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Abstract In this study, the occurrence of volatile
nitrosamines were investigated in heat-treated sucuk, a
kind of semi-dry fermented sausage. The pH, a, and
residual nitrite of the samples were also determined. In
addition, a principal component analysis (PCA) was also
performed in order to elucidate the relationship between
nitrosamine and these variables. Significant differences
between brands were found in terms of NDMA (N-
Nitrosodimethylamine), NPYR (N-Nitrosopyrolidine) and
NPIP (N-Nitrosopiperidine) (p < 0.05). NDMA and NPYR
varied from 1.71 to 3.57 pg/kg and 1.65 to 7.29 pg/kg,
respectively. Higher levels were found for NPIP (5.19 to
16.40 pg/kg). NDEA (N-Nitrosodiethylamine) and NDBA
(N- Nitrosodibutylamine) were not found in any of the
heat-treated sucuk samples. The residual nitrite content was
under 10 mg/kg in all samples. The a, and pH values
varied between 0.913 and 0.940 and between 4.28 and
5.47, respectively. In PC1 explaining 72% of the variance,
NDMA and NPYR were placed on the negative side, NPIP
on the positive side. Residual nitrite and a,, were more
effective for NPIP, while pH was an important parameter
for NDMA and NPYR.

Keywords Nitrosamine - Heat-treated sucuk - PCA -
NDMA - NPYR

X Giizin Kaban
gkaban @atauni.edu.tr

Department of Food Engineering, Faculty of Agriculture,
Atatiirk University, Erzurum, Turkey

Department of Food Processing, Bandirma Vocational
School, Onyedi Eyliil University, Bandirma, Balikesir,
Turkey

@ Springer

Introduction

Nitrate and nitrite used as curing agents in the meat
industry, do not only act as preservatives but are also of
crucial importance for color and flavor formation. Fur-
thermore, these curing agents inhibit oxidative rancidity by
delaying lipid oxidation (Drabik-Markiewicz et al. 2009;
Ozel et al. 2010). In fermented sausages, nitrate and/or
nitrite are used depending on the formulation and process
conditions. However, nitrate should be reduced to nitrite to
perform the same functions (Alahakoon et al. 2015). Nitrite
plays an important role in the N-nitrosamine formation.
N-nitrosamines are formed as a result of the reaction
between the nitrosation agent and secondary amines (De
Mey et al. 2017; Sallan et al. 2019).

The epidemiological studies showed that there is a
potential relationship between nitrate, nitrite, and N-nitroso
compounds and the risk of cancer (Alexander and Cushing
2011). In order to reduce nitrosamine formation in pro-
cessed meat products, the use of nitrite/nitrate has been
limited in many countries. However, many processed meat
products still contain significant levels of nitrosamine as
many factors influence the formation of nitrosamine
(Molognoni et al. 2019). During the production of meat
products, meat processing stages such as fermentation,
drying and heat treatment can provide optimum conditions
for the formation of nitrosamine (De Mey et al. 2017,
Yurcenko and Molder 2007). N-Nitrosamines are a sub-
group of the N-nitroso compounds. These compounds can
be divided into volatile nitrosamine and non-volatile
nitrosamine (Herrman et al. 2015a). Most volatile
nitrosamines are potential carcinogenic and mutagenic
compounds that can induce to organ specific tumors (De
Mey et al. 2017). Among N-nitrosamines, N-ni-
trosodimethylamine (NDMA) and N-nitrosodiethylamine
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(NDEA) are classified as probably carcinogenic. Other
nitrosamines, such as N-nitrosodibutylamine (NDBA),
N-nitrosopiperidine (NPIP), N-nitrosopyrrolidine (NPYR),
and N-nitrosomorpholine (NMOR), which are commonly
found in meat products, are possibly carcinogenic com-
pounds (IARC, 2020).

