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Na rozdil od N-nitrosaminu tékavych je toho v pivovarstvi o nitrosaminech netékavych, jejich hlavnich predstavitelich a mechanismech

vzniku, znamo velmi malo.

V prvni ¢asti publikace vénované problematice netékavych nitrosaminti jsou proto podany zakladni informace tykajici se jejich vyskytu,
mechanismu vzniku a metod stanoveni v pivu a ostatnich potravinach.
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Contrary to volatile N-nitrosamines, about representatives and mechanism of arrising of non-volatile nitrosamines in brewing industry

is known only a little.

In the first part of this article are therefore given the basic information about their incidence, mechanism of arrising and method of

estimation in beer and other foodstuff.
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Zum Unterschied von den fliichtigen N-Nitrosaminen gibt”s in dem Brauwesen nur zu wenige Informationen Gber unfliichtigen N-Nit-
rosaminen. Im den ersten Teil, der der Problematik von unfliichtigen N-Nitrosaminen gewidmet ist, werden die Grundinformationen tber
das Vorkommen von unfliichtigen Nitrosaminen, Mechanismus des Entstehens und Methoden ihrer Feststellung im Bier und in den an-

deren Lebensmitteln diskutiert.
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1 UvoD

Soucasné poznatky o celkovych N-nitrososlou¢eninach v pivu
spolu s neustalym pokrokem v oblasti vyvoje novych analytickych
instrumentéalnich metod umoznuji podrobnéji studovat jednotlivé za-
stupce tvorici tuto velmi riznorodou skupinu latek. Clenéni nitrosa-
mind s ohledem na jejich fyzikalné-chemické vlastnosti a moznosti
jejich vyskytu v potravinach detailné popsal Tricker, 2000 a McWeeny,
1983. Zatimco skupinu tékavych N-nitrosaminu predstavuji zejména
N-nitrosodimethylamin (NDMA), N-nitrosodiethylamin (NDEA), N-nit-
rosodipropylamin (NDPA), N-nitrosodibutylamin (NDBA), N-nitroso-
piperidin (NPIP), N-nitrosopyrrolidin (NPYR) a N-nitrosomorfolin
(NMOR) a N-nitrosothiazolidin (NTHZ), skupinu netékavych N-nitro-
samind tvofi kromé N-nitrososarkosinu (NSAR), N-nitrosoprolinu
(NPRO) a N-nitrosohydroxyprolinu (NHPRO) i dal$i N-nitrosované
heterocyklické karboxylové kyseliny vzniklé kondenzaci pfitomnych
aminokyselin a jednoduchych aldehydu. Patfi sem vSak téZ i N-nitro-
sované dipeptidy a polypeptidy a mnohé dalsi latky. Mechanismus
vzniku NSAR, NPRO a NHPRO v modelovych roztocich studoval
Janzowski et al., 1982.

Slouéeniny, jez zahrnujeme mezi ATNC, tvofi riznorodou skupinu,
pficemz o pomérném zastoupeni jednotlivych latek toho zatim pfilis
znamo neni. Dle Udaju Walterse et al., 1983, mohou tuto skupinu
kromé N-nitrosamind tvofit i N-nitrosamidy, N-nitrosoguanidiny, N-nit-
rosourethany a N-nitrososulfonamidy. A¢koli jsou do skupiny nitrosa-
minG fazeny kromé N-nitrosamint i C-, O- a S-nitrosaminy (Williams,
1988), hlavni pozornost je vénovana zejména N-nitrosaminim
s ohledem na jejich nez&douci zdravotni U¢inky. Jak vyplyva z mno-
hych dietetickych studii zaméfenych na studium podilu ATNC
na vzniku rakoviny, Ize povazovat jejich podil na tomto onemocnéni
za prokazany (Mc Weeny, 1983, Stuff et al., 2009, Kuhnle et al.,
2007, Buiatti et al.,2006, Lynn et al., 2009, Wu at al., 2006, Bingham
etal., 2002).
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1 INTRODUCTION

Contemporary findings about the presence of apparent total N-
nitroso compounds in beer together with advanced analytical in-
struments makes possible other detailed studies about the indivi-
dual substances from this miscellaneous group. Tricker, 2000 and
McWeeny, 1983 described in detail the distribution of nitrosamines
in terms of their physicochemical properties and their possible pre-
sence in foods and beverages. In particular, N-nitrosodimethylami-
ne (NDMA), N-nitrosodiethylamine (NDEA), N-nitrosodipropylami-
ne (NDPA), N-nitrosodibuthylamine (NDBA), N-nitrosopiperidine
(NPIP), N-nitrosopyrrolidine (NPYR), N-nitrosomorfoline (NMOR)
and N-nitrosothiazolidine (NTHZ) belong to the group of volatile
N-nitrosamines. The group of non-volatile N-nitrosamines is crea-
ted from nitrososarkosine (NSAR), nitrosoproline (NPRO) and nit-
rosohydroxyproline (NHPRO) and other N-nitroso heterocyclic car-
boxylic acids formed by a condensation reaction between amino
acids present and single aldehydes. N-nitroso dipeptides, polypep-
tides and other substances also belong to this group. Janzowski et
al., 1982 studied the formation process of NSAR, NPRO and NHP-
RO in model solutions.

