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Dusikaté karcinogenni latky zvané N-nitrosaminy byly v pivu a sladu poprvé popsany v 70. letech dvacatého stoleti. Jejich prokazany
obsah v pivu v kontextu s vyznamnym zdravotnim rizikem ved| k vyvoji novych technologickych postupl, zejména pfipravy sladu. Po je-
jich zavedeni do praxe byly koncentrace N-nitrosamint ve sladu a pivu znaéné sniZeny, a proto zajem o vyzkum téchto latek v poslednich
15 letech ustoupil na minimum. A to i pfes to, Ze mnohé otazky v této problematice nebyly dosud zodpovézeny. Tento ¢lanek je vénovan
struénému historickému prehledu problematiky N-nitrosaminl a informuje o nejvyznamnéjSich dosazenych pokrocich v analyze téchto
sloucenin za poslednich 15 let.

Vrzal, T. — OlSovska, J.: N-nitrosamines in 21" century. Kvasny Prum. 62, 2016, No. 1, pp. 2-8

Carcinogenic nitrogen compounds, N-nitrosamines, were first identified in beer and malt during the 70’s of twentieth century. Their
proven occurrence in beer, in context with their significant health risk, led to the development of new technological procedures, especially
in malt kilning. After these technological changes, concentrations of N-nitrosamines in malts and beers were rapidly decreased and the
interest of researchers in these compounds during last 15 years has consequently strongly declined even though some questions con-
cerning these compounds have still not been answered. This article provides a brief historical summary of N-nitrosamines and brings
information about the most important advances in analysis of these compounds in the last 15 years.

Vrzal, T. — OlSovska, J.: N-Nitrosamine in 21. Jahrhunderts. Kvasny Prum. 62, 2016, Nr. 1, S. 2-8

Erstin den 70er Jahren des zwanzigsten Jahrhunderts wurden erstmals die stickstoffhaltigen krebserregenden Stoffe benannte N- Nit-
rosamine beschrieben. lhr bewahrtes Gehalt im Bier in Zusammenhang mit einem Gefahrrisiko fiir die Menschengesundheit hat zur Ent-
wicklung von neuen technischen Verfahren, insbesondere der Malzherstellung gefiihrt. Nach ihrer Einfihrung ist wesentlich Gehalt an
N-Nitrosamine im Malz und im Bier erniedrigt worden, aus diesem Grund ist in den letzten 15 Jahren sanken Interesse an der Forschung
dieser Stoffe zum Minimum, trotzdem dass in dieser Problematik viele Fragen noch nicht erklart wurden. Dieser Artikel ist zur kurzen
historischen Ubersicht der N-Nitrosaminen Problematik gewidmet und informiert Uiber bedeutendste Fortschritte, die in den letzten 15

Jahren bei der Analyse dieser Verbindungen geschafft wurden.

Kli¢ova slova: N-nitrosaminy, toxicita, pivo, slad, chmel, plynova
chromatografie, hmotnostni spektrometrie, chemiluminiscence

1 UvoD

Nitroso slouceniny jsou latky, které obsahuji ve své molekule ko-
valentné vazanou nitroso skupinu (-NO). Podle atomu, na ktery je
tato skupina vazana, Ize dale rozliSovat C-, N-, S- a O-nitroso slou-
¢eniny. Tyto latky mohou vznikat pfimym pusobenim nitrosaénich
¢inidel na pfislusné prekurzory nebo prostfednictvim transnitrosac-
nich reakci, kdy je nitroso skupina pfesunuta z jedné molekuly na ji-
nou (Wainright, 1986a). NejvyznamnéjSimi nitrososlou¢eninami
v potravinarstvi jsou N-nitrososlouc¢eniny, konkrétné N-nitrosaminy.
Sumarné Ize tyto latky charakterizovat jako N-nitrosované sekundar-
ni aminy s obecnou strukturou R,(R,)N-NO, kde R, a R, jsou uhlika-
té zbytky, aromatické cykly, acyly ¢i ¢asti heterocyklu. Na principu
rozdilné tenze par se N-nitrosaminy, rozliSuji na tékavé, malo tékavé
a netékavé. Do skupiny tékavych se zafazuji latky s kratSimi uhlovo-
dikovymi fetézci nebo jednoduchymi nesubstituovanymi heterocykly,
napf. N-nitrosodimethylamin (NDMA). K malo tékavym se fadi napfi-
klad sekundarni nitrosaminy, jejichz jeden nebo dva fetézce jsou
tvoreny fenylovou skupinou napf. N-nitrosomethylfenylamin (NMPhA)
a N-nitrosoethylfenylamin (NEPhA). Naopak, netékavé N-nitrosami-
ny obvykle obsahuji polarni skupiny nebo del$i alkylové Fetézce,
a patfi sem N-nitrosoamino kyseliny, N-nitrosované heterocyklické
karboxylové kyseliny, N-nitrosomocoviny, N-nitrosoamidy a pfipad-
né dalSi dosud necharakterizované slouc¢eniny (Francis, 2000).
Strukturni vzorce zastupcl N-nitroso slouc¢enin jsou uvedeny na obr. 1.

Rada studif potvrdila, Ze N-nitrosaminy jsou latky silné karcinogenni
a mutagenni (Tricker et al., 1991). Netékavé N-nitrosaminy byly klasifi-
kovany jako méné toxické, avSak jednoduchymi cestami z nich mohou
vznikat mnohem toxictéjSi tekavé N-nitrosaminy. Tyto latky se mohou
vyskytovat v rlznych potravinach, zejména po jejich tepelném zpraco-
vani ¢i po pfidavku konzervacnich soli (Francis, 2000). Jejich pfitom-
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1 INTRODUCTION

Nitroso compounds contain a covalently bound nitroso (-NO)
group in their molecule. They can be further divided into C-, N-, S-
and O-nitroso compounds. These substances are formed by direct
reaction of nitrosating agents with appropriate precursors or by
transnitrosation reactions, in which the nitroso groups are transferred
from one molecule to another (Wainright, 1986a). N-nitroso com-
pounds, especially N-nitrosamines, are the most important nitroso
compounds in food industry. They can be characterized as N-nitros-
ated secondary amines with basic structure R,(R,)N-NO, where R,
a R, are hydrocarbon radicals, aromatic rings, acyls or parts of hete-
rocyclic rings. In terms of volatility they can be classified as volatile,
less volatile and non-volatile N-nitrosamines. The group of volatile
N-nitrosamines includes in particular compounds with short hydro-
carbon chains or with unsubstituted heterocyclic rings, e.g. N-nitroso-
dimethylamine — NDMA. Less volatile N-nitrosamines are represent-
ed for example by compounds with one or two phenyl groups, e.g.
N-nitrosomethylphenylamine (NMPhA) and N-nitrosoethylphe-
nylamine (NEPhA). Conversely, non-volatile N-nitrosamines usually
contain polar groups or longer alkyl chains; N-nitroso amino acids,
N-nitroso heterocyclic carboxylic acids, N-nitrosoureas, N-nitrosoa-
mides and other as yet uncharacterized compounds belong to the
non-volatile group (Francis, 2000). Structures of some N-nitroso
compounds are given in Fig. 1.

