differences between years were practi-
cally relatively small.

Table 6. Influences on raw cow milk heat stability, according to various environmental and farm
technology factors by results of analysis of variance.

FAFA FAFAT F Criterion IFA t Value/Probability
YR i 75.78 1 ~6.83/<0.0001
2-3 -1.15/0.2503
SE i 409.33 1-2 5.87/<0.0001
AL 1 29.51 1 8.42/<0.0001
2-3 5.95/<0.0001
WE m 9.7 1 7.28/<0.0001
2-3 -4.76/<0.0001
NC n 18.53 1 -9.49/<0.0001
2-3 -3.81/0.0001
Y1 o 118.41 1 7.39/<0.0001
2-3 2.33/0.0201
BR P 12.86 1 1.19/0.2334
2-3 0.27/0.7836
MT q 15.23 1 1.11/0.2669
2-3 -3.72/0.0002
LT r 9.05 1 -0.93/0.3536
2-3 -0.43/0.6679
PA s 8.67 1-2 -5.76/<0.0001
FM t 25.6 1-29 -
F = criterion value as an influence power; FAFA = farm factor; FAFAT = farm factor type; [FA =
identification of farm factor type; t = £ criterion value; the explanation of abbreviations of environ-

mental and technology farm factors is in Table 3.

The significant effect of the season on HS (Table 5, SE (season); p < 0.0001; F criterion
409.33, Table 6) proved to be the strongest factor. In the summer period, there are higher
(better) HS values. It could be partly in accordance with other research opinions [57]. Sea-
sonal variability in feed ration composition clearly affects HS, as seen in milk produced
between November and March [58]. This period coincides with the indoor period of dairy
cows. Milk from this part of the season has a shorter HS than milk from the rest of the year
(April to October).
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In contrast, better HS was observed in autumn and winter than in spring and summer
following UHT ([59] in bulk raw cow milk). Nevertheless, in this context, the absence of
an essential seasonal influence on most composition indicators, rennet gelation, and HS
values suggest that milk from a mixed herd of cows with spring- and autumn-calving
cows is suitable for cheese and milk powder production during a year [60]. However,
following in-container sterilization, samples with added stabilizing salts showed signifi-
cantly improved HS in autumn, whereas with added CaClz, the best HS was observed in
spring. The milk obtained in the autumn/winter season had significantly higher HS (p <
0.01), with the most remarkable differences noted in the case of the Simmental cows [8].

The significant influence of altitude of dairy cow herd on HS (Table 5, AL (altitude);
p <0.0001; F criterion 29.51, Table 6) was moderate and showed the highest (best) HS val-
ues up to 300 m and the lowest at higher altitudes above 450 m.

The significant impact of the total annual rainfall on the HS (Table 5, WE (total annual
rainfall); p < 0.0001; F criterion 9.7, Table 6) was less potent compared to the AL influence
and showed the highest HS values for WE up to 450 mm, the mean at the highest WE over
650 mm and the lowest at medium WE. The finding of the highest HS values at the lowest
WE corresponds to the same finding at lower altitudes, where the WE is usually lower
compared to higher altitudes.

The significant influence of the herd size (Table 5, NC (number of dairy cows in the
herds); p < 0.0001; F criterion 18.53, Table 6), which characterizes the production technol-
ogy, was less pronounced on HS and indicated significantly lower HS in small herds up
to 100 animals, mean HS in herds from 100 to 400 cows, and the highest HS in herds over
400 heads.

The significant effect of the herd milk yield on HS (Table 5, YI (level of milk yield by
milk recording); p < 0.0001; F criterion 118.41, Table 6) was strong and demonstrated a
significantly lower HS at a lower Y1 of up to 6000 kg of milk per lactation, mean HS at a
Y1 of between 6000 and 9000 kg and a slightly higher HS at a high YI of over 9000 kg of
milk per lactation in official milk recording procedure.

The significant impact of dairy cow breed on HS (Table 5, BR (breed); p < 0.0001; F
criterion 12.86, Table 6) was less potent and confirmed slightly higher HS values for Czech
Fleckvieh (CF) and mildly lower HS in Holstein (H) cows. Slightly lower was HS in other
breeds (hybrids of CF and H and others). The lowest resistance to heat treatment was
characteristic for milk of Polish Holstein-Friesian cows (average 120 s), the highest for
Simmental (average 300 s), and the lactation phase did not affect HS of milk [10]. On the
other hand [8], the best HS (p < 0.01) was noted in the Black-and-White Polish Holstein-
Friesian cows (220 s), while the milk of the Jersey cows was most susceptible to thermal
destabilization (140 s).

The significant influence of the milking type on HS (Table 5, MT (type of milking); p
< 0.0001; F criterion 15.23, Table 6) was relatively weak and evidenced the mean HS for
automatic milking system (robot), higher when machine milking in the can and pipeline
and lower at the milking parlour.

The significant effect of litter type in the stable on HS (Table 5, LT (litter type in the
stable); p = 0.0001; F criterion 9.05, Table 6) was weak but showed a slightly lower HS in
straw and mattress and slightly higher for technology separating liquid excrements.

The significant influence of the application of summer grazing and summer fresh
green forage addition to total mixed ration in the course of dairy cow feeding on HS (Table
5, PA (application of summer grazing); p = 0.0033; F criterion 8.67, Table 6) was weak and
indicated a lower HS for grazing and green feed. However, there might also exist a previ-
ous opposite standpoint in this evaluation. In the grazing system, the urea content of milk
is usually increased during the spring and early summer season, which leads to its signif-
icantly higher HS compared to winter dry feeding (57]. Moreover, in Scotland, the rec-
orded urea contents in milk accounted for most of the variability in HS during the year,
where there were differences in the feeding of grazing cows in summer and autumn,
which had higher HS than cows in a stable [61].
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The significant impact of the farm (Table 5, FM (farm); p <0.0001) on HS was expected
due to specific conditions and their combinations at various localities. According to the F
criterion 25.6 (Table 6) this FA effect was at medium power. Therefore, the selection of
farms for the raw milk collection according to the history of higher HS values could be a
method of effective dairy practice because of obtaining better raw material. This proce-
dure is suitable for the improvement of operation certainty in the dairy plant during milk
processing. On the other hand, the prediction of HS of concentrated (condensed) milk
from the HS results of the corresponding unconcentrated (raw) milk for rapid quality test-
ing purposes has been difficult, mainly due to different experimental conditions [5]).

Concerning the future rapid practical monitoring of HS to select raw material from
specific sources (farms), it turns out that [5] the infrared spectroscopy with Fourier trans-
formation (MIR-FT) could be a successful procedure to elucidate the extent of changes in
the secondary structure of crude protein during the heat treatment of milk and correlate
them to the onset of coagulation and the quantity of aggregated protein.

3.3. The Seasonal Effect on Milk Indicators and Heat Stability

The mean values of milk indicators in Table 7 show seasonal trends. This effect of the
CM (calendar month) was significant for all recorded milk indicators (Table 5) and espe-
cially for milk HS (p < 0.0001; Table 6, F criterion 8.25). It is clear that milk HS values
suggest approximately similar seasonal dynamics with health and hygiene indicators,
such as SCC, TCMM, and CCOL (Table 7; also [33]), which is not easily explainable and is
it a little bit paradoxical but practically realistic. As expected, Machado et al. [19] reported
negative relationships between HS and hygienic indicators TCMM and SCC (r =-0.15, p
<0.0003, n =591 and r = -0.13, p = 0.0019, n = 591). However, this fact could be explained
by the high mean values of TCMM and SCC in their file compared to our data set. Seasonal
dynamics of hygienic indicators (TCMM and CCOL) were in accordance with the relevant
type of research. As expected, there has been reported negative relationships [62]. Milk
HS also had a similar trend with composition indicators such as urea and lactose content
(Table 7; also [33]). However, other authors [63] did not find the urea effect on HS (p >
0.05) in individual milk samples. Another research found no correlation between urea and
HS ([59] in bulk raw cow milk). For example, this does not correspond to the results re-
ported by van Boekel et al. (1989, cit. [64]), where there is stated higher protein dissocia-
tion for higher urea content, and then casein molecules are more susceptible to floccula-
tion. Other researchers [16] also did not find a significant impact of basic milk indicators
on HS. Nevertheless, the approximately contradictory season trend of milk HS values was
observed compared to fat, crude protein, solids-not-fat, total solids, fat/crude protein,
fat/lactose, and MFPD (Table 7; also [33]). The component indicators seem to be more log-
ical to link to HS dynamics [33]. Higher component concentrations can mark better visi-
bility and traceability of the beginning of lactoprotein coagulation (denaturation, flakes)
with extreme heat treatment of milk, which can demonstrate a simple technological rela-
tionship. This standpoint could also be supported with results reported by another re-
search team [18], where artificial milk supplementation by milk proteins decreased milk
HS. In general, some higher cow milk yield in the summer is also known and therefore,
there is also an indication (Table 7) of a slightly positive relationship of milk HS to milk
yield over calendar months.

Table 7. The trend dynamics of means of milk indicators along calend ths by Its of analysis of variance.
IND 1 2 3 4 5 6 7 8 9 10 11 12
FAx 3.87 3.82 38 3.69 3.76 3.65 3.64 3.63 3.74 3.89 3.81 3.89
CRP * 339 3.34 3.34 329 33 324 322 32 328 34 3.38 34
LAx 487 4.89 4.86 4.88 492 4.95 494 492 492 489 4.88 4.89
SNF x 8.87 8.83 8.81 8.79 8.82 8.79 8.75 8.7 8.79 8.89 891 8.89
TOS * 1274 1265 12.6 1248 1258 1245 1239 1234 1253 1279 1272 1279
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UR * 2476 2431 2563 2629 2655 2555 2749 2607 2685 2449 2433 2449
FA/CRPx 114 115 114 113 114 113 113 1.14 114 115 112 115
FA/LAx 08 0.78 0.78 0.76 076 074 074 0.74 0.76 0.8 0.78 0.8
MFPD *  -0.52625 -0.52707 -0.52662 —0.52691 -0.52722 —0.5277 ~0.52665 -0.52694 -0.52672 —0.52605 —0.52727 -0.52605
SCC = 219 212 214 208 212 230 226 251 229 213 218 213
TCMMxs  27.2 246 253 27.6 293 347 331 314 332 307 276 30.7
CCOL= 58 37 45 48 6.2 9.1 10.1 8.0 82 4.6 37 46
HS = 16.2 16.8 18.6 19.8 189 188 194 20.2 209 18.8 19.0 18.8

IND = indicator; * = arithmetic mean; *# = geometric mean; 1-12 = calendar months; used units and explanation of abbrevi-
ations of milk indicators are in Table 2.

3.4. Other Effects on Milk Heat Stability in Discussion

In many papers [18,22,65-70], HS was monitored in relation to technological modifi-
cations of milk, such as pH adjustment or other artificial additives, e.g., Ca (CaClk), citrate,
phosphates (different forms) with a targeted shift of milk buffering capacity (MBC) or
whey protein and casein additions (technological improvement of raw material). The ef-
fects of elevated calcium, citrate, and urea levels on the stability of UHT milk stored for
52 weeks at 4, 20, 30, and 37 °C were investigated by Karlsson et al. [4]. An elevated level
of calcium lowered the pH, resulting in sedimentation and significantly decreased stabil-
ity. An elevated citrate level was associated with color, but the stability was not improved
compared to the reference UHT milk. Elevated levels of urea or interaction terms had little
effect on the stability of UHT milk.

Further, for example, protein additions (retentate) reduced milk HS [18]. However,
it is not necessary to carry out this manipulation in all cases of milk processing. It means
this is not always a positive trend to treat milk artificially before processing into food,
especially regarding current sustainable views on healthy nutrition. Therefore, this thesis
deals with the practical effects on HS of native milk in its natural composition and its
original MBC.

