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Abstract  This study aims to evaluate biogenic amine levels of bez sucuks (BS) produced
with different meat:fat ratios. For this, three BS groups were manufactured with meat:fat
ratios of 90:10 (BS10), 80:20 (BS20), and 70:30 (BS30). The pH and water activity
values and biogenic amine amounts of sucuk samples were determined during processing
and storage periods and the pH values of the initial mixtures of BS samples were in the
range 5.51-5.74, decreasing to 4.72-4.94 by the 14™ day. The water activity values of BS
samples showed significant decreases as a result of the drying stage and reached to range
0.913-0.935 on the 14™ day of processing (p<0.05). Although BS10 had the highest
tyramine (434.12 mg/kg), histamine (5.69 mg/kg), cadaverine (12.48 mg/kg), putrescine
(17.83 mg/kg), 2-phenylethylamine (15.43 mg/kg), and tryptamine (122.41 mg/kg)
levels at the end of processing stage (p<0.05), spermine and spermidine levels did not
differ between the BS samples due to their utilization of different meat:fat ratios (p>0.05).
Similarly, the tryptamine (205.11 mg/kg), putrescine (43.57 mg/kg), and tyramine
(766.23 mg/kg) levels of BS10 were higher than BS20 and BS30 samples at the end of
storage (p<0.05). The results showed that BS10 with the highest meat ratio had the
highest tryptamine, putrescine, and tyramine levels at the end of the processing and
storage period.
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Introduction

Biogenic amines (BA) are nitrogenous compounds that can be classified as
aliphatic, aromatic, or heterocyclic amines according to their chemical structures
(Bozkurt and Erkmen, 2007; Gengcelep et al., 2007; Papavergou et al., 2012; Suzzi
and Gardini, 2003; Tosukhowong et al., 2011). In general, BAs are naturally found
in various foods such as cheeses, fermented fish, meat products, and wine due to the
amino acid decarboxylase activity of Pseudomonas, Enterobacteriaceae, and
Lactobacilli (Baka et al., 2011; Suzzi and Gardini, 2003). The most important BAs

in fermented foods are histamine, putrescine, cadaverine, tyramine, tryptamine,
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2-phenylethylamine, spermine, and spermidine (Bover-Cid et al., 2001a; Suzzi and Gardini, 2003; Tosukhowong et al.,
2011). Histamine, putrescine, tyramine, and cadaverine are the most prevalent BAs in fermented sausages; moreover,
high levels of these BAs can be found in fermented sausages produced from raw materials (beef, pork, turkey meat, etc.)
that have high protein content (Latorre-Moratalla et al., 2010; Papavergou, 2011; Suzzi and Gardini, 2003).

Bez sucuk (BS), which is a type of Turkish fermented beef sausage, differs from other Turkish-type fermented
sausages due to the use of cloth casings sewn to size of 7 x 25 cm from uncolored cloth with 42 threads per cm®. Although
these products are mainly produced by butchers and small-scale facilities that utilize traditional technologies without
adding starter cultures, a few manufacturers use curing agents such as sodium nitrite. In addition, the formulation
(meat:fat ratio and seasonings) and process conditions (temperature, humidity, and ripening period) of the BS show
differences between manufacturers (Cigek and Kose, 2016). However, BS generally has three production stages: mixing
the sucuk batter, filling the cloth casings, and ripening for 10-14 days (Cig¢ek and Kése, 2016; Cigek and Polat, 2016).
During the ripening stage for fermented sausages such as BS, lipids, proteins, and carbohydrates undergo various
chemical and microbiological degradation reactions (Ensoy et al., 2010; Karslioglu et al., 2014; Papavergou, 2011).
Although the proteolysis reactions during the ripening stage resulted in increased free amino acids, which are the
precursors of BAs formation (Baka et al., 2011; Bover-Cid et al., 1999a; Karslioglu et al., 2014; Papavergou, 2011), the
microbial counts of raw materials, process conditions, utilizing starter cultures, additives (antimicrobial agents), and the
pH drop during fermentation stage affects the BA formation in fermented sausages (Bover-Cid et al., 2001a; Bozkurt and
Erkmen, 2007; Suzzi and Gardini, 2003). Furthermore, the extended proteolytic reactions during ripening and storage
periods with both a low pH value and high counts of bacteria having decarboxylase activity may enhance the
accumulation of BAs in fermented sausages (Bover-Cid et al., 1999b; Papavergou, 2011; Papavergou et al., 2012; Suzzi
and Gardini, 2003); moreover, BAs may also result from the decarboxylation activity of spoiling bacteria during the
storage period (Bover-Cid et al., 2001b; Bozkurt and Erkmen, 2007; Suzzi and Gardini, 2003).

