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Abstract— N-nitrosamines are carcinogenic compounds, which fonation in meat products depends from
different factors e.g., temperature, storage timeprecursors and/or added sodium nitrite. Sodium nitite is
important for meat processing as curing agent. Theaim of this study was to determine the role of
cadaverine and piperidine on the formation ofN-nitrosamines in heated cured meat products. Such
experimental products were processed with differenamounts of sodium nitrite ( 0 mg kg', 120 mg kg,
480 mg kg"), 1000 mg kg of cadaverine or 10 mg kg of piperidine, and heated at 85°C, 120°C, 160°C or
220°C. Experimental evidence was produced using gafiromatography in combination with Thermal
Energy Analyzer (GC-TEA). The obtained analytical esults were statistically evaluated by means of the
Univariate Analysis of Variance (ANOVA) approach. In the current study only N-nitrosodimethylamine
(NDMA) and N-nitrosopiperidine (NPIP) were detected. Addition & cadaverine and piperidine did not
affect the formation of NDMA. Otherwise the availallity of these compounds had a significant effectro
the NPIP yields. However the presents of piperidindias a major impact on the NPIP formation. The
higher the temperature and nitrite concentration the higher the amounts of botiN-nitrosamines.

Index Terms—cured meat products, GC-TEA,N-nitrosamines, N-nitrosopiperidine

[. INTRODUCTION

Occurrence of biogenic amines in meat productsm#pen technological processes, microbiologicalistaf
the raw materials and the presence of precursats asl biogenic amines (Saccani, Tanzi, PastoreallCéy
Rey, 2005; Halasz, Barath, Simon-Sarkadi & Holzg{df@94). Cadaverine is one of the most commonédriay
amines in these materials. High amounts of cadaednave been related to low quality of raw materaid
relatively high counts of enterobacteria. In theseumstances amounts of cadaverine can raise@ari2kg"
(Bover-Cid, Miguelez-Arrizado, Latorre Moratalla\idal Carou, 2006; Berthold & Nowosielska, 2008).

N-nitrosamines are formed by the reaction of secgndaines (such as cadaverine or putrescine) with a
nitrosating agent during the curing process (Sdoeaal., 2005). Their formation depends on varidifferent
parameters associated with preparation, storage tladnal processing of the cured raw materials. The
concentration of volatiléN-nitrosamines grows with elevated temperatures tamd (Sen, Seaman & Miles,
1979; Drabik-Markiewicz, Van den Maagdenberg, DeyMBeprez, Kowalska & Paelinck, 2009; Drabik-
Markiewicz et al., 2010). A considerable role ire tftormation of carcinogenibl-nitrosamines plays sodium
nitrite, which is added to meat for the colour dtavour formation and also as preservative (Doska &
Kowalski, 2002). Therefore the permitted amounnitfite in cured meat products has been regulatethe
European Commission (Directive 95/2/EC) which priges maximum addition of sodium nitrite at a leoél
150 mg kg processed meat.

Wei et al. (2009) suggested thddnitrosopiperidine may be formed from piperidinecadaverine, which can
be formed by decarboxylation of lysine. Also Shgl§b996) and Ciemniak (2006) pretend that cadaeecan
be converted to piperidine from whidhnitrosopiperidine is formed by heating.



The aim of presented research was to determinentihéence of the cadaverine and piperidine on the
formation of N-nitrosoamines in cured meat products with or withthe addition of sodium nitrite under
different heating conditions.

