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Regarding food borne intoxications, the accumulation of biogenic aminesmust be avoided in all kinds of food prod-
ucts. Moreover, biogenic amines can function as precursors for the formation of carcinogenicN-nitrosamines when
nitrite is present. To estimate the food safety of the dry fermented sausages available on the Belgian market, a
screening of the residual sodium nitrite and nitrate contents, biogenic amines and volatile N-nitrosamine concen-
trations was performed on 101 samples. Themedian concentrations of residual NaNO2 and NaNO3were each indi-
vidually lower than 20 mg/kg. In general, the biogenic amine accumulation remained low at the end of shelf life.
Only in one product the amounts of cadaverine and putrescine reached intoxicating levels. Concerning the occur-
rence of N-nitrosamines, only N-nitrosopiperidine and N-nitrosomorpholine were detected in a high number of
samples (resp. 22% and 28%). No correlation between the presence ofN-nitrosamines and the biogenic amines con-
tent was observed. Although the N-nitrosamines could not been linked to specific product categories, the occur-
rence of N-nitrosopiperidine could probably be attributed to the use of pepper.

© 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Fermentation and drying of meat have been used for centuries to
prevent the spoilage at room temperature. In fact, the manufacturing
of sapid and shelf stable dry fermented sausages became an art and pro-
vided the market with a very diverse range of delicacies. The variety
in process parameters and meat batter formulations, such as the fresh
meat origin and used spices, is endless. In Europe a distinction can
roughly be made between Northern and Southern types of fermented
sausages. On the one hand, Mediterranean products (Southern types)
are characterized by a long ripening time,which results in a lowwater ac-
tivity (aw b 0.90) and a rich aromatic profile. These products, e.g. Italian
Milano Salami and French Rosette, are often covered with molds which
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contribute to the specific flavor, due to proteolysis. On the other hand,
Northern dry fermented sausages have a distinctive acidification step
and a shorter drying period, resulting in a final pH between 4.5 and 5.0,
and higher water activity (aw N 0.90). Instead of covering the surface
with molds, the surface of these sausages is smoked, e.g. Dutch
Boerenmetworst and German Cervelatwurst, to prevent undesired
yeast growth. In most cases pork meat is used, while combinations of
pork and beef can be found in types like Salami d'Ardennes and horse
meat in Boulogne. Furthermore, for religious considerations turkey is
used toprovide halal products. Besides the application of different process
parameters and/or meats to obtain a characteristic taste, extraordinary
seasonings, for instance, sweet paprika in Spanish Chorizo, or excessive
amounts of spices, like black pepper in pepper salami, are often added
(Toldrá, 2007).

Regardless all differences in formulations, preservatives, like nitrite
(KNO2/E249 and NaNO2/E250) and indirectly nitrate (NaNO3/E251 and
KNO3/E252), are generally used to avoid the growth of putrefactive and
pathogenic bacteria, like Clostridium botulinum. Moreover, nitrite will
serve as processing adjuvant in the sense that it promotes the color for-
mation, delays lipid oxidation and gives the product a typical cured
meat flavor. Despite the given advantages, excessive intake of nitrite
can induce methaemoglobinemia. Therefore the addition of nitrite and
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nitrate in meat products is restricted to 150 mg/kg for each additive
(Official Journal of the EU, 2006). Nitrite can also be converted to the
nitrosating agent NO+ which can react with biogenic amines to form
carcinogenic N-nitrosamines (Honikel, 2008).

Biogenic amines are basic nitrogenous compounds, formed bydecar-
boxylation of free amino acids. They can occur in dry fermented prod-
ucts in high concentrations since their accumulation is mainly related
to the action of decarboxylase-positive bacteria andmeat enzymes dur-
ing the fermentation and ripening. Thereby, during the sausage process-
ing, other intrinsic and extrinsic factors, such as salt content and drying
parameters, are influencing the biogenic amine formation rate (Suzzi &
Gardini, 2003). The wide range in product formulations and hygienic
practices is reflected in a great variety of types and amounts of biogenic
amines. In viewof food safety, elevated concentrations of biogenic amines
must be avoided. For instance, histamine (HIS) and tyramine (TYR)
may induce migraines and hypertensive crises in sensitive individ-
uals (Latorre-Moratella et al., 2008). Moreover, putrescine (PUT) and
cadaverine (CAD) are known to intensify the adverse effects of HIS
and TYR as they compete for some of the mechanisms involved in their
detoxification (Bardocz, 1995). In addition to the direct toxicological ef-
fects, it was proven that the biogenic amines (PUT and CAD) and the nat-
ural polyamines spermine (SPM) and spermidine (SPD) canbeprecursors
of the carcinogenic N-nitrosamines during the heating of meat products
(Drabik-Markiewicz et al., 2011). These amines successively undergo
deamination and cyclization to secondary amines before reacting with
the nitrosating agent (NO+). In this way CAD can be converted to
N-nitrosopiperidine (NPIP), while PUT, SPM and SPD can form N-
nitrosopyrrolidine (NPYR) (Hernández-Jover, Izquierdo-Pulido, Veciana-
Nogués, Mariné-Font, & Vidal-Carou, 1997).

