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Summary We analyzed 25 cheeses from the Slovak market for their contents of biogenic
amines and polyamines, microbiota, pH and water activity. Contents of tryptamine
were below the limit of detection (4.2 mg/kg) in 24 samples. For the other amines,
contents varied considerably between samples, with lowest values below the limit
of detection and maximum contents of 1117.5; 155.0; 52.7; 296.2; 157.0; 27.6; 49.1
mg/kg fresh matter for R-phenylethylamine (PHE), putrescine, cadaverine, histamine,
tyramine, spermidine and spermine, respectively. Histamine contents >100 mg/kg
were detected in 2 semi-dry- and 1 dry-cheese sample. The amount of PHE ingested
by a 60 or 200 g cheese portion would exceed the lowest-observed-adverse-effect-
level of 5 mg (single dose per consumer) in 6/25 and 11/25 samples, respectively.
No sample exceeded food safety limits for Salmonella and Listeria monocytogenes.
Likewise, contents of coagulase-positive Staphylococci were consistently < 1 log
cfu/g. Considerable contents of Enterobacteriaceae (6.9 log cfu/g) and E. coli (3.9 log
cfu/g) were detected in one fresh cheese made from unpasteurized milk. High bac-
terial numbers were, in general, not associated with higher biogenic amine contents.

Keywords: cheese, histamine, 3-phenylethylamine, alimentary exposure

Zusammenfassung In 25 Kaseproben des slowakischen Marktes wurden Gehalte an biogenen Aminen
und Polyaminen, Mikroflora, pH-Wert sowie die Wasseraktivitat bestimmt. Die
Tryptamingehalte waren bei 24 Proben unter der Nachweisgrenze von 4,2 mg/kg. Die
Gehalte der anderen Amine schwankten stark, mit niedrigsten Werten unter der
Nachweisgrenze und Hochstwerten von 1117,5; 155,0; 52,7; 296.2; 157,0; 27.6;
49,1 mg/kg Frischmasse fur B-Phenylethylamin (PHE), Putrescin, Cadaverin, Hista-
min, Tyramin, Spermidin und Spermin. Histamingehalte >100 mg/kg wurden in 3
schnittfesten Késen nachgewiesen. Die Uber eine 60 bzw. 200 g Kaseportion auf-
genommene PHE Menge wirde den lowest-observed-adverse-effect level von
5 mg/Portion und Person bei 6/25 und 11/25 Proben Uberschreiten. Lebensmittel-
sicherheitskriterien flr Salmonella und Listeria monocytogenes wurden bei keiner
Probe Uberschritten. Ebenso waren die Gehalte an Koagulase-positiven Staphylokok-
ken immer < 1 log,, KBE/g. Hohe Enterobacteriaceen- (6.9 log,, KBE/g) und E. col~
(3.9 log,, KBE/g) Konzentrationen wurden in einer Frischkaseprobe aus Rohmilch
nachgewiesen. Hohe Bakterienzahlen waren im Allgemeinen nicht mit hohen Amin-
gehalten assoziiert.

Schliisselworter: Kise, Histamin, 3-Phenylethylamin, alimentédre Exposition
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Introduction

Milk and dairy products form an important part of human
nutrition. Whereas the consumption of milk and cheese in
Slovakia decreased from 1998-2003 (Jamborova et al.,
2005), a rise was observed in the following periods, e. g.
from 153 kg in 2008 per head and year to 158.6 kg in 2012
(Krizova and Budai, 2015). As in other countries, the
cheese varieties produced and consumed in Slovakia range
from fresh to hard cheeses with different fat contents.
Currently, six Slovak cheese products have the “Protected
Geographical Indication* (PGI) status under EU Regu-
lation No. 1151/2012, amongst which are “bryndza”, a
soft/spreadable fresh cheese, “parenica”, a cylinder-shaped
pasta-filata type of cheese, and “ostiepok”, a cheese of egg-
shaped form with ornaments. In a survey from 2008, rough-
ly 2/3 of 600 interviewed Slovak consumers were familiar
with the term PGI, and associated higher quality with PGI
foods. However, less than 50 % of the panel knew Slovak
cheeses with PGI status (Supekova et al., 2008). This may,
however, have changed in the last nine years.

Slovak cheese with the longest tradition was originally
made from sheep’s milk (Laukova and Czikkova, 2001).
The best known are bryndza and steamed cheese (i. e. sorts
where the cheese obtains its characteristic structure and
properties during a heating-stretching process; Zimanova
et al., 2016), in particular, ostiepok and parenica.