N-nitrosamines were identified as strongly carcinogenic and muta-
genic compounds (Tricker et al., 1991). Less toxic non-volatile N-ni-
trosamines can be transformed into more toxic volatile N-nitrosa-
mines in a simple way. These compounds can occur in many types
of food, especially after heat treatment or addition of preservative
salts (Francis, 2000). They were found in grilled meat (Kocak et al.,
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Obr. 1 Strukturni vzorce N-nitrosodimethylaminu (NDMA), N-nitroso-
pyrrolidinu (NPYR), N-nitrosoprolinu (NPRO) a N-nitrosomethylmo-
Coviny (NMU) / Fig. 1 Structure of N-nitrosodimethylamine (NDMA),
N-nitrosopyrrolidine (NPYR), N-nitrosoproline (NPRO) and N-nitro-
somethylurea (NMU)

nost byla prokazana v grilovaném mase (Kocak et al., 2012), v nékte-
rych kosmetickych pfipravcich (Ma et al., 2011), tiskafskych a tetovacich
barvach (Laux et al., 2015), pryzovych vyrobcich (Speigelhalder et al.,
1982), susenych rybach, uzeninach, v cigaretovém koufi a v neposled-
ni fadé ve sladu a v pivu (Francis, 2000; Culik et al., 1995).

Nejbéznéjsi metodou stanoveni N-nitrosamin( je plynova chromato-
grafie s chemiluminiscenéni (GC-TEA) nebo s hmotnostni (GC-MS)
detekci. Tyto metody jsou vhodné zejména pro tékavé a malo tékavé
N-nitrosaminy, pro netékavé N-nitrosaminy je nutna predchozi deriva-
tizace. Metoda s vyuzitim TEA detekce je sice velice selektivni a citliva,
ma vSak také své nevyhody. Tim, ze TEA detektor neni zcela bézny,
byva pomérné komplikovana jeho udrzba a servis. Dal$im problémem
je malé spektrum potiebnych standard( pro identifikaci a kvantifikaci,
nebot dosud nebyly popsany a identifikovany zdaleka vSechny struktu-
ry z Siroké fady téchto slou€enin (McWeeny et al., 1983).

Dosud neexistuje zadna rutinni a spolehliva metoda pro stanoveni
netékavych N-nitrosamind. Proto se netékavé N-nitrosaminy bézné
stanovuji spolu s tékavymi N-nitrosaminy jako zdanliva suma vSech
N-nitroso sloucenin, tzv. ATNC (z anglického Apparent Total N-nitro-
so Compounds), kde se celkova suma vyjadfuje jako koncentrace
N-nitroso skupiny v jednotkach pg (N-NO)/I resp. kg. Tato metoda je
zalozena na kvantitativnim $tépeni N-NO vazby a detekci oxidu
dusnatého, respektive nitrosyl bromidu pomoci chemiluminiscenéni
detekce. Tato metoda byla vyvinuta a pfijata jiz v 70. letech, a od té
doby nebyla nijak novelizovana a dosud nebylo ureno, které kon-
krétni latky se na ATNC podileji. Pouze na zakladé dfivéjSich studii
je patrne, Ze netékavé N-nitrosaminy tvofi pfevaznou vétsinu z cel-
kového obsahu ATNC v pivu (Culik et al., 2012a; 2012b). Koncent-
race ATNC v pivech se pohybuji pod 20 pg (N-NO)/I. Radové stovko-
vé hodnoty zpravidla svéd¢i o mikrobialni kontaminaci v nékteré fazi
pivovarského provozu (OlSovska et al., 2014).

Ve sladu vznikaji N-nitrosaminy jako produkty reakci sekundar-
nich &i terciarnich aminoskupin s oxidy dusiku pfitomnych béhem
hvozdéni naklic¢eného je€mene (Basarfova et al., 2015). Prekurzo-
rem NDMA ve sladu je zejména alkaloid hordenin, v mensi mife také
gramin a dimethylamin (Wainwright et al., 1986a). Mnohé N-nitrosa-
miny nevznikaji primarné nitrosaci prislusnych amin(, ale vznikaji
z rGznych nitrosovanych &i jinych sloucenin, které mohou poskytovat
pfimo N-nitrosaminy nebo jejich nenitrosované analogy. Napfiklad
N-nitrosoprolin (NPRO) a N-nitrososarkosin (NSAR) pfi vyssich tep-
lotéach dekarboxyluji za vzniku N-nitrosopyrrolidinu (NPYR) a NDMA
(Pollock et al., 1981) nebo N-nitrosované heterocyklické karboxylové
kyseliny se mohou tvofit nitrosaci kondenzaénich produktd aminoky-
selin (cystein, serin, threonin a tryptofan) s jednoduchymi aldehydy
(Francis, 2000). Latky s dvéma aminoskupinami, které jsou oddéleny
Styfmi nebo péti uhlikovymi atomy, napfiklad aminokyselina lysin, i
nékteré biogenni aminy, poskytuji po N-nitrosaci cyklické N-nitrosa-
miny (Drabik-Markiewicz et al., 2011). Dal$im vyznamnym prekurzo-
rem N-nitrosamin(l je kreatin, ktery se rozklada na aminokyselinu
sarkosin. Ten mGze byt nasledné nitrosovan (Wainright, 1986a) a jak
jiz bylo vy$e uvedeno, mlze byt termalné dekarboxylovan na NDMA.