The concern about the presence of N-nitrosamines in meat products
finds its origin in the late 1960s, early 1970s, when high concentrations
of N-nitrosodimethylamine (NDMA) and NPYR were detected in
fried bacon. To control this contamination, the amount of added ni-
trite was limited and the use of nitrite-scavenging anti-oxidants
like ascorbate was introduced in the meat production (Gray & Dugan,
1975). However, in the period 1980–1986, meat andmeat products con-
tributed for approximately 80% to the total volatile N-nitrosamine intake
of Swedish food products (Österdahl, 1988). In the same period, a survey
of several foods present on the Italian market showed that all of
the four analyzed salami samples, were contaminated with vari-
ous amounts of N-nitrosamines, e.g. NDMA (0.59–7.76 μg/kg), N-
nitrosodimethylamine (NDEA, nd−4.04 μg/kg), N-nitrosodibutylamine
(NDBA, 0.73–50.12 μg/kg) and NPIP (nd−0.38 μg/kg) (Gavinelli,
Fanelli, Bonfanti, Davoli, & Airoldi, 1988). More recently lower, N-
nitrosamine levels in several meat products have been reported
(Domanska & Kowalski, 2003; Yurchenko & Mölder, 2007).

The aim of this study was to examine the safety of dry fermented
sausages available on the Belgian market, regarding the occurrence of
nitrite, nitrate, biogenic amines and volatileN-nitrosamines. In addition,
the data was explored by multivariate methods, more specifically prin-
cipal component analysis (PCA) and hierarchical cluster analysis (HCA)
in order to search for patterns in the occurrence of biogenic amines and
N-nitrosamines in the commercial meat products, and their relation
with physical and chemical characteristics.

2. Materials and methods

2.1. Samples

A total of 101 dry fermented sausages were collected in spring 2011
representing the currentmarket supply of 4major food stores in Belgium.
In stores 1 and 2, classified as supermarkets, promoting A-brands, 38 and
33 samples, respectively, were purchased. In stores 3 and 4, two discount
stores selling low-budget products, the range was restricted to 22 and 8
products, respectively. The dry fermented sausages were categorized
by label information. The products were stored at 7 °C until the end of
shelf life. After the storage period, the whole sample was minced and
homogenized in a 2096 Homogenizer (FOSS, Hillerød, Denmark) and
divided into portions to perform the analyses.

2.2. Physicochemical analyses

The pH of theminced sausage samples wasmeasured by inserting
the glass pH electrode (KnickPortamess, Elscolab, Terschuur, The
Netherlands). The water activity (aw) was determined using an elec-
tronic hygrometer (Aqualab, Decagon Devices, Pullman, USA). Moisture
content was determined by drying a homogenized test portion to con-
stant mass at 103 °C (ISO 1442, 1997). Subsequently the dried test por-
tion was extracted with n-hexane in order to determine the free fat
content (ISO 1444, 1996). The protein content was estimated from
the amount of nitrogen measured by the Kjeldahl method (ISO 937,
1978). Salt percentage, expressed as % NaCl, was determined by the
argentometric method (Gros, Bruttel, & von Kloeden, 2005) using an
automatic titrator (Titrino, Metrohm, Herisau, Switzerland). All report-
ed values represent the mean of three random measurements of the
sausage sample.

2.3. Residual nitrite and nitrate determination

Aliquots (1 g) of the dry fermented sausage samples were extracted
by adding 10 mlhot ultra-purewater followed by incubation for 15 min
in a hot water bath (ED-19, Julabo, Allentown, USA) at 55 °C. Subse-
quently, the mixture was centrifuged (Heraeus Labofuge 200, Thermo
Fisher Scientific, Waltham, USA) for 10 min at 1000 g. The supernatant
was deproteinized with 5 ml acetonitrile (HPLC grade, Thermo Fisher
Scientific) and incubated at 4 °C to solidify the fat for easy removal.
The extracts were filtered through an Acrodisc syringe filter GxF/Glass
(∅ 25 mm, Pall, Zaventem, Belgium) and the volume adjusted to
25.0 ml with ultra-pure water. After filtration through a 0.2 μm filter
(Acrodisc GHP), 20 μl was injected onto the HPLC-UV (La Chrom Elite,
VWR-Hitachi, Darmstadt, Germany). Nitrite and nitrate were separated
by ion chromatography using a Hamilton PRP-X100 column (150 mm,
4.6 mm i.d., Grace Davison Discovery Sciences, Lokeren, Belgium) and
isocratic elution with NaCl/NaH2PO4 (40 mM/2 mM) at a flow rate of
2.5 ml/min. The detection of the ionswas carried out at 210 nm. The ni-
trite and nitrate levels were expressed as residual NaNO2 and NaNO3,
respectively.