Kailasapathy [71] referred to factors such as milk pH, salt content (can be adjusted
by salt adding as stabilization [72]), urea, lactose, protein (and their variants), and also the
season, lactation, and health of cows as essential for HS of milk proteins. As mentioned
[11,71], pH acidity is the main factor in milk HS. HS variability in this evaluation of bulk
milk samples was 39.6% (calculated from original values). In individual milk samples, it
could be up to double by the qualified estimation. However, the pH variability for a large
file of bulk milk samples was 1.9% (n = 2522, 0.13/6.82; [20]). That is 20.8 times less varia-
bility than HS, which is considerable. This low pH variability of raw milk is determined
by its buffering capacity (Figure 1; MBC).
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Figure 1. Scheme of milk buffering capacity (MBC) function. “SH = Soxhlet-Henkel degree of milk titration acidity; pH =

milk active acidity.

This MBC is more efficient towards the acidic area than the alkaline, as it is well
known. It turns out that between values 1.9% (variability for pH acidity) and 39.6% (for
HS), there is a large space for the explanation of sources to be filled since the quality of the
raw material from the farm is a determining factor in the quality of dairy products. The
multiple imbalances between HS and pH variability (39.6/1.9 = 20.8) when pH is the main
factor of HS variability have to be better explained. It appears that this statement of pH,
as the main HS factor, applies only to milk from a technological point of view, as such, it
means in processing modifications and manipulations. However, according to the pre-
sented results in this work, there are several significant factors for the HS variability of
raw milk in environmental and technological impacts on farms. Partial explanation and
quantification of these impacts was the aim of this paper.

4. Conclusions
From the above experiment, it was concluded as follows:

- analysis of the variance on the influences of farm factors on the raw cow milk indica-
tors, in particular the HS of lactoproteins, showed the severity of the influence of
farm conditions on the quality of dairy products and the possibility of increasing the
share of added value in the dairy industry;

- milk HS was statistically significantly influenced by all the farm factors (fixed effects
of the linear model): year; season; calendar month; altitude; total annual rainfall; the
number of dairy cows in the herd; milk yield level; cow breed; type of milking; litter
type in the stable; summer grazing application; farm effect;

- quantification of these effects may allow efficient selection of raw milk during its col-
lection in order to be processed into specific dairy products with the high-tempera-
ture treatment, according to the definition of farm conditions.
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ABSTRACT

Detection of adulteration of small ruminant milk is
very important for health and commercial reasons. New
analytical and cost-effective methods need to be devel-
oped to detect new adulteration practices. In this work,
we aimed to explore the ability of the MALDI-TOF
mass spectrometry to detect bovine milk in caprine and
ovine milk using samples from 18 dairy farms. Different
levels of adulteration (0.5, 1, 5, 10, 20, 40, 60, and 80%)
were analyzed during the lactation period of goat and
sheep (in May, from 60 to 90 d in milk, and in August,
from 150 to 180 d in milk). Two different ranges of
peptide-protein spectra (500-4,000 Da; 4-20 kDa) were
used to establish a calibration model for predicting the
concentration of adulterant using partial least squares
and generalized linear model with lasso regularization.
The low molecular weight part of the spectra together
with the generalized linear model with lasso regulariza-
tion regression model appeared to have greater poten-
tial for our aim of detection of adulteration of small
ruminants’ milk. The subsequent prediction model was
able to predict the concentration of bovine milk in cap-
rine milk with a root mean square error of 11.4 and
17.0% in ovine milk. The results offer compelling evi-
dence that MALDI-TOF can detect the adulteration of
small ruminants’ milk. However, the method is severely
limited by (1) the complexity of the milk proteome re-
sulting from the adulteration technique, (2) the poten-
tial degradation of thermolabile proteins, and (3) the
genetic variability of tested samples. Additionally, the
root mean square error of prediction based only on one
individual sample adulteration series can drop down
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*Corresponding author: bozik@af.czu.cz

to 6.34% for quantification of adulterated caprine milk
and 6.28% for adulterated ovine milk for the full set of
concentrations or down to 2.33 and 4.00%, respectively,
if we restrict only to low concentrations of adulteration
(0, 0.5, 1, 5, 10%).

Key words: adulteration, caprine milk, detection of
bovine milk, ovine milk

INTRODUCTION

The global human population is expected to reach
almost 10 billion in 2050, which means that humanity
will face an enormous challenge in ensuring adequate
food quality. The need to address global food security
will become more critical in all sectors (Garcia et al.,
2019). The dairy industry may also become more vul-
nerable to adulteration, given that milk is one of the
most-consumed foods in the world, owing to its high
nutritional value, which is given by the content of pro-
teins, fat, saccharides, and micronutrients, particularly
calcium, phosphorus, and vitamin B, (Neumann et al.,
2002; Hansen and Ferrao, 2018). Although bovine milk
production is the highest globally, the milk of small
ruminants should not be neglected, as its production
is gaining importance worldwide (Pulina et al., 2018).
The increasing demand for caprine and ovine milks is
due to specific nutritional and functional properties
that have made them valuable and healthier alterna-
tives to bovine milk (Herndndez-Ledesma et al., 2011).
The main benefits of caprine milk are higher digestibil-
ity, which is ascribed to the smaller size of the naturally
homogenized fat globule, and less allergenicity attrib-
uted to the higher content of the ag,-CN fraction rather
than an ag-CN fraction (El-Agamy, 2007; Scano et al.,
2014). Ovine milk has a high nutrition value, which is
based on a protein content that is twice that of caprine
and bovine milk (Balthazar et al., 2017). However, sea-
sonal variations and the much lower yield of caprine
and ovine milk, together with the low price of bovine
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milk, make caprine and ovine milk attractive targets for
milk processors with the intent to adulterate caprine
and ovine milk with bovine milk (Ferreira and Cagote,
2003). Consequently, adulterating the small ruminants’
milk, particularly with bovine milk, is quite common
(Mafra et al., 2008).

Despite the similarity of these 3 matrices and the
consequent difficulty of their identification in mixtures,
many analytical methods have been developed for the
authentication of milk. Polymerase chain reaction is
usually used to detect milk of different species (Azad
and Ahmed, 2016). In this context, electrophoretic,
immunochemical, or chromatographic strategies have
also shown potential mainly due to the great hetero-
geneity of milk proteins with the presence of different
isoforms (Roncada et al., 2012; Poonia et al., 2017).
Especially, chromatographic methods with advanced
methods for the acquisition of the data are growing in
popularity due to recent advances in MS instruments.
For example, quantitative methods such as sequential
window acquisition of all theoretic mass spectra or se-
lected reaction monitoring experiments have been used
because of their high sensitivity and specificity in the
proteomic approaches (Ortea et al., 2016).

From these analytical methods, MALDI-TOF MS
also found application as a powerful and cost-effective
tool for detecting the food adulteration due to rapid
and simple preparation of sample, ease of use, fast data
collection, high sensitivity, tolerance to contaminants,
and the ability to detect various components in highly
complex mixtures (Roncada et al., 2012; Aiello et al.,
2020; Zambonin, 2021). The potential of MALDI-
TOF MS for the detection of small ruminants’ milk
adulteration was confirmed by Nicolaou et al. (2011).
They have used a combination of MALDI-TOF MS and
multivariate statistical methods to analyze mixtures
of pasteurized bovine, caprine, and ovine milk. The
selected regression models achieved encouragingly low
root mean square error (RMSE) of prediction in the
range of 6 to 10%. The MALDI-TOF mass spectra of
milk tryptic digests were used by Calvano et al. (2012)
to reveal 4 peptide markers of bovine milk for 5% adul-
teration detection level. The diversity of identification
of various species of milk, including human, bovine,
caprine, camel, donkey, ovine, buffalo, and infant for-
mula milk, by MALDI-TOF MS technique based on
protein profiling was investigated by Di Francesco et
al. (2018). The molecular fingerprints of proteins and
lipids formed the basis for a fast, robust, and highly ac-
curate method. This method was designed by Piras et
al. (2021) using a liquid atmospheric pressure MALDI-
Q-TOF MS. Bovine milk as an adulterant in caprine
milk was detected down to 5% of the adulteration level.
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The MALDI-TOF MS technique was also used to de-
termine phospholipids in milk to analyze lipid markers
of adulteration (Calvano et al., 2013).

However, to our knowledge, the robustness of this
technique has not yet been tested against a wide range
of milk samples from different herds and flocks that
are influenced by different factors such as genetic,
breed, diet, health, housing techniques, or seasonality.
To fill this gap, this study aimed to verify the rapid-
ity, reliability, and robustness of the MALDI-TOF MS
technique in detecting bovine milk in caprine and ovine
milk from different Czech farms.

MATERIALS AND METHODS
Milk Samples

Bulk tank milk samples were acquired from dairy
farms located across 3 Czech regions. The study in-
volved 6 caprine dairy flocks, 5 ovine dairy flocks, and
8 bovine dairy herds. The average breeding ratio for
caprine flocks was 59% White Shorthaired goat, 29%
Brown Shorthaired goat, 12% Anglo-Nubian goat; for
ovine flocks, 70% Lacaune ovine, 20% Tsigai ovine, 10%
East Friesian ovine; and for bovine herds, 83% Holstein
and 17% Czech Fleckvieh. Dairy farms were selected
to cover typical breeding profiles of dairy animals in
the Czech Republic (Bucek et al., 2019; Kvapilik et
al., 2019). The size of flocks and herds ranged from
13 to 140 animals. Hand milking was typical for small
flocks and herds, whereas machine milking was used for
large flocks and herds. A seasonal grazing system dur-
ing lactation, unique to each flock and herd, has been
introduced on all farms.

A total of 23 raw caprine milk samples, 24 raw ovine
milk samples, and 24 raw bovine milk samples were
collected directly from the milk cooling tanks (<8°C).
Part of them were taken in the first part of lactation
period of small ruminants in May (from 60-90 DIM; 11
caprine milk samples, 12 ovine milk samples, and 12
bovine milk samples), and the rest of milk samples in
the second part of lactation in August (from 150-180
DIM). The samples were collected in sterile containers
and transported under cold conditions at 6°C to the
laboratory.

First, a matrix of adulterated milk samples was pre-
pared with random combinations of pairs caprine and
bovine, and pairs of ovine and bovine; series with 0.5,
1, 5, 10, 20, 40, 60, and 80% adulteration were prepared
from each pair. In total, 184 spiked samples of caprine
milk with bovine milk were prepared, and 192 spiked
samples of ovine milk with bovine milk were prepared.
Pure milk samples were also analyzed for caprine milk
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(n = 23), ovine milk (n = 24), and bovine milk (n =
24). Artificially adulterated samples and pure caprine,
ovine, and bovine milk samples were thermally treated
by pasteurization in a batch process in a water bath.
Higher-heat pasteurization (72°C for 20 min), which
can be used under the conditions of the Czech Republic
in the production of drinking milk, was applied.

Baseline Sample Characteristics

Baseline sample characteristics (fat, CP, casein, lac-
tose, TS, nonfat solids, and urea) were analyzed by
indirect infrared spectroscopy with Michelson interfer-
ometry and Fourier transformations by using a Bentley
DairySpec instrument (Bentley Instruments). The SCC
was performed by flow cytometry (Somacount 300,
Bentley Instruments Inc.). Milk pH was measured with
a pH meter (pHenomenal pH 1100L; VWR). A total
count of mesophilic microorganisms (TCM) was car-
ried out following the classical plate method according
to ISO 4833-1:2013 (ISO, 2013). Diluted samples in a
volume of 1 mL were incubated on Glucose-Trypton-
Yeast Extract-Milk agar-filled Petri dishes (Milcom
Corp.). After incubation for 72 h at 30°C, the TCM was
calculated as colony-forming units in 1 mL of sampled
milk, according to ISO 7218:2007 (ISO, 2007). The
suitability of pure milk samples for further develop-
ment of the new method was verified using the 2-tailed
Student’s #test in Microsoft Office Excel 2016.

