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Na rozdil od N-nitrosamint tékavych je toho v pivovarstvi o nitrosaminech netékavych, jejich hlavnich predstavitelich a mechanismech
vzniku, zndmo velmi malo.

V prvni ¢asti publikace vénované problematice netékavych nitrosamint byly proto podany zakladni informace tykajici se jejich vyskytu,
mechanismu vzniku a metod stanoveni v pivu a ostatnich potravinach.

Tato ¢ast je vénovana vysledkim studia uc¢inkt UV zareni na celkové nitrosovatelné latky (ATNC) a jejich slozky, N-nitrosoaminokyse-
liny nitrososarkosin (NSAR) a nitrosoprolin (NPRO) a hlavniho zastupce tékavych N-nitrosamint v pivu N-nitrosodimethylamin (NDMA).
Cilem prace bylo uréit na zakladé znalosti zmén obsahu a prabéhu rozkladu jednotlivych predstavitell pfi ozafovani jejich povahu a podil
na celkovém obsahu ATNC v pivu. Aby bylo mozné nalézt rozdily v pribéhu rozkladu ATNC, N-nitrosoaminokyselin a NDMA pusobenim
UV svétla, byl sledovan rozklad celkovych nitrosovatelnych latek (Apparent Total N-Nitroso Compounds, ATNC) a dale vybranych N-nit-
rosoaminokyselin v plivodnim a obohaceném pivu. Ke stanoveni vybranych zastupct netékavych nitrosaminli, N-nitrosoaminokyselin
nitrosoprolinu (NPRO) a nitrososarkosinu (NSAR), tvoficich urcity neznamy podil ATNC v pivu, byla pouzita metoda zaloZzena na detekci
jejich methylesteri pomoci plynové chromatografie a chemiluminiscenéni detekce detektorem TEA. Obsah tékavych N-nitrosaminl byl
stanoven pomoci pfistrojového spojeni GC-TEA, obsah ATNC metodou Walterse et al.

Culik, J. - Horak, T. - Cejka, P. — Jurkova, M.: Non-volatile N-nitrosamines in brewing industry. Part Il. — Study of the Effect of UV
Irradiation on the ATNC and Some Representatives of N-nitrosoaminoacids in Beer. Kvasny Prum. 58, 2012, No. 2, p. 26-29.

Contrary to volatile N-nitrosamines, about mechanism of decomposion of apparent total N-nitroso compounds and non-volatile nitro-
samines e.g. N-nitrosoaminoacids in beer 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.

The second part of this article is dedicated to the study of the efect of UV irradiation on the ATNC and their some components
N-nitrosoaminoacids nitrososarkosine (NSAR), nitrosoproline (NPRO and the main representative of volatile N-nitrosamines N-nitroso-
dimethylamine (NDMA) in beer. The purpose of this study was to assign previously unknown contents of selected nitroso compounds
found in the ATNC in beer on the account of knowledge about changes of their content and process of degradation during UV irradia-
tion. In order to find the differences between degradation processes of ATNC, N-nitrosoaminoacids and NDMA during exposure to UV
light, the decomposition of the ATNC originally present in beer and the decomposition of selected non-volatile nitrosamines added in
a model beer were studied. The determination of selected non-volatile nitrosamines and N-nitrosoamino acids N-nitrosoproline (NPRO)
and N-nitrososarcosine (NSAR) was accomplished using a slightly modified gas chromatographic method based on the chemilumine-
scence detection of the methyl-esters with a thermal energy analyzer (TEA) detector The content of volatile N-nitrosamines was also
determined by using the connection GC-TEA. For the determination of the ATNC content, the method Walters et al. was applied.

Culik, J. — Horak, T. — Cejka, P. — Jurkova, M.: Unfliichtige N-Nitrosamine im Brauwesen. Teil Il. - Das Studium der UV Strahlungs-
wirkungen auf ATNC und auf die ausgesuchtene N-Nitrosoaminosauren im Bier. Kvasny Prum. 58, 2012, Nr. 2, S. 26-29.

