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ABSTRAKT

Cilem této bakalarské prace bylo popsat vyvoj obsahu vybranych biogennich amint (his-
taminu, kadaverinu, putrescinu a tyraminu), a to ve 4 vrstvach holandského typu syra (Ei-
damska cihla) v zavislosti na 3 rezimech zrani/skladovani v prib¢hu 174 dnd. Pro analyzu
biogennich aminl byla pouZita iontové vyménna chromatografie. Nejvyssi obsahy kadave-
rinu, putrescinu a tyraminu byly zjiStény u syrd uchovéavanych po celou dobu sledovani
ve zracim sklepé pti 10 °C. Niz§i obsahy biogennich aminti byly detekovany u vzorkd, kte-
ré byly po 5 tydnech ve zracim sklepé presunuty do chladirenského zatizeni (5 °C) a nej-
niz8i u syru, které byly po 3 tydnech ve zracim sklepé€ piesunuty do chladirenského zatize-

ni. Histamin nebyl v pribéhu 174 dnti ani u jednoho rezimu detekovan.

Kli¢ova slova: biogenni aminy, syr, iontové vyménna chromatografie

ABSTRACT

Abstrakt ve svétovém jazyce

The aim of this work was to describe the development of selected biogenic amines (hista-
mine, cadaverine, putrescine and tyramine) in 4 layers of Dutch-type cheese (Edam cheese)
depending on 3 ripening/storage regimes during a 174 day period. Biogenic amines were
analysed by means of ion-exchange chromatography. The highest content of cadaverine,
putrescine and tyramine was determined in cheeses stored in a ripening cellar at a tempera-
ture of 10 °C during the whole observation period. Lower content of biogenic amines were
determined in samples which were moved into a cold storage device (5 °C) after 5 weeks
of storage in a ripening cellar and the lowest concentrations of biogenic amines were de-
tected in cheeses which were moved into a cold storage device after 3 weeks of storage in a
ripening cellar. During the 174 day period, histamine was not detected in any of the re-

gimes.

Keywords: biogenic amines, cheese, ion-exchange chromatography
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UvVOD

Biogenni aminy jsou organické dusikaté baze, vznikajici ndhradou jednoho, dvou nebo

ttech atomil vodiku amoniaku za arylovou nebo alkylovou skupinu [1].

Pro ¢lovéka nepostradatelné, avsak ve vysokych koncentracich se mohou projevit jako lat-

ky psychoaktivni a vasoaktivni [2].

Patfi mezi potencionalni ukazatele bakteridlniho kazeni a z hlediska hygienického jsou
studovany v potravinach. V lidském organismu zastavaji mnoho funkci. Reguluji syntézu

proteintl, nukleovych kyselin, stabilizuji membrany, reguluji krevni tlak [3].

Na druhou stranu mohou ptedstavovat zdravotni rizika, pokud je ptekrocena minimalni
toxicka davka. Urcit, zda je dana koncentrace biogennich amint jiz toxicka je obtizné. To-
xicita zéavisi na mnoha faktorech, zejména na efektivnosti detoxikace organismu, pfitom-
nosti ostatnich potencialné toxickych amind. Zadna omezeni ohledn& koncentrace biogen-
nich aminii dosud nebyla stanovena. Syry, fermentované potraviny, jsou ideadlnim prostre-
ny nejen volné aminokyseliny, ale také dekarboxylasa pozitivnich mikroorganismy, které
tyto aminy produkuji. Mnozstvi biogennich amint v syrech zavisi na typu syra, dob¢ zrani,

vyrobnim procesu [4, 5].
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I. TEORETICKA CAST
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1 BIOGENNI AMINY

1.1 Charakteristika biogennich amini

Biogenni aminy jsou stabilni, nizkomolekularni organické baze vznikajici dekarboxylaci
aminokyselin, aminaci nebo transaminaci aldehydt a ketont. S ohledem na jejich vznik
a vlastnosti jsou fazeny mezi endogenni pfirodni toxiny [6, 7]. Patii k pfirozenym antinu-
tricnim faktortim, hygienicky vyznamnym ve vyzivé. Vysoké koncentrace se vyskytuji
u potravin v pokroc¢ilém stupni kaZzeni. Stavaji se tak jednim z ukazateld kvality potravin.
Sledovani téchto latek je vyznamné jednak z hlediska ovlivnéni zdravotni nezavadnosti
potravin a jednak z hlediska mozZnosti posouzeni kvality potravin [8]. V malych mnoz-
stvich jsou pottebné v organismu pro celou fadu zakladnich funkci (regulace nukleovych
kyselin, stabilizace membran, syntéza bilkovin atd.). Jejich vysoké koncentrace vSak mo-
hou puisobit toxicky [9]. Horni hranice 100 mg-kg" pro histamin je tolerovana v rybéch,

rybich vyrobcich [10].

1.2 Rozdéleni biogennich amini

Podle chemické struktury biogenni aminy délime:
1. aromatické (tyramin, fenylethylamin),
2. heterocyklické (histamin, tryptamin, serotonin),
3. alifatické (kadaverin, putrescin, spermidin, spermin, agmatin) [11, 6].

Putrescin (PUT), spermidin (SPD), spermin (SPN) patfi do skupiny polyamint. Mezi poly-
aminy se nékdy fadi i kadaverin.V roce 1990 byly na zaklad¢ své specifické role v buiikach
eukaryotickych organismu zatazeny do zvlastni skupiny. Putrescin, ackoliv je po strukturni
strance diaminem, je fazen také mezi polyaminy, protoze je prekurzorem spemidinu

a sperminu (tvorba probiha nasledné: putrescin — spermidin — spermin) [12].
Podle pivodu délime biogenni aminy na piirodni a biogenni. Je slozité najit mezi témito
dvémi skupinami biogennich amini jasnou hranici, protoze nékteré z aminti mohou vznikat

b&hem metabolickych procest v zivych organismech nebo ¢innosti mikroorganismi [14].
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1.3 Vznik biogennich amini a jejich reakce

Ptirozené aminy vznikaji metabolickym procesem zivych organismu (spermin, spermidin).
Aminy biogenni vznikaji cestou mikrobidlni dekarboxylace pfislusnych aminokyselin (his-
tamin, tyramin, fenylethylamin, tryptamin) [14]. Vznik biogennich aminti je uveden
v ptiloze 1. [13]. Putrescin, kadaverin, agmatin mohou byt syntetizovany fyziologicky nebo
mohou byt tvofeny bakteridlni dekarboxylaci v zavislosti na druhu potraviny, ve které jsou

tvofeny. V potravindch se vyskytuji pfirozen¢ v malém mnozstvi [14].
Tvorba BA zavisi na:
» pfitomnosti volnych aminokyselin (na stupni proteolyzy),

» pfitomnosti dekarboxylasa pozitivnich mikroorganismu jako jsou napt. bakterie Ce-
ledi Enterobacteriaceae nebo bakterie mléného kvaSeni (Lactobacillus, Pedi-

ococcus, Streptococcus),

* podminkach, které ovliviiuji mikrobialni aktivitu. Tyto podminky jsou uvedeny

v tab. 1.[14, 15].

Tab. 1. Faktory ovliviijici dekarboxylasovou aktivitu mikroorganismu [11, 16]

Faktory Vliv na dekarboxylasovou aktivitu

pH dekarboxylasova aktivita je silnéjsi v kyselém prostiedi (pH 4,0-5,5)

0,5-2,0 % optimum pro rist dekarboxylasa pozitivnich mikroorga-
obsah glukosy nisml
3 % inhibuji syntézu dekarboxylas

20-30 °C je optimalni teplota pro rlst vétSiny mikroorganismu,

teplota s L L . .o
p niz8i teplota zpomaluje az zastavuje rast mikroorganismi

pfitomnost NaCl |aktivuje tyrosin dekarboxylasu, inhibuje histidin dekarboxylasu

pfitomnost NaNO, |aktivuje tyrosin dekarboxylasu

ptitomnost O, pottebny pro rist nékterych mikroorganismi
mnozstvi pfitom- | histamin, agmatin a putrescin inhibuji histidin dekarboxylasu
nych aminil (Photobacterium N - 14)

Odstranéni jiz jednou vzniklych biogennich amind z potravin je velmi obtizné. SniZeni
jejich koncentrace lze napf. dosahnout pouzitim diaminooxidasy, ale v praxi neni tento
zpusob dekontaminace pouzitelny. K ¢astecnému sniZzeni obsahu aminti dochazi také
v tepeln¢ zpracovanych vyrobcich jejich reakei s redukujicimi cukry, resp. s rozkladnymi

produkty cukr v Maillardovych reakcich. Nejvhodnéj$im zplsobem vyroby potravin ob-
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sahujicich malé mnoZzstvi biogennich amini je vSak dodrzovani takovych technologickych

postuptl a hygienickych podminek vyroby, které brani jejich vzniku [17].

Biogenni aminy jsou reaktivni latky. Hlavni reakce jsou uvedeny na obrazku 1. Kromé en-
zymovych reakci, které vedou k derivatim biogennich aminti a k dal§im slou¢eninam, mo-
hou oxidativni deaminaci poskytovat aldehydy. Dlouhodobym skladovanim potravin nebo
za zvySené teploty reaguji s triacylglyceroly za vzniku amidi mastnych kyselin. Vstupuji
stejn¢ jako dalSi aminoslouceniny do reakci neenzymového hnédnuti, kde vznikaji jako
primarni reak¢ni produkty pfislusné iminy. Ty se tvofi také oxidaci amind, napt. peroxidem

vodiku nebo hydroperoxidy lipidi [17].

Obr. 1. Hlavni reakce biogennich aminti [17]
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- RCH=0
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2 3
1 R—COOR tep lo 2
R_CHZ_NH2 — 3 > R_CO_NH—CHZ_R
-R—OH
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1.3.1 Mikroorganismy produkujici biogenni aminy

Biogenni aminy vznikaji dekarboxylaci aminokyselin pomoci enzymi produkovanych bak-
teriemi. Negativni produkce biogennich amint je jednim z dilezitych kritérii pti rozhodo-
vani, zda dany kmen bakterii mlééného kvaseni mize byt vyuzit pro aplikace pii vyrobé
syri. V syru Gouda se mohou vyskytovat laktobacily se zvySenou proteolytickou aktivitou,
produkujici BA az v poétu 10’ KTJ-g™'. Tato mnoZstvi piesto nemusi zptisobovat zdravotni
rizika. Z testovanych bakterii mlééného kvaseni (Lactococcus, Enterococcus, Lactobacil-
lus) izolovanych z potravin byla u mnoha kment prokazana tvorba amint [18]. Schopnost
ruznych bakterii produkovat aminy je velmi rozdilna. Pfehled mikroorganismi podilejicich

se na produkci BA ve vybranych potravinach jsou uvedeny v tab. 2. [19].

Tab. 2. Mikroorganismy produkujici biogenni aminy [17]

Potravina Mikroorganismy Pr(fdukf)va—
né aminy
Morganella morganii, Klebsiella pneumoniae, Hafnia
alvei His, Tyr
ryby Proteus mirabilis, Proteus vulgaris, Clostridium perf-
ringens Kad, Put
Enterobacter aerogenes, Bacillus sp., Agm, Spd,
Staphylococcus xylosus Spn
Lactobacillus buchneri, L. bulgaricus, L. plantarum,
L.casei His, Kad
syry L. acidophilus, Enterococcus faecium, Put, Tyr,
Streptococcus mitis Trp
Bacillus macerans, Propionibacterium sp.
. | Pediococcus sp., Lactobacillus sp., Pseudomonas sp., |His, Kad
maso a masné .
virobky é‘treptococcus sp., Mzcrococcus sp., Put, Tyr
Celed’ Enterobacteriaceae Phe, Trp
fermentovand |Lactobacillus plantarum, Leuconostoc mesenteroides His, Kad
zelenina Pediococcus sp., Put, Tyr
fermentované Rhizopus oligosporus, Trichosporon beigllii His, Kad
produkty ze s6ji Put, Ty,
Lactobacillus plantarum, Leuconostoc mesenteroides | Trp

His — histamin, Tyr — tyramin, Kad — kadaverin, Put — putrescin, Agm — agmatin,

Spd — spermidin, Spn — spermin, His — histamin, Trp — tryptofan
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1.4 Vyznam biogennich aminii

Biogenni aminy jsou soucasti fyziologického metabolismu c¢loveka, zvitat, rostlin
a mikroorganismil. I kdyz tyto latky jsou pro organismus nepostradatelné, ve vétsich kon-
centracich jsou toxické. Za normdlnich podminek dojde v organismu k rychlé detoxikaci
biogennich aminill z potravy konjugaci nebo pomoci enzymu aminooxidasy. V piipadé¢ aler-
gii nebo naruseni detoxifika¢niho procesu se aminy v t¢le hromadi [20].

vvvvvv

douci uc¢inky biogennich aminil se nejcastéji projevuji jako nemoci z potravin. Organismus
se proti tomuto onemocnéni brani svym detoxikaénim systémem, na kterém se podileji
enzymy monoaminooxidasa a diaminooxidasa. Selhani téchto enzyma muize byt zpisobené
genetickymi predispozicemi, gastrointestindlnimi chorobami, inhibitory (léky, alkohol,
kava, ¢aj, koufeni) nebo konzumem potravin s velkym obsahem biogennich amina [21].
Biogenni aminy mohou zptsobit citlivym lidem na jejich pfitomnost fadu problémi jako
jsou zavrate, dychaci potize, poceni, zéervenani kiize, snizeni nebo zvyseni krevniho tlaku.

