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ABSTRACT

The aim of this study was to monitor of biogenic amines contents in commercial
fermented products, especially various type of ripening cheeses and fermented meat products
(15 cheese samples and nine dry fermented meat products obtained from Czech Republic,
Slovak Republic, Poland, and Germany). Furthermore, the changes in samples during storage
were also observed. The samples were stored at 6=1°C. The samples were taken the first day
of storage and the last day of shelf-life. The biogenic amines content was determined using
ion-exchange liquid chromatography with post-column derivatization and photometric
detection. The content of biogenic amines increased during storage. The highest biogenic
amines content at the end of storage was observed in Dutch-type cheeses and in Smear
cheeses, in both the concentrations exceeded 1 000 mg.kg”. Latter mentioned amount may
have serious negative impact on consumer health. The lowest concentration of biogenic

amines was detected in Blue cheese.
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INTRODUCTION

Biogenic amines (BA) are low molecular nitrogen compounds. They are formed by
microorganism amino acid decarboxylation. Biogenic amines are naturally presented in low
concentration in animals, plants and microorganism, where they can discharge many
important physiological functions (hormone precursors, source of nitrogen for biochemical
reaction in organism, stabilization of macromolecular membranes, etc.) (Edwards et al.,
1981; Nout, 1994; Roginski et al., 2012; Santos, 1996; Shalby, 1996). High concentrations
of biogenic amines can be toxic for the human organism; they influence neurotransmitters,
changes of perception, smooth muscle contractions, headache etc. Above mentioned
symptoms could lead to dead in cases of ill persons (Bodmer et al., 1999; Buiikova et al.,
2009; Halasz et al., 1994; Kalac et al., 1997; Kalac et al., 2005; Komprda, 2004; Santos,
1996). Nowadays, it is not determined the maximum amount of biogenic amines in dairy and
meat products. However, some authors present, that the amount of 8-40 mg kg ' of histamine
can cause the mild poisoning, 40-100 mg kg ' medium poisoning, and the total BA content
over 100 mg kg' could cause very serious poisoning. Tyramine amount of over than 100
mg kg can also give indication of poisoning (for example swelling creation, etc.) (Fox et al.,
2004; Onal, 2007).

The processing technology can significantly influence the formation of biogenic
amines and their final concentrations in sample. Biogenic amines are formed in foodstuffs by
the starter and non-starter microorganisms, in fermented foodstuff mainly by occurrence of
lactic acid bacteria (e. g. Lactococcus, Lactobacillus and Enterococcus strains). Also the
contaminating microflora could result in high concentration of BA in sample. In non-
pasteurized milk and in products with inappropriate hygiene conditions during the processing
technology, Enterobacteriaceae strains could be observed which are evaluated as regular
producers of BA. Higher concentrations of BA could indicate spoiling; therefore the biogenic
amines can be considered as the indicators of food freshness (Bodmer et al., 1999; Buiikova
et al., 2009; Edwards et al., 1981; Halasz et al., 1994; Roginski et al., 2012).

The conditions for the biogenic amines formation could be divided into direct ones
(presence of a sufficient amount of free amino acid and presence of the microorganisms with
decarboxylation activity); and indirect ones (conditions affecting the optimum growth of

microorganisms with decarboxylation activity — presence of source of carbohydrate, suitable
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temperatures, pH, presence of oxygen, etc.). Certain indirect conditions are dependent on the
specific microorganism species (Komprda, 2004; Nout, 1994; Roginski et al., 2012).

Fermented foods are products in which the conversion of the present carbohydrates
into organic acids during maturation occurs. The fermentation process is realized by mainly
starter microorganisms (lactic acid bacteria), which are added to products during
technological process. In the fermented dairy and meat products, lactose is especially
converted into lactic acid; the rest could form carbon dioxide, other organic acids, other
carbon compounds etc. Proteolysis is another process that usually takes place (Fox et al.,
1998; Fox et al., 2004; Hui, 1993; Scott et al., 1998).

The aim of this study was to analyze the content of eight biogenic amines in
commercial fermented products, especially various types of ripening cheeses and fermented
meat products (cheese samples and dry fermented meat products obtained from Middle

Europe area) during storage.