At present, Slovak bryndza contains at least 50 % of
sheep’s milk. Other types of Slovak cheeses are made main-
ly from cow’s milk (Kerestes, 2007).

The microflora of cheeses varies among the different
cheese types but in principle is dominated by lactic acid bac-
teria, enterococci and occasionally yeasts and fungi (Krom-
ker, 2006). Bacteria may originate from the milk (if raw milk
is used), the milking and processing environment or they
have been deliberately added as “starter cultures”, and the
evolution of this flora is mainly influenced by salt content/
drying, acidification, temperature and antagonistic bacterial
effects. European Union legislation on microbiological cri-
teria for foods currently includes four criteria applicable for
cheeses, viz. food safety criteria for Listeria monocytogenes,
Salmonella and process hygiene criteria for E. coli and coa-
gulase-positive Staphylococci (Reg. (EC) No. 2073/2005).

In addition to bacteria, some protein degradation pro-
ducts are relevance for food safety. Biogenic amines are
nitrogenous compounds originating from the decarboxy-
lation of amino acids, whereas the term “polyamines” is
reserved for synthetized compounds, and certain pre-
cursors (putrescine). Some representatives of the former
group are involved in allergy and inflammation; they may
decrease (histamine) or elevate (tyramine, tryptamine)
blood pressure (Beutling, 1996) and their accumulation in
proteinaceous foods indicates decomposition of proteins to
amino acids, during either ripening or spoilage, and subse-
quent utilization of these compounds by bacteria. Polyami-
nes are involved in cell regeneration and growth, thus high
contents can be expected in metabolically highly active tis-
sues/cells (e. g., Villanueva-Valero et al., 2005). Cheese is
amongst the proteinaceous foods with a potential for high
amine contents (Stratton et al., 1991; Linares et al., 2011).
The ingestion of foods with higher amine levels has been
associated with foodborne illness, with allergy-like or car-
diovascular symptoms (Beutling, 1996). The health
significance of alimentary exposure to biogenic amines is
acknowledged in food safety legislation as regards histami-

ne in fish (Reg. (EC) No. 2073/2005). More recently, ali-
mentary exposure has been evaluated by EFSA (2011).

As regards Slovak cheese products, a number of studies
have dealt with the microflora, esp. of the bryndza cheese
type (Laukova and Czikkova, 2001; Jurkovi¢ et al., 2007;
Laurencik et al., 2008; Berta et al., 2009; Chebenova-
Turcovska et al., 2011; Belicova et al., 2013; Pangallo et al.,
2014; Plany et al., 2016), but scarce information exists on the
contents of biogenic amines and polyamines in such pro-
ducts. In order to provide such information, we analyzed 25
cheeses from the Slovak market for their contents of bio-
genic amines and polyamines, microbiota, pH and water
activity. Contents of biogenic amines were related to typical
portion sizes in order to assess if consumers’ exposure to
biogenic amines would exceed threshold levels. The thres-
hold levels and limits we used in this study were taken from
series of assessments based on consumers’ consumption ha-
bits in Austria (Rauscher-Gabernig et al., 2009, 2010, 2012;
Paulsen et al., 2012; Wiist et al., 2017). In addition, some
basic characterization of the microflora was done.

Materials and Methods

Obtaining cheese samples

Cheese samples were bought in supermarkets in/around
Kosice, Slovak Republic, in September 2016. Each sample
was one original package, and was transported under
refrigeration and stored at +2 °C until examination.