Numerous studies have been conducted to determine the BA levels of fermented meat products, particularly fermented
sausages. The BA amounts of these products are also important from the perspective of human health. Many researchers
have reported that the consumption of foods with high levels of BAs may cause various types of foodborne diseases such
as hypotension, migraine, nausea, diarrhea, abdominal cramps, etc. (Bover-Cid et al., 1999a; Casquete et al., 2011;
Gengcelep et al., 2007; Komprda et al., 2001; Latorre-Moratalla et al., 2008; Papavergou, 2011; Papavergou et al., 2012;
Tosukhowong et al., 2011). Additionally, cadaverine and histamine levels have been proposed as chemical indicators of
meat spoilage and the hygienic conditions of the manufacturing practices of fermented sausages (Bozkurt and Erkmen,
2007; Komprda et al., 2001; Tosukhowong et al., 2011); meanwhile, there is only a legal upper limit for histamine: 100
mg per kg of food (Bozkurt and Erkmen, 2002; Latorre-Moratalla et al., 2008).

The BA levels of Turkish fermented sausages that have natural or collagen casings have been investigated. Although the
formulation and processing conditions of BS show differences between manufacturers and casing sewn from uncolored
cloth, no study has assessed the BA levels of BS, particularly in those manufactured with different meat:fat ratios.
According to the TS 1070 Turkish Sucuk (fermented sausage) Standard (Anonymous, 2002), the maximum fat contents of
first, second, and third quality sucuks are limited to 35%, 40%, and 40%, respectively. In addition, according to the Turkish
Food Codex-Meat Products Communique (Anonymous, 2012) the maximum fat content of fermented sausages is limited
to 40%. After producing BS in accordance with both food legislation and sucuk standards, the current study aimed to

determine the effects of different meat:fat ratios and the process stages/storage periods on the formation of BAs in BS.
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Materials and Methods

Sausage production

In this study, experimental BS production was repeated three times, and three groups of BS named BS10, BS20, and
BS30 were manufactured with respective meat:fat ratios of 90:10, 80:20, and 70:30. Cubed beef meat was subdivided
into three groups and combined with salt (1.6%), garlic (2%), cumin (0.8%), hot red pepper (0.8%), red pepper (0.6%),
black pepper (0.4%), sucrose (0.5%), and allspice (0.2%) using a Mainca 400 mixer (Germany). Following the mixing
stage, all sucuk mixtures were stored at 4°C for 12 hours (initial mixture). Sheep tail fat was added to all sucuk batters to
the meat:fat ratios mentioned above and ground twice using a grinding machine (Turkey). After grinding, cloth casings
were filled with sucuk mixtures using a filling machine from Mainca EM-20 (Germany). Sucuk batons were hung on
stainless steel and ripened for 14 days. The ripening steps were as follows: (step 1) at 22°C, 90% relative humidity for 48
h; (step 2) at 22°C, 85% relative humidity for 48 h; (step 3) at 20°C, 80% relative humidity for 72 h; (step 4) at 18°C, 75%
relative humidity for 72 h; (step 5) at 18°C, 60% relative humidity for 96 h. During the ripening stage, all sucuk samples
were pressed for three times and following the ripening stage, all sucuk samples were vacuum packed using a vacuum
machine from La Minerva Pack 10B (Italy), and then stored at 4°C for six months.