MALDI-TOF MS Measurement and Analysis

Pure milk samples and their mixtures were used.
Prior to analysis, milk fat was removed by centrifu-
gation at 21,000 x ¢ at 4°C for 15 min (Universal
320R), and samples were diluted 1:1 with ultra-pure
water, and 1 pL of each was deposited on a Bruker
MTP 384 ground steel target plate. Once the sample
spots dried, they were overlaid with 1 pL of a-Cyano-
4-hydroxycinnamic acid (HCCA; Bruker Daltonics)
matrix solution (acetonitrile 50.0%, water 47.5% and
trifluoracetic acid 2.50%; 10 mg/mL HCCA). After the
matrix solution dried, MALDI-TOF MS analysis was
performed using an Autoflex Speed (Bruker Daltonics).
Two linear positive methods with different mass ranges
(500-4,000 Da; 4-20 kDa) and spectra accumulation
were developed and used for measurements. Each
adulterated sample was measured 3 times. The Bruker
bacterial test standard (Daltonics) and Peptide calibra-
tion standard II (Daltonics) were used for method cali-
brations (ppm error was 1-7). Both together cover the
whole measuring range from 500 to 17,000 Da. For a

Journal of Dairy Science Vol. 105 No. 6, 2022

4884

detailed description of the method, see the Supplemen-
tal File S1 (https://doi.org/10.5281/zenodo.6351584;
Rysova et al., 2022).

Spectrum Preprocessing and Registration

All the spectra were measured in the same m/z points
(approx. 1.33 x 10" points for 500-4,000 Da interval,
approximately 2.32 x 10" points for 420 kDa interval)
and, thus, no re-interpolation was required. The spectra
were converted using Bruker CompassXport (version
3.0.13) and smoothed (2 cycles of the Savitzky-Golay
filter with the normalization window of 0.3 m/z) using
the MS-alone tool (Hrdlickova Kuckova et al., 2015).
The spectra were then registered using the method of
Michalusova et al. (2020) as follows: one spectrum was
selected as the template [Lgupiuie (m2)], to which all the
other sample spectra Lg,,,. (mz) were registered. Us-
ing the Levenberg-Marquardt algorithm (R software
version 4.0.3 for Windows; R package ‘min-pack.lm’
version 1.2.1; https://www.r-project.org), the best-
matching coefficients A, B, C, and D were obtained,
minimizing the sum of the squares of the template
spectrum intensity and the registered spectrum inten-
sity C-Lynple(A X mz + B) + D, employing best linear
registration in both the m/z values component (A x
mz + B) and the intensities component (C X Ly,p.(mz)
+ D). See also Michalusova et al. (2020) for the used
scripts. For samples, where mentioned removal of the
best-matching exponential line before the registration,
this task was done in R for Windows (version 4.0.3)
together with the multiMS-toolbox (version 2.5.1:
Hrdlickova Kuckova et al., 2015; Cejnar et al., 2018)
using one of its normalization options.

Removal of the Outliers

The pure or spiked samples were measured in tripli-
cates. If any technical anomalies were detected during
the acquisition of the spectra, another set of triplicates

ras acquired. After the registration of all the spectra,
they were visually checked, and extreme deviations
in registrations were removed. Principal component
analysis (PCA) was then performed on registered
spectra (vectors of intensities) using R for Windows
(version 4.0.3) together with the multiMS-toolbox (ver-
sion 2.5.1), using no other normalization (normalize =
0) and default values for centering (ON) and scaling
(OFF) of spectrum intensities. The deviated spectra,
where either the spectrum deviated from the position of
the other 2 of the triplicate set of the same sample and
concentration, or all 3 spectra of the multiplicate set
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deviated from the position of other spectra of the same
sample adulteration concentration series, were also re-
moved. For each set of measured spectra, the number
of detected and removed outliers is noted.

Data Analysis

Generalized linear model with lasso regularization
(GLM-Lasso; Tibshirani, 1996) regression model and
partial least squares (PLS; Wold et al., 2001) regres-
sion model were trained in the R software (version
4.0.3; https://www.r-project.org) using packages ‘caret’
(6.0.86), ‘pls’ (2.7.3), ‘glmnet’ (4.0.2), and ‘ggplot2’
(3.3.2). The train function of the ‘caret’ package was
used, with removing zero values and centering as the
preprocessing options, RMSE as the metric, and either
‘best” or ‘oneSE’ as the selection function. For PLS,
1 to 10 latent variables were tested for each trained
model and cross-validation scheme. For GLM-Lasso,
the o parameter of the ‘glmnet’ package was set to 1,
X\ parameter was tested for 81 different values equidis-
tantly spaced in the logarithmic space over the interval
from 10” down to 10~ for each trained model and cross-
validation scheme. Figure 1 shows the design of the
entire experiment.
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Data Availability

All the raw spectra (without the outliers) used
for a statistical models and analysis are available as
FAIR data at Zenodo (https://doi.org/10.5281/zenodo
.5742718; Rysova et al., 2021).

Description of the Data Sets, Adulteration
Concentration Series

From each raw caprine or ovine milk sample, an
adulteration concentration series was constructed. For
a given milk sample random bovine milk was assigned
for the adulteration and, subsequently, the mixed adul-
terated samples were prepared in all mentioned con-
centrations of the series. The spectrum for each sample
adulterated at given concentration was then recorded
3 times. The sets contain all the recorded raw spectra
after removing the outliers. Set A, contains adultera-
tion concentration series of 18 samples for caprine milk,
and set A, contains adulteration concentration series
of 19 samples for ovine milk. For both sets, the adul-
teration concentrations of 20, 40, 60, and 80% were
used (i.e., 216 spectra for set A, and 225 spectra for
set Ay after removing the outliers). For simplicity,

Collection of pure
milk samples

Baseline sample
characteristics

Adulteration of milk
samples

fat, CP, casein,
lactose, TS, non-fat

solids, urea, 5%; 10 %; 20%; 40%; +_
sctc, ?nd 'O'c;""_ 60% and 80% /
~_count of mesophilic f
§ cA;nicroorgtmirms adulteration

series with 0.5%; 1%;

[

Pasteurization Sample preparation

MALDI-TOF MS measurement and analysis

e
higher-heat e "l
pasteurization

72°C for 20 min)
.

» protein profile analysis |
= spectrum prepr

ing and regis
» removal of the outliers [ ‘

Data Analysis

» calibration of the model

testing different m/z intervals: 500-4,000; 4-20 kDa
testing different regression models: GLM-Lasso and PLS
testing different cross-validation schemes

» testing the method sensitivity based on preferred parameters

Figure 1. The digital workflow for evaluation of MALDI-TOF MS technology in small ruminant milk adulteration.
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we later (and for the other sets) use only the notation
“Set A,” omitting the animal specification in the index,
and specify the numbers first for the goat-related set
and then for the sheep-related set (i.e., set A contains
adulteration concentration series of 18 samples for cap-
rine milk and 19 samples for ovine milk with adultera-
tion concentrations of 20, 40, 60, and 80%, or 216 and
225 spectra, respectively.

Set B contains adulteration concentration series of
another 5 milk samples for caprine and ovine milk
(neither of them included in set A) and adulteration
concentrations of 20, 40, 60, and 80%, with 60 spectra
each for caprine and ovine milk, after removing the
outliers. Set AB, if referred, contains all the spectra
from set A and B, with 276 and 285 spectra for caprine
and ovine adulterated milk samples, respectively. Set C
contains adulteration concentration series of the same 5
milk samples as in set B; however, the adulteration con-
centration series were prepared and adulterated again
at the same concentrations and using the same bovine
milks for adulteration (i.e., the technical replication of
set B). The set contains 60 spectra each for caprine and
ovine adulterated milk samples. Set A+ contains all the
spectra of set A and, for each milk sample from set A,
adulterated samples were also prepared in concentra-
tions of 0, 0.5, 1, 5, 10, and 100%, and the spectra
recorded. The set then contains 551 respective 561
spectra for caprine respective ovine adulterated milk
samples. Similarly, set C+ contains all the spectra of
set C, and, for each milk sample from set C, the adul-
terated samples were also prepared in concentrations
of 0, 0.5, 1, 5, 10, and 100%, and the spectra recorded.
The set contains 146 and 144 spectra for caprine and
ovine adulterated milk samples, respectively.
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RESULTS

Baseline Characteristics of Pure Milk Samples

Descriptive statistics of baseline characteristics of
pure caprine, ovine, and bovine milk, which was used
to develop the method, are summarized in Supplemen-
tal Tables S1 and S2 (https://doi.org/10.5281/zenodo
.6351584; Rysova et al., 2022). Differences between
bovine and ovine milk attain significance for all milk
parameters. The significance between bovine and cap-
rine milk was also confirmed for most of the milk pa-
rameters, except for the TCM, the fat, and the casein
content.

In terms of the variability of our samples, as shown
in Supplemental Tables S1 and S2, the standard de-
viations of the parameters of milk of goats and sheep
are generally higher than in cows. The variability was
greatest for indicators of health and hygiene such as
the TCM and the SCC. Across all 3 groups of animals,
the coefficient of variation ranged from 200 to 388% for
TCM and from 71.8 to 111% for SCC. Slightly higher
coefficients of variation were observed for fat and urea.
The highest variability in fat content was observed in
bovine milk (CV: 22.4%), whereas the highest vari-
ability in urea content was observed for caprine milk
(31.1%). Other monitored components and properties
showed a lower coefficient of variation (<10.0%).

Figure 2 shows a PCA plots of registered peptide-
protein spectra of pure caprine, ovine and bovine milk
samples used from sets A+ and C+. The nonhomoge-
neous distribution is particularly noticeable across cap-
rine and ovine dairy flocks, whereas the peptide-protein
spectra from 8 bovine dairy herds show a tighter cluster.

W Budov [ Libiva Sots O training set
B Celechovice O] Hazovice Sets: O teaining set @ Bmicke [ mixture g O taining set ot @ 8ukovice M Loucany O testset
Farms: [ CeskaVes [ Lukov O test set Farms: @ Domasov [ Smiovice O testset W Domasov [ Lukavice

W Oomasov W Vizovice

W Lipova

W Val. Bystrice

O Kienovice [J Vysehorky

Figure 2. Principal component (PC) analysis score plots of registered spectra of all pure milk samples used from sets A+ (depicted as

squares: training set) and C+ (depicted as circl

t set), for (A) 68 spectra of pure caprine milk, (B) 72 spectra of pure ovine milk, and (C)

141 spectra of pure bovine milk (used and measured in both caprine milk adulterated sets and ovine milk adulterated sets).
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Quantification of Milk Adulteration —
Calibration of the Model

Quantification of milk adulteration can be con-
structed as a regression from acquired and registered
spectra of the sample. However, several parameters
should be properly chosen. For each tested sample of
caprine or ovine milk, a random bovine milk sample
was selected for adulteration, and then the sample was
adulterated with mentioned concentrations by the same
bovine milk sample (adulteration concentration series
of the given sample). For calibration of the quantifica-
tion model, the set AB, an adulteration concentration
series of 23 caprine milk samples and 24 ovine milk
samples were measured using only medium concentra-
tions for adulteration (20, 40, 60, and 80%). This set
was divided into 2 independent sets: a training set A
containing adulteration series of 18 caprine milk sam-
ples (216 spectra) and adulteration series of 19 ovine
milk samples (225 spectra), and a test set B with the
remaining 5 samples (60 spectra each for caprine and
ovine samples) and measured independently. Samples
left for the test set were selected randomly; however,
with a focus to contain samples from caprine flocks
(respective ovine flocks) of different breeding profiles.