Determination of biogenic amines

10.0 g of finely chopped cheese mass were homogenized
with 90 m1 10 % trichloroacetic acid for 2 min (Ultra Turrax
T25; Jahnke&Kunkel, D). The suspension was filtered
through a folded filter (MN 615%; Macherey-Nagel, Diiren,
D) and further purified by a 0.2 um cellulose acetate syrin-
ge filter (Roth, Karlsruhe, D). To 0.5 ml of this filtrate, 1 ml
of dansylchloride solution (5 mg dansylchloride/ml ace-
tone) and 1 ml saturated sodium hydrogencarbonate
solution were added and the mixture was incubated in a
closed vessel for 10 min. at 70 °C, and then taken to dryness
at 40 °C under reduced pressure (Biichi Rotavapor R-100,
Flawil, CH). The dry residue was dissolved in 2 ml aceto-
nitrile. After centrifugation at 12000 x g, 45 min at 5 °C
(Sigma 3K30, Osterode a.H., D), an aliquot of the super-
natant was used for analysis of the amine contents. Sepa-
ration of danyslated amines was performed by HPLC
(Waters Alliance 2695, Waters, Milford, USA) on a RP-
C18 column (ACE RP-18, 3 um, 125 x 3 mm, Advanced
Chromatography Technologies, Aberdeen, UK), and de-
tection was done by UV absorption at 252 nm (photodio-
dearray detector Waters 996). Amine standards (tryptami-
ne, B-phenylethylamine, putrescine, cadaverine, histamine,
tyramine, spermidine, spermine) were dissolved in 0.1 n
HCI and processed with dansylchloride and sodium hydro-
gencarbonate as described above. Identification of amines
was done by comparing retention times of sample peaks to
those of the known standards. Quantification was done
according the external standard method. Reagents were
obtained from Merck (Merck, Darmstadt, D), with excep-
tion of amine standards and dansylchloride (Sigma Aldrich,
St. Louis, USA). Elution was performed by an acetonitrile
— methanol — 0.02 n acetic acid gradient (Paulsen et al.,
1997). Eluents were obtained from Chem-Lab (Zedelgem,
B). For tryptamine, limit of detection (LOD) was 4.2

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe fur imr:livelyzachary

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Journal of Food Safety and Food Quality 69, Heft 1 (2018), Seiten 1-26

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

mg/kg; other LODs are indicated in Table 2. For calcula-
tions of the relations of amines to bacterial numbers, pH,
and water activity, results below the limit of detection were
set to %2 limit of detection (“middle bound”).

Physicochemical measurements

Cheese samples were allowed to reach room temperature.
Water activity was determined from finely ground cheese
mass in a portable Novasina Lab-Swift aW meter (Nova-
sina, Lachen, CH), whereas pH was determined in cheese
directly by means of a penetrating electrode (Mettler-
Toledo, Greifensee, CH) attached to a Testo 230 pH meter
(Testo AG, Lenzkirch, D). Measurements were carried out
in duplicate and the average is reported as the final result.

Microbiological examination
An aliquot of 25 g sample was suspended in 225 g sterile 0.85
% saline, and the suspension was homogenized in a stoma-
cher blender for 180 sec. (Interscience, St. Nom, F). Sub-
sequently, decimal dilutions were prepared in saline. 0.1 ml
aliquots of these dilutions were spread onto Plate Count
Agar (PCA,; aerobic incubation for 72 h at 30 °C), Violet-
Red-Bile-Glucose-Agar (aerobic incubation for 24 h at 37
°C), MRS Agar (aerobic incubation for 72 h at 30 °C) and
a 1.0 ml aliquot was distributed on 3 plates of RPF-Baird-
Parker Agar (aerobic incubation for 48 h at 37 °C) for de-
termination of total aerobic counts (TAC), Enterobacteria-
ceae (EB), lactic acid bacteria (LAB) and staphylococci,
respectively. Presumptive Enterobacteriaceae were confir-
med by oxidase testing of subcultures on PCA. For enume-
ration of E. coli, 1.0 ml ali-
quots were inoculated via

Results and discussion

Characterization of samples

In total, 25 cheeses were examined, of which 19 were of
semi-dry type. Most of these cheeses (11 of 19) had been
smoked. One sample was a dry cheese, and the remaining
5 were of fresh to semifresh type (Tab. 1). All samples were
examined before or at the “best-before” date.

Contents and assessment of biogenic amines
contents in the cheese samples

Contents of tryptamine were below the limit of detection
in 24 samples, in the remaining single sample, 29.4 mg tryp-
tamine /kg were determined. For the other amines,
contents varied considerably between samples, with lowest
values below the limit of detection and maximum contents
of 1117.5; 155.0; 52.7; 296.2; 157.0; 27.6; 49.1 mg/kg for B-
phenylethylamine (PHE), putrescine (PUT), cadaverine
(CAD), histamine, tyramine (TYR), spermidine and sper-
mine, respectively (Tab. 2).

