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Abstract

BURDYCHOVÁ, R.: Study of enterococci during cheese manufacture and ripening and evaluation of their role in 
tyramine production.  Acta univ. agric. et silvic. Mendel. Brun., 2009, LVII, No. 5, pp. 49–56

The aim of this study was isolation, identifi cation and characterization of bacteria of the genus Entero-
coccus from Duch-type semi-hard cheese during manufacture and ripening. Cheese samples from two 
diff erent producers (I and II) were used at the production day and a� er 30, 90 and 176 days of ripen-
ing.
Altogether 361 suspected enterococci isolates were obtained from cheese samples during 7 month 
of ripening. Using genus-specifi c PCR, 285 isolates were identifi ed as the members of the genus En-
terococcus. The identifi cation of fi ve Enterococcus species was performed by PCR using species-specifi c 
primers. Among 165 Enterococcus spp. isolates of producer I, 81 isolates were classifi ed as E. faecium, 39 
as E. durans, 21 as E. faecalis, 19 as E. casselifl avus and 3 as E. hirae, and 2 isolates were not classifi ed into 
species. Enterococci species among isolates of producer II were as follows: 52 isolates of E. faecium, 38 
of E. faecalis, 14 of E. durans, 12 of E. casselifl avus, 3 of E. hirae and 1 was not classifi ed into species. E. fae-
cium was found to be the dominating species in all cheese samples. The gene coding for tyrosine de-
carboxylase was detected in 10 enterococci isolates of producer I and in 5 enterococci isolates of pro-
ducer II. Production of biogenic amine tyramine was confi rmed in all these isolates, which were of E. 
faecium, E. faecalis and E. durans species. It was confi rmed that these species are important for tyramine 
production. There is the relationship between tyramine production and counts of E. faecium, E. faecalis 
and E. durans. No tyramine production was observed in isolates of E. casselifl avus or E. hirae species.

semi-hard cheese, Enterococcus, genus and species-specifi c PCR, tyrosine decarboxylase gene, 
tyramine

Enterococci in milk and cheese usually indi-
cate poor bacteriological quality and poor hygiene 
during manufacture. The source of enterococci is 
thought to be contaminated water, milking equip-
ment, bulk storage tanks or the faeces of dairy cows 
(GELSOMINO et al., 2001). The natural habitat of en-
terococci is the mammalian intestinal tract (FRANZ 
et al., 1999).

Enterococci have become important over the past 
decade because they are frequently encountered hu-
man pathogens and appear to have increasing anti-
microbial resistance (NOSKIN, 1997). The presence 
of enterococci in pasteurised milk and cheeses has 
been monitored because they are responsible for 
many nosocomial infections. Moreover, many en-

terococci produce biogenic amines in food (mostly 
tyramine and histamine), are resistant to glycopep-
tides and other antibiotics and are able to transfer 
diff erent genes (mostly antibiotic resistance genes) 
to other, mostly pathogenic bacteria. On the other 
hand, several studies have indicated that some 
strains of enterococci may have a positive infl uence 
on the production and ripenning of cheeses, pro ba-
bly through proteolysis, lipolysis, and citrate break-
down, hence contributing to their typical taste and 
fl avour (LITOPOULOU-TZANETAKI et al., 1992; 
LEDDA et al., 1994).

Many enterococci withstand pasteurisation (most 
of them resist the temperature of 63 °C for 30 min) 
which explains their presence in cheeses produced 
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from pasteurized milk. Their occurence in cheeses 
can also be caused by the post-pasteurisation en-
vironmental contamination. Levels of enterococci 
in cheeses depend on the extent of milk contami-
nation, the cheese type, the production season and 
the starter culture used. Also technology applied, af-
fects their survival and growth under particular con-
ditions of cheese manufacture and ripening (LITO-
POLOU-TZANETAKI et al., 1992)

Enterococci play important role in biogenic 
amines production in fermented foods (KOMPRDA 
et al., 2007; BURDYCHOVA and KOMPRDA 2007). 
The aim of this study was monitoring of their spe-
cies-specifi c role during cheese manufacture and 
in tyramine production. Therefore, the main objec-
tive was isolation of bacteria of the genus Enterococ-
cus from cheese samples of two diff erent producers 
during seven months of ripening and identify them 
to the species level using fi ve species-specifi c PCRs. 
Furthermore, screening of isolates for their ability to 
produce biogenic amine tyramine and determina-
tion of relationship between tyramine production 
and counts of diff erent enterococci species were 
also objectives of this work.