MATERIAL AND METHODS

Sample characterization

Fifteen cheeses samples and nine dry fermented meat products were bought in Central
Europe (Czech Republic, CZ; Slovak Republic, SK; Poland, PL; and Germany, D). Cheeses
were divided into 5 groups — surface-mould cheese (Camembert-type cheese; SMC), blue-
cheese (BC), double-mould cheese (DMC), Dutch-type cheese (DTC) and smear cheese (SC).
Dry fermented meat products (DFMP) were the last group. Six samples (from the same batch)
were purchased. The samples were analyzed in the first day of storage (the day when the
sample was obtained; 3 samples from a batch) and the last day shelf-life (3 samples from a
batch). Products were stored at 641°C (the storage period of each sample is presented in Table
1).

The samples were lyophilized by using the Alpha 1-4 LSC (Christ, Germany,
Osterode am Harz), the temperature —40 °C and the pressure ~12 Pa at the day of sampling.

Biogenic amines extraction

Extracts were prepared from the lyophilized samples according to Buiikova et al.

(2010). The mixture of 1 g lyophilized sample with 5 ml sodium-citrate buffer (pH 2,2) was
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homogenized for 45 minutes at the room temperature and then it was centrifuged by EA 21
(Hettich Zentrifuge, Germany, Tuttlingen) at 6 000 g for 20 minutes. The supernatant was
strained into 10-ml volumetric flask and the sediment was reextracted again with 5 ml
sodium-citrate buffer (pH 2,2) as described above. Both supernatants were mixed in 10-ml
volumetric flask and filled up to the mark. The supernatant was filtered and centrifuged at
15000 g for 45 minutes in 4 °C using Mikro 200R (Hettich Zentrifuge, Geraminy,
Tuttlingen). Centrifuged samples were filtered through 0.22 pm nylon filter. Each extraction
was repeated for three times (we obtained 9 extracts from the sample: 3 extraction from a

samples x 3 samples were used).

Chromatographic analysis

Eight biogenic amines (histamine — HIM; tyramine — TYM; 2-phenylethylamine —
PHE; putrescine — PUT; cadaverine — CAD; agmatine — AGM; spermidine — SPD; and
spermine — SPN) were determined by ion-exchange chromatography (column 55 x 3.7 mm,
filled with ion-exchange OSTION Lg ANB; Ingos, Prague, Czech Republic) with post-
column ninhydrine derivatization and photometric detection (A = 570 nm) using Automatic
amino acid analyzer AAA 400 (Ingos, Prague, Czech Republic). Chromatographic analysis
was performed according to Burikova et al. (2009). Each extract was analyzed twice (n=18).
The standards of Sigma Aldrich (St. Louis, MO, USA) for chromatographic analysis of

biogenic amines were used.

RESULTS AND DISCUSSION

The obtained values of selected biogenic amines at the beginning and at the end of
storage period are shown in Table 1. Spermidine, spermine and agmatine were not detected in
any of the analyzed samples. Histamine, one of the most important biogenic amines, was
detected in 4 groups (surface-mould cheese, blue-cheese, smear cheese and dry fermented
meat products). Higher histamine concentration at the beginning of the storage time was
detected in dry fermented meat products (up to 32 mgkg'). The significant increase of
histamine content was observed in the group of dry fermented meat products, the values
increased to the final concentration above 150 mg kg™

Tyramine was detected in all groups except the double-mould cheeses. In the first day

of storage, the tyramine concentrations were relatively low. The exceptions represented: a
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sample of the blue cheeses (B4), a case of Dutch-type cheeses (D3) and a sample of the smear
cheeses (E2), where the tyramine amount were above 100 mg kg '. At the end of storage, the
limit of 100 mg kg was exceeded in 10 samples originated form 4 product groups (blue
cheeses, Dutch-type cheeses, smear cheeses, and also dry fermented meat products).

Phenylethylamine was determined in three groups (Dutch-type cheeses, smear cheeses
and dry fermented meat products) and these amounts were also relatively low (6.3—
35.3 mg kg '). The most significant phenylethylamine concentrations were obtained in Dutch-
type cheeses and dry fermented meat products at the end of storage.