PHE levels in dairy products may exceed 100 mg/kg
(Rauscher-Gabernig et al., 2010) or, in extreme cases, even
300 mg/kg (Linares et al., 2012), but in most samples, they
will be well below 25 mg/kg. A somewhat different situation
was encountered in our samples, where 17/25 samples had
PHE contents >25 mg/kg. Rauscher-Gabernig et al. (2010)
derived a lowest-observed-adverse-effect-level (LOAEL)
of 5 mg per portion/single ingestion. We related this
LOAEL to the median (60 g/day) and the 95" percentile

TABLE 1: Description of samples.

pour-plate technique into No.  Designation Classification Surface Packing
Coli-ID agar. Testing for Sal- Bryndza ovcia ful-fat fresh soft cheese - bryndza; non-pasteurized sheep milk wrapped
monella and Listeria monocy- 2 Ovt hrudkovy syr fullfat fresh soft cheese; non-pasteurized sheep milk wrapped
togenes was done from 25 g — ——— . :
enrichment cultures via im- 3 Qv syr ideny fullfat soft cheese; pasteurized sheep milk smoked vac
munoassays (Vidas SLM 11 4 Banovecky polostiepok netdeny  Steamed unripened semi-soft, semi-skimmed map
and LMOZ} Bio MeriGUX, 5 Banovecké korbatiky netidené  Steamed unripened semi-soft, semi-skimmed map
Marcy I Etoile, F), with proto- - =™ 1 e Semihard unripened mid-fat steamed cheese smoked map
cols and reagents according to p— n , o " "
manufacturer’s specifications. 7 Hravé parenicky Semi-hard unripened mid-fat steamed cheese smoked map
Limit of detection was 2 log 8 Hravé syrceky Semi-hard unripened mic-fat steamed cheese smoked map
cfu/g for TAC, LAB, EB and 9 Parenica (idend Semi-hard unripened mid-fat steamed cheese smoked map
1 log cfu/g for Staphylococei Pologtiepok (ideny Semi-hard unripened ful-fat steamed cheese smoked map
and E. coli. Media were obtai- H Svovt Ly G Semiard arioened mid-osa i e
ned from Merck, with excep- yrové uzliky (dené emi-hard unripened mid-fat salty steamed cheese smoke Vac
tion of Coli-ID and Vidas 1 Syrovy korbac Uceny slanj Semi-hard unripened mid-fat salty steamed cheese smoked map
Reagents (Biomerieux, F). 13 Gazdovska chut'ovka bylinkova  Semi-hard unripened mid-fat salty steamed cheese, non-pasteurized vac
Results below limit of detec- Zazrivsky simack gazdovsky Semi-hard unripened mid-fat salty steamed cheese; non-pasteurized vac
tion were set to *9" for "<10 15 Parenica nelidend Semi-hard unripened mic-fat steamed cheese ma
cfu/g” and “99” for “<100 aned — ' ! fp ' ‘ P
cfulg” (“upper bound”). Bac- 10 Gazdovské uzliky paprika pikant  Semi-hard unripened mid-fat salty steamed cheese, non-pasteurized vac
terial numbers were then 17 Strahany liptovsky vyber Semi-hard ripened half-fat grated cheese map
transformed to log counts. 18 Ostiepok tdeny natural semi-hard mic-fat cheese smoked vac
Statistical . 19 Eidam (dené platky Semi-hard ripened mid-fat cheese smoked map
o:ia dlast;ca processing 20 Tekovsky netdeny Semi-hard ripened full-fat cheese, PGI map
Besides descriptive statistics, 2! Vichér ovocny Semi-hard ripened fullfat cheese map
correlations between bacterial 22 Tekovsky Udeny Semi-hard ripened full-fat cheese, PGI smoked map
numbers with pH, water activi- 3 Volovec platky natural full-fat semi-hard cheese matured under morter map
ty and bacterial numbers were - . . . ‘

, . 24 Syrové uzlky Semi-hard unripened mid-fat safty steamed cheese, non-pasteurized Vac
tested by Pearson’s correlation , - .
analysis. Statistical significan- 25 Viichdr extra vyzrety hard ripened full-fat cheese map

ce was established at P<0.05.