Studies have been carried out on the formation and
occurrence of nitrosamines in dry and semi-dry fermented
sausages (Gavinelli et al. 1988; Yurchenko and Mdlder
2007; De Mey et al. 2014a; Herrmann et al. 2015a,b).
Studies on nitrosamines have also been carried out in
sucuk, a kind of dry fermented sausage, produced in Tur-
key (Piringci et al. 1986; Ozel et al. 2010; Ata 2010; Sallan
et al. 2019). Another type of fermented sausage produced
in Turkey is heat-treated sucuk, a kind of semi-dry fer-
mented sausage, and this product belongs to the group of
the semi-dry fermented sausages. In the production of this
product, there are three crucial main process steps,
including short-term fermentation, heat treatment and
drying. Heat-treated sausage production is preferred by the
manufacturers due to its heat treatment application and
short production time. The heat treatment application cre-
ates in the consumer the perception that the product is safer
(Sallan et al. 2020). Although the degree of heat treatment
applied varies among brands, the internal temperature in
the heat treatment process is between 55 and 70 °C.
However, the most common application is 60-68 °C (Ar-
mutcu et al. 2020). Although heat treatment is applied in
the production of heat-treated sucuk, it is generally cooked
before consumption (grilling or frying). This cooking
treatment increases the nitrosamine content of heat-treated
sausage depending on cooking degree (Sallan et al. 2020).
Hence, occurrence of nitrosamines is an important issue in
heat-treated sucuk. There is no study about the occurrence
of nitrosamines in heat-treated sucuk available on Turkish
market. The aim of the study was to determine the nitro-
samine levels of the heat-treated sucuk samples available in
the market, and to evaluate their relation with pH, a,, and
residual nitrite values.

Materials and methods
Materials

To determine nitrosamine levels of heat-treated sucuk
available on the Turkish market, 10 different brands (A to
J) were selected. In order to evaluate the results more
precisely, samples were purchased for each company at
three different times according to the batch number. Thus,
a total of 30 samples (3 samples per brand) were examined.

Determination of water activity, pH, and residual
nitrite

The water activity (ay, value of the samples was deter-
mined using a water activity device (Novasina, TH-500 a,,
Sprint). The device was calibrated with six different salt
solutions before use.

For pH analysis, 10 g sample was homogenized with
100 mL of distilled water using an Ultra-Turrax homoge-
nizer (IKA Werk T25, Germany). The pH value of the
homogenate was measured by a pH meter (ATI ORION
420, MA 02,129, USA).

For the residual nitrite analysis, the method suggested
by Tauchmann (1987) was used. The residual nitrite con-
tent was detected based on the sample weight, dilution
factor, the coefficient calculated using standard curve and
absorbance value, and the results were given as mg/kg
NaNOQ.

Determination of N-nitrosamines

10 g of the homogenized sample was weighed into cen-
trifuge tubes and homogenized after adding 10 mL of
0.1 M NaOH solution. Afterward, the methanol added
(20 mL) homogenate was subjected to a centrifuge process
at 10.000 rpm at 4 °C. After the sample taken from the
centrifuge was filtered with glass microfiber (70 mm
diameter, Whatman GF Healthcare Life Sciences, UK), the
extract was transferred to the Chem Elut column (Agilent
ChemElut, 20 mL, Unbuffered, USA) by adding 5 mL of
20% NaCl solution. Then, the dichloromethane-added
(50 mL) mixture was connected to the Kuderna-Danish
apparatus and concentrated to 1 mL. The concentrate was
evaporated under nitrogen (N-EVAPT™ 111, Nitrogen
Evaporator, Clarion Safety Systems) at 40 °C, and GC/MS
(Agilent 6890 N/5973, Agilent, Santa Clara, CA) was used
in the detection of nitrosamines. In the system, helium was
used as a carrier gas, and DB-5MS
(30 m x 0.25 mm x 0.25 um, Agilent) was used as the
column, and it was run in the selected ion monitoring
(SIM) mode. N-Nitrosodipropylamine-d'* (N525482, TRC,
Canada) was used as the internal standard. The oven
temperature was kept at 50 °C for 2 min, then it was
increased to 100 °C at a rate of 3 °C/min and kept at this
temperature for 5 min, following which the temperature
was increased to 250 °C at a rate of 20 °C/min. The
nitrosamine standard (EPA 521 nitrosamine mix, Supelco,
Bellefonte PA) was used for identification and quantifica-
tion of nitrosamines (N-nitrosomethylethlamine,
NMEA;N-nitrosodiethylamine, NDEA; N-nitrosopyrro-
lidine, NPYR; N-nitrosodimethylamine, NDMA; N-ni-
trosopiperidine, NPIP; N-nitrosodibutylamine, NDBA)
were determined at the pg/kg level (Wang et al. 2015).
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The limits of detection (LOD) and limit of quantification
(LOQ) of the N-nitrosamines were determined by standard
solutions (1, 5, 10, 20, 30 and 40 pg/L). The LOD and
LOQ were calculated using formula: LOD = 3.3 x Sy/s
and LO = 10 x Sy/s (Sy: the standard deviation of the
response of the curve, s: the slope of the calibration curve).
The regression equation was established between peak area
(y) and the concentration (x); the values of peak area and
the concentration were the average of five repeated mea-
surements at each concentration level, respectively. Mean
recoveries ranged from 92.4 to 106.7% with relative stan-
dard deviations (RSD) ranging from 1.43-11.94%. The
coefficients of the regression line (R2) for nitrosamine
standard curve were all > 0.999. In samples, NDMA
(LOD = 0.95 pg/kg, LOQ = 2.89 ng/kg), NPYR (LOD =
0.94 ng/kg, LOQ = 2.84 pg/kg) and NPIP (LOD = 0.97
pe/kg, LOQ = 2.94 pg/kg) could be determined. The
results were given as pg/kg.