MATERIALS AND METHODS

Control bacterial strains and growth 
conditions

Control reference strains E. faecium CCM 7250, 
E. durans CCM 5612, E. hirae CCM 7264 and E. casse-
lifl avus CCM 2478 were obtained from Czech Col-
lection of Microorganisms (CCM, Brno, Czech Re-
public). The tyramine producing strain Enterococcus 
faecalis CNRZ 238 was obtained from Deutsche 
Sammlung von Mikroorganismen und Zellkul-
turen (DSM, Braunschweig, Germany). All reference 
strains were grown on Canamycine Aesculin Azide 
agar (CAA, Merck, Germany) at 37 °C. DNA isolated 
from these bacteria was used as positive control in 
PCR analyses.

Cheese manufacture and ripening
Nine blocks of cheese weigting approximately 

13 kg were produced in each of two dairies; each 
block was vacuum-packed in a polyethylene casing 
and let to ripen in the ripening chamber at 10 °C. 
Three cheese blocks from each producer were taken 
at the production day (day 0) and consequently a� er 
26 and 176 days of ripening.

Determination of tyramine concentration in 
cheeses

Tyramine concentration was measured as de-
scribed by KOMPRDA et al. (2005).

Isolation of enterococci from cheese
Isolation of enterococci from cheese samples was 

performed as follows: duplicate 10 g samples were 
poured with 90 ml of 45 °C sterile Ringer solution 
(Merck, Germany) and shaked in a stomacher (Bio-
tech, USA) for 2 min; decimal dilutions of samples 
were prepared and plated on Canamycine Aesculine 
Azide agar (CAA, Merck, Germany) and cultivated 
for 48 h at 37 °C. The colonies selected from CAA 
agar were further isolated into pure cultures by re-
peated streaking on the same medium. A total of 261 
presumptive enterococci, 115 from producer I and 
146 from producer II, were used for further identi-
fi cation.

Isolation of DNA and genus - and species - 
specifi c PCR

Standard DNA manipulations were carried out 
as described by SAMBROOK et al. (2001) and 
AUSUBEL et al. (1994). The quality of DNA was 
checked using gel electrophoresis on agarose and by 
UV spectrophotometry. Identifi cation to the genus 
level was carried out using E1/E2 primer pair (733 bp 
PCR product) targeted to 16S rDNA sequences and 
according to DEASY et al. (2000); Enterococcus iso-
lates were further identifi ed using fi ve diff erent spe-
cies-specifi c PCR-based methods (Table I). PCR as-
says with primers targeted to D-alanine: D-alanine 
ligase (ddl) genes were used for identifi cation of En-

I: PCR assays for identifi cation of the genus Enterococcus and Enterococcus species