Zum Unterschied von den fllichtigen N-Nitrosaminen gibt”s in dem Brauwesen nur zu wenige Informationen tber unfliichtigen N-Ni-
trosaminen. Im den ersten Teil unserer Arbeit, der der Problematik von unfliichtigen N-Nitrosaminen gewidmet sei, wurden die Grundin-
formationen Uber das Vorkommen von unfliichtigen Nitrosaminen, Mechanismus des Entstehens und Methoden ihrer Feststellung im
Bier und in den anderen Lebensmitteln bekanntgemacht. Im den Il. Teil wurde die Aufmerksamkeit den Ergebnissen des Studiums der
UV Strahlungswirkungen auf die gesamte nitrosierbaren Stoffe (ATNC) und ihre Komponente N-Nitrosoaminoséuren, Nitrososarkosin
(NSAR) und Nitrosoprolin (NPRO) und auf den Hauptvertreter der unfliichtigen N-Nitrosamine auf den N-Nitrosodimethylamin (NDMA)
im Bier gewidmet. Um die Unterschiede wahrend der ATNC, N-Nitrosoaminoséuren- und NDMA — Zerlegung durch die UV Bestrahlung
feststellen zu kdnnen, wurde die Zerlegung der gesamten nitrosierbaren Stoffen (Apparent Total N-Nitroso Compounds, ATNC), weiter
hin eine Zerlegung der ausgesuchten N-Nitrosoaminosauren im urspringlichen und im angereichten Bier ermittelt. Zur Bestimmung der
ausgesuchten unfliichtigen Nitrosaminenvertreter (N-Nitrosoaminosdurennitrosoprolin (NPRO) und Nitrososarkosin (NSAR), die einen
gewissen unbekannten ATNC Anteil im Bier bilden, wurde eine auf Grund einer Methylesterdetektion mittels Gaschromatographie und
Chemiluminiszendetektion mittels TEA Detektor gegriindete Methode angewandt. Der Gehalt an fllichtigen N-Nitrosamine wurde durch
Instrumentsverbindung GC-TEA und Gehalt an ATNC durch Methode Walters et al. ermittelt.

Klicova slova: netékavé nitrosaminy, ATNC, Apparent Total N-Nitro- =~ Keywords: non-volatile nitrosamines, ATNC, Apparent Total N-Ni-
so Compounds, NSAR, NPRO, rozklad, analyza, pivo troso Compounds, nitrososarkosine (NSAR),nitrosoproline (NPRO),
UV light, decomposition, beer
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1 UVOD

Vyznaénou vlastnosti N-nitrosamin( je jejich fotosensibilita. K roz-
kladu svétlem dochazi jak ve viditelné, tak i ultrafialové oblasti (Chow,
Y. L. a Colon, C. J., 1968, Chow, Y. L., 1973). Detailnim studiem cho-
vani N-nitrosamin( po UV ozafeni ve vodném prostredi se zabyvali
Volmer et al. (Volmer, D. A. a Lay, J. O., 1996).

2 MATERIALY A METODY

Detailné byly jednotlivé analytické postupy stanoveni tékavych
a netékavych nitrosamin a ATNC popsany v prvnim dile této publi-
kace (Kellner, V. a Culik, J. 1991, Culik J. a Kellner V. 1989, Culik J.
a Hordk T. 2012).

Uginky UV zafeni na kinetiku rozkladu t&kavych a netékavych
N-nitrosamint v pivu byly studovany pomoci modelovych zkousek
na plvodnich a obohacenych vzorcich piv. Z dlivodu vzajemné po-
rovnatelnosti vysledk( a s ohledem na minimalizaci mozného vlivu
matriéniho efektu, byly vyjadfeny plvodné pfitomné latky i pfidané
tékavé a netékavé nitrosaminy jako celkové ATNC. Pfitomnost téka-
vych N-nitrosamini v modelovém vzorku byla simulovana pfidav-
kem N-nitrosodimethylaminu (NDMA). V pfipadé netékavych
N-nitrosamint byl jejich obsah v modelovém vzorku zvy$en pridav-
kem smési_N-nitrosoaminokyselin NPRO, NSAR a NPIC (vnitfni
standard). Casové zavislosti rozkladu NDMA a N-nitrosoaminoky-
selin v pivu pdsobenim UV svétla jsou znazornény na obr. 1a 2.

Pracovni postup byl nasledujici: 5 ml piva 0 znamém obsahu ATNC
bylo smiSeno s 5 ul standardniho roztoku NDMA (o pfiblizné koncen-
traci 200 mg/l) nebo s 3 x 5ul standardniho roztoku NPRO, NSAR
resp. NPIC (o pfiblizné koncentraci 100 mg/l). Obohacené vzorky
byly ozafovany z bezprostfedni vzdalenosti pomoci UV vybojky (vl-
nova délka 200-280 nm, prevazujici slozka UV ¢inila 254 nm)
po dobu 14 hodin. V pfesné stanovenych ¢asovych intervalech byly
odebrany vzorky neobohaceného a obohaceneho piva rozdilnych
vyrobcU a tyto analyzovany na celkovy obsah ATNC (Kellner, V. a Cu-
lik, J. 1991), obsah NDMA (Culik J. a Kellner V. 1989) a N-nitrosoa-
minokyselin (Culik, J. a Horék, T. 2012).