Among the ATNC come a miscellaneous group of compounds. The
amounts of the particular substances are rather unknown. According
to Walters et al.,1983,this group contains as well as N-nitrosamines
also N-nitrosamides, N-nitrosoguanidines, N-nitrosourethanes and
N-nitrososulfoamides. Although under the group nitrosamines come
as well as N-nitrosamines also C-, O-, and S-nitrosamines, Williams,
1988, the greatest attention focuses on N-nitrosamines because of
their unwanted health impact. According to the number of dietetic
studies dealing with the participation of ATNC in the growth of can-
cer, their influence can be considered as proven (Mc Weeny, 1983,
Stuff et al., 2009, Kuhnle et al., 2007, Buiatti et al.,2006, Lynn et al.
2009, Wu at al.,2006, Bingham et al., 2002).
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S ohledem na vysledky ziskané na naSem pracovisti v uplynulych
letech se zda byt téméf jisté, Ze stejny obsah ATNC v pivech rliznych
vyrobcl neznamena totozné slozeni pfitomnych ATNC. Detailni zna-
losti o zastoupeni jednotlivych sloucenin tvoficich ATNC by proto
Iépe umoznily odhadnout z toho vyplyvajici zdravotni riziko. V bu-
doucnu by toto umoznilo porovnat skute¢nou miru rizika plynouci ze
zjisténych hodnot u rliznych vyrobcl na rozdil od sou¢asné praxe,
porovnavajici vyhradné absolutni hodnoty obsahu ATNC.

2 PRITOMNOST ATNC V POTRAVINACH
A NAPOJICH

Netékavé N-nitrosované heterocyklické karboxylové kyseliny
NSAR, NPRO a NHPRO se fadi do skupiny ATNC a jsou pfitomny
v rliznych potravindch, zejména v mase a tepelné opracovanych
masnych vyrobcich (Hamburg, 2007, Drabik-Markiewicz et al., 2010,
Tricker er al., 1985, Massey — Lees, 1992, Massey et al., 1991).

S pfitomnosti ATNC se mlizeme setkat i u fermentovanych mlé¢-
nych vyrobkl (Massey — Key, 1989, Bouchikhi et al., 1999).

Sen etal., 1983 a Sen — Seaman, 1983, uvadéji obsah NPRO v pivu,
rozmezi 0,7 az 6,0 ug/l, pficemz obsah NPRO ve sladu kolisal v roz-
mezi 5,0 az 113 ug/kg. NSAR nebyl ve sladu detekovan. K obdobnym
zavérim dospél i Pollock, 1981. Obsah NSAR ve sladu dosahl dle
autora hodnoty 20 ug/kg a NPRO 286 ug/kg. Obdobné Massey et al.,
1990, stanovili pfitomnost ATNC az u 42 % ze 170 zkoumanych vzor-
ki komerénich piv. Maximalni obsah ATNC ¢inil 569 pg (N-NO)/kg.

Ackoli Ministry of Agriculture, Fisheries and Food, 1992 (MAFF)
publikovalo Udaje svédgici o neustale sestupném trendu v pozorova-
nych obsazich ATNC v pivu, v roce 1992 se hodnoty obsahu ATNC
v britskych pivech pohybovaly v rozmezi <20 az 570ug (N-NO)/kg.
PFijem ATNC z piva pfi primérném obsahu 54 ug (N-NO)/kg ¢inil dle
MAFF az 50 % z celkového denniho pfijmu. Pro porovnani, v pivech
plzenského typu rliznych vyrobcl kolisal dle nasich poznatkud v roce
1997 obsah ATNC v rozmezi <20 az 267 ug (N-NO)/kg, v roce 1998
v rozmezi <10 az 390 ug (N-NO)/kg a v roce 1999 v rozmezi <10 az
230ug (N-NO)/kg.

Proto jsme se v této praci pokusili o podrobnéjsi studium zastou-
peni jednotlivych latek spadajicich do skupiny ATNC v pivech plzen-
ského typu.

Doposud doporuceny limit obsahu ATNC v pivu plati zatim pouze
ve Velké Britanii a ¢ini 20 ug N-NO/I.

3 ANALYTICKE METODY STANOVENI .
ATNC A NETEKAVYCH N-NITROSAMINU
A JEJICH OBSAH V PIVU A SLADU

Zpusob, jakym jednotlivi autofi pfistupuji ke stanoveni ATNC, je
velmi odliSny. DGvodem je soucasny neuspokojivy stav poznani,
jaké latky tuto skupinu pfevazné tvofi. VétSina metod zamérenych
na stanoveni celkového mnozstvi nitrososloucenin v pivu pracuje
na principu metody publikované Waltersem et al., 1978. Tato metoda
spociva na chemickém rozkladu N-NO skupiny obsazené v moleku-
le slouc¢enin pUsobenim roztoku HBr v kyseliné octové. Uvolnény
nitrosylbromid, pfipadné oxid dusnaty, je nasledné stanoven pfimo
kolorimetricky nebo po katalytickém rozstépeni na nitrosylovy radi-
kal chemiluminiscenénim detektorem. Detailné byla metoda a po-
stup popséna a modifikovana Waltersem et al.,1983.

Kromé dnes jiz téméf zapomenuté metody stanoveni ATNC pomo-
ci Griessova ¢inidla (Dikun, 1976) se v bézné praxi setkavame pre-
vazné s metodami vyuzivajicimi rozklad N-NO skupiny pomoci HBr
v ledové kyseliné octové (Massey et al. 1984a,b, Walters et al. 1984).
Uvolnény oxid dusnaty, respektive nitrosylovy radikal je dale stano-
ven chemiluminiscenénim detektorem TEA (Thermo Energy Analy-
ser). Spole€¢nou nevyhodou vySe uvedenych metod je neschopnost
rozliSit od sebe jednotlivé stanovené analyty a ur€it jejich podil
na celkovém stanoveném obsahu ATNC. O jisté feSeni tohoto problé-
mu se pokusili proto Sen a Seaman, 1983, ktefi vyuzili ke stanoveni
ATNC spojeni vysokoucinné kapalinové chromatografie a chemilu-
miniscencéniho detektoru (HPLC-TEA). V tomto pfipadé jsou frakce
obsahuijici jednotlivé zastupce ATNC pfivedeny z HPLC do reakéni
bariky, kde refluxuje smés ethylacetatu a 15% roztoku HBr v kyseliné
octové. Nitrososkupina je od$tépena a po reakci s ozonem nasledné
detekovana detektorem TEA. Tento princip $tépeni byl poprvé pouzit
Eisenbrandem a Preussmannem, 1970, a pozdéji Waltersem et al.,
1979, a Massey et al., 1990.
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With regards to the results obtained in our laboratory during recent
years, the contents of different compounds in the ATNC group pre-
sent in beers from different producers are almost certainly not identi-
cal. Therefore, detailed knowledge about the amounts of particular
compounds could contribute to the assessment of the health risk.
Unlike the present practice of considering only the total amount of
ATNC, an estimation of the real health risk caused by beer from diff-
erent producers could improve with the help of measured values.