Three randomly selected sucuk samples were removed during processing (initial mixture, 2™ day, 4™ day, 10™ day, and
14" day) and storage periods (day 0, 30" day, 60™ day, 90" day, 120™ day, and 180™ day) for further analysis.

Methods

pH and water activity values (aw)

The pH of the sample was determined using an Orion 420A pH-meter that was calibrated using standard buffer
solutions at pH 4 and 7. The water activity values of samples were measured using Aqual.ab Series 3 TE model (USA)

at each sampling stage (Cigek et al., 2015).

Biogenic amine levels

The biogenic amine amounts of samples were analyzed using the method of Bozkurt and Erkmen (2002). The HPLC
system, which consisted of a PerkinElmer Series 200 model UV/VIS Detector (USA), PerkinElmer Series 200 model
pump (USA) and PerkinElmer Series 200 model Peltier column oven (USA) was used. The column was Waters
Spherisorb® 10.0 um, ODS2 (4.6 x 200 mm) (USA). Acetonitrile (solvent A) and 0.1 M ammonium acetate (solvent B)
were the mobile phases (flow rate: 1 mL/min). The standard solution of the dansylated derivatives of tryptamine,
2-phenylethylamine, putrescine, cadaverine, histamine, tyramine, spermidine and spermine (SIGMA) was used and all

standards were diluted to 1 mL using 0.4 perchloric acid to give concentrations in the range 0.5-10 mg/mL.

Statistical analysis

The data were statistically analyzed using the SPSS 20.0 statistical package (International Business Machines
Corporation [IBM] Armonk, USA). Mean values for different meat:fat ratios and manufacturing/storage periods were
compared using analysis of variance (ANOVA) with the Duncan multiple post hoc comparison test to evaluate statistical

significance between the means (p<0.05). Comparison of means for BS groups and sampling stages was done for every
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tested variable. Standard deviation (SD) values are presented alongside the means in tables.

Results and Discussions

pH and water activity (aw) values

The results showed that the pH values of BS decreased during the ripening stages (p<0.05) and reached the lowest
values on day 4 due to the acidification activity of lactic acid bacteria (p<0.05). The occurrence of proteolytic activity
during the ripening stage resulted in the formation of ammonia and amine, which slightly increased the pH values of
BS10, BS20, and BS30 to 4.94, 4.78, and 4.72, respectively. Although all sucuk formulations were prepared with the
same sucrose amount of 0.5%, the highest pH value was measured in BS10 on day 14 (p<0.05) (Table 1). This difference
could be the result of proteolysis reactions in BS10 having the highest meat ratio among the three. It has been stated that
sugar addition with certain concentrations to the sausage mixture can improve the rapid acidification, which limits the
decarboxylase activity of bacteria (Gonzalez et al., 2003; Latorre-Moratalla et al., 2010). Similar rapid pH decreases in all
BS groups were also achieved with sucrose addition to BS formulations. However, Latorre-Moratalla et al. (2010) stated
that sugar addition did not result in rapid pH decreases in fermented sausages and higher amounts of sugar promoted the
decarboxylase activity of aminogenic microorganisms. During the storage periods, the pH values of BS groups showed
slight increases and decreases, and measured 5.21, 4.91, and 4.69 on day 180 for BS10, BS20, and BS30, respectively
(Table 1). It was seen that BS10 had the highest pH value among the three (p<0.05).

The initial a, values of the sucuk mixtures were 0.973-0.978 and reached 0.913-0.935 due to the increasing acidity and
water release at the end of the ripening stage (p<0.05) (Table 1). It was observed that BS10 had the lowest a,, value on the
14™ day (p<0.05). Although all sucuk samples were vacuum packaged, the a,, values of BS showed differences between

Table 1. pH and water activity (aw) values of bez sucuks during processing stages and storage periods"

BS10? BS20 BS30
pH Ay pH ay pH Ay
Process stages (day)
Initial mixture ~ 5.51 £0.21* 0.978 £ 0.007" 5.61 0217 0.976 = 0.005" 574+026"  0.973 +0.005™