2.4. Biogenic amine determination

The biogenic amineswere analyzed as described earlier (DeMey et al.,
2012). Summarized, a 2-g aliquot of minced meat sample was spiked
with 0.8 mg/kg 1,7-diaminoheptane as internal standard (Sigma Aldrich,
Schnelldorf, Germany) and mixed with 25 ml 0.4 M HClO4 (VWR Inter-
national). After homogenization (Ultra-Turrax T18 homogeniser, IKA,
Staufen, Germany) the extractwas in succession incubated at 4 °C, centri-
fuged and filtered. Subsequently, a 2-ml portion of the supernatants was
alkalinized and buffered before derivatization with 4 ml dabsyl-chloride
solution (5 mg dabsyl-chloride per 1 ml acetonitrile, Sigma Aldrich,
Schnelldorf, Germany). After incubation for 20 min at 70 °C, a solid
phase extraction on a C18 cartridge (Grace Davison Discovery Sciences)
was performedwhere 0.4 MHClO4 and acetonitrilewere used aswashing
and elution solvents, respectively. The biogenic amines, i.e. tryptamine
(TRYP), phenethylamine (PHE), putrescine (PUT), cadaverine (CAD),
histamine (HIS), serotonin (SER), tyramine (TYR), spermine (SPM) and
spermidine (SPD), were separated and detected by RP-HPLC-UV. Two
Chromolith C18e columns (each 100 × 3 mm i.d., VWR International)
were coupled and gradient elution was performed at a flow rate of
1 ml/min. The gradient profile was the following: mobile phase B
(methanol–acetonitrile, 25/75, v/v) was increased from 0% to 40%
in 8 min. Subsequently, an increase to 60% in 5 min, raise to 100%
in 7 min, 100% for 5 min, decrease to 0% in 2 min, and finally
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equilibration at 100% mobile phase A (water–methanol–acetonitrile;
50/12.5/37.5, v/v/v) for 3 min. The detectionwas carried out at 450 nm.
2.5. N-nitrosamine determination

The volatile N-nitrosamines were analyzed according to themethod
of Drabik-Markiewicz et al. (2009). Meat samples (50 g) were spiked
with 10 μg/kg N-nitrosodipropylamine (NDPA, Sigma Aldrich) and
mixed with 200 ml 3 N KOH (VWR International). The volatile
N-nitrosamines were then extracted from the meat samples by means
of vacuum distillation (Heidolph Laborota 4010-digital, Schwabach,
Germany). After addition of 4 ml 37%HCl (VWR International), the distil-
late (150 ml) was extracted three times with 50 ml of dichloromethane
(DCM). Subsequently the extract was concentrated to 100 μl in a
Kuderna–Danish apparatus (Sigma Aldrich). For the detection
and quantification of N-nitrosamines, i.e. N-nitrosodimethylamine
(NDMA), N-nitrosodiethylamine (NDEA), N-nitrosodibutylamine
(NDBA), N-nitrosopiperidine (NPIP), N-nitrosopyrrolidine (NPYR)
and N-nitrosomorpholine (NMOR), a gas chromatograph coupled to a
thermal energy analyzer (GC-TEA, Thermo Electron Cooperation) was
used. The extracts (5 μl) were injected on a packed column (10%
Carbowax 20 M + 2% KOH on Chromosorb WAW, 80/100 mesh,
1.8 m, 2 mm i.d. Varian, Middelburg, The Netherlands) and a chro-
matographic separation was carried out by using argon as carrier
gas (25 ml/min). The injection port was set at 175 °C and the oven
temperature was increased from 110 °C to 180 °C at 5 °C/min. The
temperatures of the interface and pyrolizer of the TEA were set at
250 °C and 500 °C, respectively.
Table 1
The physicochemical composition of the commercial dry fermented sausages, the results are p

Type Physical analysis

n pH aw

North European types
Boerenring 3 5.0

(4.8–5.0)
0.92
(0.88–0.93)

Boulogne 3 4.7
(4.5–4.7)

0.93
(0.88–0.94)

Garlic salami 6 4.8
(4.7–4.9)

0.94
(0.92–0.95)

German types 2 4.8
(4.6–5.0)

0.94
(0.94–0.94)

Light salami 5 4.9
(4.8–5.0)

0.94
(0.87–0.92)

Pepper salami 4 4.9
(4.7–5.0)

0.93
(0.91–0.93)

Salami 10 5.0
(4.6–5.6)

0.91
(0.88–0.94)

Smoked salami 10 4.9
(4.5–5.1)

0.94
(0.91–0.95)

Turkey salami 6 4.7
(4.6–5.1)

0.93
(0.91–0.95)

South European types
Chorizo 10 4.8

(4.6–5.6)
0.90
(0.91–0.94)

Dry sausage 6 5.3
(5.2–6.2)

0.88
(0.83–0.89)

French types 6 5.0
(4.4–5.5)

0.90
(0.89–0.96)

Italian types 9 5.5
(5.1–5.9)

0.91
(0.87–0.92)

Saucisson d'Ardennes 6 4.9
(4.8–5.6)

0.91
(0.84–0.93)

Snack 15 5.6
(5.0–6.7)

0.71
(0.66–0.86)

Total 101 5.0
(4.4–6.7)

0.91
(0.66–0.96)
2.6. Statistical analysis

Statistical calculations (median,minima andmaxima,…) were done
by PASW Statistics 18.0.0 (SPSS, Chicago, USA). For the exploratory
data analysis, subroutines developed under Matlab 5.3 software (The
Mathworks, Natick, MA, USA) were used to perform principal com-
ponents analysis (PCA) and hierarchical cluster analysis (HCA). Prior to
PCA andHCA, the datamatrix variableswere pretreatedwith autoscaling.

3. Results and discussion

3.1. Physicochemical composition of the retail products

The dry fermented sausages available on the Belgian market were
divided in different categories. Based on the label information, the prod-
ucts were categorized according to the regional origin and the use of
certain meat species or dominant spices in the recipes. In this way, 15
categories of dry fermented sausage products were obtained. Of the
101 samples, 52 can be considered as South European types while the
other 49 were produced as Northern types. In stores 1 and 2, the
A-brand stores, the largest range of products (38 and 33, resp.) can be
found and almost every sausage category is represented by several
trademarks. In the discount stores, the available assortment is smaller,
22 and 8 products for stores 3 and 4, respectively. As a consequence, not
all categories were present. Mainly northern products, e.g. Boulogne,
Boerenring and Garlic Salami, were not available in the discount stores.