Control DNA of strain Primers Primer sequences PCR product 
size (bp) References

E. faecium CCM 7250 F1

F2

TAGAGACATTGAATATGCC
TCGAATGTGCTACAATC

550
Dutka-Malen et al., 
1994

E. durans CCM 5612 DuHiF
DuR

TTATGTCCCWGTWTTGAAAAATCAA
TGAATCATATTGGTATGCAGTCCG

186 Knijff  et al., 2001

E. hirae CCM 7264 DuHiF/
HiR

TTATGTCCCWGTWTTGAAAAATCAA
TTT TGT TAG ACC TCT TCC GGA

377 Knijff  et al., 2001

E. casselifl avus CCM 2478 CA1
CA2

TCCTGAATTAGGTGAAAAAAC
GCTAGTTTACCGTCTTTAACG

288 Jackson et al., 2004

Enterococcus faecalis CNRZ 238 E1

E2

ATCAAGTACAGTTAGTCTT
ACGATTCAAAGCTAACTG

941
Dutka-Malen et al., 
1994

E. faecium CCM 7250 genus 
Enterococcus

E1

E2

TCAACCGGGGAGGGT
ATTACTAGCGATTCCGG

733 Deasy et al., 2000
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terococcus isolates to the species level. PCR products 
are specifi c for E. faecalis (941 bp), E. faecium (550 bp), 
E. hirae (377 bp) and E. durans (186 bp). Identifi ca-
tion of E. casselifl avus was based on amplifi cation of 
specifi c DNA sequence for manganese-dependent 
superoxide dismutase (sodA). The primers used, 
the supposed length of amplicons and reference to 
literature which describes amplifi cation conditions 
used are shown in Table I (DUTKA-MALEN et al., 
1995; KNIJFF et al., 2001; JACKSON et al., 2004).

PCR from one bacterial colony was also used for 
the identifi cation of enterococci. PCR reactions were 
performed in a total volume of 25 μl, containing 1 μl 
of each primer (10 pmol/μl), 12.5 μl of Qiagen Hot-
Star Master Mix (Qiagen, Hilden, Germany) and one 
bacterial colony. In positive controls, 1 μl (10 ng/μl) 
of DNA isolated from each control strain was used.

PCRs were carried out using model PTC-150HB 
thermal cycler (MJ Research, Waltham, MA, USA). 
Amplicons were visualized in UV light a� er elec-
trophoresis in 1 % agarose gel (5 V/cm) in 0,5 x TBE 
buff er a� er ethidium bromide staining (0,5 μg/ml). 
The documentation was carried out with CD34 Po-
laroid kamera on TT667 fi lm.

Screening of enterococci isolates for their 
ability to produce tyramine

Cultivation in decarboxylating medium (BOVER-
CID and HOLZAPFEL 1999), HPLC described by 
BURDYCHOVA and DOHNAL (2007), and PCR de-
tection of genes coding enzymes ty ro sin de car bo xy-
la se (COTON et al., 2004) were used as the screen-
ing methods. Bacterial strain E. faecium CNRZ 238, 
tyramine producer described in the study of COTON 
et al. (2004), was used as positive control for the PCR. 
PCR was carried out as desribed by BURDYCHOVA 
and KOMPRDA (2007). Out of 285 entrococci iso-
lates were examined by the methods mentioned 
above.

RESULTS
Isolated enterococci were fi rst identifi ed into ge-

nus level. PCR analysis of suspected 285 enterococci 
isolated from cheese samples resulted in PCR pro-
duct of expected lenght (733 bp) only in 261 cases. 
So, 261 isolates were identifi ed to the genus Entero-
coccus.

Out of 261 Enterococcus spp. strains, 111 (45 %) iso-
lates were proved to be E. faecium, 70 (29 %) as E. du-
rans, 30 (12 %) as E. faecalis, 24 (10 %) as E. casselifl avus 
and 4 (2%) as E. hirae. However, 3 enterococci strains 
(1 %) could not be identifi ed into no studied species 
by the methods used. Agarose gel electrophoresis of 
PCR products used for identifi cation of enterococci 
species using PCR shows Fig. 1.

Distribution of enterococci in cheese samples of 
both producers during ripening is shown in Table II 
and Fig. 2. Enterococci counts in the cheeses sam-
ples from producer I were higher in comparison 
with those of producer II. At any rate, enterococci 
contamination of the cheeses from producer I at 

the begin of ripening, presumably from an ambient 
environment of the dairy I, follows from Table II.

Because tyramine was described as the most com-
mon biogenic amine in ripening cheeses (STRAT-
TON et al., 1991) in toxicologically relevant levels 
(≥ 100 mg/kg), further experiments were focused 
on screening of enterococci isolates for their ability 
to produce tyramine. Cultivation in decarboxylat-
ing medium (BOVER-CID and HOLZAPFEL, 1999), 
HPLC descibed by BURDYCHOVA and DOHNAL 
(2007), and PCR detection of genes coding enzymes 
tyrosindecarboxylase and histidindecarboxylase, 
participating in formation of biogenic amines (CO-
TON et al., 2004) were used as the screening me-
thods. Altogether, the tyramine production was de-
tected at 15 enterococci isolates, the most of strains 
(246) were negative for ability to produce tyramine. 
10 tyramine producing enterococci isolates origi-
nated from cheese samples of producer 1, 5 from 
those of producer II. The most tyramine producers 
were of E. durans species. Distribution of tyramine 
producing enterococci species among cheese sam-
ples of two producers shows Table II. To study if 
the counts of tyramine producing enterococci in-
fl uen ce tyramine content in cheeses, the concen-
tration of tyramine in cheeses was examined using 
HPLC (data not shown).