Jejich intenzita je zavisla na kvalitativnim 1 kvantitativnim sloZeni biogennich amint [22].

1.4.1 Pisobeni biogennich amini na organismy

Biogenni aminy jsou zdrojem dusiku, prekurzorti hormont, alkaloidii, nukleovych kyselin

a proteinti. Ovliviiuji mnohé procesy v organismu, jako jsou:
= regulace télesné teploty,
= piijem Zivin,
=  zvySeni nebo snizeni krevniho tlaku [23].

4

Nejrozsitengjsi polyaminy jsou putrescin, spermidin a spermin. Pfi fyziologické hodnoté
pH se polyaminy chovaji jako kationty a mohou se vazat na makromolekuly jako jsou fos-
folipidy, DNA, RNA, ribozomy nebo bilkoviny. V rostlinnych buiikdch se ucastni Sirokého
spektra fyziologickych pochodl. Jsou nezbytné pro bunécné déleni, rist a diferenciaci, po-
dileji se na iniciaci kveteni, tvorbé adventivnich vyhont ¢i tvorbé proembryogennich struk-
tur v tkanovych kulturach stejné jako na odpovédi proti stresu. Funkce polyamind je dvoj-
znacna v programové bunééné smrti. Na jedné strané svym stimulac¢nim u¢inkem na déleni

buiiky maji vyznamnou ochranou roli, na druhé strané mohou programovanou bunécnou
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smrt samy indukovat. Polyaminy jsou pfedmétem studii v ZivociSnych bunikach, vzhledem

k hromadéni v rakovinnych bunkéch [24].
Fenylethylamin a tyramin zvysuji krevni tlak, zatimco histamin krevni tlak snizuje [6, 20].

Kadaverin, spermidin, putrescin mohou zneskodnovat volné radikaly. Antioxida¢ni uc¢inek
tyraminu se zvysuje s jeho koncentraci. Tento ucinek je podminény pfitomnosti amino

a hydroxy skupin [11].

Spermin je schopen regenerovat tokoferol z tokoferolového radikalu prostfednictvim vodi-
kového donoru z aminoskupiny. Sperminovy radikal potom vaze peroxidové radikaly do

komplext [11].
Dopamin, noradreanlin, tyramin zneskodnuji superoxidové a hydroxylové radikaly [11].

Biogenni aminy jsou potencidlnimi prekurzory pro tvorbu karcinogennich N-nitroso slou-
¢enin. Reakce nitrosacnich ¢inidel s primarnimi aminy vede k tvorbé alkylacnich produkti,
které reaguji s jinymi slozkami potraviny (hlavné alkoholy) zbavené toxického Ucinku.
Sekundarni aminy (agmatin, spermin, spermidin) mohou tvofit stabilni nitrosaminy po re-
akci s dusitany, zatimco tercidrni aminy produkuji fadu nestabilnich N-nitroso slouc¢enin

[11, 23].

Putrescin a kadaverin jsou posuzovany jako potencidlni karcinogeny. Zahtivanim putresci-
nu muze vznikat pyrolidin a z kadaverinu piperidin. Piisobenim tepla se z nich vytvari N-

nitrosopyrolidin a N-monoso-piperidin [11].
Nékteré biogenni aminy pfispivaji k chuti a viini potravin [23].

Histamin, tyramin, agmatin, putrescin, kadaverin, spermin a spermidin jsou dulezité nejen
z hlediska své toxicity, ale také proto, ze mohou byt indikatory Cerstvosti potravin diky
jejich termické stabilité. Rybi zdpach je odvozen z rtiznych slozek, z nichZ trimethylamin je
prevladajici. Putrescin a kadaverin poskytuji hnilobnou chut’, zatimco histamin a fenylethy-

lamin poskytuji rybi a Stiplavou chut’ [25, 6].
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2 VYSKYT BIOGENNICH AMINU

Biogenni aminy se vyskytuji prakticky ve vSech potravinach jako bézné produkty metabo-

lismu [17].
Podle zptisobu tvorby biogennich aminti Ize potraviny rozdélovat do dvou skupin.

1. Fermentované potraviny, €ili potraviny, kde biogenni aminy jsou produkovany
hlavn¢ fermentaci a dozranim. Zde patii fermentované masné vyrobky, ryby
a rybi vyrobky, zralé syry, fermentované alkoholické napoje (vino, pivo) a fer-
mentovana zelenina. Musime také pfihlédnout na moznosti kontaminace neza-

doucimi mikroorganismy béhem procesu vyroby, skladovani [14, 9].

2. Nefermentované potraviny, kde aminy jsou vysledkem plisobenim kontaminuji-
ci mikroflory. Vznikaji hlavné v rybach a rybich vyrobcich a v mase béhem
skladovani. V tomto piipad€, mohou byt biogenni aminy indikatorem mikrobio-
logické kontaminace a jejich koncentrace miize byt ukazatelem jejich kvality.
Vysoké koncentrace biogennich aminti se vyskytuji u potravin v pokrocilém
stupni kazeni. V ovoci, zelenin€ a houbéch pii nevhodném skladovéani produku-

ji biogenni aminy zejména endogenni dekarboxylasy [14, 17].

2.1 Rostlinné materialy

Biogenni aminy se mohou nachazet v ovoci, zelenin€, ovocnych dzusech, kakaovych bo-
bech. U dzusti vyrobenych z pomeranct, malin, citrust, grepl, mandarinek, ostruzin, rybi-
zu a hroznl byl prokdzan obsah vSech biogennich amind, avSak putrescin nejvice byl za-
stoupen. Tryptamin a noradrenalin byly nalezeny v pomerancovych dzusech. Rajcata obsa-
hovala tyramin, tryptamin a histamin. Banany obsahovaly tyramin, noradrenalin, tryptamin,
serotonin. Svestky obsahovaly tyramin a noradrenalin. Spenat obsahoval histamin.
V zelening, vcetné Cinského zeli, endivie, ledového salatu, cekanky, byly identifikovany
obsahy biogennich amind, nejvice byl obsazen zastupce polyaminii — spermidin. Nizké
mnozstvi biogennich aminti bylo stanoveno v mrazeném S$penatovém pyré, keCupu, kon-
centrovaném rajéatovém protlaku, zmrzlém zeleném hrasku. Fermentovand zelenina obsa-
hovala histamin, ten byl také nalezen v kyselém zeli [26, 6]. Jind fermentované zelenina,

kde byly aminy nalezeny jsou zelené olivy, okurky [13].
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2.2 Pivo, vino

Fermentované alkoholické napoje obsahuji ve velkém mnozstvi agmatin, kadaverin, etha-
nolamin, histamin, putrescin a tyramin. Jak v pivu, tak i ve vinu, byly detekovany tyto ami-
ny: tyramin, tryptamin, histamin, f-fenylethylamin, putrescin, kadaverin, spermin a dalsi.
Béhem malolaktické fermentace a zrdni vina se vyvinuly aminy: putrescin, histamin, me-

thylamin, tyramin [13].

V pivu byl pfitomen tyramin a histamin. Biogenni aminy se tvoii ve sladovnickém je¢meni,
a to 1 za sterilnich podminek. Mikroflora obili a pfitomnost kontaminujicich kvasinek, mi-
ze byt zodpovédna za zvySenou hladinu amintl, zejména histaminu v pivu. Slad a chmel
prispivaji k obsahu aminti sladiny a piva. Hladiny sperminu a spermidinu se prudce snizily

béhem rmutovani, zatimco hladiny ostatnich amint se zvySily mimo pustrescinu [13].
2.3 ZivoliSné materialy

2.3.1 Ryby

V mase, rybach a syrech byvaji hlavnimi biogennimi aminy histamin, kadaverin, putrescin

a tyramin [17].

V cCerstvém rybim mase je obsah biogennich amini maly, naptf. v mase tundka byva 0-

10 mg-kg™ histaminu a 0-2 mg-kg™ tyraminu [17].

Tkané ryb obsahuji vysoké mnozstvi histidinu, ktery mtize byt pfeménén na histamin pii-
tomnymi mikroorganismy. Bylo zji§té€no, Ze tundk a dalsi druhy ryb z ¢eledi Scombriadae,
zervaci [16]. Pti skladovani ryb pfi teplotach kolem 0 °C a niz§ich vznikaji biogenni aminy
v téméf zanedbatelném mnozstvi. Optimalni tvorba histaminu je zna¢né rozdilna (5-38 °C)
a zavisi hlavné na druhu kontaminujici mikrofléry [17]. Bylo prokazano, ze zkazené rybi

maso obsahovalo putrescin, kadaverin, histamin, spemidin a spermin [11].
Pro hodnoceni kvality rybiho masa, jeho Cerstvosti a stupné kazeni, byl zaveden index kva-
lity (n¢kdy nazyvany jako index biogennich amint - BAI). Vypocet indexu kvality je uve-

den v rovnici 1.
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Vztah pro vypocet indexu kvality [11]

BAJ — histamin + putrescin + kadaverin (1)

1 + spermin + spermidin

Hodnota BAI < 1 kvalita je povazovana za vybornou, pii hodnoté BAI > 10 je kvalita vel-
mi Spatnd. Hodnoty histaminu, putrescinu, kadaverinu, sperminu a spermidinu jsou

ve vzorci uvadény v jednotkach mg-kg™ [16], [11], [14].

Zapach a viné obvykle ukazuji na rozklad potraviny. Nezédouci organoleptické vlastnosti
mohou byt zménény, snizeny nebo eliminovany tepelnym zpracovanim. Pfitomnost hista-
minu je tedy spolehlivym indikatorem kazeni [16]. Minoritnim biogennim aminem zpravi-

dla byva agmatin, ktery se v mase a mase ryb nachazi b&zné v mnozstvi 1-3 mgkg™ [17].

V Ceské republice je vyhlaskou tolerovana horni hranice histaminu v rybach a rybich vy-

robcich 100 mgkg™ [10].

2.3.2 Miléko

Mléko a mlécné vyrobky jsou dobrym piikladem prokazani nezadouciho zvyseni obsahu
histaminu béhem nevhodného zpracovani. Obsah histaminu v mlé¢nych produktech je uka-
zan v tab. 3. Ackoliv Cerstvé mléko obvykle obsahuje velmi nizké hladiny histaminu,
pasterované nebo UHT mléko obsahuje mirné vys$si hladinu vyskytu tohoto biogenniho
aminu. Pfi fermentaci mléka lze pozorovat zna¢ny narust ¢asto se vyskytujiciho histaminu.
Jeho obsah miize &init a2 7 mg-1" v kysané smetang a patrné vyssi v jogurtu. V syrech ob-

sah histaminu prudce stoup4 se stafim syra az k 2 500 mg-1"' [27].

Tab. 3. Obsah histaminu v mléce a mléénych vyrobcich. Zvyseni obsahu histaminu béhem

zpracovani mléka na jednotlivé mlé¢né produkty [27]

MIéény vyrobek Obsah histaminu [mgkg"]
Cerstvé mléko <0,3

pasterované mléko 0,3-0,7

UHT mléko do 08

sladké nebo kysana smetana do 0,7

jogurt do 13

syr do 2 500
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2.3.3  Syry

Po rybach je syr nejcastéjsi potravinou, kterd mize byt pri¢inou otrav zptisobenou histami-
nem. Syry obsahuji dostatecné mnozstvi aminokyselin, které vznikly pfevazné proteolyzou
kaseinu. Biogenni aminy vznikaji hlavné enzymovou dekarboxylaci aminokyselin mikro-
organismy. MnoZstvi biogennich aminll v syru je zdvislé na dobé& zrani, mikroflote, pH,
aktivit¢ vody, koncentraci soli, teploté skladovani, pfitomnost kofaktoru pyridoxalfosfatu.
Schopnost rliznych bakterii produkovat aminy je velmi rozdilna [19]. Vysoké hladiny bio-
gennich amind jsou spiSe detekovany v syrech, které byly kontaminovany nezadoucimi
mikroorganismy. V téchto druzich potravin se nejcastéji nachazi tyto aminy: histamin, ty-
ramin, tryptamin, putrescin, kadaverin a fenylethylamin [14]. Jejich vyskyt v jednotlivych
druzich syra je zaznamenan v tab. 4. Pti dobré technologii a dodrzovani spravnych hygie-
nickych zasad obsahuji i dlouhodob¢ zrajici syry jen pomérné¢ mald mnozstvi biogennich

aminu [17].