The results of the physicochemical analyses of the sausages are report-
ed in Table 1. The lowest pH (pH 4.4) was recorded for Rosette salami
(French type). The ready-to-eat Snack sausages showed the highest
resented as median (min–max) values.

Chemical analysis (g/100 g)

Moisture Free fat Protein NaCl

38.8
(32.4–40.6)

31.5
(26.3–36.6)

20.2
(19.8–21.0)

3.4
(3.0–3.7)

43.2
(40.0–43.7)

28.7
(28.7–38.8)

20.7
(18.8–20.7)

3.5
(2.9–3.6)

42.3
(38.8–46.3)

31.2
(28.8–35.6)

19.4
(16.3–19.5)

3.0
(2.6–3.4)

44.8
(43.0–46.7)

30.7
(27.3–34.2)

16.5
(15.6–17.4)

3.0
(2.9–3.0)

48.3
(45.6–55.3)

17.3
(13.6–22.3)

23.1
(20.4–28.1)

3.2
(2.6–3.6)

39.7
(33.5–49.7)

29.7
(23.3–35.6)

19.9
(18.5–22.2)

3.3
(2.8–3.5)

41.7
(37.1–48.5)

30.3
(22.6–40.0)

21.7
(16.8–24.7)

3.7
(2.5–4.3)

46.0
(40.0–49.3)

28.9
(23.6–36.1)

18.5
(17.2–25.1)

3.2
(2.5–4.0)

50.1
(42.2–57.2)

21.7
(14.7–28.2)

22.1
(19.5–23.4)

3.7
(3.4–4.1)

41.0
(24.3–50.6)

29.5
(19.7–39.0)

23.9
(18.5–27.6)

3.7
(3.1–4.5)

34.0
(30.4–39.0)

29.4
(25.8–32.9)

26.0
(23.4–31.1)

4.3
(4.0–5.0)

41.4
(37.6–53.8)

24.8
(18.5–31.8)

23.7
(21.3–27.5)

3.9
(2.6–4.3)

41.0
(32.5–45.3)

27.9
(20.2–30.9)

24.9
(22.1–27.0)

3.7
(3.5–4.2)

40.4
(36.5–46.5)

31.5
(17.9–34.2)

22.1
(19.7–29.8)

3.5
(3.1–5.3)

18.0
(11.6–29.2)

36.7
(25.2–44.1)

30.9
(23.7–36.0)

4.5
(3.5–5.1)

40.7
(11.6–57.2)

29.6
(13.6–44.1)

22.4
(15.6–36.0)

3.6
(2.5–5.3)
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value (pH 6.7). Dry sausages and Italian types, like Milano, did not have a
clear acidification due to themissing lactic acid producing starter culture.
In shelf stable products, the pH must be lower than 5.2 when the water
activity is 0.95 or higher (Toldrá, 2007). To reduce the spoilage of mildly
fermented sausages (pH N 5.2), the water activity in the commercial
products is lower than 0.91. The small sized Snack sausages are strongly
dried (aw 0.71) resulting in a higher salt concentration (4.5 g/100 g)
and decreased moisture protein ratio. In this study, the median salt con-
centration is 3.6 g/100 g. The current trend is to reduce the salt content
(more specific the sodium content) to obtain healthier meat products.
As a result, salt concentrations as low as 2.5 g NaCl/100 g, can be found
in the products available on the Belgian market.

The median moisture content of the investigated sausages is
40.7 g/100 g with a large range, depending on the drying rate. Mois-
ture contents of 11.6 g/100 g in Snack sausage up to 55.3 g/100 g in
Turkey salami were found. Due to the partial substitution of fat by
water in the Light salami, the final fat content of this kind of prod-
ucts is only 17.3 g/100 g. The median fat content of the Belgian retail
products was 29.6 g/100 g. The maximum fat (44.1 g/100 g) and
protein contents (36.0 g/100 g) were found in Snack sausages.

3.2. Residual nitrite and nitrate content

The screening of the commercial sausages at the end of shelf life re-
vealed median residual sodium nitrite and sodium nitrate levels of 6.3
and 11.8 mg/kg, respectively (Table 2). A large variance in nitrite and ni-
trate levels is seen; ranging fromnot detected to 147.5 mgNaNO2/kg and
167.8 mg NaNO3/kg. The most recent directive 2006/52/EC (Official
Table 2
The residual sodium nitrite and sodium nitrate concentrations and biogenic amine contents in
concentration (mg/kg).