M 2 3 4 5 61

bp

1000
1200

500

100

M: 100 bp ladder (New England Biolabs, England), lane 1: 
E. faecium (550 bp),  lane 2: E. faecalis (941 bp), lane 3: E. faeca-
lis (941 bp), lane 4: E. hirae (377 bp), lane 5: E. casselifl avus 
(439 bp), lane 6: E. durans (186 bp)

1: PCR identification of bacteria of the genus Enterococcus iso-
lated from semi-hard cheese
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II: Percentage composition of enterococci in cheese samples of 2 producers during ripening and presence of enterococci strains produc-
ing tyramine

Cheese samples 
(days of 

ripening)

Species composition
Total

E. faecium E. faecalis E. durans E. casselifl avus E. hirae unidentifi ed

Producer 1 
(165 
isolates)

0 23 8 15 7 2 1 56

30 24 6 10 5 - - 45

90 15 3 7 3 1 - 29

176 19 4 7 4 - 1 35

total 81 21 39 19 3 2

tyramine 
producer

16 2 7 - - - 25

Producer 2 
(120 
isolates)

0 14 10 6 4 1 - 35

30 14 11 3 4 1 1 34

90 8 7 2 2 1 - 20

176 16 10 3 2 - - 31

total 52 38 14 12 3 1

tyramine 
producer

7 1 1 - - - 9
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2: Percentage composition of enterococci in semihard cheese during 176 days of ripen-
ing. Each group represents a total number of isolates from each producer (A 165 iso-
lates; B 120 isolates). Total number of enterococcal species in cheese samples at 0, 30, 
90 and 176 days of ripening represents 100% (P < 0,05).  E. faecium,  E. faecalis, 

 E. durans,  E. casseliflavus,  E. hirae,  unidentified.
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DISCUSSION
Enterococci occur and grow in raw milk, pa steu-

ri zed milk and milk products. The main reasons for 
this prevalence in milk products have been con si-
de red to poor hygienic conditions during collection 
and processing of milk. Other factors can account 
for the predominance of enterococci such as their 
resistance to high temperatures, their ada pta bi li ty 
to diff erent substrates and wide range of habitats 
(WESSELS et al., 1990; LITOPOULOU-TTZA NE-
TA KI, 1992; SUZZI et al., 2000). On the other hand, 
it is well known (MORENO et al., 2002) that entero-
cocci can positively contribute to the fl avour de ve-
lop ment during cheese ripening. Moreover, they 
can also produce several enzymes that interact with 
milk components, thus promoting important bio-
chemical transformations.

The use of 16S and 23S rDNA sequences as 
a method of bacterial classifi cation is well es-
tablished (LANE et al., 1989; BOTTGER, 1989; 
SALAMA et al., 1991). These sequences contain 
universally conserved regions and regions unique 
to particular genera or species. To date, 28 species 
of the genus Enterococcus were identifi ed. E. faecalis 
and E. faecium represent ca. 90 % of food and clinical 
isolates belonging to this genus. Because also E. du-
rans, E. hirae and E. casselifl avus occurs in milk and 
milk products and are described as causative agents 
of diff erent types of infections (DUTKA-MALEN 
et al., 1995; KNIJFF et al., 2001; JACKSON et al., 
2004), the presence of these 5 species was chosen 
for screening of Enterococcus species in cheese sam-
ples of two producers during 7 month of rippening. 
The milk for cheese production came from diff erent 
milk suppliers and therefore cheeses were made in 
diff erent hygienic conditions. The higher amount 
of enterococci in cheese samples from producer 
I can be caused either by contamination of raw milk 
(from the udder, teats surface, or bulk tank) or by 
secondary contamination of milk a� er pasteuriza-
tion and during cheese manufacture (cheese-mak-
ing equipment, milker, aerial contamination, milk-
ing equipment contamination from residual water 
a� er wasching of equipment). E. faecium and E. du-
rans were found to be the dominating species in all 
cheese samples from producer I, E. faecium and E. 
faecalis dominated in enterococcal microfl ora of 
cheese samples from producer II. These results are 
in agreement with another studies (ARIZCUN et al., 
1997, COGAN et al., 1997, DEVRIESE et al., 1995, 
SUZZI et al., 2000) where the most common species 
in cheese were E. faecium and E. faecalis or E. faecium 
and E. durans. In our study, the numbers of E. faecalis 
were very low in cheese samples of producer I. This 
indicates good hygienic conditions during milking 
process, manipulation and cheese manufacture, be-
cause E. faecalis is considered to be the most common 
species in human feeces (FACKLAM and COLLINS, 
1989) and was o� en found in dairy cows (DEVRIESE 
et al., 1992).