Tab. 4. Koncentrace [mg-kg '] biogennich amint v zavislosti na druhu syrt [7]

Syr Histamin |Tyramin |Tryptamin |Fenylethylamin |Putrescin|Kadaverin
Emental 69-650 0-917 <0,1 <0,5 16
Plistiovy syr 3-910 40-110 | nd-1100 10 44 42
Camembert nd—480 | <10-210 nd-60

Eidam, Gouda | nd-450 | <0,1-670 | nd-200 <0,1 7-20 1748
Cedar nd-2120 | nd-1530 | nd-300 nd-300

Parmazan nd—293 85-280

nd — biogenni aminy nedetekovany
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3 SYRY A JEJICH VYROBA

Syry predstavuji tradicni produkty, které Cloveék poznal jiz pted 8000 lety [28]. Syr je
mlécny vyrobek vyrobeny srazenim mlécné bilkoviny z mléka plisobenim syfidla nebo ji-
nych koagula¢nich ¢inidel, prokysanim a odd€lenim podilu syrovatky. Principem je tedy
oddéleni urcitého podilu syrovatky ze sraZzeniny mléka stanovené tu¢nosti [29]. Jednim
z divodu, pro¢ se mléko zacalo zpracovavat na syry, je jejich delsi trvanlivost. Prodlouzeni
trvanlivosti je zaloZeno na fermentaci laktosy piedevsim na kyselinu mlécnou. Nizky redox
potencidl a pridavek soli ptispiva k snizeni vodni aktivity a pH. Povrch syra je navic ¢asto
chranén klirou, zraci folii nebo natérem. Dalsi vyhodou zpracovani mléka na syry je to, ze

jsou v nich koncentrovany nutri¢né nejcennéjsi slozky mléka [28].

Z nutriéniho hlediska jsou syry plnohodnotnymi vyrobky obsahujici vSechny esencialni
aminokyseliny. Zdrojem vyuzitelné energie jsou bilkoviny a mlécny tuk. Laktosa v mléce
je obsazena v malém mnozstvi a ve vétSin€ piipadl je zcela pfevedena na kyselinu mléc-
nou a dalsi produkty kvaseni. Velky vyznam ma obsah vapniku ve vyrobcich, jehoz mnoz-
stvi se lisi podle typu vyrobku. Cim je mensi vliv mlééného kysani pii zpracovéani syfeniny
a vetsi vliv syfidlového (enzymatického srazeni), tim vyssi je obsah vépniku ve vyrobku.
S obsahem vépniku souvisi 1 obsah fosforu v syrech. U tuénych syri je pfitomen vitamin A

a D, u vSech druhti vitaminy skupiny B [29].

3.1 Pozadavky na mléko

Mléko mé mit zasadné piiznivé fyzikalni, chemické a mikrobiologické vlastnosti, a také

musi mit specifické vlastnosti [30].

Mléko na vyrobu syrt by mélo mit pfiznivy obsah bilkovin (kaseinu) k obsahu tuku. Tato
vlastnost ma vliv na vyvazenost syri.. Cim je obsah kaseinu v mléku vyssi, tim je spotieba
mléka na vyrobu 1 kg syra mensi, a tim vys$si musi byt obsah tuku v mléku, aby se v syru
doséahl predepsany obsah tuku v suSin€. Rozpustny vapnik (Ca®™) je nevyhnutelny pii vy-
tvafeni srazeniny z kaseint. Snizeni jeho obsahu o 10 % vyznamné zhorSuje sytitelnost

mléka a vytéznost syrt [30].

V syrovém mléku Casto byvaji ve vétsim mnozstvi plynotvorné bakterie (¢eledi Enterobac-
teriaceae, Klebsiella, Enterobacter aerogenes, Escherichia coli a dal$i). Pii vyrobé polo-

tvrdych syrti zptisobuji ¢asné nadouvani fermentaci laktosy v mladém syru. Celed’ Entero-
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bacteriaceae je b&Zznou rekontaminacni mikroflérou. S velkou pravdépodobnosti mensi
nebo vEtsi mnozstvi téchto bakterii obsahuje i pasterizované mléko urcené na vyrobu polo-
tvrdych syrti holandského typu. Pfi vyrobé syrii tohoto typu je velké riziko, ze se pti dohfi-
vani a dosousSeni syfeniny pii teplotach 36—40 °C a potom v teplé syfeniné pfi jeji formo-
vani a lisovani tyto bakterie na tolik pomnoZi, Ze zpisobi v syru ¢asné nadouvani. Laktosa
v syru je pro tyto bakterie velmi dobrym zivnym prostfedim a technologické podminky
jsou blizké optimalni teploté rastu 37 °C. Na eliminaci tohoto rizika pii vyrob& syri
s nizkodohtivanou syieninou se piidava do mléka maximalné 20 g dusi¢nanu draselného

na 100 1 [30].

3.2 Rozdéleni syri
Syry je mozné rozdé€lit podle fady hledisek: [29]
» Podle pouzité suroviny:
1. ptirodni syry, tj. klasické syry, vyrabéné ptimo z mléka,
2. tavené syry, které jsou vyrabény dal$im zpracovanim piirodnich syra,

3. imitace syru, které jsou pfipravovany rekonstituci jednotlivych slozek

mléka.
» Podle druhu pouzitého mléka:
1. kravské,
2. ovdi,
3. kozi, apod.
= Podle obsahu susiny:
1. extra tvrdé (53 %),
2. tvrdé (53-45,1 %),
3. polotvrdé (45-38,1 %),
4. polomékké (38-32%),

5. meékké (32 %).
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= Podle obsahu tuku v susing:
1. vysokotucné (nad 60 % t.v.s.),
2. plnotucné (45-60 t.v.s.),
3. polotucné (2545 t.v.s.),
4. nizkotucné (10-25 t.v.s.),
5. odtuénéné (pod 10 t.v.s.).
= Podle obsahu vody v tukuprosté susing:
1. mekké (nejméné 67 %),
2. polotvrdé (54-69 %),
3. tvrdé (49-56 %),
4. extra tvrdé (méné nez 51 %).

= Podle zptsobu srazeni mléka:

1. kyselé syry — pti vyrobé se uplatituje pouze kyselé srazeni. Do této sku-

piny paii prumyslovy tvaroh a z n¢j vyrabéné Olomoucké tvarizky,

2. sladké syry — pii srazeni mléka se uplatiiuje jen plisobeni syfidla. Sraze-

ni je relativné rychlé a prokysévani ptisobenim mikroorganismti probiha

proto prevazné az pii dal§im zpracovani syfeniny (patii sem polotvrdé

syry),

3. syry se smiSenym srazenim mléka s vlivem kyseliny mlééné a sytidlem.

Do této skupiny patii predev§im méekké syry a tvarohy. Tato skupina sy-

rl je bézn¢ zahrnovana mezi sladké syry.

= Podle zptisobu zrani:

1. nezrajici syry (Cerstvy, termizovany),

2. syry zrajici na povrchu, s mazem na povrchu, v celé hmoté,

3. syry zrajici (plisiiové) s tvorbou charakteristické plisné na povrchu,

s tvorbou charakteristické plisné uvnitt hmoty.
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3.3 Syry s nizkodohFivanou syFeninou
Do skupiny syrti s nizkodohiivanou syfeninou patfi:
» syry eidamského typu,
" syry s tvorbou ok,
= syry ¢edarového typu,
= syry z pafen¢ho tésta [28].

Holandsky typ syrti je nejvyznamnéjSim druhem patficich do skupiny polotvrdych syrii
[31]. Do této skupiny syrtu patii pravé holandské syry Gouda, holandska cihla, eidamska
koule a jejich variace. Syry maji oka velikosti hraSku. Pro jejich jednoduchou technologii
jsou vyrabény po celém svéte [30, 31]. Tyto syry jsou vyrabény z mléka kravského, v men-
81 mife z ov¢iho a koziho mléka. Jiné polotvrdé syry jsou vyrabény podobnou technologii

[31].

Typické pro tuto skupinu syrti je dohfivani a dosouSeni syfeniny pii teploté 3442 °C. Syry
jsou vyrabény ve tvaru bochniku, cihly, koule, salimu nebo bloku o hmotnosti 0,2 kg
az 20 kg. Obsah susiny se obvykle pohybuje v rozmezi 43—60 %, obsah tuku v suSiné¢ 20—
60 % a obsah soli 1,5-3,5 % [29, 31]. Tuk nepiimo ovliviiuje pomér vody a proteint, regu-
luje pevnost a pruznost syra. Zadrzovanim vlhkosti si udrzuje vlastnosti syfeniny [32].
Konzistence syrt je tedy mekci, pruzna, celistva a soudrzna [29]. Textura je ovlivnéna roz-
kladem ag;-kaseinu béhem zrani. Pokud je tuk odstranén, jako je tomu u nizkotu¢nych sy-
rt, kasein ma hlavni vliv na stavbu syrd. Nizky obsah kaseinu zptsobuje pomérné tvrdou
texturu syra. Kiiciikéner a Haque analyzovali texturu nizkotuéného a plnotuéného syra Ce-
dar. Dosli k zavéru, ze Cedar s nizkym obsahem tuku ma jiné fyzikalni vlastnosti neZ je

tomu u b&zného Cedaru [32].

Zréani probihd po dobu 4-8 tydnt pii teplotach 612 °C a pii relativni vlhkosti vzduchu
kolem 80 % [29]. Doba zrani zavisi na aktivité ptitomnych bakterii, teploté zraciho prosto-
ru a pozadovaném stupni aroma téchto syri. Na zacatku zrani probihd soucasné i soleni
syrt. Poté mladé syry zraji asi tyden pfi teploté 12 °C a dalsi 2 az 3 tydny pii vySsi teploté

oy ee

v zavislosti na délce zrani a skladovani [31]. Po celou dobu zrani syrti probiha $tépeni bil-
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kovin a jejich $tépnych produktii [30]. Syry mohou byt také ochuceny napt. kminem a ji-
nym kofenim [31].

Pokud syry zraji vice jak rok, jsou baleny do ochrannych obalii [31]. Tyto syry neni nutné
osetfovat ani obracet. Kontroluje se pouze prib¢h jejich zrani [29]. Schéma vyroby syri

s nizkodohtivanou syfeninou je uvedeno v pftiloze II. [29].

3.4 Technologie vyroby

MlIéko je termizovano a standardizovéno, aby se upravil obsah tuku v mléce. Déle je mléko
pasterovano a preCerpano do syrovych van. Béhem tohoto tepelného oSetieni je mléko
podrobeno baktofugaci. Uéel baktofugace je redukce poétu bakterialnich spér maselného
kvaSeni. Teplota musi byt dostatecnd, aby doslo ke zni¢eni patogennich mikroorganismt
a mikroorganismil zpusobujicich kazeni, av§ak ne ke zni¢eni enzymu xantinoxidasy. Dena-

turace enzymu by méla byt omezena [31].

Pti vyrobé syrt holandského typu je mléko srdzeno pii teploté 30 °C syfidlovymi enzymy,
nejcastéji chymosinem, ktery se ziskava ze zaludka telat. Pro kontrolu syficiho procesu se
pfidava mezofilni bakterialni kultura a chlorid vépenaty. Jako aditiva jsou Casto pfidavany
dusi¢nany, annato (barvivo E 160 b), karoteny. Vysledna srazenina se sklada z husté sité
gel neni tak pevny, jako je tomu u mékkych syri. Nasleduje oddé€leni syrovatky od syieni-
ny, pfidani horké vody. Pafeni syfeniny snizuje obsah laktosy a zvysi spojeni syfeniny pfi
dal$im michani. Konecné pH syra zavisi na mnozstvi piidané vody. Teplota pafeni slouzi
pfedevsim k ovlivnéni obsahu suSiny syra. Dale nasleduje lisovani syfeniny. V tomto kroku
dojde k odlouceni vétsinového podilu syrovatky od syfeniny. Syfenina je lisovana do perfo-
rovanych forem. Jsou tak odstranény zbytky syrovatky a je utvofen budouci tvar syra. Bé-
hem zrani dochazi k tvorb¢ kiirky. Natérova vrstva z polyvinylacetatu do jisté miry snizuje
odpatfovani vody. Optimalni teplota zrani je mirnd, asi 13 °C. Niz§i teplota a vlhkost je
volena, pokud syr zraje ve folii nebo vosku. Pozadovana konzistence tedy zavisi na mnoz-
stvi vlhkosti, tuku a pfitomnosti fosfore¢nanu vépenatého. Proteolyza méni elastickou kon-

zistenci na mékkou [31].
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3.5 Ockovaci kultury

Pro vyrobu tohoto typu syr se uplatiiuji zejména kultury mezofilnich bakterii mlé¢ného
kyséani Lactococcus lactis ssp. lactis, L. lactis ssp. cremoris a Leuconostoc mesenteroides
ssp. cremoris. Posledni dva druhy fermentuji i citrat za vzniku kyseliny octové, diacetylu
a CO,. V néekterych syrarnach pfidavaji do mléka 1 mezofilni kulturu Lactobacillus casei.
Ta urychluje zrani syrd svou vyraznou proteolytickou aktivitou. Rozmnozovani a primarni
metabolismus bakterii mlééného kvaseni je velmi rychly a je ukoncen za 5 az 6 hodin po
pridani zékysové kultury do syraiského mléka. Za tuto dobu se uskutecni 4 az 5 déleni bu-
nék. Zfermentuje se asi 50 % v mléku pfitomné laktosy. Tim je ovlivnéna chut’, barva,
konzistence, trvanlivost, obsah vody a tvorba kiirky syrti. Fermentace laktosy probiha i po
dobu soleni zformované suroviny. Aromatvorné bakterie zfermentuji za 24 hodin asi 80 %
citratu. Fermentace citratu je jednim z faktor tvorby ok. Na fezu miva holandska cihla
optimalné¢ 5 az 6 ok. Dalsi faktory, které ovliviiuji tvorbu ok je obsah vzduchu v mléku

a drobné bubliny a necistoty, které funguji jako kondenzac¢ni jadra v presyceném roztoku

plynt [30].