Type n NaNO2
a,b NaNO3

a,b TRYPa,b PHEa,b PUTa,b

North European type
Boerenring 3 nd 38.2

(25.1–100.7)
7.7
(nd–13.8)

nd
(nd–6.5)

0.6
(0.5–1.2)

Boulogne 3 11.4
(nd–62.5)

47.6
(23.0–159.5)

45.8
(20.3–109.7)

3.4
(3.0–30.6)

97.5
(29.2–182

Garlic salami 6 9.5
(nd–52.9)

20.9
(nd–130.7)

4.3
(nd–8.1)

1.4
(nd–5.2)

20.3
(0.4–143.2

German types 2 20.9
(5.9–35.9)

16.5
(12.4–20.6)

26.2
(5.3–47.2)

10.0
(nd–20.0)

73.5
(7.0–139.9

Light salami 5 6.4
(nd–13.9)

nd
(nd–107.3)

6.5
(nd–29.4)

nd
(nd–1.6)

3.8
(1.0–49.4)

Pepper salami 4 nd
(nd–10.5)

70.2
(4.2–158.9)

3.6
(nd–7.2)

nd
(nd–1.6)

8.4
(0.5–41.7)

Salami 10 5.5
(nd–81.8)

13.7
(nd–167.8)

5.0
(nd–22.7)

0.9
(nd–10.8)

67.0
(0.8–229.0

Smoked
salami

10 nd
(nd–9.2)

11.5
(nd–130.7)

5.3
(nd–32.2)

nd
(nd–4.5)

1.5
(0.3–99.3)

Turkey salami 6 6.5
(nd–12.3)

20.6
(nd–94.0)

13.1
(5.4–56.2)

0.7
(nd–54.4)

4.2
(0.4–90.5)

South European type
Chorizo 10 8.7

(nd–147.5)
11.3
(nd–73.8)

11.4
(1.4–105.4)

4.3
(1.3–38.1)

27.6
(0.3–183.6

Dry sausage 6 nd
(nd–7.7)

9.4
(nd–20.4)

5.6
(4.4–7.0)

nd
(nd–2.9)

6.7
(0.6–62.2)

French types 6 2.4
(nd–108.0)

9.1
(nd–105.3)

11.7
(4.0–92.4)

4.2
(1.6–21.0)

114.6
(0.7–316.4

Italian types 9 32.4
(nd–82.2)

nd
(nd–24.3)

47.0
(3.4–99.8)

24.9
(2.2–57.1)

170.4
(1.9–236.8

Saucisson
d'Ardennes

6 5.5
(nd–74.5)

20.8
(nd–55.2)

7.3
(2.6–54.0)

1.1
(nd–42.8)

57.1
(0.3–182.0

Snack 15 16.5
(nd–95.9)b

11.8
(nd–60.3)

4.6
(nd–24.4)

nd
(nd–26.3)

7.1
(0.5–124.1

Total 101 6.3
(nd–147.5)

11.8
(nd–167.8)

6.2
(nd–109.7)

1.3
(nd–57.1)

9.3
(0.3–316.4

a nd = not detected, values below the limit of detection (LOD): 1.0 mg/kg for NaNO2 and Na
SPM, 1.0 mg/kg for TYR.

b values estimated below the limit of quantification (LOQ) are printed in italics: 5.0 mg/kg forNa
SPD, 2.9 mg/kg for SPM, 3.1 mg/kg for HIS, 3.2 mg/kg for TRYP and TYR.
Journal of the EU, 2006) imposes that the initial addition of sodium ni-
trite and nitrate in non-heatedmeat products is restricted to 150 mg/kg
each. It is known that a strong reduction of nitrite andnitrate takes place
during the processing. As such, themeasured residual amounts in the end
products do not necessarily reflect the initially added amounts. Conse-
quently, it is impossible to verify the correct application of the current di-
rective by analyzing the end products. The former directive 95/2/EC
(Official Journal of the EU, 1995) was more enforceable, since a limit for
the residual sodium nitrite was also included. In this study 87% of the an-
alyzed samples contained residual sodiumnitrite levels under that limit of
50 mg NaNO2/kg.
3.3. Biogenic amines accumulation

In general the accumulation of biogenic amines at the end of shelf life
was low and a large variability in the nature and quantity of the available
biogenic amines was found in the different types of dry fermented sau-
sages (Table 2). Traces of SER were only detected in Snack sausage sam-
ples which contain walnuts, a rich source of SER (Feldman & Lee, 1985).
In 77% of the samples no HIS was detected. In a few cases the concentra-
tions were notably higher. For example, in some Turkey salami samples
the HIS content exceeded the maximum concentration of 100 mg/kg as
allowed in scombroid fish (Official Journal of the EU, 2005). No specific
legislation exists in Europe about the HIS content in meat products.
Besides SER and HIS, low levels of TRYP and PHE were measured in the
dry fermented sausage samples. These are probably due to the non-
specific activity of phenylalanine decarboxylase in micrococci and
commercial dry fermented sausages, the results are presented as the median (min–max)

CADa,b HISa,b SERa,b TYRa,b SPMa,b SPDa,b

Nd nd nd 7.1
(1.9–29.0)

9.1
(5.5–12.0)

3.3
(2.5–6.0)

.4)
3.9
(1.44–7.7)

nd nd 140.7
(102.5–302.9)

5.5
(2.5–5.6)

2.0
(1.1–2.2)

)
1.0
(nd–2.31)

nd nd 59.8
(1.3–123.6)

6.5
(4.3–9.6)

3.2
(1.5–5.8)

)
27.7
(nd–55.4)

6.2
(nd–12.4)

nd 107.2
(15.7–198.6)

6.7
(4.3–9.2)

3.7
(1.2–6.2)

0.4
(nd–2.5)

nd
(nd–0.7)

nd 26.3
(22.0–113.9)

8.4
(4.6–9.1)