N-nitrosaminy mohou také vznikat z pesticidl, zejména ze skupiny
dinitroanilinCi. Kromé toho, Ze jsou nékteré pesticidy pfimymi prekur-

2012), some cosmetic products (Ma et al., 2011), printing and tattoo
inks (Laux et al., 2015), rubber products (Speigelhalder et al., 1982),
dried fish, smoked meats, cigarette smoke and finally in malt and
beer (Francis, 2000; Culik et al., 1995).

Gas chromatography with chemiluminescence detection (GC-
TEA) or with mass spectrometric (GC-MS) detectors is the most
common analytical method for determination of N-nitrosamines.
These methods are suitable especially for volatile and less volatile
N-nitrosamines while derivatization is needed for non-volatile N-ni-
trosamines. The method based on TEA detection is highly selective
and sensitive but is has some disadvantages. Maintenance and ser-
vice of TEA detectors it often complicated and this is the reason why
these detectors are not common in laboratories. Another problem is
a small range of standards needed for identification and quantifica-
tion because the majority of structures of nitroso compounds have
not yet been described (McWeeny et al., 1983). A routine and reliable
analytical method for determination of non-volatile N-nitrosamines
does not currently exist. Non-volatile N-nitrosamines are therefore
determined together with volatile N-nitrosamines as Apparent Total
N-nitroso Compounds (ATNC). ATNC are measured as the concen-
tration of N-nitroso group in pg(N-NO)/I or kg respectively. This meth-
od is based on quantitative cleavage of N-NO bond and detection of
nitric oxide or nitrosyl bromide by TEA detector. It was developed and
accepted in the 70’s of twentieth century; it has not been novelized
ever since and there has been no significant progress in the knowl-
edge of ATNC compounds. Still, some studies have indicated that
non-volatile N-nitrosamines represent the vast majority of total ATNC
in beer (Culik et al., 2012a; 2012b). Concentrations of ATNC in beer
are usually less than 20 pg(N-NO)/I, values in the order of hundreds
being usually the results of microbial contamination in some stage of
brewery operations (OlSovska et al., 2014).

In malt, N-nitrosamines are formed in reactions of secondary or
tertiary amino group with nitrogen oxides during kilning (Basarova et
al., 2015). Precursors of NDMA in malt are especially hordenin and
to a lesser extent gramin and dimethylamine (Wainwright et al.,
1986a). Many N-nitrosamines do not arise primarily by nitrosation of
respective amines but from either nitrosated or non-nitrosated com-
pounds which can produce directly N-nitrosamines or their non-nitro-
sated analogues. For example, at higher temperatures N-nitrosopro-
line (NPRO) and N-nitrososarcosine (NSAR) are decarboxylated to
produce N-nitrosopyrrolidine (NPYR) and NDMA (Pollock et al.,
1981). Furthermore, N-nitrosated heterocyclic carboxylic acids are
formed by nitrosation of condensation products of amino acids
(cysteine, serine, threonine and tryptophan) and aldehydes (Francis,
2000). Compounds containing two amino groups in their structure,
which are separated by four or five carbon atoms, for example lysine
or some biogenic amines, can produce cyclic N-nitrosamines (Dra-
bik-Markiewicz et al., 2011). Another precursor is creatine, which is
decomposed to the amino acid sarcosine. Sarcosine can then be
nitrosated (Wainright, 1986a) and thermally decarboxylated into
NDMA.

N-nitrosamines can be formed also from pesticides, especially of
the dinitroaniline group. In addition to some pesticides being precur-
sors of N-nitrosamines, pesticides can be contaminated by N-nitros-
amines as by-products during pesticide production (Bontoyan et al.,
1979).

The source of N-nitrosamines in beer could be all feedstock or
microbial contamination. Today, formation of N-nitrosamines during
malting is minimalized, due to the change in kilning technology. Oth-
er beneficial factors are their high dilution factor and poor extractabil-
ity into water from malt during mashing.

The situation is different with nitrate and nitrite ions, which are ex-
cellently soluble in water. Nitrites in acidic water solution form nitrous
acid and further nitrogen oxides (nitrosating agents) to give N-nitroso
compounds. The Czech legislation permits 0.5 mg/l as the highest
concentration of nitrites in drinking water; therefore contamination
from water can be excluded. The situation is worst with nitrates,
which are tolerated in drinking water up to 50 mg/I and nitrate con-
centration in brewing water can be increased by hopping (hop is rich
in nitrates). In the case of microbial contamination by nitrate reducing
bacteria, nitrates can be reduced to nitrites and they can react to give
N-nitrosamines (Smith, 1992).

2 LEGISLATION

According to the methodological recommendations of Czech As-
sociation of Breweries and malt houses the acceptable maximum
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zory N-nitrosamind, tak pesticidy samotné mohou byt kontaminova-
ny N-nitrosaminy, jakozto vedlejSimi produkty jejich vyroby (Bontoy-
an et al., 1979).

Zdrojem N-nitrosamin(l v pivu mohou byt tedy v§echny vstupuijici
suroviny. Hlavnim zdrojem je v8ak v pfipadé tékavych nitrosamin
zejména pouzity slad, v pfipadé ATNC bakterialni kontaminace piva
¢i jeho meziproduktd. Vznik N-nitrosamind béhem sladovani byl
v soucasnosti minimalizovan, a to diky Upravé technologie hvozdéni.
DalSimi pfiznivymi faktory jsou vysoky faktor fedéni a jejich nizka
extrahovatelnost do vody béhem vystirani a rmutovani.

Jinak je tomu u dusitanovych a dusi¢nanovych iontd, které jsou
ve vodé velice dobfe rozpustné. Dusitanové ionty ve vodé tvofi v ky-
selém prostfedi kyselinu dusitou a déle reaguji na oxidy dusiku (nit-
rosacni ¢inidla), za vzniku N-nitrososloucenin. Jelikoz Ceska legisla-
tiva povoluje maximalni koncentraci dusitanti v pitné vodé 0,5 mg/I,
kontaminace dusitany z varni vody témér nehrozi. HorSi situace je
v pfipadé dusi¢nanovych iontd, které jsou ve vodé tolerovany do ma-
ximalni koncentrace 50 mg/l a jejich obsah ve varni vodé mGze byt
jesté zvysSen chmelenim (chmel je zdrojem vysokého obsahu dusic-
nantl). V pfipadé mikrobidlni kontaminace nitrat redukujicimi bakteri-
emi muze dojit k redukci dusi¢nant na dusitany, ty jiz vySe popsa-
nym mechanismem reaguji za vzniku N-nitrosamin(i (Smith, 1992).