3.5.1 Fermentace sacharidi a funkce jednotlivych mikroorganismi

Fermentace sacharidii bakteriemi mlééného kvaSeni je zndzornéna v tab. 5.

Tab. 5. Fermentace sacharidii mléka bakteriemi mezofilni zakysové kultury pii vyrobé syrii

s nizkodohtivanou syfeninou [30]

Lactococcus lactis laktosa — kyselina mlé¢na
Lactococcus lactis ssp. cremoris
Lactococcus lactis ssp. lactis biovar diace-

tylactis
Lactococcus lactis ssp. biovar diacetylactis | citrat — CO, + kyselina octova + diacetyl
Leuconostoc ssp. citrat — CO, + kyselina octova + diacetyl

laktosa — kyselina mlé¢na + ethanol + CO,

Homofermentativni bakterie Lactococcus lactis a L. lactis ssp. cremoris tvoii z laktosy
prakticky jen kyselinu mlécnou. L. lactis ssp. lactis biovar diacetylactis navic fermentuje
citrat na kyselinu octovou a diacetyl. Heterofermentativni Leuconostoc mesenteroides
ssp. cremoris tvori aroma a produkuje z laktosy vedle kyseliny mlé¢né i malé mnozstvi

ethanolu a CO,. Z citratu tvoii také CO,, kyselinu octovou a diacetyl [30].
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Lactococcus. lactis biovar diacetylactis nékdy tvofi z aminokyseliny threoninu acetalde-
hyd. V zakysech mezofilnich bakterii mlé¢ného kvaseni neni acetaldehyd zadouci, protoze
zpusobuje nepfirozenou jogurtovou chut. Leuconostoc mesenteroides ssp. cremoris 10z-

klada vznikly acetaldehyd, ¢imz eliminuje chybu zakysu [30].

3.5.2 Fermentace bilkovin

Fermentace bilkovin ma vyznamny vliv na tvorbu chuti, konzistence, na snizeni vodni ak-
tivity vody (ay), tak 1 na barvu starSich syrt. Bilkoviny jsou §tépeny proteolytickymi enzy-
my syfidla a enzymy bakterii mléEného kvaseni. Primarni proteolyza probiha ptisobenim
syfidlového enzymu chymozinu. Sekundarni proteolyzu zplsobuji proteasy bunécné stény
laktokokti. Malé peptidy jsou dale §tépeny na aminokyseliny peptidasami a spolu s amino-

kyselinami se podileji ve vyznamné mife na chuti syrt [30].

Na trvanlivost syri piisobi pozitivné snizena hodnota pH, obsah kyseliny mlé¢né a tvorba

bakteriocinti [30].
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II. PRAKTICKA CAST
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4 CILPRACE

Cilem této bakalafské prace bylo popsat vyvoj biogennich amind v zavislosti na dob¢ zrani

a skladovéni syrt holandského typu, a to ve ¢tyfech vrstvach malych blokd.
V teoretické ¢asti bylo nutno zpracovat literarni reSersi na téma:

* biogenni aminy,

= vyskyt biogennich amint,

* moznosti stanoveni biogennich amind (histaminu, tyraminu, putrescinu, kadaveri-

nu) v potravinach,
= technologie vyroby syrti holandského typu.
Cilem praktické ¢asti bylo:
= detekovat biogenni aminy ve ¢tyfech vrstvach piirodnich syri holandského typu,
» sledovat obsah biogennich amint v zavislosti na tfech rezimech zrani/skladovani.

* na zékladé teoretické Casti a vysledkl praktické ¢asti formulovat zavéry a doporu-

¢enl.
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5 MATERIAL A METODY

5.1 Pouzité zarizeni a pomiicky

= Automaticky analyzator aminokyselin AAA400 (Ingos, Praha, Ceské republika)

* Automatické mikropipety Biohit

* Centrifuga Hermle

» Eppendorfkové mikrozkumavky

» Filtry s porozitou 0,45 um

* (Chladnicka Elektrolux

» Laboratorni ptedvazky Kern

» Ttepacka Biosan

=  Vortex Heidolph Reax

= Zatizeni pro deionizaci vody Aqua Osmotic

= Laboratorni sklo a plasty

5.2 Roztoky pro iontové vyménnou chromatografii

1. Pufr A (citronan sodny)

dihydrat citronanu sodného (Lach-Ner) ..................... 21,00 g
bromid draselny (Lach-Ner) ........cccccoeeveviiiieeniennnnns 41,65 g
monohydrat kyseliny citronové ...........ccccoeeeeiiennes 1,50 g
chlorid sodny (Lach-Ner) ........ccccecvverierciienieeieenenne, 5,00 g
izopropanol (Lach-Ner)........ccccceevvvievieeeiiieeieeeieeens 250,00 ml

Jednotlivé komponenty byly smichany a doplnény do 1 litru vodou.
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2. Pufr B (citronan litny)

azid sodny (Lach-Ner).......cccceeviviiienieniieieeieeeene 0,10 g
citronan litny (Lach-Ner)........ccccoovieviiniiiiieniieene 2,08 g
chlorid litny (Lach-Ner) .......ccccccvevevienieeiieiieeieees 6,68 g
monohydrat kyseliny citronové (Lach-Ner) ........... .. 9,56 ¢
thiodiglykol (Lach-Ner) .........cccccevevievienciieniienieeiens 2,50 ml

Jednotlivé komponenty byly smichdny a doplnény do 1 litru vodou.

5.3 Popis vzorki syri

Od producenta vyrab&jiciho mlééné vyrobky z pasterovaného mléka v Ceské republice,
byly ze standardni vyroby ziskany tii SarZe eidamského syra (50 % w/w suSiny a 30 % w/w
tuku v susing). Tyto Sarze byly vyrobeny za stejnych technologickych podminek, tentyz
den. Z kazdé Sarze bylo odebrano 74 cihel. Eidamské cihly (1,2—-1,4 kg, cca 9 x 9 x 14 cm)
byly poté uzavieny do kryovakového obalu a ulozeny do zraciho sklepa pii teploté

10+£2°C.

Po 34 dnech (od pocatku vyroby) bylo z kazdé¢ Sarze 14 cihel pfemisténo ze zraciho sklepa
do lednice (5 £ 1 °C), kde probé&hlo dalsi skladovani (dale oznageno jako 5T). Cést vzorkd
byla také ze sklepa a dana do lednice (5 £ 1 °C) odebrana po 3 tydnech (23. den; dale ozna-
¢eno 3T). Celou dobu pokusu (celkem 174 dnil) zlstala ve zracim sklepé zbyvajici Cast
cihel z kazdé Sarze (oznaceno jako C). Vzorky ze sklepa i lednice byly odebrany 10., 13,
16., 20., 23., 27., 34., 38., 43., 49., 56., 63., 70., 84., 98., 112., 126., 148., 161. a 174. den
od pocatku vyroby (v 1. den byly syry vyrobeny, vylisovany a uloZeny do solné 1azné,
2. den byly syry vyjmuty ze solné 1azné, zabaleny a ulozeny do zraciho sklepa). V kazdém
dnu, kdy probihaly analyzy, byly odebrany zkazdé Sarze vzdy dvé paralelni cihly

z kazdého rezimu zrani/skladovani.

Z kazdé cihly byl asepticky vykrojen stfedovy pas (cca 9 x 9 x 2 cm). Tento stfedovy pas
byl asepticky rozd€len na 4 vrstvy: 7 mm od okraje (vrstva I), dalSich 14 mm (vrstva II),
dalsich 14 mm (vrstva III) a zbyly stied (vrstva IV). Takto pfipravené vzorky byly nasledné

analyzovany na pfitomnost biogennich amind.
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5.4 Izolace biogennich amint

Z jednotlivych vrstev syra bylo navazeno 0,7-0,8 g rozstrouhaného vzorku a zalito 4 ml
sodno citratovym pufrem (pH 2,2). Tato smés byla homogenizovana 15 minut, michana pfi
okolni teploté 1 hodinu a nasledné centrifugovana (4 000 x g po dobu 30 min). Supernant
byl zfiltrovan a pevny podil byl podruhé extrahovan vySe uvedenym zplisobem. Kombino-
vané extrakty byly sodno citratovym pufrem doplnény do 10 ml odmérné baiky. Smés byla
zfiltrovana ptes filtr o porozité¢ 0,45 pl a ddvkovéana do analyzatoru aminokyselin. Kazdy

vzorek byl analyzovan dvakrat.

5.5 lontové vyménna chromatografie

Smés o objemu 100 pl byla automaticky nastfiknuta do analyzatoru aminokyselin
AAA400. Soucasti analyzatoru byla kolona (55 x 3,7 mm) naplnéné iontoméni¢em Ostion
LG ANG (Ingos, Praha, Ceska republika). Detekce probihala po postkolonové ninhydrino-

vé derivatizaci spektrofotometrickym detektorem (570 nm).

Biogenni aminy byly eluovany podle nasledujiciho programu: pufr A po dobu 0—60 min,
pufr B po dobu 60-86 min. Poté byla kolona obnovena 0,2 mol-1"' NaOH po dobu 150 mi-
nut a stabilizovana po dobu 19 minut pufrem A. Teplota kolony byla nastavena na 65 °C.
Priitokova rychlost pufru byla 0,3 ml'min™', ninhydrinového ¢inidla 0,2 ml'min”. Eluce
probihala pii teplotach 65 °C (041 min a 111-120 min) a 45 °C (41-111 min). Kazdy
vzorek byl analyzovan 2x. Biogenni aminy (histamin, tyramin, putrescin, kadaverin) pro

ptipravu standardu byly ziskany ze Sigma-Aldrich, Inc., St. Louis, USA. [33].
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6 VYSLEDKY A DISKUZE

V prub¢hu 174. denniho skladovani/zrani syrt holandského typu byla pozorovana tvorba

biogennich aminil ve vSech ¢tyfech analyzovanych vrstvach.

Od pocatku zrani/skladovani bylo mnozstvi biogennich amint ve vrstvach Il a III obdobné,
proto byly 48. den tyto dvé€ vrstvy spojeny a dale analyzovany jako jedna vrstva (oznacena
jako vrstva II). Takto nové vznikla II. vrstva méla v pozd€jSim priabéhu obdobny obsah
biogennich amint jako IV. vrstva. Proto byly 97. den tyto vrstvy spojeny a analyzovany

spole¢n¢ pod oznacenim vrstva IV.

6.1 Tvorba biogennich amint v priibéhu zrani/skladovani

6.1.1 Produkce biogennich amint v syrech uloZenych ve sklepé

U syrt, které byly skladovany celou dobu pokusu ve sklepé pii 10 £+ 2 °C bylo pozorovano
nejvyssi mnozstvi tyraminu (Obr. 2.), putrescinu (Obr. 3.), kadaverinu (Obr. 4.). Histamin

nebyl v prubéhu celého experimentu detekovan v Zadném z analyzovanych vzorkd.

Narust biogennich aminli v tomto rezimu byl patrny s prodluzujici se dobou zrani. V nej-

vy$§im mnozstvi byl detekovan putrescin, v nejmensim kadaverin.

V 1 vrstvé bylo 48. den (6. tyden), dosaZeno obsahu tyraminu 50 mgkg”. Totéz mnoZstvi
putrescinu bylo detekovano o 6 dni diive. Kadaverin tohoto mnozstvi nedosahl. Jeho ma-
ximalni koncentrace v L. vrstvé &inila 28 mgkg'. Obsah tyraminu v mnozstvi vy$$im neZ
100 mg'kg™ byl zjistén po 12. tydnu skladovani, obsah putrescinu toto mnoZstvi presahl
14. tyden skladovani. V tomto rezimu zrani byl pozorovan vyssi obsah kadaverinu nez to-
mu bylo v dalSich reZimech zrani/skladovani, kdy byly syry ze zraciho sklepa pfemistény

po 3, respektive 5 tydnech, do lednice.

Tyramin i putrescin byly ve vrstvé II. zastoupeny v menSim mnozstvi, obsah téchto amini

tvofil zhruba tietinu vzhledem k obsahu v I. vrstvé (Obr. 2 a Obr. 3).