2.3
(1.7–6.1)

0.3
(nd–1.9)

nd nd 3.7
(1.6–85.4)

6.6
(4.6–10.6)

3.7
(0.8–5.1)

)
1.9
(0.3–246.8)

nd
(nd–21.9)

nd 27.3
(1.6–174.1)

6.3
(nd–9.28)

1.6
(nd–3.7)

0.4
(nd–2.2)

nd
(nd–20.4)

nd 5.2
(nd–99.1)

8.4
(4.2–11.4)

5.0
(1.3–6.3)

1.1
(0.5–10.3)

nd
(nd–131.0)

nd 19.1
(1.6–250.9)

5.6
(2.8–9.8)

4.1
(1.0–6.6)

)
1.3
(0.2–380.1)

nd
(nd–32.86)

nd 78.8
(1.9–242.7)

7.4
(3.5–21.1)

2.2
(nd–5.8)

3.5
(0.7–6.1)

nd nd 10.0
(1.2–25.1)

6.1
(2.6–8.4)

0.3
(nd–2.3)

)
18.9
(1.6–641.4)

2.3
(nd–54.1)

nd 113.4
(46.2–410.8)

5.3
(3.5–6.7)

1.2
(0.5–5.2)

)
7.8
(0.3–68.7)

1.4
(nd–65.9)

nd 149.9
(126.2–201.2)

5.4
(2.3–10.3)

0.7
(nd–6.6)

)
0.8
(nd–2.9)

nd
(nd–80.6)

nd 68.0
(nd–210.7)

5.3
(3.6–9.6)

3.5
(0.3–7.4)

)
0.3
(nd–31.2)

nd
(nd–51.1)

nd
(nd–10.1)

3.6
(nd–146.0)

4.5
(nd–14.9)

2.1
(nd–13.3)

)
1.1
(nd–641.4)

nd
(nd–131.0)

nd
(nd–10.1)

26.3
(nd–410.8)

6.1
(nd–21.1)

2.3
(nd–13.3)

NO3, 0.1 mg/kg for CAD, 0.2 mg/kg for PHE, PUT, SER and SPD, 0.9 mg/kg for TRYP, HIS and

NO2 andNaNO3, 0.3 mg/kg for CAD, 0.4 mg/kg for PHE, PUT, 0.5 mg/kg for SER, 0.6 mg/kg for
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staphylococci, which are able to grow during the beginning of the
fermentation process (Nakazawa, Sano, Kumagai, & Yamada, 1977).

This study confirms that TYR is the major biogenic amine in dry
fermented sausages (Latorre-Moratella et al., 2008). Concentrations
ranged from not detected to a maximum of 411 mg/kg. It is recom-
mended to susceptible individuals to avoid TYR rich foods, as it can
cause migraine, mainly when drugs e.g. monoaminooxidase inhibitors
(MAOI) are used. The risk of food migraines by the consumption of
fermented sausages is limited. The threshold of 6 mg TYR for patients,
treated with the classical MAOI drugs (McCabe, 1986), is only exceeded
when eating, for example, more than 68 g of the most heavily contam-
inated sausages. Products such as Dry sausage, Boerenring and Snacks
(in exception of one outlier of 146.0 mg/kg) showed TYR values below
50 mg/kg. The small diameter of these sausages resulted in a lowmois-
ture content and a largely aerobic meat environment. Hence, the opti-
mal conditions for the synthesis of decarboxylases were not met and
therefore biogenic amine production and especially TYR levels remained
low (Bover-Cid, Schoppen, Izquierdo-Pulido, & Vidal-Carou, 1999). Sau-
sage samples with an increased TYR level often seems to show also the
presence of low concentrations of PHE, probably attributed to the non-
specific tyrosine decarboxylase activity of enterococci (Nakazawa et al.,
1977).

As described in the literature (Latorre-Moratella et al., 2008), after
TYR the most important biogenic amines in dry fermented sausages
are PUT and CAD. In this study all samples were contaminated with
PUT. Nevertheless, the CAD contamination rate of the samples collected
on theBelgianmarket remained low. Due to the complex interaction be-
tween processing parameters, fresh meat quality and microbial flora, a
large variation in PUT and CAD concentrations is seen among the differ-
ent analyzed products. Boerenring has the lowest contamination rate
for PUT and even no CAD was detected. A Gaumais sample, categorized
as French type, showed the highest levels for PUT (316 mg/kg) and CAD
(614 mg/kg). The high total biogenic amine content, (1234 mg/kg)was
in big contrast to the other samples (median = 57 mg/kg). Of all inves-
tigated products, this is the only sample that – at the end of shelf life –

exceeded the level of 1000 mg/kg, which has been suggested to be dan-
gerous for human health (Santos, 1996).

The concentrations of the SPMand SPDwere limitedwithmaximum
levels of 21 mg/kg and 13 mg/kg, respectively. The small variability is
explained by the natural origin of SPD and SPM in the meat. Almost
no microbial synthesis takes place during the fermentation. During the
storage, a small decline in SPD and SPM can occur, most likely due to de-
amination by microbial polyamine oxidase enzymes (Razin, Gery, &
Bachrach, 1959). This explains that at the end of shelf life the values
are slightly lower than in other studies where measurements were
performed earlier (Hernández-Jover et al., 1997; Komprda et al., 2004;
Ruiz-Capillas & Jimenez-Colmenero, 2004).