2 THE PRESENCE OF ATNC IN FOODS
AND BEVERAGES

The non-volatile N-nitroso heterocyclic carboxylic acids NSAR,
NPRO and NHPRO present in different foods, especially in meat and
heat-treated meat products, belong to the ATNC group (Hamburg,
2007, Drabik-Markiewicz et al., 2010, Tricker er al., 1985, Massey —
Lees, 1992, Massey et al., 1991). ATNC can also be present in fer-
mented dairy products (Massey — Key, 1989, Bouchikhi et al., 1999).
Sen et al., 1983 and Sen — Seaman, 1983, gave values from 0.7 to 6.0
pg/L for the content of NPRO in beer. The content of NPRO in the malt
varied from 5.0 to 113 pg/kg and no NSAR was detected. Pollock,
1981 presented similar results. According to him, the content of NSAR
in malt was 20 pg/kg and the content of NPRO was 286 pg/kg. Massey
etal., 1990 found the presence of ATNC in 42 % of 170 tested samples
of commercial beers. The maximum content was 569 pg N-NO/kg.

The values for British beers in 1992 ranged from <20 to 570 pg
N-NO/kg however, the data published by Ministry of Agriculture, Fis-
heries and Food in UK, 1992 (MAFF) gives evidence of a downward
trend for the contents of ATNC in beer. According to MAFF, the avera-
ge daily intake of ATNC from beer of 54 pg N-NO/kg came up to 50%
of the daily allowance. For comparison, according to our knowledge
the content of ATNC in pilsner beers from different producers varied in
1997 from <10 to 267 pg N-NO/kg, in 1998 from <10 to 390 pg N-NO/
kg and in 1999 was only in the range from <10 to 230 pg N-NO/kg.

The aim of this study was a more detailed examination of the
amounts of particular compounds belonging to the group of ATNC in
pilsner beers.

Up to now, the recommended limit of ATNC in beer of 20 ug N-NO/
kg was only introduced in Great Britain.

3 ANALYTICAL METHODS FOR THE
DETERMINATION OF ATNC AND
NON-VOLATILE N-NITROSAMINES
IN BEER AND MALT

The approaches from different authors for the estimation of appa-
rent total nitroso compounds differ considerably. The reason for this
is insufficient knowledge about which compounds really belong to
this group. The majority of procedures for the determination of ATNC
in beer use the principle published by Walters et al.,1978. This me-
thod is based on chemical degradation of the N-NO group using hyd-
robromic acid (HBr) in glacial acetic acid. The nitrosyl bromide or
nitric oxide released is determined by a colorimetric method or by
a chemiluminescence detector after a catalytic splitting to the nitrosyl
radical. This approach was described in detail and modified by Wal-
ters et al.,1983.

Apart from the presently almost forgotten method for determinati-
on of ATNC by using a Griess reagent (Dikun, 1976) the common
methods used in practice base on the degradation of the N-NO group
using a mixture HBr in glacial acetic acid and followed by chemilumi-
nescence detection of the nitric oxide or nitrosyl radicals released
with a Thermal Energy Analyzer (TEA) (Massey et al. 1984a,b, Wal-
ters et al. 1984).

The common disadvantage of the methods mentioned above is
the inability to distinguish between the particular analytes both quali-
tatively and quantitatively. Sen and Seaman, 1983, tried to resolve
this problem by using high performance liquid chromatography
(HPLC) equipped with a chemiluminescence detector (HPLC-TEA)
for the determination of the ATNC. According to this method, the dif-
ferent fractions were collected in reaction flasks by refluxing with
a mixture of ethyl acetate and the solution of HBr in glacial acetic
acid. The nitroso groups split off and after reaction with ozone are
detected by the TEA detector. This splitting method was first used by
Eisenbrand and Preussmann, 1970, then later by Walters et al., 1979
and Massey et al., 1990.
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Rozsahlé spektrum tékavych i netékavych nitrosaminl tvoficich
ur€itou ¢ast ATNC lIze téz stanovit metodami vyuzivajicimi v prvnim
stupni denitrosaci pomoci smési HBr — kyselina octova, avsak vy-
znamne se lisicimi vlastni analytickou koncovkou. Na rozdil od pre-
deslych metod jsou zde v3ak stanoveny vznikajici aminy (Wang et
al., 1992, Zheng et al., 1993, Fu et al., 1993).

Havery, 1990, navrhl postup spocivajici v déleni jednotlivych nitro-
samint pomoci HPLC, post-kolonové denitrosaci N-nitrososlou¢enin
pomoci smési 10 % H,SO, a octové kyseliny a 10 % vodného roztoku
KJ a nésledné detekci vznikajiciho oxidu dusnatého pomoci TEA.
Touto metodou jiz byl stanoven kromé tékavych N-nitrosamind i ne-
tékavy N-nitrosamin N-nitrosoprolin.

Denitrosaci Ize dle Wanga et al., 2005, provést i pomoci roztoku
CuCl v 6N HCI.

Moznosti stanovit netékavé N-nitrosaminy voltamperometrickou
detekci ve spojeni s HPLC se zabyva téz prace Sachetta et al., 1992.