Vnitini IV. vrstva dosahovala 174. den maxima obsahu biogennich amint. Tyramin byl
zjistén v koncentraci 168 mg-kg™, putrescin v mnozstvi 237 mg-kg” a kadaverin v koncent-

raci 22,54 mg-kg™”.
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Pokud po 174 dnech srovnadme vnitini a vnéj$i vrstvu, zjistime, Ze vrstva [ obsahovala vice

tyraminu, a to o 117 mg'kg™”, putrescinu o 130 mg-kg™ a kadaverinu o 5 mgkg™

Obr. 2. Vyvoj obsahu tyraminu u syri ulozenych ve sklepé
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Obr. 3. Vyvoj obsahu putrescinu u syrt ulozenych ve sklepé
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Obr. 4. Vyvoj obsahu kadaverinu u syrt ulozenych ve sklepé
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6.1.2 Produkce biogennich amint v syrech premisténych po 3 tydnech do lednice

V prubéhu 174. denniho experimentu byl ve vSech vrstvach eidamského syra premisténého
po 23 dnech ze zraciho sklepa do lednice zaznamenan postupny ndrast biogennich amini

tyraminu (Obr.5), putrescinu (Obr.6), kadaverinu (Obr.7). Histamin nebyl detekovan.

Nejvetsi mnozstvi biogennich amint bylo detekovdno ve vnéjsSich vrstvach (vrstva I) ana-
lyzovanych syrti pfemisténych po 3 tydnech do chladirenskych teplot. Biogenni amin tyra-
min dosahl v této vrstvé 8. tyden skladovani v lednici obsahu 50 mg-kg™, u putrescinu byla
tato koncentrace zjisténa 7. tyden. Kadaverin této hranice nedoséhl v zadné z testovanych
vrstev syril tohoto reZzimu zrani/skladovani. Jeho maximalni mnozstvi bylo dosaZzeno 174.
den v I vrstvg, a to 20 mg'kg"'. Ve 111. den doséhl obsah tyraminu ve svrchni vrstvé

104 mg'kg™”. Putrescin byl v tomtéz mnozstvi detekovan zhruba o 2 tydny dfive.

Spojené vrstvy II. a Il dosahovaly tietinového mnozstvi tyraminu i putrescinu ve srovnani
s vrstvou 1. Ve spojené IV. vrstvé bylo detekovdno zhruba poloviéni mnozstvi tyraminu
174. den a v tézZe vrstvé bylo zjisténo zhruba osminova koncentrace putrescinu a kadaveri-

nu ve srovnani s vrstvou 1.
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Obr. 5. Vyvoj obsahu tyraminu u syr pfemisténych ze zraciho sklepa po 3 tydnech

do lednice
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Obr. 6. Vyvoj obsahu putrescinu u syrii pfemisténych ze zraciho sklepa po 3 tyd-

nech do lednice
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Obr. 7. Vyvoj obsahu kadaverinu u syri premisténych ze zraciho sklepa po 3 tyd-

nech do lednice

Obsah kadaverinu - syry 3T
25 4

e 20 -

.%D &

g0 *

£

= * o vwstva |
E 15 1 O wstva Il
< L 4

e ° wstva lIl
rg * . e wstva IV
g 10 * .

£ M

=

= P * u °

.% ¢ O = °

© 5 * E ] . o

|
i S
Jes -
L J
0 T T : !
0 50 100 150 200
Doba zrani (dny)

6.1.3 Produkce biogennich amint v syrech piemisténych po 5 tydnech do lednice

Po péti tydnech byla dalsi ¢ast syrii stejné Sarze presunuta ze zraciho sklepa (10 = 2 °C) do
prostiedi chladirenskych teplot (5 = 2 °C). Opét byl pozorovan nardst biogennich amint

tyraminu (Obr. 8), putrescinu (Obr. 9), kadaverinu (Obr. 10), zejména ve vnéjsi vrstve L.

Hranici 50 mg'kg" piesahl tyramin ve vn&jsi vrstvé 55. den (7. tyden) a putrescin 48 den
(6. tyden). Ani v tomto rezimu zrani/skladovani kadaverin nedosahl obsahu 50 mgkg™”,
a to ani v jedné z testovanych vrstev. Maximalni obsah kadaverinu byl pozorovan 174. den,
a to cca 24 mg-kg ve svrchni vrstvs. Ve IV. vrstvé tentyz den bylo dosaZeno obsahu kada-
verinu 17 mg-kg™.

Ve svrchni vrstvé dosahl tyramin 13. tyden skladovani (97. den) koncentrace 96 mgkg”
a putrescin az 112 mg'kg™.

V komplexni IV. vrstvé bylo v tomto rezimu zrani/skladovéani detekovdno mensi mnozstvi
biogennich aminéi nez v I vrstvé. Obsah 100 mgkg"' presahoval tyramin 21. tyden

a putrescin tuto hodnotu piesahl jiz béhem 17. tydne.
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Srovname-li obsah tyraminu a putrescinu v 1. a II. vrstvé, tak II. vrstva obsahovala téchto

biogennich aminti zhruba o ¢tvrtinu méng.

Obr. 8. Vyvoj obsahu tyraminu u syri premisténych ze zraciho sklepa po 5 tydnech

do lednice
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Obr. 9. Vyvoj obsahu tyraminu u syr pfemisténych ze zraciho sklepa po 5 tydnech

do lednice
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Obr. 10. Vyvoj obsahu kadaverinu u syr premisténych ze zraciho sklepa po 5 tyd-

nech do lednice

Obsah kadaverinu - syry 5T
30 4
25 +

A~ ’
—op

2 .

&n

E 20 .

=

J & vstva |
: . .

«® . O wstva I
é 15 - L4 A wrstva lll
=

g L 4 ° e wstva IV
g ¢ .

A o o ©

[ e O [

1’4 L]

8 o0

* W o °
5 "
° [ ]
0 T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200
Doba zrani (dny)




UTB ve Zliné, Fakulta technologicka 40

7 DISKUZE

Obsah biogennich amint byl u vSech testovanych vzorkil syri vzdy vyssi v 1. vrstvé nez

ve vrstve 11, II1., IV., a to bez ohledu na reZzim zrani/skladovani.

Putrescin dosahoval dfive vySSich hodnot nez tyramin. Kadaverin vzhledem k obsahiim
tyraminu a putrescinu dosahoval zanedbatelného mnozstvi. Biogenni amin histamin nebyl
béhem celého experimentu detekovan v zadném z analyzovanych vzorkl syrti uchovava-

nych béhem tii riznych reziml zrani/skladovani.

Stanoveni biogennich aminti v potravinach jako jsou histamin, kadaverin, putrescin, sper-
midin, tyramin je dilezité nejen z hlediska jejich toxicity ve vysSich koncentracich, ale také
proto, ze mohou byt uziteCnym ukazatelem pro stanoveni znehodnoceni nebo cerstvosti

potravin [34].

Mnozstvi biogennich aminti bylo odstupfiovano v zavislosti na rezimu zrani/skladovani.
Nejvyssi hodnoty biogennich aminti byly dosazeny v syrech, které byly po celou dobu
uchovavany pii nejvyssi sledované teploté, tj. ve zracim sklepé (10 + 2 °C). Pti této teploté
se mohou rychleji rozmnoZovat bakterie produkujici biogenni aminy. Druhy nejvyssi obsah
biogennich aminti byl zaznamenan u syrd, které byly 5. tyden piesunuty ze zraciho sklepa
do lednice 10 + 2 °C. Naopak nejméné amini bylo detekovano v syrech, které byly pfemis-

tény jiz 3. tyden ze sklepa do lednice.

Nizsi koncentrace amind byly pozorovany ve vnitinich vrstvach analyzovanych ptirodnich
syru eidamského typu. Naopak nejvyssi koncentrace biogennich amint byly detekovany
ve svrchnich vrstvach. K podobnym zavérim dospéli také Komprda a kol. [34]. Rozdily
v obsahu biogennich amind v jednotlivych vrstvach a rezimech zrani/skladovani analyzo-
vanych pfirodnich syr jsou dany zfejmé schopnosti ristu mikroflory s dekarboxylasovou
aktivitou. Mikroorganizmy jsou schopny tvofit aminy zejména pii zrani syra pfi teploté
10 £ 2 °C, pfti chladirenské teploté (5 = 2 °C) byl rozvoj mikrofléry pomalejsi, coz se pro-

jevilo na produkci biogennich amint.

Komprda a kol. [35] rovnéZ upozoriiuji na nebezpecné zvyseni koncentrace biogennich

amint, pokud jsou syry skladovany vice jak 150 dnd.

Krause a kol. [36] zkoumali, jakou ma baktofugace mléka u¢innost na sniZeni biogennich

aminti v syrech ementalského typu. Baktofugace mléka s 90% tucinnosti vedla témér
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k tplnému sniZeni koncentraci putrescinu a kadaverinu. Naopak nijak podstatné neovlivni-

la tvorbu histaminu, tyraminu a 3-methylbutylaminu.

Kvalita konecného vyrobku syra zavisi na kvalit¢ vychozi suroviny. Silla-Santos [13]

ve své praci uvadi zékladni principy redukce biogennich amintl v potravinach.

1. Vybér kvalitnich surovin bez vysoké koncentrace biogennich aminii a mikrobiolo-

gické kontaminace.

2. Dodrzovat spravnou hygienickou praxi. Provadét systematické kontroly kazdého
kroku vyroby. Zejména Cistota zafizeni a prostiedi maji vliv na narist mikroorga-

nismu produkujicich biogenni aminy.
3. Vybér vhodnych startovacich kultur pro fermentované potraviny.

4. Piihlédnout nejen k vysi koncentrace biogennich amint v potraving, ale také k pii-
tomnosti potenciator (alkohol, pfitomnost jinych amind), které mohou zvySovat

toxickou aktivitu biogennich amint.

5. Kontrola podminek skladovéani. Pivodni koncentrace biogennich aminli se méni

v prub¢hu skladovani.

6. Koncentrace biogennich amint se méni v zavislosti na skladovani. Vhodné sklado-

vaci podminky, mohou sniZovat.

Bodmer a kol. [27] definovali, za jakych podminek vyroby mtze dojit k potlaceni naristu
biogennich aminll. Podobné jako Silla-Santos [13] kladou diiraz na pouZiti vysoce kvalit-
nich surovin beze stop biogennich aminti, zejména histaminu. Za naprosto nezbytné shle-
davaji spravné a peclivé zpracovani (sbér, doprava, skladovéani) surovin, vybér vhodnych
dekarboxylasa negativnich startovacich kultur pro fermentované potraviny. Samotny proces
fermentace by mél byt pfisn€ kontrolovan a samotny proces vyroby by mél byt zaclenén do

specifického systému jakosti jako je DIN EN ISO 9000.

Dadakovéa a kol. [37] 1 Mayer a kol. [38] oznacuji ultra-kapalinovou chromatografii
(UPLC) jako rychlou a spolehlivou metodu pro detekci biogennich aminti v syrech. Mayer
a kol. [38] shledavaji metodu UPLC ve srovnani s vysokotlakou kapalinovou chromatogra-
fickou metodou (HPLC) rychlejsi, citlivéjsi, ucinngjsi. HPLC metoda je méné vhodna pro

stanoveni biogennich amin® v n¢kterych syrech jako je Emental a Gouda.
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Komprda a kol. [35] upozoriiuje spotiebitele rizikovych skupin (pacienti uzivajici léky
s inhibici MAO enzymu) pied konzumaci syrtt holandského typu, které zraly vice jak
5 mésicii. Spotiebitelé by u tohoto typu syra méli odstranit nejméné 3 cm vné&jsi ¢asti, kde

koncentrace biogennich amini je nejvyssi.

Je tedy nasnadé, zda do spotiebitelské sit€ uvadét syry nezral€, s niz8i koncentraci biogen-
nich amint, avSak s vyrazné snizenou organoleptickou hodnotou nebo expedovat syry,
u kterych prob¢hlo u producenta zrani ve vyS$i mife pii vyssi teploté, a tim podstoupit rizi-
ko, ze koncentrace nékterych biogennich aminii stoupne na tolik, Ze by mohla ptekrocit

dany limit a pfimo ohrozit zdravotni stav spotiebitele.