Statistical analysis

In the study, the brand was taken as a factor and the
sampling time was taken as replication. Data were ana-
lyzed by the two-way ANOVA using a general linear
model. Brand (10 brands) was evaluated as main effect,
and replications (3 sampling time) were evaluated as ran-
dom effect. The individual standard deviations of the
means are presented in the figures. Differences between the
means were tested using Duncan’s multiple range test at
the p < 0.05 level. All statistical analyses were performed
using the SPSS version 20 statistical program (2011).
Principal component analysis (PCA) was performed with
the aid of The Unscrambler software (CAMO software
version 10.1).

Results and discussion
a,, pH and residual nitrite

The mean a,, and pH values and residual nitrite contents of
the heat-treated sucuk samples obtained from different
brands at different times are presented in Fig. 1 and Fig. 2,
respectively. The highest mean a,, value was determined in
brand I as 0.940 4 0.002, but there was no statistically
significant difference between this mean value and the
means of brands D, F, H and J (p > 0.05). Lower mean a,,
values were determined in the samples of three brands (A,
G and C) (Fig. 1). Water activity varies between 0.900 and
0.950 in semi-dry fermented sausages (Caplice and
Fitzgerald 1999) such as heat-treated sucuk (Armutcu et al.
2020). The pH value of the product can show a great
variation. As can be seen from Fig. 1, the lowest mean pH

@ Springer

7 @ pH - Qe 3w 0.95
6 0.94
3 0.93
4
T 0.92 %
o 3
5 0.91
1 0.9
0 0.89
A B C D E F G H I J
Brands
Fig. 1 a,, and pH values of the heat-treated sucuk
— 10
Qo
vy
® 8
£
v 6 a a
= I bc I be bc J
= cd c
= 4 of j[ de I f 1 I
g I I
o 2 1
%]
()
€ 0

Brands

Fig. 2 Residual nitrite amounts of the heat-treated sucuk

value was determined in brand I as 4.28 & 0.17, and the
highest mean value was determined in brand A as
5.47 £ 0.29. In the Turkish Food Codex Meat and Meat
Products Communiqué, pH value allowable is 5.6 in heat-
treated sucuk (Anonymous 2019). In the present study, the
pH value was below 5.0, except for A and G. It is thought
that low pH values found are caused by starter cultures.
Indeed, Honikel (2008) reported that low pH values pro-
mote nitrosamine formation. In addition, it was reported
that N-nitrosamine can be formed more easily in dry fer-
mented sausages, as the pH of the product comes closer to
the optimum pH (pH 3.5) of the nitrosation reaction (De
Mey et al. 2014a). However, it was emphasized that the
reaction rate decreases tenfold for each unit increase in pH
and there was also no sharp pH limit for nitrosation
(Mirvish 1970).

Sodium nitrite is used as the curing agent in the pro-
duction of heat-treated sucuk. However, it was reported
that nitrite is the main nitrosation agent and directly leads
to the formation of NDMA in dry-cured meat (Li et al.
2016). According to the Turkish Food Codex Food Addi-
tives Regulation (Anonymous 2013), the ingoing level for
heat-treated sucuk is 150 mg/kg. The residual nitrite level
was found to be under 10 mg/kg in all samples of the
brands examined (Fig. 2). Since nitrite reacts with meat
pigments and other compounds, the nitrite content
decreases during the process and storage. Therefore, the
residual nitrite content is quite low compared to the nitrite
level added (Alahakoon et al. 2015).
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N-nitrosamines

Nitrosodimethylamine (NDMA), Nitrosopyrolidine
(NPYR) and Nitrosopiperidine (NPIP) were found in the all
heat-treated sucuk samples, while Nitrosodiethylamine
(NDEA), Nitrosomethylethlamine (NMEA) and
Nitrosodibutylamine (NDBA) were not found in any of the
samples.