To confirm the variability between measurement
sessions, the same samples measured for the test set
B were adulterated again, forming another test set C
(60 and 60 spectra in total for caprine and ovine milk,
respectively) for a model trained on both previous sets
(i.e., on set AB). The results for quantification models
used are listed in Supplemental Tables S3, S4, and S5
(https://doi.org/10.5281 /zenodo.6351584; Rysova et
al., 2022).

When comparing adulterated milk samples (for both
caprine and ovine milk) we compared GLM-Lasso (Tib-
shirani, 1996) regression model and the PLS (Wold et
al., 2001) regression model at first. For both models,
optimal initial parameters had to be estimated and
then used for the training. For the GLM-Lasso, this
means the estimation of X\ parameter and for PLS the
number of latent variables used. As can be observed in
Supplemental Tables S3 and S4, for the training sets
used and the test sets, the GLM-Lasso generally shows
lower RMSE than PLS-based regression, and thus the
GLM-Lasso based calibration model was selected. Two
selection methods for determination of parameters of
the model were tested, either to use the parameters
of the solution with the lowest RMSE determined by
the cross-validation (“best” in Supplemental Tables S3
and S4), or the parameters by the simplest model lying
within of one standard error (oneSE) interval from
the solution with the best RMSE obtained (“oneSE” in
Supplemental Tables S3 and S4). The oneSE was cho-
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sen as the selection method for determining the model
parameter because it shows slightly better values than
the best selection method for another independent test
set used (set C). Thus, this selection method can be
confirmed as a real prevention of potential overfitting
of the final model. For the cross-validation schemes
used for estimation of model parameters, 2 schemes
were compared: leave-one-series-out cross-validation
(LO-S-OCV) and leave-one-random_concentration_
from_series-out cross-validation (LO-RC-OCV), see
Supplemental File S2 (https://doi.org/10.5281 /zenodo
.6351584; Rysova et al., 2022) for details. The LO-RC-
OCYV scheme shows better results when using the GLM-
Lasso model and the oneSE selection method, hence it
was chosen to estimate the model parameters. The LO-
S-OCV scheme can provide similar results; however,
it is also tightly fixed to the number of adulteration
concentration series included, whereas LO-RC-OV is
controlled by selected number of iterations, which can
be restricted even in groups having an extraordinarily
high number of samples.

The visible systematic decrease in intensity for the
interval 4 to 20 kDa (see Figure 3) for pure caprine
and ovine milk spectra raised the question whether
the division by the best-matching exponential base-
line (exponential normalization) could improve the
subsequent spectrum registration and result in lower
RMSE for quantification. Different baseline treatment
(with or without exponential normalization) followed
by spectrum registration was also tested for both ac-
quisition intervals (500-4,000 Da vs. 4-20 kDa), see
Supplemental Table S5. Sometimes a slight decrease in
the resulting RMSE of prediction is visible for the ex-
ponential normalization followed by linear registration
of spectra, but generally, the linear registration alone
without any previous baseline treatment shows the low-
est RMSE values in many cases and comparably low
ones in the rest. The RMSE for 500-4,000 Da spectra
were also lower than the RMSE for 4-20 kDa spectra
on the test set and thus, spectra from 500 to 4,000 Da
m/z interval are preferred. For detailed comparisons,
see Supplemental File S2.

Figure 4 shows the real and predicted concentration
of adulterated samples from the training set AB of the
calibrated model. The prediction error does not show
any significant increases or decreases in any of the 4
tested adulteration concentrations, thus guarantees the
prediction error's stability.

Sensitivity of Method Based on MALDI-TOF MS
for Detection of Small Ruminant Milk Adulteration

Based on our experiments with adulterated milk with
concentrations of 20 to 80%, low adulteration concen-
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trations were subsequently explored and pure caprine
or ovine milk and pure bovine milk were also added. For
the previously used set A, adulteration concentrations
of 0.5%, 1%, 5%, 10%, and 100% were measured during
2 different days, and then similarly were measured the
different adulteration concentrations for samples from
the previously used set C. For different concentrations
for set A, 335 new spectra were added for caprine milk
samples (n = 18) after removing outliers, and 336 new
spectra were added for ovine milk samples (n = 19).
For different concentrations for set C, 86 respective 84
new spectra were added for caprine milk samples (n =
5) respective ovine milk samples (n = 5). The sets with
extended scale of concentration are then referred to as
set A+, respective C+. Table 1 shows results for an
acquisition interval of 500 to 4,000 Da. The RMSE for
acquisition intervals of 4 to 20 kDa is also included for
comparison. Figure 5 then shows the real and predicted
concentrations using the 500 to 4,000 Da acquisition
interval.

The increase of the trained final model RMSE for the
test set (11.4 and 17.0 for caprine ovine milk samples,
respectively, 500-4,000 Da, LO-RC-OCV scheme) re-
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sults from increased variability included (spectra from
another at least 3 sessions or days with independent
adulteration, pasteurization, and measurement steps
included). We must also note that for medium concen-
trations only (20, 40, 60, 80%), the training set contains
only spectra from original A set (one measurement ses-
sion at all), and thus, variability over included medium-
scale concentrations can be restricted. Nevertheless,
if set B is also included among the training sets, the
RMSE for the test set drops, but only a little (11.0 and
16.1 for caprine and ovine milk samples, respectively).
For the final quantification model trained on set A+,
we can also evaluate error probability. For caprine milk,
when all the spectra of set A + are evaluated with
the full set of adulteration concentrations, the model
predicts the concentration with 10.4% error or less with
a probability of 90%. When all the spectra of the test
set C+ with the full set of adulteration concentrations
are evaluated, the model can predict the concentration
with a 15.4% error or less with a probability of 90%.
When the spectra of sets A+ and C+ are evaluated, the
model can predict concentration with 11.2% error with
a probability of 90%. If we select a threshold line of

Spectra: [l caprine milk [l ovine milk

normalized intensity

3000

2000
miz

1000

4000

normalized intensity

4000 8000 12000 16000

mlz

Figure 3. Average registered spectra of pure caprine milk and pure ovine milk. Only pure sample spectra from set A and C (in total, n = 23
for caprine milk samples: n = 24 for ovine milk samples), for 68 spectra for pure caprine milk, and 72 spectra for pure ovine milk in total. The
spectra were recorded for both m/z intervals of (A) 500 to 4,000 Da and (B) 4 to 20 kDa. The ovine milk spectra are shifted in intensities for
better graphical presentation only. The mean and one sample standard deviation are displayed.
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Table 1. Root mean squared error (RMSE) of predicted caprine and o

caprine and ovine adulterated milk samples, respectively) as the training
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vine adulterated milk samples using set A+ (551 and 561 spectra for
set and set C+ (146 and 144 spectra, respectively) as the test set

Caprine milk Ovine milk

Item 500-4,000 Da 4-20 kDa 500-4,000 Da 4-20 kDa
Mean cross-validated RMSE on training set only 10.8 + 2.78 11.1 £ 2.87 9.94 + 3.06 13.7 £ 3.82
(LO-RC-OCV)*
Mean cross-validated RMSE on training set only 11.3 & 2.80 11.2 &£ 2.93 10.8 £ 3.39 14.0 & 3.80
(LO-S-0C
RMSE of trained final model (LO-RC-OCV) 7.58 9.54 7.23 11.5
on training set
RMSE of trained final model (LO-S-OCV) 8.01 9.84 9.07 127
on training
RMSE of trained final model (LO-RC-OCV) 114 12.6 17.0 18.6
on test set
RMSE of trained final model (LO-S-OCV) 11.5 12.6 16.4 18.9
on test set
"Results for both cross-validation schemes: leave-one-series-out cross-validation (LO-RC-OCV) versus leave-one-random-concentration-from-

series-out cross-validation (LO-S-OCV) and for both acquisition intervals (500-4,000 Da vs. 4-20 kDa) are included.

*Mean RMSE = one SE.

adulteration for 10 or 20% for sets A+ and C+, then we
can also use this regression model to classify correctly
whether the sample is adulterated with less or equal the
threshold or above the threshold. This way, for both
sets used together, the accuracy of classification of the
sample as having up to 10 or 20% of adulteration is
90.7 and 91.7%, respectively.
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Figure 4. Real and predicted concentrations for the training set AB (

For the ovine milk, when only set A+ is accounted,
the model predicts the adulteration concentration with
10.8% error or less with a probability of 90%. When
only set C+ is used, the model predicts the adulteration
concentration with 19.7% error or less with a probabil-
ity of 90%. When both sets are used (A+ and C+), the
model predicts adulteration concentration with a 12.0%
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500-4,000 Da acquisition interval) containing spectra of medium con-

centrations of adulteration concentration series (20-80%) with 276 spectra for caprine milk samples (A) and 285 spectra for ovine milk samples
(B) in total. Real concentrations are depicted as a black line, with predicted concentrations in red for caprine milk and blue for ovine milk.

Journal of Dairy Science Vol. 105 No. 6, 2022

75



Rysova et al.: MALDI-TOF MS IN DETECTING MILK ADULTERATION

4890

Sets: ¥ Set A+ 3 Set C+

Predicted value (%)
10 20 30 40 50 60 70 80 90 100 110

-10 0

0 200

400
Recorded spectra

600

Figure 5. Real and predicted concentrations for the prediction model trained on the A+
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set with (A) 5

51 spectra for caprine and (B) 561

spectra for ovine milk samples, and tested on the C+ set with 146 and 144 spectra, respectively. Real concentrations are depicted as a black line,

with predicted concentrations in red for set A+ and blue for set C+.

error or less with a probability of 90%. The accuracy of
classification of the sample as having up to 10 or 20% of
adulteration is 93.3% and 90.6%, respectively.

If we restrict the concentration scale and train the
model only on concentrations up to 10% of adulteration
from A+ set, the RMSE drops to 3.85 and 3.86% for
caprine and ovine milk C+ test set, respectively (also
restricted to concentrations up to 10%). Prescreening
for estimation of potential adulteration concentration
followed by measurement in the selected restricted
concentration range can increase the precision of fi-
nal estimation and eliminate many other sources of
variability or nonlinearity originating from the small
differences between adulteration techniques degrada-
tion of thermolabile proteins during heat-treatment or
MALDI-TOF measurement.

We can restrict the conditions more and use samples
with low adulteration concentrations (0, 0.5, 1, 5, 10%)
originated from only one individual caprine milk or
ovine milk sample. With a cross-validation scheme it-
erating over each concentration, we can get a RMSE as
low as 2.33% for quantifying adulterated caprine milk
samples and 4.00% for adulterated ovine milk samples.
If we are still restricted to only one individual being
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adulterated with selected bovine milk and return to the
usage of concentrations set (0, 0.5, 1, 5, 10, 20, 40, 60,
80, 100%), then with cross-validation scheme iterating
over each concentration we can get as low RMSE as
6.34% for quantification of adulterated caprine milk
sample and 6.28% for adulterated ovine milk.

DISCUSSION

In recent years, several methods based on MALDI-
TOF have been developed that assess the authentic-
ity of milk and dairy products. The increasing use of
MALDI-TOF MS to detect adulteration is because it
offers some advantages over other analytical techniques
as fast generate spectra, profiles, or fingerprints with
fast and easy sample preparation or no sample prepara-
tion, absence of analyte purification, chemical modifica-
tion, or derivatization (Cozzolino and De Giulio, 2011;
Zambonin, 2021). One of the most common frauds is
still mixing cheaper and available milk, such as bovine
milk, with more expensive and seasonally produced
milk, such as small ruminants’ milk. Therefore, in this
paper, we tested the peptide-protein mass spectra of
bovine, caprine, and ovine milk and their mixtures from
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several Czech farms with high proteome heterogeneity
to verify the MALDI-TOF MS technique in the de-
tection of adulteration. It appears that low molecular
weight proteins located in the range of 500 to 4,000 Da
in combination with the GLM-Lasso regression model
provide a lower RMSE. Although MALDI-TOF MS has
been shown several times to be able to quantify bovine
milk in caprine and ovine milk, this study may be the
first to report an issue associated with a higher predic-
tion error.