2 LEGISLATIVA

Podle metodickych doporuéeni Ceského svazu pivovar( a slado-
ven, vychazejicich z pozadavk kompendii JECFA (Joint FAO/WHO
Expert Committee on Food Additives), které byly soucasti dnes jiz
zruSené vyhlasky €. 305/2004, je pozadované nejvyssi pfipustné
mnozstvi NDMA v pivu 0,5 pg/kg a sumy nitrosamin( (zahrnujici
NDMA, NDEA, NPYR, NPIP, NMOR a NDBA) 1,5 ug/kg. Pro obsah
nitrosaminu ve sladu plati obdobné opatfeni, které ¢ini 1 pg/kg v pfi-
padé NDMA a 10 pg/kg v pfipadé sumy tékavych nitrosamin(. V Né-
mecku je napfiklad doporuCena hranice pro obsah NDMA ve svét-
Iém sladu 2,5 pg/kg (Culik et al., 2011). Pro ATNC neni uplatfiovana
zadna zakonna hranice, ale vétsSinou se hodnota kolem 20 pg (N-
-NO)/I povazuje za uspokojivou.

3 POKROKY V ANALYZE N-NITROSAMINU

Soucasnym trendem v oblasti analyzy N-nitrosaminu je vysoce se-
lektivni, avSak provozné velmi naro¢ny chemiluminiscencni detektor
nahradit za univerzalngjSi hmotnostné spektrometricky detektor. Vét-
Sina novych metod stanoveni N-nitrosamin( byla vyvinuta pro analyzu
téchto latek pfedevSim v masnych produktech, tabaku, kosmetickych
vyrobcich a pitné ¢i odpadni vodé, kde mohou N-nitrosaminy vznikat
jako vedlejsi produkty dezinfekce (Nawrocki et al., 2011).

Pro pfipravu kapalnych vzork( (rlzné alkoholické napoje, vcet-
né piva) byl pro stanoveni tékavych N-nitrosamin( vyvinut postup
extrakce na pevné fazi s polymernim nosiéem (Zhao et al., 2006;
Jurado-Sanchez et al., 2007), aktivnim uhlim ¢i kokosovym uhlim
(Ngongang et al., 2015; Pozzi et al., 2011), a dale headspace mikro-
extrakce na pevné fazi (Lona-Ramirez et al., 2015). Pro pevné vzor-
ky byly testovany pokrocilé extrakéni techniky jako je superkriticka
fluidni extrakce (Filho et al., 2007), mikrovinna a ultrazvukova extrak-
ce (Jurado-Sanchez et al., 2013) nebo mikroextrakce na pevné fazi
za pomoci zafizeni pro pfimou extrakci (SPME-DED) z pevnych vzor-
ka, ktera umoznuije rychly, jednoduchy a nedestruktivni screening té-
kavych N-nitrosamind, a pfipadné dal$ich tékavych toxickych latek
v potravinach (Ventanas et al., 2006). Po samotné Upravé je vzorek
vétSinou separovan pomoci plynové chromatografie, byly vSak také
popsany nékteré metody vyuzivajici kapalinovou chromatografii, a to
pro stanoveni tepelné stabilnich i nestabilnich tékavych nitrosamin(
soucasné a redukci celkového €asu analyzy (Zhao et al., 2006). Tyto
separacni techniky jsou dale nejcastéji parovany s hmotnostné spek-
trometrickou detekci, at uz v tandemovém usporadani (Zhao et al.,
2006; Qiang et al., 2011; Ripollés et al., 2011; Boyd et al., 2011) &i
s detektory s vysokym rozli§enim pracuijici na principu orbitalni ionto-
vé pasti (Ngongang et al., 2015; Krauss et al., 2008).

V soucasné dobé se problematikou analyzy netékavych N-nitrosa-
mind v potravinach zabyva kolektiv autord Narodniho potravinarské-
ho ustavu Technické danské univerzity, kde byla vyvinuta metoda
pro simultanni stanoveni tékavych i netékavych N-nitrosaminG
v masnych vyrobcich pomoci kapalinové chromatografie s tandemo-
vou hmotnostni detekci v kombinaci s ionizaci za atmosférického
tlaku a elektrospreje (Herrmann et al., 2014). Z netékavych N-nitro-

amounts of NDMA in beer are 0.5 pg/kg, and 1.5 pg/kg for the sum
of nitrosamines (including NDMA NDEA, NPYR, NPIP, NMOR and
NDBA). These recommendations arise from JEFCA compendium
(Joint FAO/WHO Expert Committee on Food Additives), which was
part of the Czech bill no. 305/2004, which is no longer in force. Simi-
lar recommendation is applied to nitrosamines in malt, which is 1 pg/
kg for NDMA and 10 pg/kg for the sum of volatile nitrosamines. For
example, the recommended maximum amount for NDMA in light
malt in Germany is 2.5 pg/kg (Culik et al., 2011). No legal limits are
proposed for ATNC, but values of about 20 pg(N-NO)/I are consid-
ered as satisfactory in most cases.

3 ADVANCES IN ANALYSIS OF
N-NITROSAMINES

A current trend in the field of analysis of N-nitrosamines is to re-
place the highly selective, operationally challenging TEA detector by
a versatile mass spectrometric detector. Most new analytical meth-
ods for N-nitrosamine determination have been developed for meat
products, tobacco, cosmetic products and drinking or waste water,
where N-nitrosamines can be formed as disinfection by-products
(Nawrocki et al., 2011).