Ausgabe fiir imr:livelyzachary
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(200 g/day) cheese consumption of a female consumer with
60 kg bodyweight (Elmadfa and Freisling, 2004), which re-
sulted in permissible levels of 85 and 25 mg PHE/kg cheese
(fresh matter). For 6/25 samples, even a 60 g portion would
exceed the LOAEL; for 11 samples, a 200 g portion would
exceed this limit. Long-term ripened cheeses may provide
an adequate amount of the free precursor amino acid to
allow for formation such such amounts of PHE (Biitikofer
and Fuchs, 1997). Maximum tolerable contents for putresci-
ne and cadaverine were based on a provisional-acceptable-
daily-intake (PADI) of 0.6 mg/kg bodyweight/day for PUT
and the toxicological threshold level of 1.8 mg/kg body-
weight/day for CAD (Rauscher-Gabernig et al., 2012).
Tolerable concentrations were 600 and 180 mg PUT/kg, for
60 g and 200 g cheese portions, respectively. The correspon-
ding limits for CAD were 1800 and 540 mg/kg. For TYR, a
NOAEL of 200 mg per single oral administration was deri-
ved (Paulsen et al., 2012). This corresponds to 3330 mg/kg
cheese and 60 g consumption, or 1000 mg/kg for 200 g chee-
se consumption. None of these limits was exceeded in our
samples. Tolerance levels for histamine ranged from 417 to
100 mg/kg cheese (Rauscher-Gabernig et al., 2009). The
upper limit was not exceeded; however, three samples
exceeded the lower limit of 100 mg/kg.

Microflora of cheeses
Salmonella and Listeria monocytogenes were not detected
in 25 g-aliquots of any sample. Thus, samples fulfilled the
food safety requirements given by Reg. (EC) No.
2073/2005. Staphylococci counts were below the limit of
detection in 16/25 samples, and the maximum was 3.7 log
cfu/g. Coagulase-positive staphylococci were not detected
in any sample (i. e. <1 log cfu/g), which indicated com-
pliance with EU process hygiene criteria. Numbers of
Enterobacteriaceae were below the limit of detection in
21/25 samples, and the maximum was 6.9 log cfu/g. The
corresponding figures for E. coli were 22/25, and 3.9 log
cfu/g. The EU process hygiene criteria were exceeded in
two samples, a semi-dry cheese with 3.3 log E. coli/g; and
in a fresh cheese made from raw ewe’s milk (3.9 log E.
colilg). Since the latter cheese was sold in an open plastic
bag, it cannot be excluded that these Gram-negative bac-
teria were introduced at retail, and were not introduced
during processing or were present in the milk used for
cheese production.

Total aerobic counts reached up to 8.9 log cfu/g (Tab. 3).
In 15 of 25 samples, TAC corresponded well with num-
bers of lactic acid bacteria (differences not exceeding 1 log
unit).

As can be seen from Table

2, there were large variations TABLE 2: Contents of biogenic amines and polyamines in 25 typical Slowak cheeses, mg/kg fresh

in amine contents, which matter.
might be attributed to diffe- No. B-phenyl  putrescine cadaverine histamine  tyramine  spermidine  spermine
rent processing technology, ethylamine
different milk quality in raw- 1 50 316 52.7 424 755 20 127
milk—CheeseS (NOVClla—ROdrf— 7 <50 189 264 211 197 "65 185
guez et al., 2004), and specific ' ' ' ' ' : '
strains in the contaminant mi- > <0 175 216 73 204 205 14
croflora (Mayer and Fiechter, 4 <50 174 37 <39 190 182 <48
2013). The latter two factors 5 58.1% 205 25 403 43 185 A48
CO}lld not be'acco'unted for in 6 837 197 37 24 3 185 @8
this study. Likewise, for por-
tions from ripened cheeses, it ! 3 195 37 259 <43 & <48
was not known if these sam- 8 Do o0 a7 30 43 205 13
ples were from the core or the 9 480 204 37 306 <43 <5 <48
periphery of the cheese — 7, %1 32 37 201 3 &1 48
which is known to affect
amine contents (Novella-Ro- | 50 177 217 23 203 02 129
driguez et al., 2003). 12 359 176 219 213 43 230 13
13 382 194 25.1 236 2147 276 189
Water activity 14 50 199 297 56 246 260 157
and pH of cheeses 15 32 186 37 245 192 200 8
Water activity ranged from
0.92 to 0.99, with a median of 10 654 176 288 305 193 186 13
0.96. As could be expected, 17 110.7 317 58.0 43 196 204
the dry cheese sample had 13 179 25 454 207 207 491
lowest a,, whereas the highest g 609 219 a7 I 26 35 4138
water activity was measured
in a fresh cheese sample (Tab. 20 <50 50.6 24.2 339 <43 245 311
2). Water activities around 21 M1 1228 a7 1280 1570 &1 160
093 and le—/%% fO; fresh 470 32 23 335 206 196 17
and semi-dry/dry cheeses,
respectively, are in the expec- 5 - 1550 37 il 43 ol 8
ted range (Kromker, 2006). 24 &0 219 275 %4 25 188 19
As regards pH, both lowest 2 TR a7 2013 %4 S 48
(4.7) and hl%h?Stfvalﬁleh(ﬁ'z) Minimum &0 32 a7 39 43 &1 48
Was measured m Test CeeSe  pimum 1175 1550 527 2962 1570 276 91

samples. The 19 semi-dry
cheeses clustered in the pH-
range 5.2-5.4 (Tab. 3).