Stanovenim netékavych N-nitrosamin(, zejména N-nitrosoamino-
kyselin, se zabyvali pfevazné autofi pracujici v oblasti potravinarské
chemie. Prvni pokus o systematické stanoveni N-nitrosoprolinu
(NPRO) a N-nitrososarkosinu (NSAR) ve sladu pomoci jejich extrak-
ce ethylacetatem, derivatizaci diazomethanem a stanovenim na pfi-
strojovém spojeni GC-TEA ucinil Pollock, 1981. Obdobny postup
i zpUusob detekce zvolili Sen et al., 1983, ktefi k extrakci pouZili opét
ethylacetat, ale k derivatizaci smés BF, — methanol. Johnson et al.,
1988a naproti tomu pouzili k derivatizaci silylaéni ¢€inidlo bis(trime-
thylsilyl)trifluoroacetamid (BSTFA).

O odliseni jednotlivych predstavitelll ATNC v pivu se pokusili Mas-
sey et al., 1982. Netékavé N-nitrosaminy byly extrahovany v kyselém
a neutralnim prostredi pomoci specialni kolonky (Preptube) a stano-
veny pomoci spojeni HPLC-TEA. Obdrzené chromatogramy se
od sebe podstatné liSily, nicméné pfistrojové vybaveni neumoznilo,
s vyjimkou NPRO, jejich kvalitativni a kvantitativni vyhodnoceni. Pfe-
hled metod pouzitelnych pro stanoveni netékavych N-nitrosamin(
uvadi Sen a Kubacki, 1987. Pokroky v oblasti kapalinové chromato-
grafie a hmotnostni spektrometrie umoznily detekovat dal$i dosud
neznamé zastupce netékavych N-nitrososloucenin v potravinach
(Tricker et al., 1984, Cheng — Tsang, 1999, Crews, 2010).

4 MECHANISMUS VZNIKU NITROSO-
SLOUCENIN V PIVU A SLADU

N-nitrosaminy vznikaji obecné plsobenim nitrosacniho cinidla.
V zasadé se jedna o substituci vodikového atomu dislokovaného
na dusikovém atomu amino- nebo amidoskupiny nitrososkupinou.
Na rozdil od obecné rozsifeného mylného nazoru, ze vlastnim nitro-
saénim Cinidlem je NO- skupina nebo kyselina dusita, Ize pokladat
za skutecné nitrosacni Cinidlo N,O, pfipadné protonizovanou formu
kyseliny dusité (Shuker, 1988, Smith, 1991).

Pomér v obsahu jednotlivych nitrosa¢nich &inidel je zavisly na pH
(Shuker, 1988), pficemz v oblasti pH nizsi nez 2 pfevlada pfitomnost
H,NO,, zatimco pfi pH vy$sim nez 3 dominuje N,O,. Nicméné v ob-
lasti pH 2 az 5 jsou oba ionty pfitomny v detekovatelném mnozstvi.
Je tedy zfejmé, Zze hodnota pH mladiny a piva ma spolu s koncentra-
ci neprotonizovaného aminu rozhodujici vliv na mnozstvi vznikaji-
cich nitrosamin(l. Vznik zbyvajicich dvou nitrosaénich ¢inidel nepfi-
chazi za standardnich podminek, s ohledem na reakéni podminky
v pivu, prakticky v tvahu.

Zakladni cestou umoznujici N-nitrosaci v pivovarstvi jsou asimilac-
ni metabolické procesy u divokych kvasinek (Brown et al., 1974,
Cole, 1988, Garrett-Amy, 1979, Smith, 1992) a disimilaéni procesy
probihajici pfi anaerobnim dychani u kontaminujicich fakultativnich
anaerobu (Cole, 1988, Garrett-Amy, 1979, Ingledew-Poole, 1984,
Moodie-Ingledew, 1990, Stouthamer, 1976, Smith et al., 1992). Vy-
skyt ATNC v pivu Ize tudiz povazovat za projev nedokonalé mikrobi-
alni Cistoty vyrobniho procesu (Caldebrank-Hammond, 1989). Meto-
dami pro zkoumani pfitomnosti volného a vazaného NPRO
na bilkoviny piva se zabyvali Johnson et al., 1988b. Studiem mecha-
nismu vzniku ATNC ve sladu se zabyvali Pollock, 1981 a Johnson et
al., 1987.

5 MATERIALY A METODY

Chemikalie
V8echny pouzité chemikalie, tj. ethylacetat, hydroxid draselny, ky-
selina octova, kyselina sirova, kyselina chlorovodikova, kyselina sulf-
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The large spectrum of volatile and non-volatile nitrosamines belon-
ging to the ATNC could also be evaluated by a procedure using as
a first step a denitrosation with a mixture of 15 % HBr in glacial acetic
acid. The following step is however significantly different. Unlike in
other methods, in this case the detected substances are amines
(Wang et al., 1992, Zheng et al., 1993, Fu et al., 1993).

Havery, 1990, suggested an approach consisting of separation of
the particular nitrosamines using HPLC followed by a post-column
denitrosation of the N-nitroso compounds with a mixture of 10%
H,SO,, acetic acid and 10% KJ in water. The nitric oxides derived
were detected by TEA. By this method were determined some vola-
tile N-nitrosamines and the non-volatile N-nitrosamine NPRO.

According to Wang et al., 2005, a mixture of CuCl in 6N HCL could
also make the denitrosation.

Sachetto et al., 1992, described a HPLC determination of non-vo-
latile N-nitrosamines followed by voltammetric detection.

Authors involved in food chemistry were mainly dealing with the
problem of measurement of non-volatile N-nitrosamines and N-nitro-
soamino acids. Pollock, 1981, made a first attempt for systematic
determinations of NPRO and NSAR in malt by using an extraction
with ethyl acetate followed by derivatization with diazomethane and
determination by CG-TEA. Sen et al., 1983, had chosen a similar
approach. Accordingly, the extraction was carried out with ethyl ace-
tate but a mixture of BF, and methanol was used for the derivatizati-
on. Johnson et al., 1988a, used a sylilating reagent N,O-bis(trime-
thylsilyl)trifluoroacetamide (BSTFA) for the derivatization.