Sample preparation for determination of volatile N-nitrosamine in
liquid samples (some beverages including beer) is based on solid
phase extraction with polymeric carrier (Zhao et al., 2006; Jurado-
Séanchez et al., 2007), active carbon or coconut charcoal (Ngongang
et al., 2015; Pozzi et al., 2011) and headspace solid phase microex-
traction (Lona-Ramirez et al., 2015). Advanced extraction techniques
for solid samples have been tested, including supercritical fluid ex-
traction (Filho et al., 2007), microwave and ultrasonic extraction (Ju-
rado-Sanchez et al., 2013) and solid phase microextraction with direct
extraction devices which allows fast, easy and non-destructive
screening of volatile N-nitrosamines and some other volatile toxic
compounds in food (Ventanas et al., 2006). After the sample prepara-
tion, samples are usually separated by gas chromatography or by
liquid chromatography for simultaneously determination of thermally
labile and stable volatile nitrosamines and for reduction of analysis
time (Zhao et al., 2006). These separation techniques are mostly cou-
pled with mass spectrometric detection either in a tandem mass spec-
trometry setup (Zhao et al., 2006; Qiang et al., 2011; Ripollés et al.,
2011; Boyd et al., 2011) or with high resolution mass spectrometry
based on orbital ion trap (Ngongang et al., 2015; Krauss et al., 2008).

Currently, a team from the National Food Institute, Technical Uni-
versity of Denmark is dealing with the analysis of non-volatile N-nit-
rosamines in food. They developed an analytical method for simulta-
neous determination of volatile and non-volatile N-nitrosamines in
meat products by liquid chromatography coupled with tandem mass
spectrometric detection in a combination with atmospheric pressure
chemical ionization and electrospray ionization (Herrmann et al.,
2014). They monitored N-nitrososarcosine, N-nitrosohydroxyproline,
N-nitrosoproline, N-nitroso-2-methyl-thiazolidine-4-carboxylic acid,
and N-nitrosothiazolidine-4-carboxylic acid (NSAR, NHPRO, NPRO,
NMTCA and NTCA) from the non-volatile group and studied the ef-
fect of some factors on resulting concentration of volatile and non-
volatile N-nitrosamines in meat products, such as the effect of tem-
perature (Herrmann et al.,, 2015a) or amount of addend nitrite,
erythorbic acid and ascorbyl palmitate as nitrosation inhibitors (Her-
rmann et al., 2015b).

The traditional but time consuming and laborious method of ATNC
determination by a denitrosation mixture of hydrogen bromide and
glacial acetic acid has been compared with methods using other
denitrosation agents. One of these methods uses a mixture of iodine
and potassium iodide in an acidic medium (Kulshrestha et al., 2010).
Another method uses denitrosation mixture of cuprous chloride and
hydrogen chloride. The authors of this method use one-part com-
mercially available equipment which allows significant simplification
of ATNC method and reduces problems with the relatively large ap-
paratus used in the original method (Wang et al., 2005). However,
these methods have so far been used only with meat products, soy
sauce and drinking or pool water.

4 CURRENT KNOWLEDGE ABOUT THE
PROPERTIES OF N-NITROSO COMPOUNDS

The properties of N-nitrosamines have not yet been fully explored,
but in recent years a number of important findings have been pub-
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saminU byly sledovany predevsim N-nitrososarkosin, N-nitrosohyd-
roxyprolin, N-nitrosoprolin, N-nitroso-2-methyl-thiazolidin-4-karboxy-
lova kyselina a N-nitrosothiazolidin-4-karboxylova kyselina (NSAR,
NHPRO, NPRO, NMTCA a NTCA). Autofi studovali vlivy rliznych
faktord na vysledné koncentrace tékavych i netékavych N-nitrosami-
nl v masnych produktech, jako vliv teploty (Herrmann et al., 2015a)
nebo mnozstvi pfidaného dusitanu a erythorbové kyseliny a askorbil
palmitatu jako inhibitorl nitrosace (Herrmann et al., 2015b).

Dnes jiz klasicka, avSak ¢asoveé narocna a pracna, metoda stano-
veni ATNC pomoci denitrosaéni smési bromovodiku a ledové kyse-
liny octové byla porovnavéna s metodami vyuzivajici jind denitrosaé-
ni ¢inidla. Jedna z metod vyuziva k denitrosaci smés jodu a jodidu
draselného v kyselém prostfedi (Kulshrestha et al., 2010). Dalsi
z téchto metod vyuziva denitrosace pomoci smesi chloridu médného
a kyseliny chlorovodikové. Autofi této metody vyuzili aparatury, skla-
dajici se z komeréné dostupné jednokusové reakcéni nadoby, ktera
umoznila vyrazné zjednodu$eni této metody a snizila pfipadné pro-
blémy spojené s relativné velkou aparaturou ptvodni metody (Wang
et al., 2005). Tyto metody vSak byly dosud aplikovany pouze na mas-
né vyrobky, s6jovou omacku a pitnou a bazénovou vodu.

4 NOVODOBE POZNATKY O VLASTNOS-
TECH N-NITROSOSLOUCENIN

Vlastnosti N-nitrosaminl nejsou dosud zcela prozkoumany, avSak
v uplynulych letech bylo dosazeno fady vyznamnych poznatku. K nim
bezesporu patii studie kvantitativnich vztah( mezi strukturou mole-
kuly a jeji karcinogenni aktivitou (QSAR — Quantitative Structure-Acti-
vity Relationships) (Helguera et al., 2008). Z této studie vyplyva vliv
substituentl v poloze R, a R, u symetrickych a asymetrickych N-nit-
rosaminG se zakladni strukturou R,(R,)N-NO a také vliv substituent
u N-nitrosomocovin na karcinogenni aktivitu dané molekuly. Kladny
pfispévek k celkové karcinogenni aktivité N-nitrosamin( maji zejmé-
na nesubstituované alkylové zbytky, a naopak zaporného pfispévku
dosahuji nenasycené fetézce ¢i uhlovodikové fragmenty substituova-
né polarnimi skupinami. U N-nitrosomocovin je situace ponékud slo-
zitejSi. Zavisi zde jak na typu substituentu, tak na jeho poloze v fetéz-
ci. Obecné vSak opét plati, Ze latky s polarnéjSimi substituenty maji
mensi karcinogenni aktivitu. Zaroven je z tohoto kvantitativniho mo-
delu patrné, Zze u N-nitrosomocovin nejvice pfispiva k celkové karci-
nogenni aktivité samotna zékladni centralni struktura N-C(O)-N-NO,
substituenty nejsou pfili§ rozhodujici. Tyto zavery jsou v souladu s te-
orii biotransformace xenobiotik v lidském organismu a teorii metabo-
lické aktivace nitrosamint, které predpokladaji, Ze hydrofilni latky télo
mUze pfimo beze zmény vyloucit, a proto nehrozi takové riziko toxic-
kého ucink, zatimco latky lipofilni musi byt metabolicky pfeménény
na hydrofilni (LGllmann et al., 2007) a touto metabolickou pfeménou
dochazi k aktivaci karcinogennich vlastnosti nitrosamind a jejich in-
terakci s DNA (Kushida et al., 200). Pfestoze tedy nitrosaminy s po-
larnimi skupinami vykazuji malé nebo nulové karcinogenni uUginky,
nitroso slou¢eniny (Inami et al., 2015; Inami et al., 2013).