Produkce biogennich amind byla zjisténa i u technologicky vyznamnych bakterii mlééného
kvaSeni [39]. Z tohoto diivodu lze doporucit, aby kultury mikroorganismi, které se pouzi-
vaji pfi vyrobé fermentovanych potravin, byly testovany na produkci biogennich amind.
Na zékladé¢ téchto testii by méla probéhnout selekce a vyfazeni kment s vysokou produkei

biogennich amini, ¢imz by bylo mozné zvysit bezpecnost fermentovanych vyrobki.
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ZAVER A DOPORUCENI

V prubéhu 174 dnti byl sledovan obsah biogennich aminti ve 4 vrstvach syrti holandského
typu. Byly zji$tény nasledujici vysledky:

* byly detekovany biogenni aminy kadaverin, putrescin, tyramin,

* histamin nebyl detekovan v priibéhu celého experimentu v zddném z testovanych

vzorkd,

* nejvyssi koncentrace biogennich aminli byla detekovana v rezimu, kdy syry byly
ulozeny po celou dobu pokusu ve zracim sklepé (10 + 2 °C),

vwr

ze sklepa do lednice (5 + 2 °C),
* nejvyssi obsah biogennich amint byl ve svrchni vrstve,

* nejnizsi obsah biogennich amini byl zaznamenan ve vnitini vrstvé.
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The aim of the work was to describe the development of selected biogenic amines {histamine, tyramine,
putrescine and cadaverine) in 4 layers of Dutch-type cheese (Edam-cheese) depending on 3 ripening/
storage regimes during a 98-day period. Biogenic amines were analysed by means of ion-exchange
chromatography. A further goal was to identify microbial sources of biogenic amines in the material
analysed. Phenotype characterization and repetitive sequence-based PCR fingerprinting were used to
identify the isolated bacteria. The highest content of tyramine, putrescine and cadaverine was deter-
mined in cheeses stored in a dpening cellar at a temperature of 10 °C during the whole obsenation
period. Lower biogenic amines content was determined in samples which were moved into a cold
storage device (5°C) after 38 days of storage in a ripening cellar {10“C). The lowest concentrations of
biogenic amines were detected in cheeses which were moved into a cold storage device (5 °C) after 23
days of storage in a ripening cellar (10 “C). During the 98-day period, histamine was not detected in any
of the regimes. Within the cheeses analysed, non-starter lactic acid bactera Lactobacillus curvatus,
Lactobacillus caseijparacasei and Lactobacillus plantmrum were detected as the main producers of the
biogenic amines tested. In starter bacteria Lactococrus lactis subsp. lactis and Lactococcus lactis subsp.
cremoris the decarboxylase activity tested was not detected.

© 2010 Published by Elsevier Ltd.

1. Introduction

Biogenic amines are low-molecular nitrogenous compounds
that are formed in foodstuffs mainly by microbial decarboxylation
of the precursor amino acids. Above all, the importance of
observing biogenic amines content lies in potential toxicity to
humans, mainly if the concentration is =100 mg/ kg (or >100 mg/L)
Thus, the presence of biogenic amines significantly influences the
food quality and safety (Christensen et al, 1999; Haldsz et al., 1994;
Silla Santos, 1996; Smitet al,, 2005). Fermented dairy products and
especially cheeses belong to the most common sources of biogenic
amines, mainly histamine, tyramine, putrescine and cadaverine.
The excessive intake of histamine could cause e.g. dilatation of
peripheral blood wessels, hypotension, urticaria, flushing and
headache. High amount of tyramine in food could also induce

* Corresponding author. Tel.: +420 576 031 232; fax: <420 577 210 172
E-muail address: bunkova@ftutb.cz (L Bunkovd )

0740-0020% — see front matter © 2010 Published by Elsevier Ltd.
doi: 100016/, fm. 2010.04.014

headache and hypertension. In human body under normal condi-
tion, exogenous histamine and tyramine absorbed from food are
detoxified by action of relevant enzymes. Putrescine and cadav-
erine have been identified as potentiators of toxic effect of other
amines due to inhibition of detoxifying enzymes (Shalaby, 1996;
Valsamaki et al., 2000).

Decarboxylase producers {containing enzymes decarboxylasing
certain amino acids while biogenic amines are formed) can be found
among starter lactic add bacteria, non-starter lactic add bacteria
(MNSLAB) and/or other spontaneous microflora (Bernardeau et al,
2008; Christensen et al, 1999; de las Rivas et al, 2006; de Lano
et al, 1998; Galgano et al, 2001; Haldsz et al., 1994; Marcobal et al,,
2005; Roig-Sagués et al, 2002). From a qualitative and quantitative
point of view, microorganisms in the individual layers of ripening
cheese can vary, which cancause adifferent conceniration of biogenic
amines in different parts of cheese (Komprda et al., 2007; Novella-
Rodrigues et al, 2003; Pinho et al., 2001). Studying the distribution
of biogenic amines in the individual layers of cheeses as well as
screening their sources {microorganisms) can contribute o the

Food Microbiology (2010), doi: 10.1016/j.fm.2010.04.014
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prevention of biogenic amines content and thus increase the safety of
food (Bunkova et al, 2009).

A wide range of cheeses made by different technologies can be
bought on the market According to Fox et al (2000), Edam-cheese
[Dutch-type cheese) is one of the most widespread groups of
cheeses. Optimum ripening time of these products is 6—10 weeks,
usually at a temperature of 10—14 *C. However, nowadays, young
cheeses {2—4 weeks old) are delivered to retail by many producers
for economic reasons. Regarding the globalization of distribution
channels and an excess of supply over demand on the dairy product
market, this process can last several weeks. Further cold storage can
be expected at the consumer's place till the moment of consump-
ton (Al-Otaibi and Wilbey, 2004; Forde and Fitzgerald, 2000;
McSweeney et al, 2006). The question remains whether and to
what extent the content of biogenic amines in cheeses changes
during the distribution process at cold storage temperatures.

The development of biogenic amines content in Dutch-type
cheese during ripening was also studied by Burdychovd and
Komprda (2007) and Komprda et al. {2007, 2008). However, their
work dealt with cheeses produced in large blocks (12—13 kg),
ripening at optimum temperature ~ 10 “C, which are mainly used
for further industrial processing (grating, slicing, blocks, processed
cheese) and only then for sale. On the other hand, also smaller
blocks weighing 1—3 kg are stored and sold in retail They are either
sold in one piece or cut into portions according to the customer’s
needs. However, available literature does not provide enough
information about the content and distribution of biogenic amines
in small blocks at cold storage temperatures in retail. Furthermore,
the shelf life of cheese blocks could also be affected by ripening
andfor storing condition (Fox et al, 2000). There are not many
works which deal with the determination of biogenic amines
content and at the same time with the isolation and identification
of the sources.

The principal aim of this work was to descaribe the development
of biogenic amines content (histamine, tyramine, putrescine and
cadaverine) in 4 layers of small Edam-cheese blocks during the
ripening and storage period. The distribution of biogenic amines
content was observed in relation to 3 different ripening/storage
regimes in order to simulate current conditions in manufacturing
and retail. Another aim of the study was identification of isolated
lactic acid bacteria (LAB) as a presumptive source of biogenic
amines and determination of their decarboxylase activity.

2. Materials and methods
2.1. Cheese sampling

Edam-cheese samples (50 % w/w dry matter and 30 % wjw fatin
dry matter; Dutch-type cheese variety similar to Gouda with a few
small eyes) were obtained from 3 batches as part of the standard
production from a manufacturer making products from pasteurized
milk within the Czech Republic (briefly, standardized milk was
inpculated using bulk starter, precipitated using rennet and the
coagulum was treated; then a whey part was drained off and hot
water was added to obtain temperature of about 40 °C; the curd
was drained, pressed and brined). All 3 batches were made
according to the same technological process on the same day.
Seventy four blocks were taken from each batch. Cryovac wrapped
Edam-cheese blocks (1.2—1.4 kg: approx. 9 cm height, 9 cm width
and 14 cm depth) were put into a ripening cellar with a tempera-
re of 10+2°C After 23 days (from the beginning of the
production), 20 blocks from each batch were moved from the cellar
into the fridge (5+1°C), where the storage period continued
[marked as 3W). After 38 days of ripening (from the beginning of
the production), another 14 blocks from each batch were moved

into the fridge (marked as 5W ). The remaining part of the blocks
from each batch (marked as C) stayed in the ripening cellar for the
whole time of the experiment (98 days in total). Samples were
taken from the cellar (and later also from the fridge) on the 1st, 2nd,
3rd, 4th, 7th, 10th, 13th, 16th, 20th, 23rd, 27th, 34th, 38th, 43rd,
49th, 56th, 63rd, 70th, 84th and 98th day from the beginning of the
production {on the 1st day the cheeses were made, pressed and
brine-salted, on the 2nd day the cheeses were removed from the
brine bath, wrapped and stored in a ripening cellar). On each day of
the analysis, 2 parallel blocks from each batch and each ripening/
storage regime were taken.

From each sample of block, a central strip (approx. 9 cm height,
9cm width and 2 cm depth) was aseptically cut out fransversely.
This central strip was aseptically divided into 4 layers: 7 mm from
the border (edge, layer I), another 14 mm (layer I}, another 14 mm
{layer I} and the remaining middle part {core, layer IV). Each of
these layers was analysed within the individual days when the
samples were taken. Firstly, the samples for microbiological anal-
ysis were obtained (if it was performed — see below) and subse-
quently, the samples for the analysis of biogenic amines content
were taken. On each day of the analysis, dry matter content and pH
of tested layers were measured. The dry matter content was
determined by gravimetric method according to 150 5534 (2004).
The values of pH were obtained using WP pH-meter Spearm
Dakton (Eutech Instruments, Malaysia). Each type of sample and
each layer was analysed in six replicates for dry matter content and
in triplicates for pH.

2.2, Microbiological analysis and screening of decarboxylase
activity of the isolated strains by means of cultivation method

Ten grams of the cheese sample (each layer) was weighed out
aseptically and put into 90 mL of sterile physiological solution that
was subsequently homogenised for 10 min (using stomacher). The
samples of cheese were then subjected to routine microbiological
analysis aimed at coliforms (Violet Red Bile Agar; HiMedia, Bombai,
India) and lactic add bacteria (De Man-Rogosa-Sharpe medium;
Oxoid, Basingstocke, UK). Lactic acid bacteria were incubated for
72h at 30°C and coliforms were incubated for 48 h at 37°C.
Microbiological analysis was performed on the 49th and 98th day
of the experiment. Microbiological results were statistically evalu-
ated by nonparametric Kruskall;Wallis and MannWhimey tests
using statistical programme Unistat® 5.5 {Unistat Led., London, UK).

Apart from the cheese samples, bulk starter {BS) containing
Lactococcus lactis subsp. lactis and Lactococcus lactis subsp. cremoris
strains (Chr. Hansen, Nienburg/Weser, Germany) was also analysed
on the day of cheese production. However, the proportional
representation of the individual strains is subject to trade secrec
The same BS was used for all 3 batches.

A countable number of bacterial colonies { from each cultivation
medium) selected randomly from a Petri dish was purified by
spreading single colonies. Isolation and purification of bacteria was
performed only in BS and the cheeses at the end of the ripening/
storage period (98th day of the experiment, layers I and IV).

Isolated and purified lactic acid bacteria (LAB) were subjected to
screening cultivation method detecting the production of biogenic
amines (histamine, tyramine, putrescine and cadaverine), for the
purpose of which decarboxylation medium (agar) according to
Bover-Cid and Holzapfel (1999) was used. The agar contained
acorresponding amino acid ( histidine, tyrosine, lysine, ornithine or
arginine) at a concentration of 1% (wjv) and a pH indicator
(bromcresol purple). The screening cultivation test is a qualitative
method (the change of colour in the agar is observed). Firstly, the
strains tested were subcultured twice in relevant broths (according
to the medium they were isolated from) containing 0.1% (w/v) of

Please cite this article in press as: Bunkovi, L., et al,, The effect of ripening and storage conditions on the distribution of tyramine, putrescine...,
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the corresponding amino acid and 0.005% (w/v) of pyridmal-5-
phosphate. In the decarboxylation agar, the isolated bacteria were
cultured parallelly at 37+ 1 “C and 30+ 1 °C and the results were
evaluated after 24, 48 and 72 h.All chemicals used for the prepa-
ration of decarboxylation mediumwere supplied by Sigma—Aldrich
(St. Louis, USA).

23. Identification

LAB which revealed positive production of biogenic amines
(tyramine, putrescine or cadaverine; see section 2.2) in the culti-
vation test as well as the bacteria isolated from BS were identified
on the basis of phenotype characterization and rep-PCR finger-
printing method.

23.1. Phenotyping

The catalase test was done by dispersing bacterial cells in 3%
Hz0z. The tests for growth at 15 and 45 *Cwere performed in MRS
broth (Merck, Darmstadt, Germany). Gas production from glucose
and NHsz production from arginine were performed according to
Svec et al, (2005, 2009). Further biochemical characterization was
done by APl 50 CH kit (bioMérieux, Marcy ['Etoile, France)
according to the manufacturer's instructions. Evaluation of the
biochemical test results and spedes identification were achieved by
using the Internet identification tool Apiweb (bioMérieux; https://
apiweb.biomerieux.com/() and identification software BactSelect v
8.0 (LMD, Delft, The Netherlands).