Variability of Milk Parameters of the Used Matrices

In developing an analytical method for the detection
of adulteration, it is very important to consider the
variability of milk components of validation milk sam-
ples used, which is the result of genetic, physiological,
nutritional, and environmental factors (Gantner et al.,
2015). For this reason, in this work, a relevant effort was
made to obtain the necessary variability of components
and properties of milk by taking milk samples from
18 different farms in the Czech Republic. The baseline
characteristic of pure bovine, ovine, and caprine milk
used to develop the method are consistent with our
previous (Hanus et al., 2007, 2008, 2009, 2010) and past
studies (Raynal-Ljutovac et al., 2008; Balthazar et al.,
2017; Wendorff and Haenlein, 2017). Thus, the milk
matrices collected were declared to be suitable material
for the development of a new analytical method.

However, differences in milk composition can also be
observed within the group, between individual cows,
goats, and sheep. In our milk samples, the standard
deviations of the parameters of milk of small ruminants
are generally higher than in cows. This fact is due to a
large number of breeds and hybrids in flocks of goats
and sheep compared with the herd of cows and the
seasonal pattern in reproductive activity when the
season and stage of lactation are more affected by the
variability of caprine and ovine milk. A less balanced
feed ration in these farms also contributes to greater
milk variability in small ruminants. The similar intra-
group variability also evidenced by research aimed at
monitoring the variation in milk components not only
in the herds and flocks but also between udder quarters
(Forsbéck et al., 2010; Crossley et al., 2018; Vacca et
al., 2018).

MALDI-TOF MS as a Tool for Detection of Small
Ruminant Milk Adulteration

The application of the MALDI-TOF MS was assessed
by Calvano et al. (2012), who confirmed the potential
of bovine-specific peptide markers to detect up to 5%
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level of adulteration. However, rather than developing
and validating a new methodology to detect frauds, the
authors focused on testing sample preparation based
on tryptic digests and the determination of the result-
ing markers. A very similar objective was followed by
Calvano et al. (2013). They used MALDI-TOF mass
profiles of milk phospholipids to obtain 2 diagnostic
peaks (703.6 and 706.6 m/z) for the identification of
adulterant bovine milk in caprine and ovine milk. The
ratio of these peaks was allowed to reveal only 20% and
more of bovine milk in small ruminants’ milk.

Liland et al. (2009a) chose a similar approach to es-
timate the relative proportions of milk species. Whole
mass spectra and multivariate regression were used
for quantitative analysis. By 3 separate PLS regres-
sion models, the authors achieved RMSE of 5.40% for
ovine milk and 6.50% for caprine milk, confirming the
possibility of using MALDI-TOF MS for quantitative
analysis. In our results, the higher RMSE values of our
regression models, namely GLM-Lasso and PLS, are
most likely due to the genetic variability and thermal
instability of milk proteome reflected in our samples,
taken from 18 dairy farms. The nonhomogeneous dis-
tribution of peptide-protein spectra is noticeable in
all 3 groups. This complexity of the milk proteome is
mainly caused by present frequency of genetic poly-
morphism, as well as posttranslational modifications
that occur either naturally or nonbiologically during
milk processing and storage (e.g., heat-treatment; Le
et al., 2017). An additional level of complexity of the
milk proteome may arise from the influence of the diet,
health of the animal, management practices, and stage
of lactation (Abd El-Salam, 2014; Tacoma et al., 2016).
On the contrary, Liland et al. (2009b) collected all milk
samples from only one farm without indicating internal
and external factors that affect the composition of the
milk proteome.

Nicolaou et al. (2011) also demonstrated the use of
milk protein profiles to detect adulteration through a
combination of whole MALDI-TOF mass spectra with
multivariate techniques such as PLS and kernel PLS.
Nonlinear kernel PLS slightly outperformed PLS with
RMSE values of 6.35 and 8.13% for determining the
percentage volume of bovine milk in caprine milk and
ovine milk, respectively. Lower error values in this study
may again indicate lower variability in the samples set.
Thus, variation in the molecular mass of individual
proteins may not be as common as in our sample set
of bovine, caprine, and ovine milk, as evidenced by our
tested individual adulteration concentration series with
RMSE values as low as 6.34% for caprine milk and
6.28% for ovine milk. The adulteration of unpasteur-
ized milk and the subsequent pasteurization step in
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our methodology could add another source of variance.
The thermally unstable subset of milk proteins can be
degraded during the pasteurization and decrease the
potential precision of the quantification model (Melt-
retter et al., 2008). If we restrict to only a set of distinct
concentrations (20, 40, 60, 80%) with wide separation
intervals, the RMSE for a full set of samples can also
drop from 11.4 to 4.63% and from 17.0 to 9.15% in
caprine and ovine milk samples, respectively. Hence,
the inclusion of possible influences acting on the com-
position of the milk proteome in the development of
the regression model is necessary to achieve adequate
reliability and robustness of methodology, which is also
supported by other published studies (Czerwenka et al.,
2010; Trimboli et al., 2019; Li et al., 2021).

Promising results were achieved by Piras et al. (2021)
that suggested a rapid and highly accurate analysis
based on molecular fingerprints originating from liquid
atmospheric pressure MALDI-Q-TOF MS. Their meth-
od detected 5% of bovine milk in caprine milk with
92.5% sensitivity and 94.5% specificity. On the other
hand, the application of this method is so far limited
to experimental use only, liquid atmospheric pressure
MALDI-Q-TOF MS is very little used in public control
authorities, mainly due to the acquisition costs. For
example, the veterinary inspection authorities of the
Czech Republic have introduced conventional MALDI-
TOF MS for the routine identification of microorgan-
isms, and they potentially use this instrumentation for
other analyses.

CONCLUSIONS

This work extended the knowledge regarding the use
of the MALDI-TOF MS technique coupled with mul-
tivariate analysis to detect bovine milk in caprine and
ovine milk. From the 2 calibration models used, GLM-
Lasso in combination with ranges of peptide-protein
spectra from 500 to 4,000 Da proved to be more effec-
tive. Despite the high similarity of the 3 milk matrices,
we could quantify the amount of bovine milk in the
milk of small ruminants. However, we could not achieve
a low prediction error as in other studies, which we at-
tribute to the high heterogeneity of the milk proteome.
Our results show that caution is needed when introduc-
ing this method into routine analyses in laboratories
of inspection authorities, as considerable variability of
milk proteins profile between farms may affect the reli-
ability and robustness of the method. The stability of
the protein profile also from farms in other countries
should be considered before adopting conventional
MALDI-TOF MS as the standard test for detecting

adulteration in milk from small ruminants.
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Currently, the prices of dairy cows feed with protein concentrates are rising and the climate change is also manifesting itself with
a growing drought in animal production. These are the reasons why there is an increasing interest in growing silage from legume-
cereal mixtures (L-C-M) and in increasing their share in feed rations for dairy cows. Furthermore, the L-C-Ms improve the soil fertility
during the crop rotation. The effect of these feeds on milk quality was evaluated by adding L-C-M silages into feeding rations. Czech
Fleckvieh and Holstein breed dairy cows (8 herds; feeding periods without and with L-C-M silages) were included in the evaluation
for 3 years. There were used 126 L-C-M (experimental) and 463 control (without L-C-M) bulk tank milk samples in this dairy analysis.
Lactose content, solids non fat content and total count of mesophilic bacteria in milk of L-C-M group was increased as compared
to control (zero hypothesis probability varied from P <0.05 to P <0.001). On the contrary, as new knowledge, milk freezing point
depression and somatic cell counts were decreased in L-C-M group as compared to control (P 0.001 and P <0.05). Other milk
indicators such as contents of fat, crude protein, milk urea and thermostability (P >0.05) were not affected by evaluated factor. The
residues of inhibitory substances in bulk tank milk in the L-C-M group were not indicated, but one case was in the control group.
Feeding of dairy cows with an increased proportion of L-C-M silage in the roughage component a part of the feeding ration is a safe
way to replace part of the protein concentrates in animal feeding, regarding milk quality.

Keywords: breed, protein, milk freezing point depression, milk thermostability, hygienic milk indicators

1 Introduction The world’s population should behave ecologically and
Feeding of silages from legume-cereal mixtures (L-C-M) take the climate change into account. Also it is necessary
expands considerably in the diet of cattle and especially 10 take the resources rarefaction like phosphorus and
dairy cows in the Czech Republic (CR). Currently, the ‘ater,and losses of fertile lands into account (Bedoussac
prices of dairy cows feed with protein concentrates are €tal-2015).There are more optionsinagriculture. The use
rising and the climate change is also manifesting itself ©f Piologically fixed nitrogen (N,) by agricultural plants
with a growing drought in animal production. These Should be increased (Jensen and Hauggaard-Nielsen,
are the reasons why there is an increasing interest in 2003; Hauggaard-Nielsen et al, 2003, 2008, 2009). As
growing silage from legume-cereal mixtures (L-C-M) and ~ known, the cultivation of legumes helps enrich the soil
in increasing their share in feed rations for dairy cows. With nitrogen; hence, cultivated with cereals in rotation
Furthermore, the L-C-Ms improve soil fertility during the ~ ©T in association, they contribute to higher fertility in
crop rotation. soils (Magrini et al., 2019). Enhancing the crop diversity

is a crucial factor for sustainable agro-ecology. Legumes,

as a main source of biological nitrogen, are also able to

*Corresponding Author: Oto Hanus, Dairy Research Institute Ltd., Ke Dvoru 12a, 160 00 Prague, Czech Republic. e-mail:
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reduce synthetic nitrogen fertilizers use and associated
fossil energy consumption (Liischer et al, 2014;
Bedoussac et al., 2015). This can support organic farming
and the sustainability of this humane activity. This way,
possible advantages of eco-functional intensification in
organic farming can be reached. This could be obtained
by intercropping cereal and grain legume species sown
and harvested together (Bedoussac et al., 2014, 2015).

Yigezu et al. (2018) mentioned the favorable economic
effects of alternating cultivation of legumes and cereals
in arid areas (Morocco). Prins and de Wit (2006) supported
the intercropping of cereals and grain legumes as this
showed the positive potential of organic farming in
many ways. Also Huriady and Hochman (2014) support
this concept with their opinion: intercropping of grain
legumes and cereals is effective in organic farming.
Good basis for increase and stabilisation of yields and
sustaining plant health exists. On agriculture farms
pea-cereal mixtures are an effective crop, harvested for
green fodder as well as for feed concentrates, in dairy
cows feeding. Other authors (Salcedo, 2007; Stoddard
et al,, 2009; Ksiezak and Straniak, 2009) also confirmed
the importance of legume cultivation and L-C-M silage
productionintheworld agricultureand animal production
for biological fixation of atmospheric nitrogen in the soil,
increasing the soil fertility, interrupting cycles of cereal
diseases, the possibility of improving the protein value of
feed and increasing nitrogen matter intake in dairy cows
and possible food improving.

In ruminant production, forage legumes as a plant group
present some specific advantages and disadvantages
(Phelan et al,, 2015). In case legumes are compared to
grasses or cereals, the main advantages are in general
low reliance on fertilizer nitrogen inputs, high voluntary
intake and animal production when feed supply is non-
limiting and high protein content. On the other hand,
the main disadvantages of forage legumes are in general
lower persistence as compared to grass under grazing,
high risk of livestock bloat and difficulty to conserve
as silage or hay. The last dry years could have been
a reason for turning to this type of feeding in dairy
cows. Possible technological troubles in L-C-M green
matter harvesting as concequence of rainy weather
and subsequent soil pollution in silages can deteriorate
preservability (silageability) and contaminate silage
with unwanted microorganisms (Andersen and Jensen,
1987, cit. Kratochvil, 1991) and their spores (bacilli).
These can penetrate subsequently into milk and worsen
its quality (Murphy et al., 2016). For these reasons, the
technological question of the possibility of increased
feeding influence by L-C-M silages in dairy cow herds on
the raw milk quality is increasing (Lobacz et al., 2016) in
practice now.