The levels of nitrosamines can vary widely in cured
meat products. Depending on the type of the product,
volatile nitrosamines can occur at low levels (be-
tween < 5 png/kg and 20 pg/kg), however, non-volatile
nitrosamines occur higher levels (up to several thousand
ng/kg) (Herrmann 2014). Among the volatile nitrosamines
related to meat, NDEA is considered as the most potent
carcinogen (Herrmann et al. 2015c). Unlike many fer-
mented sausages, this nitrosamine was not found in any of
the heat-treated sucuk samples. Ozel et al. (2010) deter-
mined NDEA (0.10-0.95 pg/kg) in 4 of 6 sucuk (dry-fer-
mented sausage) samples. In a study conducted on salami
samples taken from Italian markets, the NDEA content was
determined to vary from nd to 4.04 pg/kg (Gavinelli et al.
1988). On the other hand, Yurchenko and Mdlder (2007)
investigated the occurrence of volatile N-nitrosamines in
Estonian meat products and determined the mean level of
0.67 pg/kg for NDEA in salami samples. In the present
study, NDBA was also not determined in heat-treated
sucuk samples. In meat products, NDBA can generally be
detected at very low levels or none (Yurchenko and Molder
2007; Ozel et al. 2010; Sallan et al. 2020). However,
Gavinelli et al. (1988) determined high NDBA
(0.73-50.12 pg/kg) contents in salami samples. On the
other hand, Yurchenko and Mdlder (2007) reported the
NDBA content for salami as 0.84 pg/kg.

NDMA is a volatile nitrosamine that is commonly found
in processed meat products such as fermented sausages
(Herrmann et al. 2015a). As is observed in Fig. 3, the
lowest mean NDMA content in the heat-treated sucuk was
determined in brand C as 1.71 £ 0.64 pg/kg. However,

Fig. 3 Nitrosamine contents of 25
heat-treated sucuk
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15

Nitrosamine levels (ng/kg)

Table 1 Results of PCA analysis using nitrosamine, pH, a,, and
residual nitrite values

Principal component Eigenvalue Explained variance
For PC  Cumulative For PC Cumulative

PC1 11.189 11.189 71.75 71.75

PC2 2.686 13.875 17.22 88.97

PC3 1.054 14.929 6.76 95.73

PC4 0.529 15458 3.40 99.13

PC5 0.136  15.594 0.87 100

Table 2 Coefficients of first three principal components

Variable PC1 PC2 PC3

Ay — 0.001 0.001 0.004

pH 0.028 —0.039 — 0.099

Residual nitrite — 0.049 — 0.306 0.855

NDMA 0.080 0.078 0.451

NPYR 0.239 0.915 0.230

NPIP — 0.966 0.247 0.048

this mean value statistically differed only in brands H and
I. The highest value was determined in brand I as
3.57 £ 0.57 pg/kg, and this value was found to be statis-
tically different from the mean values of brands C, E, F and
J. Ozel et al. (2010) detected nitrosamine in 5 of 6 sucuk
(dry fermented sausage) samples and reported the highest
NDMA content to be 0.78 pg/kg. On the other hand, Ata
(2010) found a mean value of 2.21 £ 0.82 ng/g for NDMA
in this type of fermented sausage. In contrast, Piringci et al.
(1986) determined high levels for NDMA in sucuk samples
(5.1 and 370 pg/kg). In commercial salami samples,
researchers determined the maximum NDMA content to be
4.0 pg/kg and 7.2 ng/kg, respectively (Herrmann et al.
2015a). High nitrite levels can cause increase in the NDMA
content (Drabik-Markiewicz et al. 2011). The use of nitrite

= NDMA

NPYR # NPIP
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Fig. 4 The results of PC1 vs
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up to 150 mg/kg is allowed in the production of heat-
treated sucuk (Anonymous 2013). A study conducted on
heat-treated sucuk reported that using 100 or 150 mg/kg
nitrite increased the NDMA content. However, it was also
stated that an additional cooking treatment (grilling for
1 min at 180 °C on hot plate) applied to the heat-treated
sucuk did not increase the NDMA content (Sallan et al.
2020).

NPYR is another important nitrosamine found in cured
meat products (Drabik-Markiewicz et al. 2010). The NPYR
contents of the heat-treated sucuk samples obtained from
different brands are presented in Fig. 3. Accordingly, the
lowest mean NPYR content (1.65 + 0.85 pg /kg) belongs
to brand C, and this value did not differ statistically from
the mean values determined in brands A, F, H and J. The
highest mean value was determined to be 7.29 £ 0.80 pg/
kg in brand B (Fig. 3). In another study conducted on
sucuk, the NPYR content was 3.84 + 0.88 ng/g (Ata