II. MATERIALS AND METHODS

Preparation and processing of meat model: The samples were prepared according to a coo&edrhodel in
which lean meat was mixed with brine containing 88, 0.3% phosphate and different amounts of sodiu
nitrite (0, 120 or 480 mg kY and 0 or 1000 mg Kgcadaverine or 10 mg Kgpiperidine. The samples were
heated for 30 minutes using different temperatioesiimic the industrial processes: pasteurizati®s°C),
sterilization (120°C), baking (160°C) and roast{28@0°C).GC-TEA analysis: Preparation of meat samples for
chromatographic analysis embraced three principals vacuum distillation, extraction accordindhiie method
of Gasarasi et al. (2003), and in the final phassdensation in the Kuderna-Danish apparatus. Mhe
nitrosamines were analyzed and identified by thérev@ergy analyzer (TEA) which is a selective gas-
chromatographic (GC) detector fbknitroso compounds. The appearance of five volafieitrosamines -
nitrosodimethyalminelN-nitrosodiethylamineN-nitrosodibutylamineN-nitrosopiperidineN-nitrosopyrrolidine)
was investigated in the processed meat samfatistical evaluation: For evaluation of an impact of the
temperature and concentration of sodium nitriteh@N-nitrosamine formation Analysis of Variance (ANOVA)
in two-factor mode was used. Models were builtdfach subsets: (1) blank meat samples processedtasasd
samples fortified with (2) cadaverine or (3) pipéme. TheN-nitrosamines models were visualized as 3D
response surface plots.

lll. RESULTS AND DISCUSSION

Although the analytical method is capable to deieenfive volatile nitrosaminedn the current study, only
two nitrosamines were detected frequentNtnitrosodimethylamine andl-nitrosopiperidine). At the higher
meat processing temperatures and the higher amafnsodium nitrite NDMA was detected in higher
concentrations. However, the higher amounts of Nhsitrosamine were not due to the addition of the
investigated precursors. The results obtained fthencurrent study demonstrated a considerable implac
cadaverine and piperidine on thenitrosopiperidine formation. In the case of thartd subset only 2 positive
results could be detected. Addition of piperidirges la major impact on the NPIP formation. Althoulght tthe
meat samples were fortified with 1000 mg‘kgpdaverine and only 10 mg keiperidine, the amounts of
formed NPIP were much higher for piperidine (Fi}. Maximum concentration of NPIP reached the lexfel
0.97 ng kg' in the case of cadaverine and 8;2) kg* when piperidine was added. Additionally the meat
processing temperature and the addition of sodiitritenincreased the NPIP amounts. It is shown abl€ 1
that the temperature had the largest effect foawaidne, while for piperidine this is the casedodium nitrite.

Table 1. Results of the ANOVA analyses (F and pueslfor the factors and interactions) on the NPIP
concentrations observed in (A) individual data setd (B) combined data sets; bold: significant teetu=0.05
level.

(A)
Data set
Factor Cadaverine Piperidine
(1000 mg k) (10 mg k@)
F p F p
temperature 9.79 0.000 56.66 0.000
[NaNG,] 5.64 0.008 519.96 0.000
temperaturex[NaNg) 3.44 0.011 32.69 0.000




(B)

Data set

Factor Blank + Cadaverine Blank + Piperidine

F p F p
temperature 10.86 0.000 84.98 0.000
[NaNG)] 4.98 0.010 760.94 0.000
precursor 37.35 0.000 1399.76 0.000
temperaturex[NaNg 3.80 0.003 48.39 0.000
temperaturexprecursor 9.56 0.000 85.61 0.000
[NaNG;]xprecursor 6.32 0.003 773.22 0.000
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Fig. 1. 3D response surface plots of the NPIP catnaon as a function of temperature and nitrdaaentration
for samples fortified with (A) cadaverine and (Bpgridine.

V. CONCLUSION

In the presented study only twé-nitrosamines were detected. From the experimeetallts, it could be
concluded that higher meat processing temperatangs higher amounts of sodium nitrite yielded higher
amounts ofN-nitrosodimethylamine and\-nitrosopiperidine. Addition of cadaverine and pigime did not
affect the formation of NDMA. Otherwise addition tifese compounds had a significant effect on th&PNP
yields. The addition of piperidine has a major ictpan the NPIP formation than cadaverine.
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