23.2. Repetitive sequence-based PCR fingerprinting

The rep-PCR fingerprinting using the (GTG)s primer (5-GIG
GIG GTG GTG GTG-3') was performed according to Svec et al
(2005, 2009). Briefly, bacterial DNA was isolated by alkaline
extraction procedure. In total, 1 pL of cell lysate and 24 pL of a PCR
mixture containing 1 pmol/L of (GTG)s primer, 200 pmol/L of each
dNTP, 2 U of Tag DNA polymerase (Mew England Biolabs, County
Road, USA} and 2.5 pL of 10« ThermoPol Reaction Buffer supplied
with the Tag DNA polymerase (100 mmol/L KCI, 100 mmol/L
{NH4)2504, 200 mmol/L Tris-HC, 20 mmol/L MgS0;, 0.1% Triton
X-100; pH 8.8) were induded into PCR reactions performed in
Tpersonal ThermoCycler {Biometra, Goettingen, Germany). The
inidal denaturation at 94 *C for 7 min was followed by 30 cycles of
denaturation at 94°C for 1 min, primer annealing at 40°C for
1 min, and extension at 65 °C for 8 min. The last cycle was followed
by the final elongation at 65°C for 16 min. The PCR products
obtained were separated in 1.5 % agarose gels (200 =« 250 mm) for
16h at 60V {(=17V/cm) in 0.5x TBE buffer (Fluka, Buchs,
Switzerland). The resulting fingerprints were digitised and pro-
cessed using BioNumerics version 4.601 software (Applied-Maths,
Sint-Martens-Latem, Belgium) The rep-PCR profiles were
compared to the in-house {GTG)s-PCR database of the Czech
Collection of Microorganisms comprising multiple type and
representative LAB strains. The dendrogram was calculated with
Pearson’s correlation coefficients by means of unweighted pair
group method using arithmetic averages (UPGMA) clustering
method.

24. Biogenic amines analysis

One gram of a grated cheese sample was weighed, put into
50 mL test tubes and poured by 4 mL of sodium-citrate buffer (pH
2.2). The mixture was homogenised for 15 min, mixed for 1h at
room temperature (22 = 2 °C) and then centrifuged (15,000= g for
30 min at 4 °C) in order to separate the fat. The supernatant was
filtered and the solid residue was extracted for the second time by
the above-mentioned method. Combined extracts were poured by

sodium-citrate buffer (pH 2.2) till 10 mL in a volumerric flask. Then
the mixture was filtered through a 0.45 pm filter and loaded into
the Amino Add finalyser (injection volume of 100 pL was applied
onto the column). Each sample was extracted twice.

LAB isolates which proved positive in the cultivation method
(gualitative test, see section 22) were tested for the production of
biogenic amines. Biogenic amines content was analysed in broth
after the inoculation and incubation by the corresponding bacte-
rium. De Man—Rogosa5Sharpe broth contained proper precursors
of the biogenic amines tested (the following amino acids: lysine,
histidine, tyrosine, ornithine, arginine) at a concentration of 3.0 g/L
(of each amino acid) and. The same concentration of biogenic
amine precursors was used by Bunkovi et al.{2010) or Pircher et al
(2007 ). The prepared medium (5.0 mL) was autodaved in cap glass
tubes (121 °C, 15 min). Each strain (11 isolates from cheese and 3
isolates from BS) was inoculated in three autoclaved tubes con-
taining the cultivation broth. The bacteria were incubated at
30+ 1 °C for 72 h. After the incubation, the broth was centrifuged
(10,000: g for 30 min at 4 *C) in order to remove cells. The mixture
was filtered through a 0.45 pm filter and loaded into the Amino
Acid Analyser (the injection volume was also 100 mL) for quanti-
tative assay.

Four biogenic amines (histamine, tyramine, putrescine, cadav-
erine) were determined by means of ion-exchange chromatog-
raphy (AAA400 Amino Acid Analyser; Ingos, Prague, Czech
Republic) as was described by Bunkova et al. (2009). Each broth was
analysed four times and each extract twice. In preliminary study
using also Dutch-type cheese, the limit of detection was 0.74; 0.89;
0.72 and 0.60 mg/kg cheese for histamine, tyramine, putrescine and
cadaverine, respectively. The repeatability of the whole analytical
process (expressed as relative standard deviation of peak area
determined for four extracts of the same cheese) ranged between
2.8 and 5.7% for individual biogenic amines tested. The recovery
was of 91; 85; 81 and 88% for histamine, tyramine, putrescine and
cadaverine, respectively (a cheese sample spiked using the stan-
dard mixture of tested biogenic amines at the concentration of
5 mg/L).

Biogenic amines results were statistically evaluated by nonpara-
metric KruskallWallis and Mann—Whitney tests. Spearman corre-
lation coefficients between the biogenic amines content and the
values of chemical analyses (the dry matter content and pH yalues)
were also applied. The statistical programme Unistat® 55 (Unistat
Litd., London, UK) was used.

3. Results
3.1. Biogenic amines content in the individual layers

Within the 98-day ripening/storage period of the Edam-type
cheeses tested, the presence of tyramine, putrescine and cadav-
erine was observed. On the other hand, during the whole experi-
ment, histamine was not detected in any of the 3 ripening/storage
regimes tested. At the beginning of experiment {2nd day — cheeses
after removing from the brine bath) the dry matter content in the
layer I, IL Il and IV was 54.89 + 0.21% (wjw), 51.62 =+ 0.18% (wjw),
4933 +027% (wfw) and 4943 + 0.20% (w/w), respectively. From
the 30th day on, the dry matter content in the layer I was signifi-
cantly higher {53.09-53.52% w/w; P<0.01) than the dry matter
content in the other layers (II-IV), which was in the range of
51.17—51.84% (w/w ). At the second day of analysis, the pH value was
similar in all tested cheese layers and ranged between 5.38 and
5.45. At the fourth day, the pH values decreased significantly
(P<0.01)t05.21-528 in the layers tested. From the fourth day, the
pH values showed opposite trend and increased continuously up to
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43rd day. From the farty third day, the pH values were ranging
between 5.53 and 5.64 in all samples and layers.

The development of tyramine, putrescine and cadaverine in the
4 layers of Edam-cheese block tested during the 3 ripening/storage
regimes is illustrated in Figs. 1-3 (parts A—C). In all ripening/
storage regimes tested, the highest content of tyramine, putresdne
and cadaverine was found in the edge. On the other hand, the
lowest content was detected in the cheese core. This significant
difference {P<0.01) in the content of tyramine, putrescine and
cadaverine between the edge and core is evident mainly from the
30th day on, regardless of the ripening/storage regime. From the
beginning of ripening/storage, the content of tyramine, puiresdne
and cadaverine in the layers I and 11l was very similar (P> 0.05) and
therefore, from the 56th day on, these two layers were joined
and analysed as one layer. The values of tyramine, putrescine and
cadaverine content in the layers Il and 11l were always between the
values of these biogenic amines in the edge and core. In most cases,
the difference between the layers 1 and Il and the edge and core
was significant (P < 0.01).

Also, as it follows from Figs. 1-3, there is dependence of tyra-
mine, putrescine and cadaverine content in the Edam-cheeses
tested on the ripening/storage regime. The cheeses kept for the
whole ripening period in the ripening cellar at a temperature of
10 °C(Figs. 1-3, parts C) had, in all layers tested, the highest content
of tyramine, putrescine and cadaverine in comparison with the
other two ripening/storage regimes. Comparison of the content of
the above-mentioned biogenic amines in the cheese edge within
the 3 ripening/storage regimes tested is illustrated in Figs. 1-3,
parts D. The lowest values of tyramine, putresdne and cadaverine
content were found in all layers of the products kept for the first 23

days in the ripening cellar and subsequently kept at cold storage
temperature {3W) (P< 0.01). The content of tyramine, putrescine
and cadaverine in the samples kept for the first 38 days in the
ripening cellar and then at cold storage temperature (5W) were
between the values of biogenic amines tested in the corresponding
layers in cheeses C and 3W. In most cases, the difference was
significant (P < 0.05).

3.2. Lactic acid bacteria and coliform counts in the individual layers

The microbiological analysis focused on determining LAB counts
in the individual layers of cheeses were carried out after 49 and 98
days of ripening/storage. The results of LAB counts in the layers I, 11
and IV are illustrated in Table 1. After 49 days, the highest LAB
counts occurred in the layer | and the lowest ones in the layer IV in
all three ripening/storage regimes. However, these differences were
not significant in any ripening/storage regime {P=0.05). After 98
days, the situation changed and the LAB counts in the layer [ were
significantly higher compared with the layer IV (P<0.05) in all 3
ripening/storage regimes tested.

After 49 days, the LAB counts in the individual layers of 3w
samples were significantly lower (P < 0.05) in comparison with
the corresponding layers of C and 5W products. On the other
hand, no significant differences in LAB counts (P =0.05) were
found between C and 5W samples (in the corresponding layers).
After 98 days, LAB counts in the corresponding layers proved to
be the highest in cheeses C, followed by 5W samples and the
lowest counts were determined in 3W products. On the basis of
statistical analysis, these differences were evaluated as signifi-
cant (P< 0.05).

Tyramine content (mg/kg)

t
1 @ n Ll il bl TiME

Ripening period (days)

Fig. L. The dependence of tyramine content (mg'kg) in BEdam-cheese on the ripening period (days): A
storage in o llar removed to the fridge and stored at 5 +1 =C; € — after 5 wee ks of storage in cellar removed to the fridge and stored at 5 +1=C; W — the first layer, O
the fourth layer. In D = part, summary of the tyramine content in the first layer in three storage modes: ¥ - the whole period in cellar at 10+ 2 °C;

layer; &~ the third layer; « -

- storage in cellar at 10+ 2 °C for the whole period; B — after 3 weeks of
the second

0 = after 3 weeks of storage in cellar removed to the fridge and stored at 5+ 1 °C; @ = after 5 we eks of storage in cellar removed to the fridge and stored at 5+ 1 °C The tyramine

ontent was expressed as mean: bars represent S.0. (n=24)
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Putrescine content (mg/kg)
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Ripening period (days)

Fig. 2. The dependence of putrescine content { mglkg) in Edam-cheese on the ripening period (days): A = storage in cellar at 10 + 2 <C for the whole period; B = after 3 weeks of
storage in cellar removed to the fridge and stored at 5+ 1 °C; C — after 5 weeks of storage in cellar removed to the fridge and stored at 5 +£1°C; W — the first layer, © — the second
layer, A — the third layer; ¢ — the fourth layer. In D~ part, summary of the putrescine content in the first layer in three storage modes: 7 — the whole period in cellar at 10+ 2°C;
[ = after 3 wee ks of storage in cellar removed tothe fridge and stored at 5+1°C; @ —after 5 weeks of storage in cellar removed to the fridge and stored at 5+ 1 °C. The putresdne

content was expressed as mean; bars represent 5D (n=24).

The LAE counts found after 49 days of ripening/storage were
significantdly higher (P<0.05) in comparison with the counts
determined after 98 days of ripening/storage (comparing the cor-
responding layers and ripening/storage regimes).

During the whole microbiological analysis, no coliform micro-
organisms were detected in any of the cheeses or BS tested.

33. Identification of the isolated LAB and determination
of their biogenic amines production

The isolation of microorganisms from cheeses (with the aim of
determining the production of selected biogenic amines — hista-
mine, tyramine, putrescine or cadaverine) was performed only
after 98 days of ripening/storage. In total, 58 microorganisms were
isolated by means of De Man—Rogosa_Sharpe medium and their
decarboxylation activity was tested by screening, using the cult-
vation method according to Bover-Cid and Holzapfel (1999). The
cultivation method revealed that 11 isolates could be potential
producers of tyramine, putrescine or cadaverine. Four of the
strains came from the layer I and 7 strains from the layer IV.
Phenotypic identification and rep-PCR analysis uniformly classified
strains as Lactobacillus curvatus (3 strains), Lactobadillus plantarum
(1 strain), lactococcus lactis subsp. lactis (1 strain) and Lacrobacillus
casei|paracasei (6 strains) (Table 2. All three Lb. curvatus isolates
(LI-2, LI-3, LIV-15) from different layers showed identical bioprofile
as well as rep-PCR fingerprints and probably represent isolates of
one strain, while isolates from Lb. caseif paracasei {LI-5, LIV-1, LIV-3,
LIV-11, LIV-13, LIV-18) showed moderately different phenotype
which indicates the presence of non-identical strains. The rep-PCR
fingerprinting separated the strains analysed into a few clusters
corresponding to Lb. curvarus (LI-2, LI-3, LIV-15), Lb. plantarum (LI-7),

Lb. caseijparacasei {L1-5, LIV-1, LIV-3, LIV-11, LIV-13, LIV-18) and
Le lactis subsp. lactis (LIV-9) (Fig 4). These results were confirmed
by the identification results achieved by phenotype characterization.

In addition to the analysis of cheeses, the BS used for the inoc-
ulation of milk during the production of the cheeses tested was also
analysed the same way. In total, 15 microorganisms were isolated
from the BS and by means of cultivation method according to
Bover-Cid and Holzapfel (1999), 3 strains were proved to be
potential producers of biogenic amines. The identification results
obtained by biotyping as well as rep-PCR assigned these three
isolates (BS-2, BS-3, BS-6) as members of Lc lactis subsp. lactis
species (Table 2 and Fig. 4) each with slightly different biochemical
properties. However, one strain (BS-2) from BS was phenotypically
identical to LIV-9 strain from the cheese.