3 ZISKANE VYSLEDKY A DISKUSE

Ve zkoumanych vzorcich komerénich piv nebyla potvrzena pfitom-
nost NSAR. Mnozstvi stanoveného NPRO se pohybovalo v Uzkém
rozmezi < 0,1 az 11 ug/l.

Studium ucinkd UV zafeni na tékavé a netékavé nitrosaminy pfi-
tomné v pivu pfineslo nékteré zajimaveé vysledky.

KFivky rozkladu tékavého nitrosaminu NDMA, netékavych N-nitro-
soaminokyselin i plvodné pfitomnych ATNC vykazuji obdobny pra-
béh (obr. 1 a 2). Z toho Ize usuzovat, Ze se v pfipadé ATNC jedna
o komplex slou€enin pfibuznych tékavym a netékavym nitrosamindm.

Zajimavym jevem, se kterym jsme se setkali u vétSiny piv, bylo
kolisani obsahu tékavych nitrosaminu i netékavych N-nitrosoamino-
kyselin v prvnich osmi hodinach po zapoceti ozafovani. Moznym vy-

Obr. 1 Casova zavislost ubytku NDMA v pivu pisobenim UV zéfeni
(vyjadreno jako ATNC) / Fig. 1 Time correlation for NDMA losses in
beer during exposure to UV light (expressed as ATNC)

1 INTRODUCTION

A distinctive property of N-nitrosamines is their photosensitivity.
Decomposition is running in both the visible and the ultraviolet light
regions (Chow, Y. L. a Colon, C. J., 1968, Chow, Y. L. 1973). Volmer et
al. (Volmer, D. A. a Lay, J. O. 1996) published a detailed study of the
behaviour of N-nitrosamines in water solutions after UV exposure.

2 MATERIAL AND METHODS

Detailed were the individual analytical procedures for estimation of
volatile and non-volatile nitrosamines and ATNC described in the fi-
rost part of this article (Kellner, V. and Culik, J. 1991, Culik J. and
Kellner V. 1989, Culik J. and Horék T. 2012)

The influence of UV light on the kinetics of degradation volatile and
non-volatile N-nitrosamines in beer was studied by means of model
experiments with original and spiked beer samples.

In order to compare the results and with regards to the possible
influence of a matrix effect, the compounds originally present and the
volatile and non-volatile nitrosamines added were determined as to-
tal ATNC. The presence of volatile N-nitrosamines in a model sample
was simulated by addition of N-nitrosodimethylamine (NDMA). For
the determination of non-volatile N-nitrosamines the samples were
spiked with a mixture of N-nitrosoamino acids NPRO, NSAR and
NPIC (internal standard). The degradation of NDMA and N-ni-
trosoamino acids due to UV light over time are shown in Fig. 1 and 2.

The procedure was as follows: 5mL of a beer sample with a known
content of ATNC were mixed with 5 pL of standard solution of NDMA,
(approx. concentration = 200 mg/L) or with 3 x 5 pL of standard solu-
tions of NPRO, NSAR and NPIC, (approx. concentrations = 100 mg/L).
The spiked samples were exposed from a short distance to UV light
emitted by a UV lamp (wavelength from 200-280 nm, with dominate
wavelength of 254 nm). The samples of spiked and non-spiked beers
were taken at precisely measured time intervals and analyzed for the
total content of ATNC (Kellner, V. a Culik, J. 1991). The contents of
NDMA (Culik J. a Kellner V. 1989) and N-nitrosoamino acids (Culik, J.
a Horak, T. 2012) resulted from the difference between the ATNC
contents of the spiked and non-spiked samples.

By using the methods described above, the contents of volatile
N-nitrosamines, N-nitrosoamino acids and total ATNC in beer sam-
ples from different producers were determined. After exposure of the
beer samples to UV light for 14 hours, the same analyses were re-
peated.

3 RESULTS AND DISCUSSION

In the tested beer samples no NSAR was detected. The amount of
NPRO measured varied in a narrow range from <0.1 to 11 pg/L.

The study concerning the influence of the UV-rays on volatile and
non-volatile nitrosamines brought some interesting results.