3.4. Occurrence of volatile N-nitrosamines

In 54 of the 101 samples, collected on the Belgianmarket, no volatile
N-nitrosamines were detected at the end of shelf life. With 50% of
N-nitrosamine contaminated sausages, the South-European prod-
ucts scored just slightly higher than the North-European (43%). When
N-nitrosamines were detected, their total amount remained below
5.5 μg/kg, except for one sample, which showed an extreme total
N-nitrosamine concentration of 14.0 μg/kg. This particular sample,
categorized as a Pepper salami, was mainly contaminated by NPIP
(12.3 μg/kg). Moreover, NPIP is also the most dominant N-nitrosamine
in this study. NPIP is present above LOD in 28% (LOD = 0.8 μg/kg) of all
sausages samples, but only 3% of the investigated sausages contained a
concentration higher than the LOQ-value of 2.5 μg/kg. On the one hand
biogenic amines, especially CAD and SPD are considered to be precursors
for the NPIP formation (Shalaby, 1996). On the other hand, the use of
piperine-containing spices such as black pepper, can supply the piperi-
dine ring necessary for the formation of NPIP (Scotter & Castle, 2004).
With a contamination rate of 22% (above LOD of 0.6 μg/kg), NMOR is
the second most common N-nitrosamine found in the dry fermented
sausages. Except for one particular Chorizo sample (1.6 μg/kg), the
detected NMOR concentrations remained below the LOQ-value of
1.5 μg/kg. In contrast to NPIP, no relationship between the investigated
biogenic amines and NMOR is expected, since the direct precursor is
morpholine. It can be questioned how this presumed precursor
could contaminate the dry fermented sausages, since the presence
of morpholine is mainly due to the use of waxes in packaging materials
or the use of anticorrosion agents in the meat factories (Domanska &
Kowalski, 2003).

To a lesser extent (12%), the samples could also contain detectable
amounts of NDMA (above LOD of 0.2 μg/kg). Two samples – a Turkey
sample and a Light product – contained NDMA levels above the LOQ
value of 0.8 μg/kg. The occurrence of NPYR was more rare in this study
and only three samples – a Chorizo sample (0.8 μg/kg), a sausage with
Garlic (0.3 μg/kg) and a Pepper salami (1.5 μg/kg) – were found to be
contaminated with trace amounts of NPYR (between LOD of 0.5 μg/kg
and LOQ of 1.6 μg/kg). The presence of NPYR in the Chorizo sample can
be explained by the use of a large quantity of paprika, which is known
to contain pyrrolidine (Huxel, Scanlan, & Libbey, 1974). The rare occur-
rence of NPYR in the dry fermented sausage samples can be explained
by the lack of a heating step, needed for the efficient formation of NPYR
from its precursors, like pyrrolidine (derived from PUT), proline and
spermidine (Drabik-Markiewicz et al., 2010; Drabik-Markiewicz et al.,
2011). In none of the dry fermented sausage samples NDEAwas detected
(all below LOD of 0.3 μg/kg), while only two samples, classified as
Saucisson d'Ardennes and Chorizo, showed NDBA contamination
above LOD of 0.6 μg/kg. The concentrations remained below the
LOQ value of 2.0 μg/kg. Since the presence of NDEA and NDBA in
meat products is related to the contact with rubber nettings and
plastics (Sen, Baddoo, & Seaman, 1993), it is obvious that the low
contamination rate on the Belgian market proves the suitable qual-
ity of the used packaging materials.

3.5. Exploratory data analysis

To obtain a better understanding of the relationships of the physico-
chemical factors and the chemical composition of the samples in the
different product categories, principal component analysis (PCA) and
hierarchical cluster analysis (HCA) were performed. For the data treat-
ment, only the variables were considered which contained a consider-
able percentage of detectable values. As a consequence, the following
18 variableswere considered: pH (AN_pH), aw (AN_AW), salt (AN_SALT),
moisture (AN_WATER), free fat (AN_FAT), protein (AN_PROT),moisture–
protein ratio (CAL_MPR), residual sodiumnitrite (AN_NO2), residual sodi-
umnitrate (AN_NO3), TRYP, PHE, PUT, CAD, TYR, SPD, SPM, total biogenic
amine (TOT_BA) and the totalN-nitrosamine (TOT_NA) content. The indi-
vidual N-nitrosamines were disregarded since the percentages of detect-
able values were too small.