2 4.89 +0.205° 0.972+0.004%%  5.06+0.11  0.974 + 0.005"* 5.16+0.19"°  0.971 £ 0.005"°

4 4.67+0.14" 0.968 + 0.003%° 4,74 +0.10% 0.971 = 0.00* 476 +0.13%  0.967 = 0.0025
10 5.04+0.16"° 0.964 + 0.005"° 4.90 £0.07 0.949 + 0.006"° 4.84+0.08%  0.949+0.005*°
14 4.94 +0.13"° 0.913 +0.017%¢ 4.78 £ 0.06> 0.922 + 0.01548¢ 4.72+0.07°  0.935+0.016™

Storage periods (day)

0 4.94 +0.13"° 0.913+0.017 4.78 + 0.065° 0.920+0.015*%  472+0.07°°  0.935+0.016"
30 5.26+0.24" 0.897 + 0.0125° 5.04 +£0.59" 0.908 +0.015*%¢ 498 +0.18%  0.920 + 0.009"°
60 5.10£0.05%  0.907+0.006%°  4.83 +0.23% 0.916 + 0.0085* 4.65+025%  0.927+0.008*"
90 5.23 4+ 0.04" 0.904 + 0.004<** 5.04 +0.225 0.923 + 0.005™ 4.85+0.16  0.935+0.006™

120 5.23+0.32% 0.896 + 0.009° 5.01+£027°%  0.909+0.010°% 4.80+0.18%  0.926+0.0114®
150 5.12+0.174 0.900 + 0.008"° 4.87+0.10%  0.901 £ 0.008% 4.67+0.03  0.918=0.010%
180 5.21+0.074 0.905+0.004%°  491+0.11%°  0.911+0.007" 4.69+0.13%  0.923 +0.005°

YData + standard deviation (n=6).

JBS10: bez sucuk having meat:fat ratio of 90:10; BS20: bez sucuk having meat:fat ratio of 80:20; BS30: bez sucuk having meat:fat ratio of 70:30.
4 Means in a column of each group not having a common superscript letter are different (p<0.05).

ACMeans in a row of same processing stage not having a common superscript letter are different (p<0.05).

155



Korean Journal for Food Science of Animal Resources Vol. 38, No. 1, 2018

the storage periods due to sampling (p<0.05) and measured 0.905, 0.911, and 0.923 on day 180 for BS10, BS20, and
BS30, respectively (p<0.05) (Table 1).

Biogenic amine levels

The levels of BAs measured in BS groups during the processing stages and storage periods are given in Tables 2 and
3, respectively. The spermine levels of the initial mixtures of BS groups were in the range 282.77-343.73 mg/kg (p<0.05)
(Table 2). Many researchers noted that spermine and spermidine could be present at high levels in fresh meat used for
fermented sausage manufacturing (Papavergou, 2011; Suzzi and Gardini, 2003). Papavergou et al. (2012) also stated that
continued intake of foods with high amounts of spermine and spermidine may cause the facilitation of a food allergy.
Spermine levels in BS groups showed slight decreases and increases during processing stages, and spermine levels were
measured as 343.34, 306.95, and 321.63 mg/kg on day 14 for BS10, BS20, and BS30, respectively (Table 2). Bover-Cid
et al. (1999b) also reported similar fluctuations in spermine levels during the ripening of dry fermented sausages.
Contrary to our results, Kurt and Zorba (2009) stated that increasing the ripening period of sucuks resulted in higher
spermine accumulation. In agreement with the results of current study, Roseiro et al. (2010) stated that spermine levels
were higher than spermidine levels. The spermidine levels of BS groups increased during processing stages and reached
202.70, 141.79, and 188.42 mg/kg for BS10, BS20, and BS30, respectively (p<0.05) (Table 2). Kurt and Zorba (2009)
also noted similar increases during processing stages. Utilizing different meat:fat ratios did not affect spermine and
spermidine levels among BS groups on day 14 (p>0.05). Although the spermidine levels of all BS samples showed
significant decreases and increases during storage periods (p<0.05), the changes in spermine levels for BS10 and BS20

were found to be significant (p<0.05) (Table 3). However, Bozkurt and Erkmen (2002) reported significant decreases in