The degradation processes of the volatile nitrosamines, the non-
volatile N-nitrosoamino acids and the ATNC originally present in beer

Obr. 2 Casova zavislost tbytku NSAR, NPRO a NPIC v pivu ptisobe-
nim UV zareni (vyjadreno jako ATNC) / Fig. 2 Time correlation for
NSAR, NPRO and NPIC losses in beer during exposure to UV light
(expressed as ATNC)
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svétlenim by mohl byt silny matriéni efekt, nelze vSak vylougit ani
moznost pribéhu transnitrosacnich reakci.

V tab. 1 jsou uvedeny obsahy jednotlivych zastupcd nitrosamin(
ve vzorcich komer&nich piv pfed jejich ozarfenim UV.

Je ziejmé, Ze Ize v porovnani s N-nitrosoaminokyselinami a celko-
vymi ATNC povazovat pfispévek NDMA za zanedbatelny. Je to di-
sledek opatfeni vedouci ke sniZzeni jeho obsahu ve sladu. Obsah
NPRO se u jednotlivych vzorku pfili§ neménil a pohyboval se na mezi
stanovitelnosti. Naméfené absolutni hodnoty se blizi publikovanym
udajum (Massey, R. a Dennis, M. J. 1990, Johnson P. a Pfab J. 1988).
Jak vyplyvéa z tab. 1, obsah NPRO prekrodil hranici 10 % celkového
obsahu ATNC pouze ve vyjime¢nych pfipadech. Vzajemny vztah
mezi obsahem NPRO a celkovym obsahem ATNC vsak zjistén ne-

show a similar pattern (Fig. 1, 2). This fact indicates that the other
compounds belonging to the ATNC group are similar to volatile and
non-volatile nitrosamines.

Another phenomenon which occurred with the majority of the
beers was the fluctuation in the content of volatile nitrosamines and
non-volatile N-nitrosoamino acids during the first 8 hours after the
exposure to UV light. The possible explanations could be a strong
matrix effect or a process of transnitrosation reactions.

In Tab. 1the contents of some nitrosamine compounds from com-
mercial beer samples before UV light exposure are summarized.

It is obvious that in comparison to N-nitrosoamino acids and the
total ATNC the amount of NDMA in beer is negligible. The low NDMA
content is a result of actions for its reduction in the malt. The pres-

Tab. 1 Po¢ate¢ni obsah NDMA, NSAR, NPRO ve vzorcich komerénich piv riznych vyrobcl (pfed ozarenim UV svétlem / Initial contents of
NDMA, NSAR and NPRO in samples of commercial beers from different producers (before exposure to UV light)

Pivo / Beer Extrakt plv. mlad. / NDMA NSAR NPRO NPRO * ATNC
Original Extract
[%] [ug/l] [ug/] [ug/] N-NO [ug/I] N-NO [ug/1]

A 12 0.2 ND 7.4 23 20
B 10 0.3 ND 8.0 25 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 25 40
F 10 0.2 ND 7.8 22 32
G 12 0.3 ND 7.2 22 119
H 10 0.2 ND 9.3 2.8 174
| nealko pivo b/ef;(;n-a/coholic ND ND 8.3 25 71

J 10 0.2 ND 7.8 24 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

Tab. 2 Konec¢ny obsah NDMA, NSAR, NPRO ve vzorcich komerénich piv riznych vyrobct (po ozareni UV svétlem) / Final contents of NDMA,
NSAR and NPRO in samples of commercial beers from different producers (after exposure to UV light)

Pivo / Beer Extrakt ptv. mlad. / NDMA NSAR NPRO NPRO * ATNC
Original Extract
[%] [no/l] [na/l] [ng/l] N-NO [pg/1] N-NO [pg/l]
A 12 ND ND 4.1 1.3 8
B 10 ND ND 4.1 1.3 22
C 12 ND ND 45 1.4 24
D 12 ND ND 4.5 1.4 7
E 12 ND ND 3.7 1.1 10
F 10 ND ND 3.1 1.0 12
G 12 ND ND 2.9 0.9 45
H 10 ND ND 4.3 1.3 68
| nealko pivcij /e Z;)nalcoholic ND ND 37 11 26
J 10 ND ND 4.1 1.3 15
K 12 ND ND 3.8 1.2 73
L 12 ND ND ND ND 17
M 12 ND ND ND ND 10

ND = pod mezi detekce / under the determination limit (NDMA < 0.1 ug/L, NSAR, NPRO < 1.0 ug/L)
* = obsah NPRO stanoven pomoci GC-TEA a vyjadren jako ATNC / content of NPRO determined by GC-TEA and expressed as ATNC
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Tab. 3 Porovnani prabéhu rozkladu NPRO a ATNC v pivu plisobenim UV zafeni/ Comparison of the decomposition processes for NPRO and