Milk thermostability (lactoprotein thermostability; TES)
is a technological property. The TES shows the resistance
of milk proteins to their possible heat coagulation
respectively to their thermal denaturation and TES may
be significantly endangered by a lactoprotein quality
decrease. Therefore, TES can be affected by dairy cow
nutrition which is a crucial factor. Cows metabolic
disorders, such as subclinical rumen acidosis, could also
reduce the technological quality of milk by reducing
the content and quality of protein (so called low protein
syndrome;lllek, 1995).Chramostovéetal.(2014) stated the
thermostability as an important indicator in assessment
of the raw milk quality. This is valid particularly in terms
of the heat load to which milk is exposed during its
processing. In general, at raw milk processing the good
thermostability in the production of durable products is
required (Singh, 2004). It means at processing products
with long shelf live such as condensed and sterilized UHT
milk (Patrovsky and Gajdusek, 1988). Milk TES is also an
economic indicator. The TES in dairy is always related to
technologies which lead to products with higher added
value. This TES test in technology is simple, nevertheless
labor-intensive and lengthy. That is the reason why the
data files for milk TES investigations are of small scale
in terms of sample number. This is usually in tens of
samples as maximum (Chramostova et al., 2014). This fact
underlines the uniqueness of the database used in this
work (n = 535).

From these reasons the paper goal was to evaluate the
effects of L-C-M silage feeding in dairy cows (Czech
Fleckvieh and Holstein as main milked cattle breeds in the
CR) on their raw milk quality and TES, which was carried
out on a larger data set by modifying the roughage and
concentrate portions in feeding rations.

2 Material and methods

2.1 Animals and milk samples

In this survey, 8 dairy cow herds with Czech Fleckvieh
and Holstein dairy cow breed (4 and 4) were included in
the 3-year observation. Dairy cows were milked regularly
twice a day. These dairy cows were kept in stables with
free (5) and binding (3) housing. The animals were fed
by roughage feeding rations with L-C-M (220% in the
dry matter of the ration) or without L-C-M (NO-L-C-M)
silages according to real randomly and irregularly spaced
periods in the relevant herds. There was applied grazing
in some herds in the summer feed season. The cow
herds were kept at altitude of 341 +47 m. According to
the sampling periods, the average annual rainfall sums
were 589 +122 (L-C-M) and 598 £124 mm (NO-L-C-M)
and were comparable to the groups. This way according
to the technical design of sampling on average 292 +170
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(L-C-M) and 250 +£161 (NO-L-C-M) animals were included
in the groups during the whole experiment. The milking
was performed in the milking parlor (5) and into the
pipeline (3). The milk yield in kg per day in dairy cows was
on average 29.02 +6.22 (L-C-M) and 25.79 +7.28 (NO-L-
C-M) and thus was comparable although it was slightly
higher in L-C-M. During the 3-year experimental period
there were collected 589 bulk tank milk samples in total
two-weekly to monthly intervals: 126 in L-C-M; 463 in
NO-L-C-M feeding regime.

2.2 Model feeding rations of dairy cows
in a pilot study case

A feeding model of experimental and control cows was
developed to assess the effect of L-C-M on the quality
of raw cow’s milk in the field observation. L-C-M silages
based on the majority of peas and barley or peas and
triticale were included in the feed ration characteristics.
A detail description of the dairy cow feeding model has
been introduced in our previous work (Hanus et al., 2018;
Table 2).

2.3 Treatment and analyses of bulk
tank milk samples

The bulk tank milk samples were treated by the
preservative with bronopol (0.03%) excluding these
which were determined for microbiological analyses
and stored in a refrigerator after sampling. Sample
transport was carried out under cold conditions (<8 °C) in
thermobox to an accredited dairy laboratory (Accredited

Milk Laboratory Bustéhrad, Czech-Moravia Breeders
Corporation a.s.). The milk analyses were performed
under conditions which are prescribed by standard CSN
EN ISO/IEC 17025. The milk indicators were determined
as it follows in Table 1. Further also the energy (ketosis,
in terms of animal health) milk coefficients fat/crude
protein and fat/lactose, which are monitored also
for individual cows, were determined by calculation,
according to Siebert and Pallauf (2010), van Knegsel et al.
(2010), Manzenreiter et al. (2013) and Hanus et al. (2013).

A detailed description of milk analyse procedures,
methods and instruments used is given in a previous
work (Hanus et al., 2018) and in Table 2. Milk analyzers
were calibrated and checked regularly for result
repeatability and reliability, according to standard
operating procedures of accredited laboratory (CSN EN
ISO/IEC 17025). For TES value determination the raw milk
samples without preservation were used. The TES time
was determined in the laboratory of Bohemilk Opo¢no
dairy plant. 2.5 ml of milk was used in thick-walled glass
tube for analysis.

2.4 Statistical evaluation of results

For mentioned milk indicators (Table 1) the main statistic
prameters were calculated as follows: - mean values
(arithmetic mean (x), median (m), geometric mean
(xg)); - variability as standard deviation (sd) and variation
coefficient (vx in %). Because of previous regular absence
of normal frequency (Ali and Shook, 1980; Jan( et al.,

Table 1 Used milk indicators with their units in L-C-M/NO-L-C-M group comparison in alphabetical order
Milk indicator Abbreviation Purpose of control Unit
Count of coli-form bacteria coLiB milk hygiene CFU.mI?
Crude protein (total N x 6.38) content CEP milk composition %
Fat content FT milk composition %
Fat/crude protein FT/CEP ketosis indicator -
Fat/lactose monohydrate FT/LE ketosis indicator -
Lactose monohydrate LE milk composition %
Milk freezing point MFPD technological milk property °C
Milk thermostability TES technological milk property minute
for possible occurrence of residues of antibiotic
Residues of inhibitory substances RES | drugs and also for interference potential of possible case
phytoactive substances, milk quality
Solids non-fat SNF milk composition %
Somatic cell count ScC dairy cow udder health 10°ml!
Total count of mesophilic bacteria TCMB milk hygiene | 10° CFU ml”
Total solids content TOT milk composition %
Urea content UA dairy cow nutrition | mg 100 ml"

colony forming unit = CFU; % = weight percentage (g 100g")
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Table 2 Used analytical procedures for milk indicators in alphabetical order
Abbreviation | Procedure Note
plate cultivation method (VRBL agar, 37 1 °C, abbreviated cultivation
coLiB 3
period 24 - 48 hours)
MIR-FT infrared spectroscopy (in mid
CEP CombiFoss FT + (Foss, Hillerod, Denmark) | range with interferometer and Fourier’s
transformation), total N x 6.38
FT look CEP
FT/CEP look CEP calculation
FT/LE look CEP calculation
LE look CEP monohydrate
MFPD MIR-FT, combined wnh glectncal
conductivity value
TES time up to milk protein visible flocculation Underhisdeaneiionsiar 135" Il:‘a(t);:
microbiological (Geobacillus stearothermophilus) inhibition assay . -
RE3 (growth at 65 °C) with pH indicator Eclipse 50 (ZEU-INMUNGTEC, Spain) | MOstiy as residues of antibiotic drugs
SNF look CEP
scc look CEP by flow cytometry wth ethlf:hgm
bromide staining
TCMB IBC FC (Bentley Instruments, Chaska, Minnesota, USA) by flow cytometry
TOT look CEP
UA look CEP

2007 a; Hanus et al., 2011) for data distribution in values of
some milk indicators (for instance SCC, TCMB, COLIB, TES)
these were subjected to a logarithmic transformation
(log,,) for subsequent geometric mean calculations and
also to application of reliable relevant statistic testing
by parametric t-test. The classic unpaired t-test was
used at testing of differences between value means of
milk indicators for L-C-M and NO-L-C-M using MS Excel
(Microsoft, Redmond, Washington, USA).

This experimental design allowed L-C-M (experiment)
versus NO-L-C-M (control) testing on the same localities
under comparable conditions because of equilibrium
conditions the same herd in the NO-L-C-M sampling
period created the reference values for experimental
results in the L-C-M sampling period. Thus, the
interference effect of any uncontrollable factors on the
results was eliminated as much as possible.

3 Results and discussion

3.1 Properties and composition of milk under L-C-M
and NO-L-C-M feeding conditions

The mean values and variability parameters of

components and properties of milk under the mentioned

L-C-M and NO-L-C-M group feeding conditions in this

pilot case study are included in Table 3 and 4. According

to the expectation, lower values of variability (from LE

1.1 to UA 17.7%) were found in milk components (fat,
crude protein, lactose, total solids, solids non-fat and
urea content) and higher (from SCC 41.7 to TCMB 314.4%)
in microbiological (hygiene) indicators (total count of
mesophilic bacteria, coli-form bacteria count, somatic
cell count). From the overall view of the average values
and corresponding variability of all milk indicators, these
varied in the normal range of relevant reference values
for both dairy cow breeds under usual dairy technology
conditions (JanG et al, 2007a, b; Hanus et al, 2007,
2011) in the Czech Republic. Further, average values of
log TCMB and log COLIB were lower then these which
reported Godic¢-Torkar and Golc-Teger (2008; Slovenie)
and comparable to these which reported Pytlewski et al.
(2012; Poland).

The TES means as an important technological property
were 19.58 and 19.53 (L-C-M and NO-L-C-M, xg 18 and 18;
Table 4) minutes with variability of 40.8 and 40.6%. These
TES values are on average similar, however, in variability
much higher as compared to the results of other work in
the CR (Chramostova et al., 2014). Further, in this analyse,
there was 1 finding of RES (NO-L-C-M), ie 0.17% and it
was most likely (95%) of antibiotic occurrence. This is
a value comparable to the average European quality
values. Nevertheless, this suggests that, under the given
conditions, there is practically no risk of degradation of
milk quality by L-C-M silage feeding, either in the form
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of an apparent inhibition production in relation to
some potent bioactive agents of the phytoinhibitor or
phytoestrone type.

3.2 Differences in milk composition and properties
between evaluated groups

Under these mentioned dairy technological (feeding and
environment of dairy cow herds (L-C-M and NO-L-C-M
group)) conditions, a statistically significant effect (Table
3 and 4) was shown on: TCMB, where L-C-M values were
higher (P <0.05 and P <0.01); COLIB, where L-C-M values
were lower (P >0.05 and P <0.05); SCC, where L-C-M
figures were slightly lower (P <0.05 and P <0.05); lactose,
where L-C-M figures were slightly higher (P <0.001); SNF
(Figure 1), where L-C-M values were higher (P <0.001);
MFP, where L-C-M figures were slightly lower (P <0.001);
TOT, where L-C-M values were higher (P <0.001). The main
milk components, including milk freezing point, were
only slightly affected, mostly in favor of L-C-M, partly by
lactose effect and this increase is in fact practically not
essential.