Table 2. Biogenic amine levels of bez sucuks during processing stages (ma/kg)"”

Process stage 2-Phenyl

Group (day) Tryptamine ethylamine Putrescine Cadaverine Histamine Tyramine Spermidine Spermine
BSI0?  Initial mixture  23.18+6.74"  510+233"  050+044% 067+0.13" 048+020"  205+128™ 13294265 343.73+14.49
2 41.67+0.73" ND? 0.56+£046™ 220+123" 062+0.12* 955518905  62.74+6.11"" 339.40+7.48"
4 4026£16.51° 7.74+£558" 187051  3.82+0.78" 229+0.18" 166.28+37.93" 125.62+28.00" 306.95 +43.42'*
10 50.75+34.57% 1478 +7.64  9.05+4.66™ 13.13+£225" 3.60+£0.01"" 2473610043 21323 +61.57" 24538 £93.87"
14 12241 £23.08" 1543 £12.87" 17.83£240™ 1248+472" 569+026™ 434128320 202.70+77.38" 343.34 +48.83"
BS20  Initial mixture  1678+3.19"  228+1.11%  022+0.03" 078+0.10" 039+0.13"  095+046™ 8.66+322% 20810+11.11™
2 3442+ 14,15 ND 045+£022°  400+2.55" 038=0.11% 124.13+£2239" 146.70+96.45" 305.51£79.76"™
4 41.83£1021% 027+0.67*  1.74+127"  436+1.16™ 0.80+020%" 14497+27.15" 118.66+5.84"™ 29576 +32.81*
10 7498+14.24™ 1866+3.53"  9.06+343" 880+1.51™ 216081 31148+33.88% 15844+7699™™ 321.42£8.25™
14 73.32£32.05% ND 1034420 854156 270+£0.04% 303.65+£82.53% 141.79+44.75* 306.95+41.37*
BS30  Initial mixture  14.52+£045™ 113£067%  023+0.03" 090+038" 059+£0.52%  1.92+030" 631£2.11% 282.77+31.70%
2 ND ND 023+0.08" 170+£1.06™ 031002 6693774  61.82+1528"™ 232.76+107.60%
4 31304222 ND L14£143%  276+127% 038+027% 103.99+12.73%  96.06+13.14% 204.62+£22.18""
10 60331729 472445067  571+257"  S5T2+£177% 073+038" 222.12+2220®  90.66+ 14.66™ 297.73 +52.07*°
14 T3IT£1494% 368+1.93% 007+223% 644194 084073 293.99+2147F  18842+89.63™ 321.63 +24.77

YData + standard deviation (n=6).
PBS10: bez sucuk having meat:fat ratio of 90:10; BS20: bez sucuk having meat:fat ratio of 80:20; BS30: bez sucuk having meat:fat ratio of 70:30.

9ND: Not detected.

*¢ Means in a column of each group not having a common superscript letter are different (p<0.05).
A€ Means in a column of same processing stage not having a common superscript letter are different (p<0.05).
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spermine concentrations for Turkish sucuks during storage.