Autofi Yurchenko a kol. publikovali zajimavou studii zabyvajici se
vztahem mezi koncentraci NDMA a objemovym procentem alkoholu
v pivu (Yurchenko et al., 2005), kdy podle jejich vyzkumu koncentrace
NDMA klesa s rostoucim obsahem alkoholu. Tato zavislost byla stu-
dovana na raznych typech estonskych piv a nalezena byla také napfi¢
svétlymi pivy z rdznych evropskych zemi. Autofi tento jev vysvétluji
inhibi¢nim efektem ethanolu na nitrosaéni reakci, kterd byla popsana
jiz v 80. letech dvacatého stoleti (Wainright, 1986a). Autofi Yurchenko
a kol. zaroven poukazuji i na vy$Si koncentrace NDMA v tmavych pi-
vech, coz je nasledek obecné vysSiho zastoupeni dimethylaminu
v tomto druhu piv (Yurchenko et al., 2005). Tento zavér je ponékud
spekulativni, zasadni vliv na koncentraci NDMA v tmavych pivech ma
sloZeni sypani, kdy se pouziva vy§si podil mnichovského sladu.

ZvySeny vznik nitroso sloucenin je ¢asto podminén mikrobialni
kontaminaci. Souc¢asné Ize v takto kontaminovaném pivu nalézt latky
nazyvané biogenni aminy, které jsou povazovany za prekurzory N-
-nitrosamint a jejich vznik byl studovan za riiznych experimentalnich
podminek (Drabik-Markiewicz et al., 2011). Studovana byla také ko-
relace mezi pfirozenym logaritmem koncentrace ATNC a biogennich
aminG v pivech a ze ziskanych dat nebyl prokdzan vztah mezi kon-
centraci NDMA a celkovymi ATNC (OlSovska et al., 2014; Culik et.
al., 2012a). Jak jiz bylo popsano dfive, latky podilejici se na celkové
hodnoté ATNC nejsou z velké vétSiny dosud charakterizované,
avSak z principu klasické bromovodikové metody stanoveni ATNC
vyplyvé, Ze konkrétné slou€eniny s N-nitroso skupinou nemuseji byt

lished. One of these findings is Quantitative Structure-carcinogenic
Activity Relationships (QSAR) (Helguera et al., 2008). The study
points out the importance of the effect of substituents on carcino-
genic activity in positions R, and R, in symmetrical and asymmetrical
N-nitrosamines with basic structure R,(R,)N-NO and of substituents
in N-nitrosoureas. An enhancement of the total carcinogenic activity
of N-nitrosamines has been found especially with non-substituted
alkyl chains whereas unsaturated chains or hydrocarbon chains with
polar groups have a negative effect on the activity. The situation is
more complicated with N-nitrosoureas since the effect depends on
both the type and the position of substituent in N-nitrosourea mole-
cule. However, substances with more polar substituents have in ge-
neral lower carcinogenic activity. The highest contributor to the car-
cinogenic activity of N-nitrosoureas is the basic central structure
N-C(O)-N-NO, the substituents having a lesser influence. These
conclusions are in accordance with the biotransformation theory of
xenobiotics in human organism and with metabolic activation theory.
These theories assume that hydrophilic substances can be directly
excreted from the organism without any transformation and therefore
do not pose such health risk as do lipophilic substances which have
to be metabolically transformed to hydrophilic substances (Lullmann
et al., 2007); this transformation causes metabolic activation of car-
cinogenic properties of nitrosamines and their interaction with DNA
(Kushida et al., 2000). Even though nitrosamines with polar groups
exhibit little or no carcinogenic effects, they could be transnitrosated
in the digestive tract into more toxic nitroso compounds (Inami et al.,
2015; Inami et al., 2013).

Yurchenko et al. published an interesting study about the relation-
ship between NDMA concentration and volume percentage of alco-
hol in beer (Yurchenko et al., 2005). Their data suggested that con-
centration of NDMA decreases with increasing volume percentage of
alcohol. This dependence has been studied on different types of
Estonian beers and it was observed also on light beers from different
European countries. The authors explain this phenomenon by in-
hibitory effect of ethanol on nitrosation reactions which were de-
scribed in 80’s of twentieth century (Wainright, 1986a). However, this
dependence can be also hypothetically explained by assuming that
more molecules of carbon dioxide are formed and exude during fer-
mentation of beer with a higher percentage of alcohol, dragging
NDMA along from the fermenting wort (oral communication, J. Culik).
At the same time the authors point out that the higher NDMA concen-
tration in dark beers can be the consequence of higher concentration
of dimethylamine in this type of beer (Yurchenko et al., 2005). This
conclusion is also speculative because the major influence on NDMA
concentration in dark beers is exerted by the composition of the
malts used which usually contain a portion of Munich malt.

Increased formation of nitroso compounds is often due to micro-
bial contamination. Contaminated beer has been found to contain
biogenic amines that are considered to act as N-nitrosamine precur-
sors and their formation has been studied under various experimen-
tal conditions (Drabik-Markiewicz et al., 2011). Correlation of natural
logarithm of ATNC concentration and biogenic amines in beer has
been also observed but no dependence was found between NDMA
and ATNC (OlSovska et al., 2014; Culik et al., 2012a). As previously
described, compounds that contribute to ATNC value have not yet
been characterized. However, as is clear from the basic principle of
classical hydrogen bromide method of ATNC determination, com-
pounds with N-nitroso group could not be the only substances of this
group. Other compounds detectable by this method could include
especially substances with C-nitroso group in the molecule. Various
C-nitroso compounds have been studied, but none of them have
been identified in beer or in brewery raw materials. The mechanism
of C-nitrosation of polyphenols such as catechin, epicatechin or pro-
cyanidin B1, B2 and B5 in acidic medium in the presence of inor-
ganic nitrite has been published (Hirota et al., 2015). These and re-
lated substances are natural components of hop and malt and they
are extracted into the solution during brewing (OlSovska et al., 2015).
C-nitroso phenols can therefore be assumed to form part of ATNC.