More papers were very interested in the experiment
assessment of effects of maize silages on raw milk
composition and properties as roughage portion has
practical importance in cow feeding ration Szterk et al.
(2017a, b). Pozdisek and Hurady (2020) mentioned an
increase in the concentrations of nitrogenous substances
in mixed stands of cereals (wheat, barley, oats) with peas
in comparison with the concentrations of nitrogenous
substances in the corresponding monocultures (the
weighted average values), which can be assessed as
a positive manifestation of the interaction effect of
legume-cereal mixtures, including theirssilages.Therefore,
it is clear that an estimation of possible impacts of silage
feeding on raw milk quality is important from dairying
point of view. The dairy cow milk yield between the
70" and the 150" day of lactation, crude protein and fat
content in milk were not different, regarding the type of
fed silage, as it was stated by Urbanski and Brzéska (1996)
at silage evaluation including L-C-M. In this context, an
increase of milk yield of dairy cows, when legumes were

Table 3 The effects of dairy cow feeding by L-C-M silages (against NO-L-C-M as control) on raw milk composition and
properties
Group IND CEP LE TOT FT SNF UA SCC log SCC | MFPD
PAR % % % % % mg100ml?' | 10°ml" |- °C
n 126 126 126 126 126 2 126 126 126
X 343 5.02 129 3.84 9.06 29.0 204 22574 | -.52806
sd 0.19 0.06 0.43 0.3 0.17 141 85 0.2356 | .003906
vx 55 1.1 33 7.7 19 4.9 4.7 0.7
L-C-M
Xg 181
m 3.42 5.02 12.79 377 9.06 29.0 208 2.3181 -.529
min 298 4.83 1212 333 852 28.0 38 1.5798 -.539
max. 3.92 513 14.35 5.01 9.43 30.0 383 2.5835 -514
n 460 460 460 460 460 343 459 459 460
X 3.42 4.92 12.74 3.8 8.94 26.93 227 23053 | -.52603
sd 0.16 0.1 0.37 0.26 0.19 4.77 12 0.2221 | -.004729
VX 4.6 2.0 29 6.8 2.1 17.7 49.2 0.9
NO-L-C-M
Xg 202
m 3.44 4,92 12.76 3.79 8.96 27.0 213 23284 -527
min 2.98 4.57 11.44 2.82 8.22 10.0 15 1.1761 -558
max. 3.8 5.17 13.82 493 9.42 42.0 1,124 3.0508 -493
. t 0.6 10.87 411 1.49 6.38 0.61 216 21 4.42
lef' P ns W Ea i ns R ns * * A

Explanations in alphabetical order: dairy cow roughage feeding ration with legume-cereal mixture silage (experiment) - L-C-M; dairy cow roughage
feeding ration with absence of L-C-M (control) - NO-L-C-M; arithmetic mean - x; difference between means (L-C-M - NO-L-C-M) - Diff; geometric
mean - xg; indicator - IND; maximum - max.; median - m; minimum — min; parameter — PAR; probability of zero hypothesis (impact of factor) - P,
P >0.05 - ns (no significant), P <0.05 = * (significant), P <0.01 = **, P <0.001 = ***; sample number - n; standard deviation - sd; value of t-test - t;
variation coefficient - vx. Milk indicators: crude protein content — CEP; fat content — FT; milk freezing point depression - MFPD; monohydrate
lactose concentration - LE; solids non-fat content - SNF; somatic cell count - SCC (after transformation - SCC log, ); total solids content - TOT; urea
content - UA
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Table 4 The effects of dairy cow feeding by L-C-M silages (against NO-L-C-M as control) on raw milk quality and
lactoprotein thermostability
Group IND CcoLIB log COLIB | TCMB log TCMB | FT/CEP FT/LE TES log TES
PAR CFU ml” - 10°CFUmI" | - - - minute -
n 119 119 119 119 126 126 123 123
X 238 0.5223 65.0 1.5505 112 0.77 19.6 1.2548
sd 46.9 0.8251 204.3 0.3358 0.06 0.07 8.0 0.1827
LM VX 197.3 3131 52 8.4 40.8
xg 3.0 36.0 18.0
m 1.0 0 34.0 1.5315 1.1 0.75 18.0 1.2553
min. 1 0 1 1.0414 0.97 0.65 6.0 0.7782
max. 151 2179 2,086 33193 138 1.01 39.0 1.5911
n 462 462 463 463 460 460 412 412
X 321 0.7152 39.9 1.439 mm 0.77 19.5 1.2538
sd 51.1 0.8902 473 0.3459 0.07 0.06 79 0.1821
NG VX 159.1 1187 5.9 74 40.6
xg 50 27.0 18.0
m 1.0 0 24.0 1.3802 1.1 0.77 18.0 1.2553
min. 1 0 5 0.699 0.79 0.58 4.0 0.6021
max. 151 2179 422 26253 1.42 1.04 41.0 16128
; t 1.61 214 24 3.15 1.54 0 0.06 0.05
o P ns * * ”» ns ns ns ns

Explanations in alphabetical order - milk indicators: coli-form bacteria count - COLIB (after transformation - COLIB Iogm); ketosis coefficient fat/
crude protein - FT/CEP; ketosis coefficient fat/lactose — FT/LE; milk thermostability - TES (after transformation - TES log, ); total count of mesophilic

bacteria - TCMB (after transformation - TCMB log, )

included into fed silages, was also found (Emile et al.,
2008).

In the similar research and discussion Salcedo (2007)
stated the highest milk crude protein content (3.18%)
for clover silages in the inclusion of L-C-M silages into
research result evaluation. However, this was without
a relationship of variants of silage to the fat content,
protein content and urea concentration in milk.
Futhermore in our previous study (Hanus et al., 2016)
there was observed a higher content of fat by 0.1 and
0.2%, lower crude protein and casein content by 0.1 and
0.2% and a slightly lower content of lactose in the L-C-M
herd milk.

The both energy (ketosis) coefficients of dairy cows and
milk (FT/CEP and FT/LE) are not significantly different
(Table 4; P >0.05) between groups. Also the insignificant
impact of L-C-M cow feeding on milk TES (Table 4; 19.58
and 19.53 minutes, P >0.05) was registered. Unlike the
results of our previous work (Hanus et al., 2018), the
TES results have a very slightly opposite trend and
the difference between L-C-M and NO-L-C-M group is
insignificant (P >0.05; Table 4) for both the original and the
transformed form of the results. Such a conflicting result

is possible and could be explained by some uncontrolled
interference effects of the field experiment and also by
another way of deriving of reference (control) values
against the experimental ones. As mentioned (Singh,
2004; Kailasapathy, 2008), pH is a very important factor
with effect on milk TES among many other influences.
On the other hand, Chladek and Cejna (2005) did not
observe the influence of higher urea content in cow milk
on the lactoprotein TES. The weak resistance against heat
treatment of milk was characteristic for Polish Holstein-
Friesian (mean was 120 s), the best for Simmental dairy
cows (mean was 300 s) and stage of lactation had no
influence on the milk TES (Litwinczuk et al., 2016). Milk
which was obtained during the autumn/winter period
had significantly higher heat stability of lactoproteins
(P <0.01), with the most significant difference observed
in the Simmental dairy cows (Bartowska et al., 2014).

Although significant, the impacts on milk hygiene
(microbiologic indicators) do not show an essential
practice difference in advantages of L-C-M or NO-L-C-M
group. Completely hypothetically, under degraded
technological and environmental (rain and mud on
relevant field during harvesting in higher proportion)
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Figure 1 The impact of L-C-M (against NO-L-C-M as

control) silages on content of solids non-fat
(SNF; %) in bulk tank samples in raw cow’s milk
(P <0.001) dairy cows roughage feeding ration with
legume-cereal mixture silage — L-C-M (LCM; 1); dairy
cows roughage feeding ration with absence of L-C-M =
NO-L-C-M (NOLCM; 2)

The box graph scheme is as follows: the central short
horizontal line - the median value; the box as tetragon -
the top edge of 1** and 3™ quartile; the vertical line -
difference between maximum an minimum value as
relevant variation range

conditionsatL-C-Mharvesting, themilk hygieneindicators
for L-C-M silages could be worse (Andersen and Jensen,
1987, cit. Kratochvil, 1991). In this our evaluation this
possible effect is observed at total count of mesophilic
bacteria but this is almost missing at coli-form bacteria
count (TCMB P <0.05, log TCMB P <0.01; COLIB P >0.05,
log COLIB P <0.05; Table 4). In addition, these weaker
effects are oriented in the opposite direction (for TCMB
and for COLIB) in terms of the perception of the hygienic
quality of raw milk. Further, for COLIB is this trend against
theoretical expectations, where L-C-M values are lower as
compared to NO-L-C-M figures. These facts are consistent
with our former findings (Hanus et al.,, 2018). There are
possible more interference effects (for instance different
technological and hygiene farm conditions and levels)
for such phenomenon. These were mentioned for milk
hygienic indicators in more details by Murphy et al.
(2016). Therefore, this fact could likely be caused by other
interference factors. Perhaps the season influence, when
L-C-M and NO-L-C-M rations were used for feeding, could
have such impact.

For the L-C-M group a significantly lower somatic cell
count was recorded (Table 3;xg 181 <202 10° ml'; P <0.05)
unlike our previous results (Hanus et al., 2018). This
finding could be very interesting from a new knowledge
point of view but mentioned difference (Figure 2) may

1200 - scc
- NOLCM
1000
800 -
600
400 A LCM
200 - —_ H -
e e
0 T nE
0 1 2
Figure 2 The impact of L-C-M (against NO-L-C-M as

control) silages on somatic cell count (SCC,
10° ml”) in bulk tank samples in raw cow’s milk
(P <0.05) dairy cows roughage feeding ration with
legume-cereal mixture silage - L-C-M (LCM; 1); dairy
cows roughage feeding ration with absence of L-C-M =
NO-L-C-M (NOLCM; 2)

the box graph scheme is according to figure 1;
geometric mean - xg

not be significant from a practical point of view, which
is in accordance with our previous findings (Hanus et
al., 2018). The box graphs (Figure 1 and 2) show better
representation of the data distribution characteristics
as compared to the statistic characteristics in the tables
(Table 3 and 4) including the inclusion of the selected
important quartile limits and the positions of median
value and geometric mean in relation to the relevant
variability. For these mentioned interpretive advantages,
these graphs were used for selected statistically
significantly affected (L-C-M versus NO-L-C-M) milk
indicators (SNF and SCC, Figure 1 and 2).

4 Conclusions

Possible worsening of milk quality indicators at L-C-M
silage is not essential. Using of L-C-M silages in feeding
rations for dairy cows with an increased proportion of
L-C-M silage in the roughage component part of the
feeding ration, to replace part of the protein concentrates,
can be considered as a safe way of nutritional solution
with regard to the milk quality.
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4 Sumarni diskuse

I piestoze je mléko jiz vice nez 8 000 let nezbytnou soucasti lidské vyzivy, v 21. stoleti
spolecné s nartistem uzivatelll internetu vzrostlo i mnozstvi kritiky tykajici se této matrice.
Ptikladem lze uvést titulky konstatujici, ze mléko neni vhodné pro kosti, ¢i vybizejici
k destrukci mlécného sektoru (Haas et al. 2019). A to i pies skuteCnost, Zze fada
epidemiologickych studii potvrdila nutri¢ni vyznam mléka v dieté clovéka, jak uvedla Pereira
(2014), ktera rovnéz uvedla, ze ve spojitosti konzumace mléka a zvySeného vyskytu nékterych
chronickych onemocnéni zatim nelze ucinit jasné zaveéry. To, ze je vyzivové bohatstvi mléka
nezpochybnitelné (Pereira 2014) si na rozdil od nékterych bloggert ¢i organizaci (Haas et al.
2019) velmi dobte uvédomuji podvodnici, o ¢emz sveéd¢i fakt, ze mléko patii mezi nejéastéji
falSované potraviny na svété (Johnson 2014). V jaké miie je falSovani rozsifeno, bohuzel neni
znamo. Vé&tSina incidentdl totiz ziistdva nezjiSténa, jelikoZ drtivd vétSina piipadli naStésti
neptedstavuje riziko pro vetejné zdravi (Johnson 2014). Avsak skandal s pfitomnosti melaminu
v kojenecké vyzivé v Ciné v roce 2008 ukazal, jak miize falsovani potravin zptsobit zhrouceni
systému bezpecnosti potravin. Hospitalizovano bylo pies 50 000 déti a nejméné 6 jich zemielo
(Andé¢l & Dlouhy 2009).