. light grey and dark grey fields indicate that the respective tresholds or tolerable limits (for single oral administration to an average consumer of 60 kg body-
weight) are exceeded by a 200 g or a 60 g portion, respectively. Sample designations see Table 1.
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Relation of biogenic
amine contents with

TABLE 3: Bacterial numbers, pH and water activity in 25 typical Slowak cheeses.

No. total aerobic Enterobacteriaceae/ lactic acid bacteria, Staphylococci*,  pH a,
bacterial numbers, pH count, log cfu/g E. coli, log cfu/g log cfu/g log cfu/g
and water activity 1 81 Q<! 80 26 4 09
Formation of biogenic amines
by bacteria is a widely studied 2 83 63/3 85 < 62 0%
phenomenon. In particular, 3 85 2/« 81 <l 49 0%
numerous Enterobacteria- 4 9 Q1< Q) <] 53 09
ceae are able to form putresci- ¢ 56 /<1 54 < 53 097
ne and cadaverine, and
sometimes also histamine, 6 <2 2/ < < 53 0.5
from the precursor amino 7 <2 Q< N <1 51 09
acids (Ozogul and Ozogul, g 23 Q1< Q <1 52 097
2007). This reaction is often 9 75 /<l Q < 53 0%
an attempt to counterbalance
acidic or other stressful envi- 0 25 2/ < < 53 0%
ronments (Beutling, 1996). 1 33 N < N 51 0%
Tyramine formation is more 1) 34 Q/< Q 26 5.2 093
frequently .observed among 7 38 /<] P < 5 0%
enterococci and lactic acid
bacteria (Pircher et al., 2007), 14 43 Q< 43 34 52 0%
and, in particular, PHE for- 15 52 Q/<! < 23 54 0.9
mation by enterococci has 14 53 Q< Q < 51 095
been studied by Beutling and
Walter (2002). Notably, this il il 2 < 3 6 03
compound  demonstrated 8 64 <2/ 76 < 53 0%
antibacterial activity in meat 19 73 Q<1 37 37 55 09
surrogaltes2 Slnf) ilr; beef (Lyn- 7 79 Q< 80 3 56 0%
nes et al., , but its poten-
tial effect on the microf%)ora of 2l i </l 8 < 6 0%
cheese remains to be investi- 2 82 30/33 39 30 4 0%
gated. Polyamines, as spermi- 23 82 26/<1 15 <1 58 0%
dine and spermine, are, in 89 20115 80 30 52097
contrast, the result of synthe- x 66 2/< 38 q 55 092

sis processes associated with

cell growth and thus, an incre- *: coagulase-negative colonies

ase of polyamine contents

(per fresh matter) during cheese production is likely
attributable to drying (Novella-Rodriguez et al., 2003).
Since cheese manufacture is a complex process, contents of
biogenic amines could originate from the activity of bac-
teria present in the milk before curd production, or from
microbiota originating from the dairy equipment. In
addition, the amine-forming capability within a species is
rather strain-specific (Ozogul and Ozogul, 2007). It was
thus not unexpected that no significant relation could be
established between the contents of single amines or the
sum of all amines to log numbers of bacterial groups under
study. There was, however, a significant (P<0.05) positive
correlation of pH with contents of PHE (r=0.44), cadave-
rine (r=0.44) and putrescine (p=0.37) on one side, and a
negative correlation of water activity and PHE (-0.56),
cadaverine (-0.53) and histamine (-0.47) on the other side.
Since the correlation coefficients are only moderately
strong to weak, these associations should be interpreted
with caution. Whereas the finding that higher pH would
correlate with higher contents of some amines was not
expected, higher amine contents and lower water activity
could be related, e. g. via drying, salt content (inducing
osmotic stress), proteolysis (which would provide pre-
cursor amino acids and increase osmotic pressure). It was
not in the scope of this study to evaluate technological and
physicochemical properties of cheeses in terms of their
ability to induce bacteria amine formation, but further tests
will consider this issue.
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