@ Springer
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2010), and these results are in agreement with the present
study results. On the other hand, it was reported that there
was no relationship between nitrite and NPYR formation
(Drabik-Markiewicz et al. 2009; Sallan et al. 2020). Proline
is an important precursor, and it is even stated that the
effect of proline on NPYR formation is higher than the
ingoing nitrite level (Drabik-Markiewicz et al. 2009). On
the other hand, the use of spices may pose a risk for the
formation of nitrosamine due to nitrosamine precursors
found in some spices (De Mey et al. 2017). Spices such as
red pepper, black pepper, cumin and allspice are used in
heat-treated sucuk production (Armutcu et al. 2020). For
example, pyrrolidine found in black pepper is a good
precursor for NPYR (De Mey et al. 2017). Therefore, the
types and amounts of spices added to the formulation of
heat-treated sucuk are thought to affect the nitrosamine
content.
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The NPIP contents of the heat-treated sucuk samples
obtained from different brands are presented in Fig. 3. The
lowest mean value was determined in brand A as
5.19 + 3.13 pg/kg, but this value did not differ statistically
from the values determined in brands B, D, and I. On the
other hand, the highest mean value was determined in
brand F as 16.40 + 3.44 ng/kg, and this value also differed
statistically from the mean NPIP values of other brands. In
a study, a lower mean NPIP value (3.07 + 0.89 ng/g) was
found in Turkish dry-fermented sausage (Ata 2010). In a
study conducted on heat-treated sucuk, it was reported that
the nitrite level increased the NPIP level (Sallan et al.
2020). In addition, Herrmann et al. (2015a) reported that
the NPIP level increased with increasing black pepper level
in the formulation of fermented sausage. Another study
also emphasized that black pepper could be a good source
in the formation of NPIP (Yurchenko and Mdlder 2007). In
contrast, Sallan et al. (2019) stated that the NPIP content

PC-1 (72%)

decreased depending on the black pepper amount.
Antioxidant compounds found at high levels in black
pepper inhibit the formation of NPIP by displaying an
inhibitory effect on nitrosamine formation (Sallan et al.
2019).

Principal component analysis (PCA)

In this study, eigenvalues, variances and their cumulative
proportions are shown in Table 1 and coefficients of first
three principal components are given in Table 2. The first
three principal components were analysed having eigen-
values greater than 1. By the first principal component
71.75% of the total variation was explained, 88.97% by the
first two components and 95.73% by three ones. The first
three principal components were plotted to show and
highlight related data in a scatter plot with three axes
(Fig. 4a, b and Fig. 5a, b).
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In PC1, NDMA showed a negative correlation with a,,
and residual nitrite values, while NDMA in PC2 displayed
a negative correlation with pH value. NPYR had a negative
correlation a,, and residual nitrite values except pH in PC1.
In PC2, there was a negative correlation between NPYR
and pH value. NPIP had a negative correlation with pH
value both PC1 and PC2. In contrast, it showed a positive
correlation a,, and residual nitrite values in PC1.

Sallan et al. (2020) found that fermented sausage with
starter culture showed higher NPIP and NPYR levels than
samples without starter culture due to the lower pH value.
The same study also reported that NDMA was not affected
by pH. On the other hand, De Mey et al. (2014b) reported
that a significant increase in NPIP levels was observed at
lower pH. In the same study, the reduction of water activity
also inhibited the NPIP formation. The samples exhibited
an inhomogeneous distribution as can be seen Fig. 4b and
samples obtained from the same brands were not separated
with PC1 or PC2. However, samples taken from the same
brands placed usually same side of PC1 or PC2 (Fig. 4b).
In PC3, residual nitrite placed on positive side and this
variable was related positively with NDMA, NPIP, NPYR
and a,, value (Fig. 5a). On the other hand, samples
obtained from the same brands were also not separated
with PC1 or PC3 (Fig. 5b). NDMA and NPYR placed on
the negative side in PC1, NPIP on positive side in PC1.
However, NDMA, NPYR and NPIP had a positive corre-
lation in PC2 (Fig. 4a and Fig. 5a). According to the results
of PC1 explaining 72% of the variance, a,, and residual
nitrite are more effective on NPIP, while pH is an impor-
tant property for NDMA and NPYR. Sallan et al. (2020)
reported that a combination of starter culture (low pH) and
high nitrite content (150 mg/kg) was effective in NPYR
formation.

Conclusion

In this study, NDMA, NPYR and NPIP were found in heat-
treated sucuk samples obtained from different brands
available in markets. However, higher NPIP levels are
noticeable in heat treated sucuk. According to PCA results,
NDMA and NPYR correlated with pH, while NPIP cor-
related with a,, and residual nitrite. pH, a,, and nitrite play a
considerable role in the formation of nitrosamine. How-
ever, these factors can have different effects depending on
the type of nitrosamine in heat-treated sucuk.
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