Toto zhrouceni systému bezpecnosti potvrdilo obavy spjaté s vynalézavosti podvodnikii,
kteti svou ochotu riskovat posouvaji dal a dal. Z ¢ehoz plyne, ze vyzkumné skupiny zamétujici
se na odhalovani falSovani potravin nesmi usnout na vaviinech, a i nadale pokrac¢ovat ve vyvoji
novych ¢i inovaci sou€asnych analytickych metod doplnénych vhodnymi mechanismy jako je
napiiklad Systém rychlého varovani pro potraviny a krmiva. To, Ze se tak zatim déje, potvrzuji
zvetejnéné védecke publikace béhem poslednich péti let vyuzivajici Siroké spektrum technik
I adulterantd. Ptikladem lze uvést Ji et al. (2022), Lelis et al. (2022), Ishwarya et al. (2023),
ataké publikace, které jsou soucasti této disertacni prace zaméfujici se na vyuziti
NMR a MALDI-TOF MS.

V ramci naSich publikaci jsme se zaméfili na problematiku falSovani mlék s vys$§im
cenovym ohodnocenim, mezi néz v nasich podminkach spada kozi a ov¢i mléko. Védeckych
studii zamétujicich se na detekei falSovani koziho mléka pomoci nejriiznéjsi experimentt NMR
je pomalu, coz bylo také dlivodem zvoleni této metody. Na zdkladé metabolomické analyzy
prvné Cistych mlék, a poté binarnich smési, byly detekovany a nésledné ovéfeny biomarkery
kravského mléka pomoci nichz je mozné detekovat 10% piimes s témei 100% piesnosti
V kozim mléku. Testovana byla rovnéz detekce 1% piimési kravského mléka, ale ta nebyla

pomoci zvolené metody identifikovana. Schopnost protonové NMR identifikovat kravské
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mléko v kozim mléku prokazali rovnéz Li et al. (2017), ktefi dosahli obdobnych vysledki jako
my. Nicméné, na rozdil od nés zfejmé nezamysleli praktické vyuziti této metody, o cemz svédci
i fakt, ze do experimentu zahrnuli pouze UHT mléko, které zakoupili v trzni siti. Tudiz
informace o vnitinich a vnéjSich faktorech ovlivitujici komplexni mléénou matrici zcela chybi.
V nasi studii jsou naopak popsany, a to diky odliSnému vzorkovani a ptipravy binarni smesi,
které byly p¥ipravovany pied tepelnym oSetieni. Zadné jiné predchozi studie dle naseho védomi
nezkoumaly vyuziti NMR k ovéfovani pravosti koziho mléka.

U metody MALDI-TOF MS se puvodné piedpokladalo, Ze chybovost kvantifikace
kravského mléka v kozim a ov¢im mléku bude pod 10 %, a to z divodu jiz popsanych metod,
které hodnotily pravost mlék malych prezvykavct pomoci metody MALDI-TOF MS (Liland
et al. 2009; Nicolaou et al. 2011). To se bohuzel v nasem experimentu, kdy se pracovalo se
smésmi o koncentraci pfidané¢ho kravského mléka 0,5 %; 1 %; 5 % a 10 % 20 %; 40 %; 60 %
a 80 %, nepotvrdilo, a to i piestoze byly testovany dve rozmezi akvizi¢niho intervalu peptido-
proteinovych spekter vramci dvou regresnich modeld. Za vétsi chybovost muize byt
zodpovédny mirné rozdilny protokol pfipravy vzorkli v porovnani s vySe uvedenymi
publikacemi. Vice pravdépodobnym ¢initelem se vSak jevi komplexnost mlééného proteomu,
ktera byla zahrnuta do experimentu, coz bylo potvrzeno i analyzou hlavnich komponent ¢istého
koziho, ov¢iho a kravského mléka, ze kterého je patrna nehomogenita jednotlivych stad koz
a ovei. Tato komplexnost mlééného proteomu u Liland et al. (2009) a Nicolaou et al. (2011)
chybi.

Hned nékolik aspekti vedlo k vétSi poptavce po mléénych produktech, které spliuji
vysoké standardy kvality, jak na pocatku, tak po celou dobu trvanlivosti. Aby zpracovatelé
mohli tyto vysoké standardy naplnit a uspokojit tak naptiklad ocekavani spotiebitelli, potiebu;i
vysoce kvalitni vstupni surovinu. Pfi¢emz kvalitu syrového mléka lze definovat
prostfednictvim nékolika ukazateld, z nichz se nejcastéji zvazuji PSB a CPM (Murphy et al.
2016). Ani jeden z jmenovanych nefiguruje v planech svozu mléka. V Ceské republice se sbér
mléka v soucasné dob¢ tidi jen dle zpisobu hospodareni, tudiz je do mlékarny svazeno mléko
separatné z konvencnich a ekologickych farem. To by se vSak mohlo v budoucnu zmeénit, jak
naznacuje veédeckd studie uvedend v této disertacni praci, kterd potvrdila, ze termostabilitu
mléka ovliviiuji nésledujici faktory: rok, rocni obdobi, kalendaini mésic, nadmoiska vyska
farmy, celkovy uhrn srazek, pocet dojnic ve stdd¢, plemeno dojnice, dojivost, druh dojeni
a podestylky ve stdji, zatazeni letni pastvy do krmné davky dojnice a efekt farmy. Kvantifikace
téchto faktorti pusobici na trovni farmy muze pfedstavovat uziteCny ndstroj vyuzitelny prave

pii sbéru mléka pro mlékarny, které disponuji linkou pro mlééné vyrobky osefené vysokou
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teplotou. I n¢které dalsi studie se zamé&fily na definovani nékterych vné&jsich vlivi pasobicich
na urovni farmy (Gaucher et al. 2008; Chen et al. 2015). Nicméné¢, podle naseho védomi zadna
netestovala linearni model s tak velkym poctem fixnich efektii jako naSe.

Aktualni klimatické zmény i Castéjsi diskuse tykajici se urodnosti pudy favorizuji
luskovino-obilné silaze jako jednu z moznosti, jak nahradit ¢ast bilkovinnych koncentratd
v krmné davce vysokoprodukénich dojnic (Hanus et al. 2019). Mlééné farmy jsou vsak vaci
jejich zatazeni do krmivové zakladny stale skeptické. Nase publikace uvedena v této disertaéni
praci vSak prokazuje, Ze obavy ohledné zhorSeni kvality mléka vlivem zafazeni luskovino-
obilnné silaze jsou zbytecné. Hodnoty mléénych ukazatelli zatazenych do experimentu,
ptikladem Ize uvést obsah tuku, proteini, laktézy, CPM, PSB, bod mrzuti ¢i termostabilitu, se
pii zkrmovani této silaze pohybovaly v tradi¢nich rozmezi ptislusnych refereénich hodnot
(Hanus$ et al. 2007, 2011a; Jant et al. 2007b, 2007a). Dal$i pozitivni aspekty zkrmovani
luskovinovych silazi popsal Steinshamn (2010). Ten ve své metaanalyze porovnaval produkci
mléka od dojnic krmenych travni a jetelovinovou silazi. Zkrmovani jetelovinové silaze
podporovalo nejen vyssi denni piijem suSiny, ale i vyssi denni nadoj. Navic bylo zjisténo, ze
mléko pochazejici od dojnic, kterym byl zkrmovan jetel lu¢ni, obsahuje vice polynenasycenych
mastnych kyselin v porovnani s travni silazi. Profil mastnych kyselin v mléku nebyl v nasi
studii stanoven, rovnéZz jako obsah fytoestrogend, které mohou pozitivné ¢i negativné
ovlivitovat lidské zdravi (Hgjer et al. 2012). Ob& tyto polozky by mohly byt stanoveny
Vv nasledujicim vyzkumu s cilem rozsifit poznatky o luskovino-obilnych silazich v nasich

podminkach.
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5 Zavér

Miékarensky primysl prosel béhem zacatku 21. stoleti ve vyspélych zemich vyznamnymi
zménami. Pocet ekologicky hospodaficich farem celosvétove rostl, zavadeéni nejriiznéjSich
technologii na mléénych farméach vyznamné zrychlilo, tlak na zlepseni Zivotnich podminek
v chovech dojnic zesilil, a to nejen za strany spotiebiteltl, ale také ze strany legislativni. Déle
také vzrostla primérnd produkce mléka na dojnici, coz je ziejmé dano zkvalitnénim vyzivy,
lep$i managementem chovu, a také diky genetické selekci na produkci mléka (Barkema et al.
2015). Rovnéz se zdokonalily metody pro zajistovani bezpe€nosti a zefektivnily se pfistupy
hodnoceni kvality, coz potvrzuji i publikace této diserta¢ni prace.

Oblast metabolomického vyzkumu a jeho aplikace v potravinaiském odvétvi se neustale
rozviji, ¢ehoz je dikazem i nd$§ vyzkum, ktery pfinesl nové poznatky o vyuziti NMR pro
zajisténi pravosti tepelné oSetieného koziho mléka. Bylo zjiSténo, ze existuje vysoka korelace
mezi acetylovanymi sacharidy a procentem kravského mléka v kozim mléku. Nasledné modely
potvrdily, ze 5% ptimés kravského mléka lze detekovat s témet 85% piesnosti a 10% piimés
kravského s témét 100% piesnosti. 1 piestoze se nepodafilo detekovat niz§i koncentrace
kravského mléka, 1ze budouci vyuzitelnost NMR oznacit za velmi slibnou, a to zvlasté z toho
divodu, ze k vétsiné falSovani levnéjSim mlékem dochdzi v rozmezi 10 az 50 %.

Tato disertacni prace rovnéz rozsifila poznatky o pouziti metody MALDI-TOF MS
Ve spojeni s vicerozmérnou statistickou analyzou k detekci kravského mléka v mléce malych
prezvykavci. Navzdory vysoké podobnosti téchto tfi matric se ndm podatilo kvantifikovat
mnozstvi kravského mléka, ale bohuZzel nebylo dosazeno nizké chyby predikce jako v jinych
studiich, coz pfi¢itame vysoké heterogenité mlécného proteomu. Nase vysledky ukazaly, Ze pfi
zavadéni této metody do rutinnich analyz kontrolnich laboratofi, je nutnd opatrnost, jelikoz
znacna variabilita profilu mléénych peptidi a proteinti mize ovlivnit spolehlivost metody.

Jak naznacuje na$ vyzkum, dal§i zmény v mlékarenském primyslu 1ze oekavat ve sbéru
mléka, které by mohly byt fizeny na zékladé definovani vnéjsich vlivii farmy pusobicich na
termostabilitu mléka. Diky ¢emuz by mohly byt mlécné vyrobky oSetfené vysokotepelnym
ucinkem vyrabény z technologicky vhodné&jsi vstupni suroviny. Z vné&jsich faktord pisobicich
na kvalitativni ukazatele mléka byl rovnéz testovan vliv sloZzeni krmné davky, konkrétné
zatazeni luskovino-obilné sildze namisto casti bilkovinnych koncentrati. Bylo zjiSténo,
ze luskovino-obilné silaze 1ze povazovat za bezpe¢nou nahradu s ohledem na kvalitu mléka,
coz je vzhledem k aktudlnim zménam klimatu, snizovani Grodnosti ptidy a narastu cen

nékterych bilkovinnych krmiv, velmi ptiznivy vysledek.
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Z vyse zminéného Ize ocekavat, ze se 1 nadale budou zmeény mlékarenského primyslu
prohlubovat, a také ho ¢eka rfada vyzev, které budou muset byt pokoteny. Ptikladem lze uvést
vyskyt multirezistentnich bakterii vii¢i antimikrobnim latkdm ve vzorcich mléka po celé
Evropé, nebo tlak na snizovani sklenikovych plyni pochazejicich ze zivocisné vyroby

(Doehring & Sundrum 2019; Min et al. 2022).
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