The cadaverine and putrescine levels of initial mixtures were in the ranges of 0.67-0.90 mg/kg and 0.22-0.50 mg/kg,
respectively (Table 2). The accumulation of cadaverine and putrescine significantly increased during processing stages
and reached 6.44-12.48 mg/kg and 9.06-17.83 mg/kg, respectively (p<0.05). Similar increases in putrescine and
cadaverine levels in Turkish sucuks were also noted by Gengcelep et al. (2007). The presence of especially high levels of
cadaverine and putrescine in BAs has been attributed to meat spoilage (Baka et al., 2011; Suzzi and Gardini, 2003). Thus,
the formation of cadaverine is mainly related to the decarboxylase activity of Enterobacteriaceae and Pseudomonas
(Baka et al., 2011; Latorre-Moratalla et al., 2010). The low cadaverine levels of BS groups could be explained by the
contribution of good hygienic conditions when handling raw materials and the manufacturing conditions.
Latorre-Moratalla et al. (2010) noted that high cadaverine levels of spontaneously fermented Portuguese chouricos were
due to their high counts of Enterobacteriaceae. The cadaverine levels of BS samples showed increases during storage
periods, and respectively measured 27.66, 17.89, and 11.48 mg/kg for BS10, BS20, and BS30 on day 180 (Table 3). It
was seen that utilizing different meat:fat ratios did not affect the cadaverine levels of BS samples at the end of storage
(»>0.05). The significant increment in putrescine levels of all BS groups was observed, especially after day 10 of the
ripening stage (p<0.05). Bover-Cid et al. (1999a) also stated similar putrescine production that increased after the first
week due to a pH drop. In our study, it was seen that no significant putrescine formation was observed during the first two
days of the ripening stage (p>005) and, although the putrescine accumulation was significant on day 10, the pH value of
the BS groups dropped dramatically after day 4 of ripening. Additionally, it was determined that BS10, with the highest
meat ratio and pH value, had the highest amounts of cadaverine and putrescine on day 14 (p<0.05). The results indicated
that the putrescine levels of the BS groups increased during storage and BS10, with the highest meat ratio, had the highest
putrescine level (43.57 mg/kg) on day 180 (p<0.05) (Table 3). Baka et al. (2011) and Papavergou (2011) stated that
putrescine was the major amine in fermented sausages. The results obtained from Turkish fermented sausages showed
that utilizing only nitrite/nitrate or starter cultures limited putrescine formation (Bozkurt and Erkmen, 2007; Gengcelep
et al., 2007).

The histamine levels of the BS10 and BS20 groups showed significant increases during the processing stages (p<0.05)
and were respectively measured as 5.59, 2.70, and 0.84 mg/kg for BS10, BS20, and BS30 (Table 2), on day 14. This could
be the result of pH decreases in the first days of ripening as the pH values of all BS groups significantly decreased after
the 2™ day of the ripening stages and reached the range of 4.89-5.16 (p<0.05). Many researchers also noted that an
inadequate decrease of pH at the beginning of the ripening stage with extended ripening times could increase the
accumulation of histamine in fermented sausages (Papavergou, 2011; Suzzi and Gardini, 2003). Bozkurt and Erkmen
(2007) also stated that the ripening period had an increasing effect on the histamine levels of Turkish sucuks, but, in
contrast, the researchers also noted decreases in the histamine levels after the 5" day of ripening. Furthermore, an
increasing meat ratio resulted in higher histamine levels. Thus, BS10, having the highest meat ratio, had the highest
histamine level (p<0.05) (Table 2); on the other hand, the histamine levels of the BS samples were under the values
causing health concerns (100 mg/kg). Although the histamine levels of BS20 and BS30 showed significant decreases and
increases during storage periods (p<0.05), the differences between the BS groups were not significant on day 180
(p>0.05) (Table 3).

The tyramine levels of all initial mixtures were between 0.95 and 2.05 mg/kg (p>0.05). The accumulation of tyramine

showed increases during the processing stages, and the tyramine levels of BS10, BS20, and BS30 were respectively
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measured as 434.12, 303.65, and 293.99 mg/kg (p<0.05), on day 14 (Table 2). In all the BS groups, the major tyramine
formation rate occurred during the first two days due to the pH dropping. Bover-Cid et al. (2001a) also stated that gradual
biogenic amine accumulation occurred from the first week of the ripening stage, coinciding with the pH decrease,
especially in noninoculated fermented sausages. Similarly, Bozkurt and Erkmen (2007) determined significant increases
in the tyramine levels of Turkish sucuks during the first five days of ripening and then decreases during the ripening stage.
Contrary to these findings, Komprda et al. (2001) reported a substantial increment in tyramine content after the second
week of ripening. Furthermore, tyramine was the main amine in all the BS groups with the exception of the naturally
occurring polyamines spermine and spermidine at the end of the processing stages. Similarly, many researchers also
stated that tyramine was the major amine in fermented sausages and/or sucuks (De Mey et al., 2014; Gengcelep et al.,
2007; Papavergou et al., 2012). It was also determined that utilizing different meat ratios affected the tyramine levels of
the BS samples. Thus, BS10, with the highest meat ratio, had the highest tyramine level on the 14™ day (p<0.05) (Table
2). The tyramine levels of BS showed significant increases during the storage periods (except BS30), and the tyramine
levels of BS10, BS20, and BS30 were respectively measured as 766.23, 539.60, and 453.48 mg/kg on day 180 (Table 3).
The maximum allowable limit for tyramine in foods is 100-800 mg/kg (Bozkurt and Erkmen, 2002), and it was seen that