Massey et al., 1982, tried to separate individual ATNC in beer. The
non-volatile N-nitrosamines were extracted in an acidic and then in
a neutral medium using a special column (Preptube) and determined
by HPLC-TEA. The chromatograms obtained differ considerably.
However, with exception of NPRO they could be evaluated neither
quantitatively nor qualitatively. Sen and Kubacki, 1987, published
a review of methodologies for the determinations of non-volatile
N-nitrosamines. The advancements in liquid chromatography and
mass spectrometry have enabled the detection of further hitherto
unknown types of non-volatile N-nitroso compounds in foods (Tricker
et al., 1984, Cheng — Tsang, 1999, Crews, 2010).

4 MECHANISM OF NITROSO COMPOUND
FORMATION IN BEER AND MALT

N-nitrosamines are generated by reaction with nitrosation rea-
gents. This process involves a substitution of a hydrogen atom from
the amino group or amide group by a nitrosonium ion NO*. According
to a generally spread misconception, nitrosyl ion NO- or nitrous acid
HNO, are considered as nitrosation reagents. However, the real nit-
rosation reagents are N,O, and eventually a protonated form of nit-
rous acid H,NO,* (Shuker, 1988, Smith, 1991).

The ratio of nitrosation reagents depends on the pH value (Shuker,
1988). At a pH lower than 2 H,NO,* predominates, whereas at pH’s
higher than 3 N,O, predominates. In a medium with pH between 2
and 3 both ions are present in detectable amounts. Therefore, it is
obvious that the pH’s of hopped wort and of beer together with the
concentration of non-protonated amines have the final impact on the
amount of amines formed. The formation of the two remaining nitro-
sation reagents is impossible, with regards to the reaction conditions
in beer under standard conditions.

The N-nitrosation process in beer production is generally possible
due to the assimilation metabolic processes in brewery wild yeasts
(Brown et al., 1974, Cole, 1988, Garrett-Amy, 1979, Smith, 1992)
and due to dissimilation processes running from the anaerobic respi-
ration in contaminating anaerobic bacteria (Cole, 1988, Garrett-Amy,
1979, Ingledew-Poole, 1984, Moodie-Ingledew, 1990, Stouthamer,
1976, Smith et al., 1992) .

Therefore, the occurrence of ATNC in beer can be regarded as
a demonstration of the poor microbial purity of the manufacturing
process (Caldebrank-Hammond, 1989). Johnson et al.m 1988b, de-
alt with methods for the examination of the presence of free or pro-
tein-bonded NPRO in beer. Pollock, 1981, and Johnson et al., 1987,
examined the mechanism of ATNC formation in malt.

5 MATERIAL AND METHODS

Chemicals
All reagents used such as ethyl acetate, potassium hydroxide,
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anilovd, amidosulfonan draselny, byly Cistoty p.a. Bromovodik p.a.
pochazel od firmy Sigma — Aldrich. Sorbent Extrelut 20 byl dodan
firmou (Merck, Germany). SPE kolonky SAX Bond Elute, 3ml byly
dodany firmou Analytichem International Inc., USA. Standardy
NPRO, NSAR a NPIC pochéazely od firmy ISCONLAB (Heidelberg,
Némecko), NDMA od firmy Supelco. Ultracista voda byla vyrobena
na zafizeni Milli-Q System (Millipore, USA). Technické plyny pro ply-
novou chromatografii argon, kyslik a dusik a pevny oxid uhlicity byly
dodany firmou Messer (CR).

Vzorky piv
Piva plzeniského typu cizi i tuzemské provenience byla zakoupena
v bézné obchodni siti.

Analyticky postup pro stanoveni ATNC v pivu

Celkovy obsah skupiny N-NO ve vzorku byl stanoven denitrosaéni
metodou pomoci HBr a detekci prostfednictvim detektoru TEA (Kell-
ner et al., 1991).

Vzorek piva odpénime na ultrazvukové lazni po dobu 5 az 10 mi-
nut. K 5ml odplynéného piva pfidame 1 ml amidosulfonanu amonné-
ho (c= 0,2 mol/l) a 1 ml kyseliny sirové (c = 0,2 mol/l) a ponechame
15 az 60 minut stat. Po této dobé je pivo zbaveno dusi¢nan( i dusita-
n0 a pfipraveno k analyze. Kondicionaci kolonky SAX Bond Elute
provadime promytim 3ml methanolu, 3ml HCI (c = 0,01 mol/l) a sor-
bent kratce vysuSime pomoci vakua (5 s). Smés prevedeme pres
kondicionovanou kolonku pomoci vakua, pficemz prvni podil filtratu
(cca 2ml smési) odstranime.

Do tfihrdlé zabrusové barky obalené izola¢ni vrstvou (skelna
tkanina — Al félie) nadavkujeme 70 ml ethylacetatu, 10 ml denitro-
sacniho ¢&inidla (15% hm. HBr v kyseliné octové) a 2 g kyseliny sulf-
anilové. Smés je opatrné zahfivana pod zpétnym chladi¢em (teplo-
ta smési 64 °C + 2 °C ) a kapilarou, ktera je postrannim hrdlem
zavedena ke dnu barky, ponechdme jemné probublavat argon.
Cela aparatura je hermeticky uzaviena a pres dveé promyvacky na-
plnéné 33% roztokem KOH, restriktor, dva vymrazovace (-80 °C,
smés methanol a suchy led) spojené restriktorem a sklenény kapi-
larni restriktor je napojena pfes tficestny T-ventil na detektor.
Po ustaveni rovnovahy v aparatufe a po ustaleni zakladni linie na-
stfikneme 200 ul standardu (c = 200 pg/l) postrannim hrdlem, které
je uzavieno septem a zahdajime analyzu. Dale nastfikneme 200 pl
vzorku. Nasleduje nastfik slepého vzorku. Méfeni vzorku uzavira
opét méreni standardu.