Production of biogenic amines by the isolated and identified
bacteria ( potential producers of tyramine, putresdne or cadaverine;
assessed by the screening method) was quantified in decarboxyi-
ation broth (see section 2.4 Biogenic amines analysis). The content
of biogenic amines was evaluated and divided into 4 groups:
(i) production of a biogenic amine was not detected; (ii) low
production (<10 mg/L); (iii) medium production (19100 mg/L);
and (iv) high production (=100 mg/L) of a biogenic amine. The
results are shown in Table 2.

By means of chromatographic method, no production of the
biogenic amines observed (histamine, tyramine, putrescine or
cadaverine) was detected in any of the three strains of Lc. lacts
subsp. lactis (BS-2, BS-3, BS-6) isolated from BS. In one isolate from
the layer I identified as Lb. casei/paracasei (LI-5), the chromato-
graphic method did not reveal any production of the biogenic
amines tested. Two strains of Lb. curvatus (L1-2, LI-3) obtained from
the layer I of the cheeses tested showed a medium/high production
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Fg. 3. The dependence of cadaverine content {mglkg) in Edam-cheese on the rpening pedod (days): A
storage in cellar removed to the fridge and stored at 5 +1 °C; C = after 5 wee ks of storage in cellar removed to the fridge and stored at 5 +1 °C; W = the first layer, O

storage incellar at 10+ 2 =C for the whole period; B — after 3 weeks of
the second

layer: & — the third layer; # — the fourth liyer. In D — part, summary of the cadaverine content in the first byer in three stoage modes: 7 — the whole period inocellarat 10+ 2 5C;
O — after 3 weeks of stomage in eellar removed to the fridge and stored at 5+1°C @ — after 5 weeks of storage in cellar removed to the idge and stored at 5 £1°C. The

cadaverine content was expressed as mean; bars represent 5.0 (n=24)

of tyramine and putrescine. Moreover, one of these strains (LI-2)
also showed a low production of cadaverine. The production of
tyramine in the layer | was also enhanced by Lb. plantarum (LI-7).

Five isolates originating from the layer IV (LIV-1, LIV-3, LIV-11,
LIV-13, LIV-18) were identified as Lb. casei/paracasei. In three of
them (LIV-1, LIV-3, LIV-18), the chromatographic method did not
reveal any production of the biogenic amines tested. The remaining
two isolates {LIV-11, LIV-13) showed a medium production of

Table 1
Lactic acid bacteria counts (log CFUjg) in the layers of Edam-cheese tested during
thie ripening period (n=24; median + SD).

Day of the Regime of Layer Lactic add bacteria
ripening period ripening {log CFUg)
49 C I 793 + 047
1} 761 +0.38
748032
3w I BB+ 042
1] 657039
v 621 +028
5w I 765+ 024
1} 742036
3102
I 691 +039
1} 665 + 027
n 6.05 + 049
W | 598 + 048
i 5356+059
528 +021
5w I 622 082
1} 584 +033
357+03

98 L=

tyramine and also a low production of cadaverine. Moreover, one
strain of Lh. curvatus (LIV-15) with a high production of tyramine
and putrescine was isolated in the above-mentioned layer. The last
strain (LIV-9) isolated from the layer IV and described by means of
cultivation method as potentially positive for the production of
biogenic amines was identified as Lc lactis subsp. lactis and prob-
ably originated from BS. This assumption is also confirmed by
avisual identity of rep-PCR finger prints revealed by Lc. lactis subsp.
lactis strains. However, in the last-mentioned isolate (LIV-9), no
production of biogenic amines was detected by means of chro-
matographic method.

4. Discussion

The content of biogenic amines (tyramine, putrescine and
cadaverine) varied in different parts of the Edam-type cheeses
tested during the 98-day ripening/storage period. Within the whole
98-day observation period, the highest content of the above-
mentioned biogenic amines was detected in a 0.7 mm wide upper
layer — edge (in all ripening/storage regimes ). The same conclusion,
ie. that the edge shows higher concentrations of biogenic amines
than the core, was also reached by Komprda et al. (2007, 2008). On
the other hand, Novella-Rodrigues et al. {2003) have reported the
edge part of semi-soft ripened goat cheese to contain less amount
of cadaverine then the core part; but they did not find a plausible
explanation. As it follows from the comparison of the work by
Komprda et al. (2007, 2008) and our study, the distribution of
biogenic amines in big blocks (=10 kg) of Edam-type cheeses is
equivalent to the smaller consumer packages (<15 kg). Thus, the

Food Microbiology (2010), doi:10.1016/j.fm.2010.04.014
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Table 2

Biogenic amines production {tyramine, putresdne and cadave rine) of the isolated and identified microorganisms.

Source of isolation Strain No Spedes® Biogenic amine production®
Tyramine Putrescine Cadaverine
The bulk star ter BS-2 Le lnctis subsp. [acris ND ND ND
BS-3 Le loctis subsp. lactis ND ND ND
B5-6 Le lncris subsp. lactis ND ND ND
The first layer of cheese -2 Lh curvarus +++ - +
LI-3 Lh curvatus — —— ND
LI-5 Lb. casel|paracaset ND ND ND
L-7 Lh plantarum ++ ND MD
The fourth layer of cheese Liv-1 Lb. cosel|paracasei ND ND ND
LIvV-3 Lb ooseiparacasei ND ND ND
Ln-9 Le lnctis subsp. lactis ND ND ND
LIV-11 Lb. casel|paracasei = ND -
Liv-13 Lb. cosel| paracaset ++ ND -
LIvV-15 Lh curvatus — —— ND
Liv-18 Lb casel|paracaset ND ND ND

* Lactobacillus — LB, lactococcus — Ie.

® The concentration ranges: the biogenic amine was not detected (ND); <10 mg/L{+); 10=100 mg/L{++); =100 mg/L (+++); n = 12; all strains were negative for histamine

production.

distribution of biogenic amines is probably not dependent on the
size of cheese blocks.

In the individual layers, Lb. curvatus, Lb. plantarum and Lb. casei|
paracasei strains were identified as the producers of biogenic
amines (Table 2). The main reason for different biogenic amines
content in the individual layers must be searched for in different
conditions of the environment influencing the growth and
metabolism of microorganisms. These conditions include mainly
different water activity, O: content and proteolytic activity
(Komprda et al, 2008; Novella-Rodrigues et al,, 2003). The sug-
gested explanation can also be supported by different LAB counts in
the individual layers of the cheeses tested (Table 1), where the core
showed lower bacteria counts than the layers closer to the edge.

Similarity (%)

The correlations between the biogenic amines content and the
values of the dry matter content or pH values were determined. The
changes of the biogenic amines contents (for tyramine, putrescine
and cadaverine) correlated poorly with changes of the dry matter
content (correlation coefficients 0.1136—0.2357; P> 0.05). The
correlation coefficients between the tyramine, putresdne and
cadaverine contents and the pH values ranged between 0.6076 and
0.7264 (P<0.01). It is hence obvious that the gH values could
significantly influence the activity of enzymes of LAB (Smit et al,
2005).

The highest biogenic amines content was found in the samples
ripening for the whole observation period in the ripening cellar at
10°C. Lower concentrations of biogenic amines were detected in

Live1 L. caseil paracase(
LI-5 L. caseil paracasei
LIv-3 L. caseil paracasei
Live11 L. caseil paracasei
Liv-18 Lb, caseil paracasei

CCM 1753 Lb. psracasel subsp. paracasel
CCM TOBS  Lb. caseisubsp. casei

| LIV-13 L. caseil pardcasei
BS-3 Le factis subsp. factis
BS-6 Le. factis subsp. factis
Liv-g Le: factis subsp. factis
Bs-2 Le. factis subsp, factis

CCM 1877 Le factis subsp. lactis
CCM 7039 Lb, plantarum

LI-7 Lk, plantarrm
LI-3 Lh. cunatus
Liv-15 L, cunalus
Li-2 b cunalus

CCM 7558' Lb, cunatus
Molecular Size Marker

Fig. 4 Dendrogram based on (GTG-PCR fingerprinting results of LAB isolated from Edam-cheese. Reference strains corresponding to the identified species are ncluded

(Lactobacilus — Lb., Loctococcus — Le)
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the cheeses which were stored at cold storage temperature of 5°C
after 38 days of ripening at 10 “C. During the whole experiment, the
lowest content of tyramine, putrescine and cadaverine was detec-
ted in the samples which were stored at cold storage temperature
of 5°C after 23 days of ripening at 10°C. However, during all
ripening/storage regimes, there was a gradual increase in tyramine,
putresdne and cadaverine. The above-mentioned findings corre-
spond with the works by Gardini et al. (2001) and Santos et al
(2003), who claim that the increase in concentration of biogenic
amines slows down when there is a decrease of cultivation
temperature of the model LAB. Moreover, the above-mentioned
studies present that also pH values and NaCl concentration have
a significant influence on the production of biogenic amines.

After 98 days storage, the tyramine content in some parts of
tested cheese (especially the edge) exceeds the concentration of
100 mg/kg, which is according to Silla Santos (1996) considered to
be the safety limit. Even cold storage temperatures of around 5°C
cannot prevent the biogenic amines content in cheeses from
increasing above this toxicologically significant level. On the other
hand, the estimation of the total taxic dose of individual biogenic
amines is very difficult (Halisz et al., 1994 ). Shalaby (1996) and
Valsamaki et al. (2000) stated that the “safe” sum of histamine,
tyramine, putrescine and cadaverine should not exceed signifi-
cantly higher dose of 900 mg/kg Latter mentioned authors have
also noted, that for sensitive people and/or patients on non-sensi-
tive monoamine oxidase inhibitors the toxic dose can be much
lower.

Miaobiological analysis of the cheeses and BS as well as the
basic screening of isolated bacteria revealed, by means of cultiva-
tion method, that 14 bacteria are potential producers of biogenic
amines. Further tests proved that in 8 cases the cultivation test
showed false-positive results. The risk of false-positive results
when determining the production of biogenic amines has already
been mentioned by e.g. Actis et al. (1999) and Bunkovi et al. (2009).
Buiitkova et al. (2009) explain this phenomenon by the fact that
cultured bacteria can produce substances with alkaline reaction
(other than biogenic amines) and thus affect the test results based
on the change in colour of the pH indicator.

Lb. curvatus L-2 and LI-3 {as the main producer) and Lb. plan-
tarum Ll-7were identified as the producers of biogenic amines in
the edge. Lb. curvatus LIV-15 (a strong producer) and Lb. casei/
paracasei LIV-11 and LIV-13 were determined as the producers of
biogenic amines in the core. According to Wouters et al. (2002), all
the above-mentioned species occur regularly and are isolated from
cheeses. They could get into the cheese from the milk or the
environment. In accord with our study, Burdychovd and Komprda
(2007) also isolated the strain of Lb. curvatus from Dutch-type
cheeses and described it as one of the producers of biogenic amines.
Apart from lactobadlli, the representatives of the Lactococcus and
Enterococcus genera are also identified as the producers of biogenic
amines in cheeses (Burdychova and Komprda, 2007; Delgado et al,
2002).

According to Arena et al. (2007), some strains of Lb. plantarum
belong to tyramine producers, which is in accord with our results.
Moreover, Arena and Manca de Nadra (2001) described that certain
strains of Lb. plantarum are also able to produce putrescine. On the
other hand, putrescine production was not determined in our
isolate of Lb. plan tarum (L1-7). In literature, the strains of Lb. curvatus
are also described as tyramine and putrescine producers (Bover-Cid
et al., 2008; Pereira et al, 2001 ), which corresponds with the results
of our study. The strains of Lb. curvatus (isolated and identified in
this study) were found to be the sole producers of putrescine in
the cheeses observed. One strain of Lb. curvatus isolated in our
study also produced cadaverine, which was not described in the
literature available. Lb. curvatus occurs as spontaneous microflora

not only in dairy products but also in fermented meat products,
where it shows a strong decarboxylation activity (Aymerich et al,
2006; Bover-Cid et al., 2001). Decarboxylation activity leading to
the production of tyramine and cadaverine was determined in
two of six isolated and identified strains of Lb. casei/paracasei
(LIV-11, LIV-13). According to Oner et al. (2004) and Wouters et al.
(2002), the strains of Lb. casei and Lb. paracasei are frequent
representatives of NSLAB in cheeses. On the other hand, according
to Landete et al. (2007), they do not belong to common producers
of biogenic amines.

Some publications (eg Burdychova and Komprda, 2007;
Komprda et al., 2007, 2008) describe histamine as a biogenic
amine with a high incidence in cheeses. However, in our study,
histamine was detected neither in the cheeses nor in broths where
isolated bacteria were cultivated.

In conclusion, it can be said that all tyramine, putrescine and
cadaverine producers were described as NSLAB belonging to the
genus Lactobacillus. Strains isolated from the bulk starter did not
produce biogenic amines tested. The cold storage of cheeses cannot
prevent the content of tyramine, putrescine and cadaverine from
increasing. These temperatures also pose a serious hazard o food
safety. Distribution of biogenic amines in cheeses of Edam-type is
not uniform, as the edge shows significantly higher concentrations
than the core. This distribution is probably independent of the size
of the cheese block.
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