the tyramine levels of all BS groups were in this range both at the end of the processing stages and storage periods.

Table 3. Biogenic amine levels of bez sucuks during storage periods (mg/kg)"

Storage 2-Phenvl
Group periods Tryptamine y Putrescine Cadaverine Histamine Tyramine Spermidine Spermine
(day) ethylamine

0 12241+23.08" 1543+12.87"% 17.83+£240M  1248+4.72  569+026™ 434.12+83.20" 202.70+77.38"% 343.34 +48.83%
30 104.1942631%°  0.80+095"  1338+3.80"  1095+0.72""  244+2.10™ 417.02+88.72% 131.42+47.25"% 317.42 +49.43"°
60  150.18+40.74" 1899+12.70™ 26.89+4.79"°  1879+11.13% 630+£5.68™ 55434+113.07%® 235.86+71.61" 319.35+28.74*®
BS10? 90 111.59+8296™ 1227+7.72"% 20.07+£1225* 1171887  2.80+347" 42527+266.83" 128.25+113.63" 224.35+113.17%
120 1572744794 21.92+1895™ 31.68+8.00%  1829+1320" 3.58+4.02 631.57+178.73"® 223.29+65.68 327.81 +38.84"

150  184.97+54.01"" 6445+19.81"" 3563+6.06"" 2342+1829" 3484374  681.73+163.02* 256.16+45.76™ 276.03 +49.99"°
180 205.11+25.64"" 29.85+2327" 4357+4.96"  27.66+24.15" 553+642" 76623+ 171.00" 29731 +37.02"* 35858+ 12047

0 7332+3205% NDY 10.34 +4.20% 854+1.56%  270+0.04%  303.65+82.53% 141.79+44.75"° 306.95+4137"®

30 12091+£39.02° 11.62+10.89"™ 19.00+7.10"°  14.76+894%  377+£373%  481.84+123.88"® 214.63 +76.77°® 299.83 £32.77*®

60 15329+40.08% 448+2.00%  2355+342°%%  12.02+244%%  182+1.88%  49821+83.05*" 189.05+34.96"® 331.18 £ 12.57%

BS20 90 11271+£72.65*° 2434+1993* 23.89+13.32°% 1739+1542%  2.65+£3.46™  44125+268.81°% 138,13+ 80.66" 242.47+97.03*
120 123794343583 952+93148% 258446844  1370+£544%  348+430™ 45719+ 1222245 209.28 + 45 814 299,85 + 63.16"®

150 150.68+18.574% 1648+ 12.93%™ 3230+443%%  16.13+£747%  354+438" 551.88+93.70"% 239.53 £44.00% 312.29+43.04"®

180  146.10+5438% 1820+7.19"® 30.10+£8.17%  17.89+827%  3.04+3.14*  539.60+167.06™ 249.52 +84.71*% 24631 +23.19®

0 7377+1494® 368+1.93"® 907+223% 644+1.94% 084073 293.99+2147% 18842+89.63"% 321.63+24.77%

30 83.51+£3049" ND 11.50+£448"  6.80+2.15%  0.75+£0.58"  200.77+64.68% 104.88+5.59% 255.65+49.90

60 104.65+£27.79° 097+238%  1847+592%%  14+0.72%°  0.77+£048% 374.14+70.54% 192.17+70.414% 298.49 + 55.83%