Analyticky postup pro stanoveni netékavych N-nitrosamint
(NSAR, NPRO) v pivu

15ml vzorku piva (neozafeného nebo ozareného UV svétlem) bylo
smigeno s 3ml H,SO, (c = 1,5 mol/l) a s 1ml 1% roztoku amidosul-
fonanu amonného (amonna sl kyseliny amidosirové — H,NSO,NH,).
Pridavek amidosulfonanu amonného slouzi v tomto pripadé k od-
stranéni zbytkovych mnoZstvi dusitanovych iontd. Nitrosopipekolova
kyselina (NPIC, 1-nitrosopiperidin-2-karboxylova kyselina) byla pou-
Zita jako interni standard (15 pl, ¢ = 100 mg/l).

Do sklenéné kolony (délka 18.cm, vnitini primér 2cm) opatiené
fritou nejprve nasypeme 5mm vrstvu bezvodého siranu sodného
a déle za stalého poklepavani pfidame 12g sorbentu Extrelut 20
(Merck). Upraveny vzorek piva zvolna pfevedeme na naplnénou ko-
lonu a ponechame 15 minut vsaknout. Po uplynuti této doby nitro-
soaminokyseliny extrahujeme 4 x 20ml ethylacetatu. Extrakt za-
hustime na vakuové odparce na pfiblizny objem 2ml a koncentrat
kvantitativné pfevedeme do kalibrované nadobky. Residua koncen-
tratu vyplachneme pFidavkem 2ml ethylacetatu. V kalibrované na-
dobce koncentrat zahustime proudem dusiku na koneény objem
200 ul.

Organicky extrakt (200 ul), respektive roztok standardu v ethylace-
tatu, smisime v reakéni nadobce s 1 ml derivatizacniho roztoku BF,
— MeOH. Nadobku uzavieme a smés ponechame reagovat v temnu
po dobu 30 minut pfi teploté 65 + 5 °C. Po ochlazeni zbytek derivati-
zaéniho cinidla odstranime pfidavkem 4ml redestilované vody.
Vzniklé methylestery nitrosoaminokyselin dale vytfepame do 1ml
dichlormethanu a po oddéleni dichlormethanovou vrstvu vysusime
pfidavkem bezvodého siranu sodného. Takto ziskané methylestery
Ize pfed vlastnim stanovenim prfechovavat pfi teploté — 18 °C po dobu
jednoho tydne. Obsah analyt(i stanovime pomoci pfistrojového spo-
jeni plynového chromatografu a chemiluminiscenéniho detektoru
(GC — TEA). Pouziti widebore kapilarni kolony BD-5 o vnitfnim pri-
méru 0,53 mm a tloustce filmu stacionarni faze 1,5 um umoznilo, diky
vysoké kapacité kolony, nastfik az 5 ul vzorku na kolonu. Dlsledkem
toho byla dosazena uspokojiva citlivost metody.

KP01_06_12_Culik.indd 9

(O]

acetic acid, sulphuric acid, hydrochloric acid, sulfanilic acid, potassi-
um amidosulfate and hydrobromide were of analytical reagent grade
(p.a.)quality. Hydrobromide was obtained from Sigma-Aldrich Che-
mie, GmbH (Buchs, CH). Sorbent Extrelut 20 was supplied by Merck
(Darmstadt, D). SPE columns SAX Bond Elute, 3mL were purchased
from Analytichem International Inc. (Menlo Park, CA, U.S.A.). Stan-
dard NPRO, NSAR and NPIC were obtained from ISCONLAB (Hei-
delberg, D), the standard NDMA from Supelco, Inc. (Bellefont, PA,
U.S.A.). The ultra-clean water was produced by Milli-Q System (Milli-
pore, Billerica, MA, U.S.A). Technical gases for the gas chromatogra-
phy such as argon, oxygen and nitrogen were obtained from Messer
Technogas s.r.o. (Praha, CZ).

Beer samples
The Czech and foreign beers of pilsner type were purchased in
normal supermarkets and preserved at 4 °C.

The analytical approach for the determination of ATNC in beer

The total content of N-NO groups in the sample was determined by
using denitrosation with HBr and detection with a TEA detector (Kell-
ner et al., 1991).

The beer samples were degassed in an ultrasonic bath for 5 to 10
minutes. 1 mL of ammonium amidosulfate (c = 0.2 mol/L) and 1 mL of
sulphuric acid (c = 0.2 mol/L) were added to 5mL of degassed beer.
The mixture was kept for 15 to 60 minutes. After that time, all nitrates
and nitrites were removed and the beer samples were ready for ana-
lysis. The SAX Bond Elute column was conditioned by rinsing with
3mL of methanol followed by 3mL of HCI (¢ = 0.01mol/L). The co-
lumn was then dried by vacuum for 5 seconds. The mixture was
transferred to the conditioned SAX Bond Elute column and extracted
by vacuum. The first part of the filtrate (approx. 2mL) was discarded.

Then, 70 mL of ethyl acetate, 10 mL of denitrosation reagent (15 %
HBr in acetic acid) and 2 g of sulfanilic acid were transferred to a thre-
e-neck round-bottom flask with ground glass joints covered with iso-
lation layer of glass fabric and Al-foil. The apparatus was fitted with
condenser and carefully heated by heating mantle. The temperature
of mixture was held at 64 °C + 2 °C. A capillary joined through the
side neck to the bottom of the flask supplied fine bubbles of argon.
The whole apparatus was hermetically closed. It was joined by me-
ans of a three-way T-valve through two washers filled with a 33 %
solution of KOH, a restrictor, two dry freezers (—80 °C, mixture of
methanol and dry ice) joined by a restrictor and a capillary restrictor
to the detector. After equilibrium was reached in the apparatus and
the steady baseline was set up, 200 pL of the standard solution (¢ =
200 pg/L) was added through the side neck closed with a septum
and the analysis was started. Then, 200 pL of the sample were ad-
ded followed by 200 pL of a blank sample. The analysis was comple-
ted by the injection of 200 pL of the standard solution.