Putrescine was detected in all analyzed groups. At the beginning of the storage, the
high putrescine amounts were observed in one sample of the smear cheese group (E2) and one
product of the dry fermented meat products (F7) (201.7 mgkg' and 134.3 mgkg ',
respectively). At the end of the storage, the putrescine concentrations were significantly
higher in comparison with amounts at the beginning of storage. Some concentrations of
putrescine exceeded 200 mg kg .

At the beginning of the storage, the most of samples showed insignificant amount of
cadaverine. Only in two samples, high amount of cadaverine were observed (E2 and E3). The
same situation was recorded at the end of storage. The cadaverine concentrations in samples
E2 and E3 were very high (hundreds milligrams per kilogram). In the rest of samples, the
amounts of cadaverine were acceptable.

Besides monitoring of individual BA contents, total amount of all BA should also be
explored because of their mutual potentiation capacity. Approximately 40% of the tested
samples demonstrated total level of all the monitored BA below 100 mg kg™'. A worrying
finding is represented by the fact that almost 60% of products (after storage period) contained
more than 100 mg kg' of BA and that 35% of the samples even included more than
1 000 mg kg™ of BA.

Also in the dry fermented meat products (F1 — F9) was monitored the total BA content
at the end of storage time. In 3 samples from dry fermented meat products was the total BA
amount bellow 100 mg kg '. Nevertheless the total amount of BA exceeding the limit
100 mg kg ' was detected in 6 samples of dry fermented meat products and even in 3 samples

this amount exceeded 300 mg kg .
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Table 1 The biogenic amines concentration at the beginning (B) and the end (E) of the
storage and the duration of storage period (days) at 6°C

Group Sample Time Storage Biogenic amines content [mg kg™']
* (days) HIM " TYM ? PEA ¥ PUT ¥ CAD?
SMC? Al B ND** ND ND 5.0+0.1 ND
E 18 ND ND ND 11.0+0.5 ND
A2 B 124+0.6 18.8+ 1.1 ND 2.6+0.1 20.1+0.7
E 22 35415 93.0+3.8 ND 6.9+ 0.4 31.0+0.5
A3 B ND ND ND 6.5+0.3 ND
E 18 ND ND ND 2.9+0.1 ND
BC” Bl B ND ND ND 2.0+0.1 ND
E 14 ND ND ND 6.3+0.3 ND
B2 B ND ND ND ND ND
E 20 ND 154+0.4 ND 2.0£0.1 ND
B3 B 49+0.2 10.7+0.5 ND 10.5+£0.4 ND
E 19 7.4+03 140.6 +5.8 ND 30.4+0.7 3.0+0.1
B4 B 3.2+0.1 142.9+6.0 ND 14.8+0.6 23+0.1
E 17 6.0+ 0.1 1 069.6 +9.6 ND 81.2+0.5 10.2+0.1
DMC? Cl B ND ND ND 1.8+0.1 ND
E 18 ND ND ND 5.6+0.1 ND
DTC? D1 B ND 54,0+0.1 ND ND ND
E 90 ND 1015.0+£20.1 742+07  112+0.1 ND
D2 B ND 252+ 1.1 353+ 1.4 ND ND
E 64 ND 973.5+19.5 163.5+13 108.9+0.7 67.0+0.4
D3 B ND 365.1+8.2 ND 37.4+13 ND
E 87 ND 991.5+19.6  140.0+1.7 459.8+13.0 ND
sC? El B ND ND ND ND ND
E 19 ND ND ND ND ND
E2 B 2.840.1 167.9+5.0 2869+0.1 201.7+72  630.6+21.1
E 19 5.0+0.1 243.9+0.5 59.7+13 2723+10.0 1428.4+46.8
E3 B ND 345+25 6.3+0.2 73+04 170.6 +5.5
E 19 ND 77.7+2.8 12.1£02  152+0.3 2457+ 6.0
DFMP” Fl B ND 124+0.6 6.4+0.2 ND ND
E 70 ND 181.7+8.3 14.1+0.6 ND ND
F2 B ND 540+ 1.0 ND ND ND
E 36 ND 148.5+6.9 24.1+1.1 ND ND
F3 B ND ND ND ND ND
E 24 ND ND ND ND ND
F4 B ND 423+0.6 24.7+0.3 ND ND
E 70 ND 228.1+7.9 42.7+1.0 ND ND
F5 B 31.7+1.2 350+ 1.7 ND 15.1+0.8 6.3+0.4
E 62 151.8+3.5 195.0+4.5 ND 317+ 1.4 16.8+0.2
F6 B ND 3.6+0.2 ND 3.1+£02 ND
E 70 ND 153+0.5 ND 18.1+£0.6 ND
F7 B 129+0.5 81.0+2.5 ND 1343+428 ND
E 58 29.6+ 1.4 86.6+ 1.3 ND 225.1+4.6 ND
F8 B ND 17.5+0.4 ND ND ND
E 63 ND 46.4+0.5 ND ND ND
F9 B 24+0.1 26.7+0.6 ND 57.1+0.7 41+0.1
E 46 73.1+1.7 90.4 +2.7 ND 210.4+3.3 15.0£0.2