E. durans was the second dominant species iso-
lated from all cheese samples of producer I. E. du-
rans (and E. hirae) are infrequently isolated from hu-
mans. In domestic animals, E. durans also appears to 
be a relatively rare inhabitant of the gut, except in 
preruminant calves. Furthermore, the above men-
tioned species are being found in foods of animal 
origin and in water (DEVRIESE et al., 1992). MCAU-
LEY et al. (2005) described E. durans isolates from 
raw milk which survived pasteuration. Our results 
show that E. durans grew in cheese. It is possible that 
E. durans originated from residual water a� er wasch-
ing of cheese-making equipment or it survived 
the pasteurization of milk. This is in agreement 
with the study of FRANC et al. (1999) who showed 
that the most frequently isolated Enterococcus species 
from milk and cheese are E. faecium, E. faecalis and 
E. durans.

The smallest counts in both cheese sample sets 
were of E. casselifl avus. This disagrees with the study 
of GELSOMINO et al. (2002), where E. casselifl avus 
dominated among the isolates of human faeces, milk 
and cheese. The autors supposed that the main con-
tamination reservoir was milking equipment. It fol-
lows from our results that regarding the whole en-
terococci counts, both producers operated in good 
hygienic conditions including eff ectivity of steriliza-
tion and disinfection.