In a first instance PCA was performed to reveal patterns among the
different product categories. Three principal components (PC) were
extracted which explained 63.6% (PC1: 29.4%, PC2: 25.8% and PC3: 8.4%)
of the total variance. On the PC1–PC2 score plot (Fig. 1) a distinction of re-
gional origin of the sausages can bemade along the PC1. The largemajor-
ity of the North-European types (product categories 1, 2, 6, 7, 9, 10, 11, 13
and 15) are located on the positive part of the PC1-axis, while the South-
European types (categories 3, 4, 5, 8, 12, and 14) are situated on the neg-
ative part. Based on the PC1–PC2 loading plot (Fig. 2), the differentiation
seemed, in a first instance, to be attributed to the SPD, PHE and PUT con-
centrations. In the boxplot of PHE (Fig. 3A), the Southern products have
higher PHE concentrations, while the Northern products scarcely contain
PHE. However, for the SPD contents, no clear differences between North
and South-Europe could be observed in the boxplot (Fig. 3B). For PUT
(Fig. 3C), the median concentrations of both groups are low but in the
Southern group greater numbers of high concentrations are seen.
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Fig. 1. Score plot of the first two principal components, samples labeled according to the
product category: Boerenring (1), Boulogne (2), Chorizo (3), Dry sausage (4), French type
(5), Garlic salami (6), German type (7), Italian type (8), Light salami (9), Pepper salami
(10), Salami (11), Saucisson d'Ardennes (12), Smoked salami (13), Snack (14) and Turkey
salami (15).
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Considering the Southern products, the Snack sausages (nr. 14) are
mainly clustered in the upper left quadrant of Fig. 1 (negative PC1, pos-
itive PC2), while the Italian Style sausages (nr. 8) are situated at a neg-
ative PC2. The products of the category Dry sausages (nr. 4) are located
in between, but have also positive PC2 scores. The location of these
three groups on the PC2-axis ismainly dominated by the concentrations
of SPM (positive PC2 loading) and to a lesser extent of TRYP (negative
PC2 loading) and of the variables AN_WATER and AN_SALT (Fig. 2).
However, when considering the categories 4 and 14 (Dry sausage and
Snacks) versus category 8 (Italian types), SPM does not show a clear
difference (Table 2), while the three other variables can be considered
different. The TRYP concentration (Table 2) and AN-WATER (moisture
content; Table 1) are clearly lower in the categories 4 and 14 than in
the category 8. For AN_SALT the opposite is seen (NaCl; Table 1).

A distinction between the different Northern classes (right side in
Fig. 1) could not be made. This indicates that only limited intrinsic dif-
ferences in the physicochemical properties and the biogenic amine con-
tents among the Northern product categories could be observed.

In summary, the principal component analysis was able to discrimi-
nate some of the product categories. However, this clusteringwasmainly
attributed to variance of some specific biogenic amine concentrations.
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Fig. 2. Loading plot of the first two principal components, variables: pH (AN_pH),
aw (AN_AW), salt (AN_SALT),moisture (AN_WATER), free fat (AN_FAT), protein (AN_PROT),
moisture–protein ratio (CAL_MPR), residual sodium nitrite (AN_NO2), residual sodium ni-
trate (AN_NO3), TRYP, PHE, PUT, CAD, TYR, SPD, SPM, total biogenic amine (TOT_BA) and
the total N-nitrosamine (TOT_NA) content.

Fig. 3. The boxplots of PHE (A), SPD (B) and PUT (C) for each regional origin.
None of the product categories could be related to an increased
N-nitrosamine risk since the variable TOT_NAwas situated in the cen-
ter of the loading plot (low PC1 and PC2 loading). The HCA of the sam-
ples confirmed the observations seen in the PCA plots but did not
provide additional information (dendrograms not shown).

A HCA of the variables is given in the dendrogram in Fig. 4. All the
biogenic amines, except the natural polyamines SPD and SPM can be
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Fig. 4.Dendrogram for the variables, using Euclidean distances as similarity measurewith
complete linkage to merge clusters.
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found in one cluster. The variables PUT and TYR showedmost similarity
with the total biogenic amine content. In accordance to many other
studies concerning the biogenic amines content in dry sausages
(Komprda et al., 2004; Suzzi & Gardini, 2003), it can be concluded
that PUT and TYR are dominating the biogenic amine profile of dry
fermented sausages.

The natural polyamines (SPD and SPM) are clustered to a lesser ex-
tent with the physicochemical variables related to the water content of
the product (AN_AW, AN_WATER and CAL_MPR). This relationship can
be explained by the fact that SPM and SPD are decreasing during the rip-
ening (Parente & Suzzi, 2001). As a consequence, lower amounts of these
polyamines will be related to an increased extent of drying which occurs
during an extended ripening period.

For the formation of N-nitrosamines, the availability of secondary
amines and a nitrosating agent is required (Drabik-Markiewicz et al.,
2011; Honikel, 2008). From the latter variables, investigated in this
study, only the residual NaNO3 concentration could be linked to a given
extent to the total N-nitrosamine content (Fig. 4). No clustering is seen
with the investigated biogenic amines.
4. Conclusion

The biogenic amine accumulation in dry fermented sausages at the
end of shelf life remains low. Only in one sample the total biogenic
amine content reached critical levels (1000 mg/kg), mainly caused by
the accumulation of PUT, CAD and TYR. Although it is assumed that bio-
genic amines, such as CAD, PUT and the natural polyamines SPD and
SPM, are potential precursors of N-nitrosamines, no relationships were
observed.

In this study, only a limited relation of the N-nitrosamine con-
tent was observed with the residual NaNO3 level and no relation-
ship with NaNO2 level. It can be assumed that the amounts of
carcinogenic N-nitrosamines remained low because the median concen-
trations of residual NaNO2 and NaNO3 levels were lower than 20 mg/kg
in the screened products.

Only NMOR and NPIP were detected in a relatively high number of
samples (22% and 28%, respectively), but quantifiable levels were rarely
measured. The incidence of N-nitrosamine contamination could not be
linked to specific product categories or physicochemical variables. Given
the higher prevalence of NPIP and the absent link with tested biogenic
amines, another secondary amine may be involved. It can be assumed
that the NPIP formation is attributed to the presence of piperidine, origi-
nating from the use of black pepper.
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