BS30 90  90.72+£57.35® ND 1868+10.924%  675+3.544  139+1.62%° 339.60+180.84* 121.52+76.13"° 258.44+110.53*
120 997744519 0.14+035% 21124955  839+4.60"°  1.89+230° 356.66+150.06™ 136.16 £46.49™ 249.66+ 85302

150  109.46+4232%% 3487+34.01"% 2493+10.64%  9.87+538%°  157+£098*° 397.09+155.19% 234.41+104.524% 273.73 + 85.85*

180 132.04+14.08% 1091+4.18" 2881+525™  1148+4.16™  932+1532™ 45348+62.92% 278.66+61.90 284.58+46.434%

YData + standard deviation (n=6).
PBS10: bez sucuk having meat:fat ratio of 90:10; BS20: bez sucuk having meat:fat ratio of 80:20; BS30: bez sucuk having meat:fat ratio of 70:30.
ND: Not detected.
*¢ Means in a column of each group not having a common superscript letter are different (p<0.05).
A€ Means in a column of same processing stage not having a common superscript letter are different (p<0.05).
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Although tryptamine was not detected in BS30 on the 2™ day of processing, the tryptamine levels of all initial mixtures
increased during manufacturing and reached the range of 73.32-122.41 mg/kg at the end of the processing stages (Table
2). It was seen that BS10, having the highest meat ratio and pH on day 14, had the highest tryptamine level (p<0.05)
(Table 2) and a significant increment in the tryptamine value of BS10 occurred after the 14™ day of ripening, while the
tryptamine levels of BS20 and BS30 increased after the 10™ day of ripening (p<0.05). Tasic et al. (2012) stated that the
tryptamine levels of Petrovska klobasa - a traditional fermented sausage - ranged between 14.7 and 75.1 mg/kg at the end
of the drying stage. Papavergou (2011) indicated that the tryptamine levels of Greek fermented sausages were between 0
and 60.53 mg/kg. In another study, Ikonic et al. (2013) reported higher tryptamine levels (24.3-150 mg/kg) for Petrovska
klobasa. The tryptamine levels of all the BS groups showed decreases and increases during storage and reached the range
0f 132.04-205.11 on day 180 (»<0.05) (Table 3). The highest tryptamine level was measured in BS10, having the highest
meat ratio and pH value, on day 180 (p<0.05).

In the initial mixtures of all groups, the 2-phenylethylamine levels were in the range of 1.13-5.10 mg/kg (»<0.05). On
the 2™ day of processing, no 2-phenylethylamine was determined in any groups. Additionally, 2-phenylethylamine was
not detected in BS30 on the 4™ day (Table 2). Roseiro et al. (2010) and Bozkurt and Erkmen (2007) noted that
2-phenylethylamine was not detected in any ripening stages of traditional fermented sausages. In the present study, on the
14™ day, the 2-phenylethylamine levels of BS10 and BS30 increased to the values of 15.43 and 3.68 mg/kg, respectively
(Table 2). Similar findings were also reported by Bover-Cid et al. (2001b). Furthermore, Bover-Cid et al. (2001a)
detected 2-phenylethylamine only in spontaneously fermented sausages; thus, BS is a type of spontaneously fermented
sausage., the 2-phenylethylamine amounts of all BS groups varied during the storage periods, and the 2-phenylethylamine
levels of BS10, BS20, and BS30 were respectively measured as 29.85, 18.20, and 10.91 mg/kg (»>0.05), on day 180
(Table 3).

Conclusions

Although the histamine levels of all the BS groups were lower than 100 mg/kg, the findings of the current study showed
that increasing meat ratio resulted in higher biogenic amine levels; thus, BS10, with the highest meat ratio, had the highest
amounts of tryptamine, putrescine, cadaverine, and tyramine on the 14" day (ripening) and of tryptamine, putrescine, and
tyramine at the end of the storage period. The effect of the ripening period was also found to be significant in tryptamine,
putrescine, cadaverine, tyramine, and spermine formation in all the BS groups. The study results indicated that the

meat:fat ratio of 70:30 could be suitable for BS production to decrease the BA levels of BS.
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