ATNC in beer after exposure to UV light

Pivo / Beer | NPRO (ptvodni/ NPRO Ubytek NPRO/ | ATNC (ptvodni / ATNC Ubytek / Loss of
original)* (po ozareni / after| loss of NPRO original) (po ozareni / after ATNC
UV exposure)* UV exposure)

N-NO (pg/l) N-NO (pg/l) (%) N-NO (pg/l) N-NO (pg/l) (%)

A 2.3 1.3 43 20 8 60
B 25 1.3 48 53 22 58
C 2.6 1.4 46 57 24 58
D 2.7 1.4 48 20 7 65
E 2.5 1.1 56 40 10 75
F 2.2 1.0 54 32 12 63
G 2.2 0.9 59 119 45 62
H 2.8 1.3 54 174 68 61
I 2.5 1.1 56 71 26 63
J 2.4 1.3 46 38 15 60
K 3.4 1.2 65 102 73 28
L ND ND - 22 17 23
M ND ND - 24 10 58

ND = pod mezi detekce / under the determination limit (NDMA < 0.1 ug/L, NSAR, NPRO < 1.0 ug/L)
* = obsah NPRO stanoven pomoci GC-TEA a vyjadren jako ATNC / content of NPRO determined by GC-TEA and expressed as ATNC

byl, coz ve svém dusledku znamend potvrzeni predpokladu, ze se
muze sloZzeni ATNC u jednotlivych vyrobcd diametrainé lisit.

Vysledky ziskané po ozareni vzorkd komerénich piv po dobu 14
hodin jsou uvedeny v tab. 2 a porovnani pribéhu Ubytku ATNC
a NPRO v téchto vzorcich v tab. 3. Namérfené Ubytky nitrosoaminoky-
selin u realnych vzorkd odpovidaly zménam pozorovanym v pfipadé
modelovych zkou$ek. U piv riznych vyrobcl nebyly pozorovany sta-
tisticky vyznamné rozdily ubytk(l N-nitrosoaminokyselin, at jiz v zavis-
losti na obsahu extraktu ptivodni mladiny, tak na zna¢ce vyrobku.

Z vySe uvedeného tedy vyplyva, Ze vice nez 90% ATNC v pivu
tvori latky dosud nezjiSténé podstaty. S ohledem na jejich experimen-
talné zjisténou fotosenzibilitu Ize prfedpokladat, ze se jedna o latky
s obdobnymi fyzikalné-chemickymi vlastnostmi, jakymi se vyznacuji
tékavé nitrosaminy. Ziskané poznatky tak koresponduji se zavéry
Johnsona et al. (Johnson, P. a Pfab, J. 1988), podle nichz tvofi NPRO
v pivu pfiblizné 10% obsahu ATNC, pfi¢emz neni pfitomny NPRO
pravdépodobné vazan peptidickymi vazbami. Vysledky spiSe na-
svédéuji tomu, Ze jsou ATNC v pfevazné mife tvofeny nizkomoleku-
larnimi latkami obsahujicimi karboxylovou skupinu.
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ence of NSAR in beer has not been confirmed. The contents of
NPRO were at the determination limit and varied only slightly in dif-
ferent beer samples.

The absolute values obtained were comparable to the published
values (Massey, R. a Dennis, M. J. 1990, Johnson P. a Pfab J. 1988).
As shown in Tab. 1, only exceptionally did the content of NPRO ex-
ceed 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 significantly in beers from different producers.

The results for the beer samples obtained after 14hours of UV light
exposure are shown in Tab. 2. The comparison of ATNC and NPRO
losses in these samples are presented in Tab. 3. The measured loss-
es of N-nitrosoamino acids in original (non-spiked) samples corre-
sponded to the changes observed in model tests. No significant dif-
ferences were observed between the reductions in N-nitrosoamino
acids contents for beers from different producers. No dependence on
the extract content in the wort or on a brand name has been found.

The results described above indicate that more than 90% of the
ATNC in beer are still unknown substances. With regards to their ex-
perimentally proven photosensitivity, compounds with similar physico-
chemical properties as volatile nitrosamines can be assumed.

These findings are in agreement with the conclusions of Johnson
et al. (Johnson, P. a Pfab, J. 1988). According to him NPRO repre-
sents only about 10 % of the total ATNC content and is probably not
bound with peptide bonds. The results indicate rather that the ATNC
are mostly low molecular substances with a carboxyl group.
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