The distribution of tyramine producing entero-
cocci in cheese samples of both producers is shown 
in Table II. Majority of tyramine producing isolates 
came from cheese samples of producer I, the most 
frequent tyramine producing Enterococcus species 
was E. faecium, followed by E. durans and E. faeca-
lis. It follows from our experiments that in cheese 
samples with higher enterococci counts having abi-
li ty to produce tyramine were higher levels of bio-
genic amine tyramine. An expected higher amount 
of tyramine in cheese samples of producer I in com-
parison with producer II was confi rmed by com pa-
ri son of tyramine content in particular cheese sam-
ples during ripening. The amount of tyramine in 
cheese of producer I was approximately four times 
higher (70 mg/kg) than in cheese from producer II 
and exceeded the tyramine toxic level (100 mg/kg) 
when ripened more than 120 days. The presence 
of enterococci in Duch-type cheesse and their in-
fl uen ce on tyramine production was discussed ear-
lier by BURDYCHOVA and KOMPRDA (2007). Strict 
observance of proper hygiene conditions during 
cheese manufacture and ripening is recommended 
for the reduction of enterococci counts. Ge ne ral ly 
we can say that long-term ripening and storage of 
these types of cheesse support accumulation of 
tyramine. Therefore they are not recommended for 
consummation, mainly by persons with tyramine 
intolerance which is very much connected with mi-
graines and cluster headaches.
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SUMMARY
Enterococci in milk and cheese usually indicate poor bacteriological quality and poor hygiene dur-
ing manufacture. The source of enterococci is thought to be contaminated water, milking equipment, 
bulk storage tanks or the faeces of dairy cows (GELSOMINO et al., 2001). The natural habitat of en-
terococci is the mammalian intestinal tract (FRANZ et al., 1999).
Many enterococci withstand pasteurisation (most of them resist the temperature of 63 °C for 30 min) 
which explains their presence in cheeses produced from pasteurized milk. Their occurence in 
cheeses can also be caused by the post-pasteurisation environmental contamination (LITOPOLOU-
TZANETAKI et al., 1992).
Enterococci play important role in biogenic amines production in fermented foods (KOMPRDA et al., 
2007; BURDYCHOVA and KOMPRDA, 2007). The aim of this study was monitoring of their species-
specifi c role during cheese manufacture and in tyramine production. Therefore, the main objective 
was isolation of bacteria of the genus Enterococcus from cheese samples of two diff erent producers dur-
ing seven months of ripening and identify them to the species level using fi ve species-specifi c PCRs. 
Furthermore, screening of isolates for their ability to produce biogenic amine tyramine using PCR 
described by COTON et al. (2004) and BURDYCHOVA and DOHNAL (2007) and determination of re-
lationship between tyramine production and counts of diff erent enterococci species were also objec-
tives of this work. Cheese samples from two diff erent producers (I and II) were used at the production 
day and a� er 30, 90 and 176 days of ripening.
Altogether 361 suspected enterococci isolates were obtained from cheese samples during 7 month 
of ripening. Using genus-specifi c PCR, 285 isolates were identifi ed as the members of the genus En-
terococcus. The identifi cation of fi ve Enterococcus species was performed by PCR using species-specifi c 
primers. Among 165 Enterococcus spp. isolates of producer I, 81 isolates were classifi ed as E. faecium, 39 
as E. durans, 21 as E. faecalis, 19 as E. casselifl avus and 3 as E. hirae, and 2 isolates were not classifi ed into 
species. Enterococci species among isolates of producer II were as follows: 52 isolates of E. faecium, 38 
of E. faecalis, 14 of E. durans, 12 of E. casselifl avus, 3 of E. hirae and 1 was not classifi ed into species. E. fae-
cium was found to be the dominating species in all cheese samples. The gene coding for tyrosine de-
carboxylase was detected in 10 enterococci isolates of producer I and in 5 enterococci isolates of pro-
ducer II. Production of biogenic amine tyramine was confi rmed in all these isolates, which were of E. 
faecium, E. faecalis and E. durans species.
It follows from our experiments that in cheese samples with higher enterococci counts having abi-
li ty to produce tyramine were higher levels of biogenic amine tyramine. An expected higher amount 
of tyramine in cheese samples of producer I in comparison with producer II was confi rmed by com-
parison of tyramine content in particular cheese samples during ripening. The amount of tyramine in 
cheese of producer I was approximately four times higher (70 mg/kg) than in cheese from producer II 
and exceeded the tyramine toxic level (100 mg/kg) when ripened more than 120 days.
The presence of enterococci in Duch-type cheesse and their infl uence on tyramine production was 
discussed earlier by BURDYCHOVA and KOMPRDA (2007). Strict observance of proper hygiene con-
ditions during cheese manufacture and ripening is recommended for the reduction of enterococci 
counts. Generally we can say that long-term ripening and storage of these types of cheesse support ac-
cumulation of tyramine. Therefore they are not recommended for consummation, mainly by persons 
with tyramine intolerance which is very much connected with migraines and cluster headaches.

SOUHRN
Studium enterokoků a jejich role v produkci tyraminu během výroby a zrání polotvrdých 