The analytical approach for the determination of non-volatile
N-nitrosamines (NSAR and NPRO) in beer

15mL of the beer sample (exposed and non-exposed to UV light)
were mixed with 3mL of H,SO, (c = 1.5 mol/L) and 1mL of 1% am-
monium amidosulfate (sulfamic acid ammonium salt — H,NSO,NH,)
solution. In this case, the ammonium amidosulfate is added to remo-
ve the remaining nitrite ions. The nitrosopipecolic acid, (NPIC, 1-nit-
rosopiperidine-2-carboxylic acid) was used as an internal standard
(15 pl, ¢ =100 mg/L).

A glass column (18cm x 2cm i.d.) with a frit was first filled with
a 5mm layer of anhydrous sodium sulphate. Then 12g of sorbent
Extrelut 20 (Merck, Darmstadt) was added with steady tapping. The
prepared beer sample was applied slowly to the filled column and left
to soak. After 15 minutes, the nitrosoamino acids were extracted four
times with 20mL of ethyl acetate. The extract was concentrated in
a vacuum evaporator to an approximate volume of 2mL and quanti-
tatively transferred to a calibrated vial. The concentrated residue was
rinsed with 2mL of ethyl acetate. Afterwards, the concentrate was
evaporated by using a nitrogen stream to the final volume of 200 pL.

This concentrated extract (200 pL) and the solution of the standard
in ethyl acetate (for the calibration) were mixed in the reaction ves-
sels with 1 mL of derivatization reagent (BF, in MeOH). The vessels
were closed and left to react for 30 minutes in the dark at a tempera-
ture of 65 °C + 5 °C. After the vessels had cooled down the remaining
derivatization reagent was removed with 4 mL of distilled water. The
resulting methyl esters of the nitrosoamino acids were extracted with
1mL of dichloromethane. After the separation, the dichloromethane
layer was dried with anhydrous sodium sulphate. The methyl esters
obtained by this method could be kept without changes for one week
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Obr. 1 Chromatogram obohaceného vzorku piva pfidavkem NSAR, NPRO
a NPIC (100 pg/l kazdé latky) / Fig. 1 Chromatogram of spiked beer by additi-

at —18 °C. The contents of the individual methyl esters
were determined using a gas chromatograph equipped
with a chemiluminescence detector (GC-TEA).

The usage of the high capacity wide bored capillary
column BD-5 with an internal diameter of 0.53mm and
film thickness of 1.5 ym enabled an injection of up to 5
pL of sample.

Instrumentation and operating conditions

A gas chromatograph Fisons 8000 Ultra (Fisons In-
struments Inc., Parkton, MD, U.S.A.) with a TEA 502
detector equipped with a CTR filter (Thermo Electron
Corp., Marietta, OH, U.S.A.) was used. The operating
conditions were: argon carrier gas at 25 mL/min., the
temperature of the injection port equipped with a wide
bore liner was 200 °C, the temperature of the connec-
tion GC — TEA was 230 °C, the initial oven temperature
was held at 80 °C for 1 min., then increased up to
150 °C at a rate of 3.5 °C/min and held for 10 min at

0,0
Tirvss [wiini]

Podminky plynové chromatografie

Plynovy chromatograf Fisons 8000 Ultra. Fused silica kapilarni ko-
lona DB-5 (délka 30m, ID 0,53mm, 1,5 um), Supelco, U.S.A. Teplota
injektoru vybaveného wide bore linerem &inila 200 °C. Objem nastfi-
ku 5 pl. Nosny plyn argon, prdtok 25 mi/min. Teplotni program pece:
80 °C (1 min) — 3,5 °C/min — 150 °C (10 min). Teplota spojeni GC-
TEA ¢inila 230 °C

Detektor TEA 502 A byl na vstupu opatfen CTR filtrem (Thermo
Electron Corp., USA). Teplota pyrolyzni pece 485 °C. Prutok kysliku
20 ml/min. Vakuum — 80 Pa (0,6 torr resp. mm Hg). Pratok nosného
plynu argonu €inil 25 ml/min.

VytéZnost metody byla ovéfena metodou standardniho pfidavku
a Cinila u NSAR 55,3 %, NPRO 63,0% a NPIC 133%. S ohledem
na pfiblizné polovi¢ni vytéznost u NSAR a NPRO v porovnani s inter-
nim standardem byly proto veSkeré vysledky ziskané metodou vnitf-
niho standardu odpovidajicim zptsobem korigovany. Chromatogram
obohaceného vzorku piva pfidavkem NSAR, NPRO a NPIC na kon-
centraci 100 pg/l kazdé latky je zndzornén na obr. 1.

Odezva detektoru TEA byla v pouzivaném rozsahu koncentraci 0
az 100 g/l linearni.

Mez stanoveni €inila u NSAR, NPRO a NPIC 1 ug/l.

Obsah NDMA byl stanoven standardni metodou pomoci spojeni
GC-TEA (Spiegehalder et al., 1983, Culik et al., 1989).

6 ZISKANE VYSLEDKY A DISKUSE

Navrzeny extrakéni postup s vyuzitim sorbentu Extrelut 20 odstra-
nil problémy s tvorbou emulze, ke které dochazi v pfipadé klasické
extrakce v systému kapalina-kapalina. Maximalni objem zpracovava-
ného vzorku 15ml Ize povazovat za dostacuijici, i kdyz by bylo s ohle-
dem na stopova mnozstvi stanovenych latek vhodnéjsi zpracovavat
vétsi objem vzorku. Kapacita sorbentu to vS§ak neumoznuje. Ur€itou
moznosti by bylo paralelni zpracovani vzorku na vice kolonach s na-
slednym spojenim extraktd a jejich koncentrovanim. Pro nase ucely
vSak postacovalo zpracovani 15ml piva.