5 N-NITROSAMINES IN BEER AND MALT
DURING THE LAST 15 YEARS

Since 1977, average NDMA concentrations in beer and malt have
been gradually decreasing (Lachenmeier et al., 2007) and the occur-
rence of samples with a significantly higher NDMA level is unique.
Higher NDMA concentrations signal a defect in technological pro-
cess or the presence of microbial contamination. This situation can
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jedinymi zastupci této skupiny latek. Dal§imi latkami mohou byt ze-
jména slouceniny s C-nitroso skupinou v molekule. Rizné C-nitroso
slouceniny byly jiz studovany, avSak dosud nebyly Zadné z nich iden-
tifikovany v pivu ¢i jeho surovinach. Publikovan byl vSak mechanis-
mus C-nitrosace polyfenoll, jako je katechin, epikatechin, prokyani-
din B1, B2 a B5 za kyselych podminek v pfitomnosti dusitanovych
iontl (Hirota et al., 2015). Tyto a dal$i podobné latky jsou pfirozenou
soucasti chmele a sladu a pfechazeji do roztoku béhem procesu vy-
roby piva (OlSovska et al., 2015), proto Ize predpokladat, ze takovéto
C-nitrosované polyfenoly mohou tvofit ¢ast ATNC.

5 N-NITROSAMINY V PIVU A SLADU
ZA POSLEDNICH 15 LET

Od roku 1977 pramérna koncentrace NDMA v pivech i sladech
postupné klesa (Lachenmeier et al., 2007) a vyskyt vzorku s vyrazné
vy$8i hodnotou je zcela ojedinély. V takovém pfipadé zvySeny obsah
NDMA pruzné signalizuje zavadu v technologickém procesu ¢i nahly
vyskyt mikrobialni kontaminace. Tento stav Ize dolozit vysled-
ky Analytické zkuSebni laboratofe Vyzkumného Ustavu pivovarskeé-
ho a sladafského. V obdobi let 2001 az 2015 byly tékavé N-nitrosa-
miny stanoveny celkem u 4115 vzork(l jeénych sladli z komerénich
sladoven a u 1280 vzork( piv z malych i velkych pivovaru, cozZ je
pramérné 274 vzorkl sladu a 85 vzorku piv roéné.

Do vyhodnoceni byly zahrnuty vzorky plzenskych i mnichovskych
sladl tuzemské i zahraniéni vyroby (zejména z Polska, Slovenska,
Rumunska a Srbska) a vzorky svétlych i tmavych, alkoholickych i ne-
alkoholickych piv (pfedev§im z Ceské republiky). Zastoupeni mni-
chovskych slad, které bézné dosahuji vy$sich koncentraci NDMA
nez slady plzenské, bylo napfi¢ studovanym ¢asovym obdobim té-
mér konstantni a pohybovalo se okolo 15 %. Ostatni tékavé N-nitro-
saminy byly ve vzorcich detekovany jen ve vyjimecnych pfipadech
a Slo predevsim o N-nitrosopyrrolidin a N-nitrosodiethylamin.

Stfedni hodnoty naméfenych koncentraci NDMA ve sladech
a v pivech jsou pomoci sloupcového grafu zndzornény na obr. 2.
Tyto hodnoty jsou u piva pod mezi stanovitelnosti dané analytické
metody, kterd pro NDMA ¢ini 0,2 pg/kg, kromé dat z roku 2006.
U vzorkd sladu se tyto hodnoty stabilné pohybuiji okolo 0,8 pg/kg,
kromé vychylek v letech 2001 az 2003 a 2006.

Procento vzorkl prevysujici v jednotlivych letech mez 0,5 pg/kg
u vzorkl piv a 2,5 pg/kg u vzorkl sladll je zndzornéno na obr. 3. Tyto
mezni hodnoty byly vybrany na zakladé pozadavku na obsah NDMA
v pivu, a nejvyssi koncentraci NDMA doporu¢ovanou némeckymi Ufa-
dy ve sladu (viz oddil 2 Legislativa), protoze pfisnéjs$i hodnotu doporu-
Covanou Ceskym svazem pivovar( a sladoven (1 pg/kg) pfevySovalo
30 — 60 % vzorkl sladu. Z grafu je patrny mirny pokles procenta vzor-
kGl sladu s obsahem NDMA nad 2,5 pg/kg (s vylou¢enim hodnoty
z roku 2001, kde bylo analyzovano vyrazné méné vzork( nez v ostat-
nich letech) a ustaleni okolo 6 % v poslednich 5 letech. Na obr. 4 je
znazornéna zavislost mezi procentem vzorkl sladu s koncentraci nad
2,5 pg/kg a rokem stanoveni, vysledny Pearsonlv korelaéni koeficient
je roven -0,81, coz znaéi vysokou miru asociace. ZvySena koncentra-
ce NDMA ve vzorcich piv (nad 0,5 pg/kg) je v poslednich letech spiSe
nahodna, predpokladame, Ze vétsinou byla zplsobena bakteridlni
kontaminaci nebo pouzitim kontaminovaného sladu.

be illustrated by the data acquired in the Analytical Testing Labora-
tory of Research Institute of Brewing and Malting. During 2001 —
2015, volatile N-nitrosamines have been determined in a total of
4115 samples of barley malt from commercial malt houses and in
1280 samples of beer from both small and large breweries, i.e. on
average 274 samples of malt and 85 samples of beer per year.

The statistical evaluation included samples of Pilsner and Munich
malt of Czech and foreign provenance (especially from Poland, Slo-
vakia, Romania and Serbia) and samples of light and dark, alcoholic
and non-alcoholic beer (especially from Czech Republic). During
2001-2015 the representation of Munich malts, which has often
higher NDMA concentration than Pilsner malts, has been nearly con-
stant at around 15%. Other volatile N-nitrosamines have been de-
tected in samples only exceptionally and included mainly N-nitros-
opyrrolidine and N-nitrosodiethylamine.