sýrů
Enterokoky se vyskytují jako přirozená součást zažívacího traktu většiny savců a ptáků (FRANZ et al., 
1999). Výskyt enterokoků v mléku a sýrech bývá často spojován s nedostatečnou hygienickou kvali-
tou výroby. Jako kontaminanty se do těchto potravin dostávají převážně vlivem nedostačujících hy-
gie nic kých podmínek v průběhu výroby sýrů a mohou působit negativně na tvorbu aromatických 
složek. Zdrojem jsou nejčastěji kravské fekálie, kontaminovaná voda, vybavení mlékárenského pod-
niku nebo tanky pro skladování mléka (GELSOMINO et al., 2001). Některé kmeny přežívají paste-
rační teploty, proto jsou běžnou součástí mikrofl óry pasterovaného mléka (LITOPOLOU-TZANE-
TAKI et al., 1992). Enterokoky hrají důležitou roli při tvorbě biogenních aminů ve fermentovaných 
potravinách (KOMPRDA et al., 2007; BURDYCHOVA and KOMPRDA 2007). Cílem této práce bylo 
sledování vlivu enterokoků na produkci biogenního aminu tyraminu během zrání eidamských sýrů. 
Analyzovány byly vzorky sýrů pocházející od dvou výrobců (výrobce I a II). Analýzy byly provedeny 
v den výroby a 30, 90 a 180 dní po výrobě.
Ze sýrů byly izolovány bakterie rodu Enterococcus, které byly dále identifi kovány a charakterizovány 
pomocí rodově a druhově specifi ckých PCR. Identifi kované izoláty byly prověřeny na schopnost tvo-
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řit biogenní amin tyramin pomocí PCR popsané COTONEM a kol. (2004) a pomocí HPLC popsané 
BURDYCHOVOU a DOHNALEM (2007). Cílem práce bylo dále určit souvislost mezi počtem entero-
koků a množstvím tyraminu v sýrech.
Během šesti měsíců zrání polotvrdých sýrů bylo izolováno celkem 361 presumptivních enterokoků, 
285 izolátů bylo pomocí rodově specifi cké PCR zařazeno k rodu Enterococcus. Druhová identifi kace 
izolátů byla provedena pomocí druhově specifi ckých PCR. Ze 165 izolátů, které pocházely ze vzorků 
sýrů výrobce I, bylo 81 zařazeno ke druhu E. faecium, 39 ke druhu E. durans, 21 ke druhu E. faecalis, 
19 ke druhu E. casselifl avus a tři ke druhu E. hirae. Dva izoláty nebyly použitými metodami identifi ko-
vány. Izoláty pocházející ze vzorků sýrů výrobce II byly identifi kovány takto: 52 izolátů bylo zařa-
zeno ke druhu E. faecium, 38 ke druhu E. faecalis, 14 ke druhu E. durans, 12 ke druhu E. casselifl avus, tři 
ke druhu E. hirae; jeden izolát nebyl použitými metodami identifi kován.
Sekvence kódující tyrosindekarboxylázu byla detekována u deseti enterokoků izolovaných ze sýrů 
výrobce I a pěti enterokoků izolovaných ze sýrů výrobce II. Produkce biogenního aminu tyraminu 
byla prokázána u všech těchto izolátů. Izoláty byly identifi kovány jako zástupci druhů E. faecium, E. 
faecalis a E. durans. Bylo prokázáno, že existuje souvislost mezi počty těchto druhů a tvorbou tyraminu 
při zrání polotvrdých sýrů.
Z výsledků této práce vyplývá, že v sýrech s vyšším počtem enterokoků s prokázanou schopností tvo-
řit tyramin byl stanoven vyšší obsah tyraminu. Očekávaná vyšší koncentrace tyraminu v sýrech vý-
robce I (v porovnání se sýry výrobce II) byla potvrzena porovnáním obsahu tyraminu v jednotlivých 
sýrech. Množství tyraminu v sýrech výrobce I bylo přibližně čtyřikrát vyšší (70 mg/kg) než v sýrech 
výrobce II. Množství tyraminu v sýrech výrobce I dokonce po 120 dnech zrání přesáhlo toxikologický 
limit (100 mg/kg).
Výskyt a role enterokoků v polotvrdých sýrech byla již dříve diskutována BURDYCHOVOU a KOM-
PRDOU (2007). Pro redukci počtu enterokoků a redukci koncentrace tyraminu v polotvrdých sýrech 
je doporučováno striktní dodržení správných hygienických podmínek během výroby sýrů. Obecně 
lze říci, že je dlouhá perioda zrání sýrů podporuje tvorbu biogenních aminů. Z tohoto důvodu ne-
jsou dlouhozrající sýry doporučovány pro pravidelnou konzumaci ve větších množstvích, zejména 
ne osobám často trpícím bolestmi hlavy a migrénami.

polotvrdé sýry, Enterococcus, rodově a druhově specifi cká PCR, gen pro tyrosindekarboxylázu, tyra-
min
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