Na zakladé porovnani vysledkd vytéznosti NSAR, NPRO, které
jsou niz8i nez vytéznosti vnitfniho standardu NPIC, Ize usuzovat, ze
mohou byt tyto slouceniny, s ohledem na jejich rozdilnou polaritu,
vazany na povrchu sorbentu Extrelut 20 s rozdilnou intenzitou, napfi-
klad v disledku interakce s pfitomnymi silanolovymi skupinami.

Stanoveni methylestert N-nitrosoaminokyselin metodou kapilarni
plynové chromatografie s detektorem TEA lze povazovat za citlivé
a selektivni. Déleni analytll na pouzité koloné bylo, jak v pfipadé
standardd, tak i redlného vzorku piva obohaceného pfidavkem N-nit-
rosoaminokyselin, uspokojivé. Vyhodou pouziti widebore kapilarni
kolony je, kromé vy$e uvedenych pfednosti, i kratky ¢as analyzy, kte-
ry €inil v naSem pfipadé 20 minut.

Ve zkoumanych vzorcich komer&nich piv nebyla potvrzena pfitom-
nost NSAR. Mnozstvi stanoveného NPRO se pohybovalo v Uzkém
rozmezi < 1 az 11 ug/l. Obsah NPRO prekrocil hranici 10 % celkové-
ho obsahu ATNC pouze ve vyjimeénych pfipadech (tab.1). Ziskané
poznatky koresponduji s dfive publikovanymi udaji (Massey et al.,
1990, Johnson et al., 1988b).

Nebyl zjistén vzajemny vztah mezi obsahem NPRO a obsahem
ATNC. To potvrzuje predpoklad, ze se slozeni ATNC u piv jednotli-
vych vyrobcl muze podstatné lisit.

this temperature. The injection volume was 5 pL. The
temperature of the pyrolysis oven was 485 °C, the oxy-
gen flow rate was 20 mL/min. Vacuum — 80 Pa (0.6 torr or mm Hg).
The accuracy of the method was evaluated by using standard addi-
tion method. A NSAR recovery of 55.3 %, a NPRO recovery of 63.0 %
and a NPIC (internal standard) recovery of 133% were obtained.
Taking into account the approximate half recovery of NSAR and
NPRO when compared with the internal standard, all results were
correspondingly corrected. The response of the TEA detector was
linear within the concentration range from 0 to 100 pg/L. The detec-
tion limit for NSAR, NPRO and NPIC was 1 pg/L.
The content of NDMA was determined by a standard method by
using GC equipped with TEA detector (Spiegehalder et al., 1983,
Culik et al., 1989).

6 RESULTS AND DISCUSSION

The commonly used extraction in system liquid-liquid systems
causes emulsion formation. The proposed extraction procedure us-
ing Extrelut 20 eliminated this problem. The 15mL maximum volume
of beer sample was considered to be sufficient. Considering the trace
concentration of the substances determined it would be desirable to
collect larger volumes. However, the limiting factor was the capacity
of the sorbent column used. Alternatively, the beer samples could be
extracted in parallel on more columns and the combined extracts
could be then concentrated to the required volume. Nevertheless, for
our purpose the 15mL samples were adequate.

The recoveries of NSAR and NPRO standards are significantly
lower than that of the internal standard NPIC. The possible reason
could be the different polarity of these compounds. As a result of in-
teraction with the silanol group present, they are more strongly bond-
ed to the surface of the sorbent Extrelut 20.

The determination of the methyl esters of the N-nitrosoamino ac-
ids using a capillary gas chromatograph equipped with a TEA detec-
tor was satisfactorily sensitive and selective. The separation of the
analytes was satisfactory for both the original beer samples and for
the beer samples spiked with N-nitrosoamino acids. The additional
advantage of using a wide bored capillary column is the short analy-
sis time of 20 minutes.

The presence of NSAR in beer has not been confirmed (7ab.7).
The contents of NPRO were at the determination limit and varied
only slightly in interval < 1 az 11 ug/L in different beer samples.

The absolute values obtained were comparable to the former pub-
lished values (Massey et al., 1990, Johnson et al., 1988b). As shown
in Tab. 1, only exceptionally did the content of NPRO exceed the
limit of 10 % of the total ATNC content. No correlation has been found
between the NPRO content and the total content of ATNC. This fact
confirms the assumption that the ATNC content can differ significant-
ly in beers from different producers.

Due to the fact that the majority of nitrosamines have carcinogenic
effects, the requirement for the lowest possible content in beer is
fully justified and a further investigation in this field is desirable.
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Tab. 1 Obsah NDMA, NSAR, NPRO ve vzorcich komerénich piv rdznych vyrobcli / Contents of NDMA, NSAR and NPRO in samples of com-

mercial beers from different producers

Pivo / Beer Extrakt ptv. mlad. / NDMA NSAR NPRO NPRO * ATNC
Original Extract
[%] [pg/] [ng/] [na/] N-NO [ug/l] N-NO [pg/l]

A 12 0.2 ND 7.4 2.3 20
B 10 0.3 ND 8.0 2.5 53
C 12 0.2 ND 8.5 2.6 57
D 12 0.2 ND 8.9 2.7 20
E 12 0.2 ND 8.0 2.5 40
F 10 0.2 ND 7.8 2.2 32

G 12 0.3 ND 7.2 2.2 119
H 10 0.2 ND 9.3 2.8 174
| R D .

J 10 0.2 ND 7.8 2.4 38
K 12 0.2 ND 11.0 3.4 102
L 12 0.2 ND ND ND 22

M 12 0.2 ND ND ND 24

ND = pod mezi stanoveni ( NDMA < 0,1 ug/l, NSAR, NPRO < 1,0 ug/l ) / under the limit of determination (NDMA < 0,1 ug/L, NSAR, NPRO

<1,0ugl)

* = obsah NPRO stanoven pomoci GC-TEA a vyjadren jako ATNC / content of NPRO determined by GC-TEA and expressed as ATNC

Vzhledem k tomu, Ze vétSina nitrosamind vykazuje kancerogenni

nach opravnény a dalsi vyzkum na tomto poli Zadouci.
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