The mean values of NDMA concentration measured in malts and
beers are shown in Fig. 2. Except for data from 2006, the values in
beer are below the limit of quantification of the analytical method,
which is 0.2 pg/kg. The mean values in malt are steadily around 0.8
pg/kg except for data from 2001 — 2003 and 2006.

The percentage of samples exceeding in the respective years the
limit of 0.5 pg/kg in beers and 2.5 pg/kg in malts are given in Fig. 3.
These limit values have been selected on the basis of required
NDMA concentration in beer, and the highest NDMA concentration
recommended by German authorities in malt (see part 2, Legisla-
tion), because the stricter value recommended by Czech Association
of Breweries and Malt Houses (1 pg/kg) was exceeded by 30 — 60%
of malt samples. The graph shows a slight decrease of the percent-
age of malt samples with NDMA concentration over 2.5 pg/kg (ex-
cept for data from 2001, when considerably fewer samples were
analysed in comparison with other years), levelling off around 6% in
last five years. A relationship between the percentage of malt sam-
ples exceeding NDMA concentration of 2.5 pg/kg and the year of
determination is shown in Fig. 4. The resulting Pearson correlation
coefficient is -0.81, indicating a high measure of association. The
rather randomly increased NDMA concentration in beer samples
(above 0.5 pg/kg) in recent years is assumed to have been caused
by bacterial contamination or by using contaminated malt.

6 CONCLUSIONS

Exploration of N-nitrosamines has in the last years largely focused
on such matrices as meat products, tobacco or water. These com-
pounds, especially volatile N-nitrosamines, are still a subject of at-
tention due to their high toxicity and, based on valid legislation, it is
therefore necessary to monitor their concentration. The studies of
non-volatile N-nitrosamines have reached some progress and new
analytical methods developed for identification and determination of
non-volatile N-nitrosamines have been successfully used for analyz-
ing meat products.

Since the 70’s of twentieth century the problem with high concen-
tration of volatile N-nitrosamines in malts and beers has been suc-
cessfully resolved but no new advances in this area have been at-
tained apart from the substitution of TEA detection for MS detection.
It should be noted that technological advances during malt produc-
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Obr. 2 Stfedni hodnoty koncentraci NDMA v jednotlivych letech /
Fig. 2 Mean values of NDMA concentration in beers and malts in
individual years

Obr. 3 Procento vzorkd vys$Sich nez 0,5 pg/kg u piva a 2,5 pg/kg
u sladu/ Fig. 2 Percentage of samples exceeding 0.5 ug/kg NDMA in
beer and 2.5 jg/kg in malt
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6 ZAVER

V poslednich letech byla v oblasti tématiky N-nitrosam( vénovana
pozornost pfedevsim takovym matricim jako jsou masné vyrobky,
tabak ¢i voda. Tyto latky, zejména tékavé N-nitrosaminy, jsou stale
pfedmétem pozornosti diky své vysoké toxicité, a proto je nutno sle-
dovat jejich obsah na zakladé platné legislativy. Také ve studiu neté-
kavych N-nitrosamint doslo k pokroku, byly vyvinuty nové metody
jejich identifikace a stanoveni a byly UspésSné aplikovany na mas-
nych vyrobcich.

Od 70. let 20 stoleti, kdy byl uspédné vyfeSen problém s vysokymi
koncentracemi tékavych N-nitrosamin( ve sladu a v pivu, nebylo
v této oblasti kromé prevedeni TEA detekce na MS detekci u¢inéno
zadnych novych pokroku. Je potfeba si vSak uvédomit, Ze technolo-
gické kroky pfi vyrobé sladu minimalizujici vznik NDMA nemuseji
zcela zabranit vzniku nékterych netékavych N-nitrosamind, napfiklad
NPRO (Wainwright, 1986b; Smith, 1994). Vlastnosti, toxické ucinky
a mechanismus vzniku netékavych N-nitrosamint nebyly dosud do-
state¢né prostudovany (kromé NPRO a NSAR), i kdyzZ je jejich pfi-
tomnost v nékterych potravindch a napojich véetné piva jasné proka-
zana (Johnson et al., 1987). Jelikoz netékavé N-nitrosaminy tvofi
vyznamny podil ATNC, nemusi byt nizka koncentrace tékavych N-
-nitrosamind automaticky brana jako uspokojiva situace. Hladiny
ATNC v pivu se ve vétsiné pfipadd pohybuji pod hranici 20 pg (N-
-NO)/I, coz je jisté oproti minulosti vyznamny pokles (Massey et al.,
1987). Presto celkova suma ATNC muze obsahovat podil toxickych
netékavych N-nitrosamin(, o kterych zatim nic nevime, nebot je ne-
jsme soucasnymi metodami schopni detekovat. Pokud takové latky
byly prokdzany v masnych vyrobcich, mohou se vyskytovat také
v pivu. A a¢ je jejich koncentrace relativné nizka, jejich pfijem do na-
Seho téla spolu s pravidelnou konzumaci piva miize znamenat urcité
riziko. Pfestoze nebyly nékteré dosud znamé netékavé N-nitrosaminy
oznaceny za karcinogeny jako jejich tékavé analogy, ukazalo se, ze
i tyto latky mohou nepfimo prostfednictvim transnitrosace v travicim
traktu pfispivat ke vzniku nadorového onemocnéni (Inami et al.,
2013; 2015). Proto je zapotrebi vyvinout nové analytické metody ze-
jména pro identifikaci a stanoveni latek pfispivajici k celkové hodnoté
ATNC v pivu ale i sladu. Na zakladé této identifikace by bylo mozné
posoudit zdravotni riziko obéasnych zvySenych hodnot ATNC v pivu.

Proto byl v Analytické zkuSebni laboratofi Vyzkumného Ustavu pi-
vovarského a sladarského, a.s., kde ma problematika N-nitrosamint
dlouholetou tradici, zahajen novy vyzkumny ukol zabyvajici se pro-
blematikou netékavych N-nitrosamind, jejich vztahem k hodnoté
ATNC a pfi¢inami jejich vzniku. K feSeni ukolu bude vyuzito nové
Spi¢kové instrumentalni vybaveni laboratofe a zcela nové postupy
pro pfipravu tuhych i kapalnych vzorku.
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