" Histamine, ~ Tyramine, >’ Phenylethylamine, * Putrescine, > Cadaverine
» surface-mould cheese, ® blue cheese, © double-mould cheese, ¢ Dutch-type cheese, ® smear cheese, ” dry
fermented meat products
* ND —not detected
** B — the beginning of storage; E — the end of storage
g g g g
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The highest total biogenic amounts were detected in smear cheese samples. It was
detected in one sample of this group over 2 000 mg kg '. In smear cheeses were detected
mainly the high concentrations of cadavarine (almost 1 500 mg kg'). Standardova et al.
(2008) presented the similar results in smear cheeses, especially higher amount of cadaverine
(1100 mg kg '). The second group with the highest total biogenic amount were Dutch-type
cheeses. These values reached 1000 mg kg™ in all analyzed samples of this group. These
higher concentrations are rather sporadic. In other publications are the total biogenic amounts
lower, e.g. Leuschner et al. (1998) presented twice lower detected values in Dutch-type
cheese (~500 mg kg '), Komprda et al. (2007) shows more lower total biogenic amounts
(20400 mg kg'). In other analyzed samples (mould cheeses, blue cheeses, double mould
cheeses) weren't the total biogenic amounts higher than 400 mg kg '. Only in one sample of
blue cheeses was the biogenic amines value over 1 000 mg kg '. The same results were
presented by Mayer et al. (2010), Standarova et al. (2008), Standarova et al. (2009). In
dry fermented meat products the total biogenic amount reached almost 400 mg kg '. Similar
amounts are shown by Suzzi and Gardini (2003).

Detected biogenic amines values can be influenced by many factors — concrete cheese
type, conditions and procedure of production, quality of starting raw materials, storage
conditions, etc. It was detected that in 25 % of all analyzed samples the total biogenic amount
reached the limit 900 mg kg™'. Ancin-Azpilicueta et al. (2008) shows that this value can lead

to serious health problems and it can cause health risks for consumers such foodstuft.

CONCLUSION

Altogether 14 samples of dairy products and 9 samples of dry fermented products
were analyzed for the biogenic amines presence. These samples were produced in Central
Europe. The histamine and phenylethylamine concentration were very low at the beginning of
the storage time, but concentrations of tyramine, putrescine a cadaverine exceeded the limit
100 mg kg in sporadic samples. During the storage time the amounts of individual BA
increased. Histamine and phenylethylamine amounts were almost insignificant. Tyramine,
putrescine and cadaverine concentrations were in most dairy and dry fermented meat products
approximately 100 mg kg at the end of storage time. And in some samples was this limit
many times exceeded. In 35% of dairy products and in 6 samples of dry fermented meat
products was detected the total biogenic amines amount over 100 mg kg™'. This amount can

be considered critical from the toxicological point. These detected biogenic amines values
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point to the problem of the formation of high biogenic amines amount in dairy and dry

fermented meat products.
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