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Early PCR detection of tyramine-producing bacteria during

cheese production
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Biogenic amines (BA) are toxic substances that appear in foods and beverages. Tyramine is the
most abundant BA in cheeses. A PCR method was developed to detect the presence of
tyramine-producing bacteria during cheese manufacture and ripening. Six different batches of a
farmhouse blue cheese were analysed by PCR. Tyramine concentrations were also determined
by HPLC. The PCR method was able to anticipate tyramine accumulation in the cheeses; the
presence of tyramine-producing microorganisms in the early stages of manufacture correlated
well with a high concentration of BA in mature cheese samples.
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Biogenic amines (BA) are organic bases of low molecular
weight that are produced during the normal metabolism of
microorganisms, plants and animals. These compounds
have important physiological properties (Shalaby, 1996),
but a number of toxic psychoactive and vasoactive effects
have been associated with the consumption of foods
containing high concentrations. Psychoactive BA affect the
nervous system by acting on neural transmitters, while
vasoactive BA alter blood pressure. These problems are
more severe in persons who, because of genetic reasons or
medical treatment, have low monoamine oxidase activity
(Bodmer et al. 1999); this enzyme is responsible for BA
detoxification. Histamine poisoning (scombroid poisoning)
and tyramine toxicity (cheese reaction) are two examples
of food-borne diseases caused by excess BA consumption
(Shalaby, 1996).

Biogenic amines are frequently found in a wide range
of foods and drinks, although their concentrations vary
extensively (both between and within foods) (Silla-Santos,
1996). Foods likely to contain high levels are dairy pro-
ducts, fish and fish products, meat and meat products,
fermented vegetables and soy products, and alcoholic
beverages such as wine and beer (Silla-Santos, 1996;
Lonvaud-Funel, 2001; Suzzi & Gardini, 2003).

Biogenic amines are formed by the decarboxylation of the
corresponding amino acid. This decarboxylation depends
on the presence of microorganisms containing specific
decarboxylase activity as well as the availability of the
substrate amino acid. Other variables such as temperature,
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pH, a,, or NaCl concentration may be involved in the
synthesis and/or activity of these microbial enzymes (Suzzi
& Gardini, 2003). Microorganisms involved in BA pro-
duction were once thought of only as contaminants, but
in fermented foods these microorganisms are frequently
associated with the raw material and, in some instances,
may even participate in the fermentation process (Joosten
& Northolt, 1987; Rodriguez-Jerez et al. 1994).

From a microbial point of view, cheese is a complex
habitat which is rather similar in all the studied cheese
made with raw milk. LAB are predominant with
Lactococci being the most numerous microorganisms
during all the ripening stages. Lactobacilli reach significant
densities although lower than those of lactococci. In
Cabrales cheese, at the end of the ripening period lacto-
bacilli and lactococci reach densities of 10° cfu/g and
108 cfu/g respectively (Flérez et al. 2005). Besides
the probable presence of decarboxylase-positive micro-
organisms (some strains of Lactobacillus, Lactococcus,
Enterococcus), cheese is an ideal substrate for BA for-
mation since the microorganism decarboxylase activity is
favoured by the environmental conditions of ripening. In
addition, the manufacturing process involves proteolysis
and free amino acid release (Novella-Rodriguez et al.
2003a). In cheese, the BA that appears with the greatest
frequency and in the highest concentration is tyramine,
although considerable variation is seen between different
cheese types (Novella-Rodriguez et al. 2003a). Tyramine is
formed by the decarboxylation of tyrosine, an amino acid
that can be present in very high concentrations in cheese.

Current tyramine detection methods are mainly based
on expensive time-consuming techniques such as HPLC
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Table 1 Tyrosine and tyramine concentrations of samples during
cheese manufacture at 3, 7, 15, 30, 60 and 90 days of ripening

Values are means+sp for n=6

tyrosine mg/kg tyramine mg/kg

raw milk 117-:69+12-48 0

Curd 148:25+50-27 0

3d 167-89+61-23 0

7d 128:8+10-23 0

15d 90-9+21-77 8:04+691
30d 612-:99+47-34 87-18+57-02
60d 1491-72+318-59 334-81+261-3
90d 2191-42+£613-98 1041-81+92676
pasteurized milk 101-99 0
pasteurized cheese 2770-44 0

analysis, capillary electrophoresis or the use of enzyme
sensor arrays (Lange et al. 2002; Lange & Wittmann,
2002). The use of molecular tools for the early and rapid
detection of BA-producing microorganisms in foods would
be very useful for predicting the accumulation of these
compounds. The comparison of the tyrosine decarboxylase
gene clusters from different producing microorganisms
revealed a high similarity either in gene sequence or
organization. Moreover, a clear relationship between the
presence of the tyrosine decarboxylase gene (tdcA) and the
ability to produce tyramine was also determined. Based on
these results, a PCR method for the detection of tyramine-
producing strains was proposed (Ferndndez et al. 2004).
The aim of this study was to use the PCR method that
amplifies an internal fragment of tdcA (Fernandez et al.
2004), in order to detect tyramine-producing strains during
cheese manufacture. With this knowledge it may be poss-
ible to take steps to prevent tyramine accumulation.

Materials and Methods
Cheese samples

Cabrales, a traditional, Spanish blue-veined cheese made
with raw milk without starters, was used as a model in this
study. Samples of six independent batches were taken at
different manufacturing and ripening points, i.e., from raw
milk, curd and cheese at 3, 7, 15, 30, 60 and 90 days of
ripening. As negative controls, commercial pasteurised milk
and a cheese elaborated with pasteurised milk were used.

Sample preparation and PCR analysis

Five grams of each sample were homogenized mechan-
ically in 40 ml sodium citrate (20 g/l) in a Stomacher
Lab-Blender 400 (Seward Medical, London, UK) for 1T min.
DNA was extracted from the homogenate following the
method of Ogier et al. (2002), and 20 ng were used in
each PCR reaction. The oligonucleotides used and the
PCR reaction conditions were as previously described
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Fig. 1. PCR detection of tyramine-producing bacteria. Lane a
raw milk; b curd; ¢, d, e, f, g and h represent cheeses at 3, 7,
15, 30, 60 and 90 days of ripening respectively; i pasteurized
milk; j pasteurized milk cheese.

(Ferndndez et al. 2004). The amplicons were separated
and visualized on 0-7% agarose gels as described by
Sambrook et al. (1989).

Nucleotide sequence analysis

The PCR products were purified using the GenElute™ PCR
Clean-Up Kit (Sigma-Aldrich St. Louis, MO, USA) accord-
ing to the manufacturer’s instructions. Sequencing was
performed using an ABI Prism 373 A Strech automated
sequencer. All sequences were analysed using CLONE
software (v. 5) and compared with those in the SwissProt
library (February 2004 release) and GenBank database
using the TFASTA software (Pearson & Lipman, 1988).

Analytical procedure

Amine quantification was performed by reverse-phase
(RP)-HPLC using a Waters liquid chromatograph con-
trolled by Millenium 32 software (Waters, Milford, MA,
USA). One gram of each sample was homogenized for
2 min at 20000 rpm using an Ultra-Turrax homogenizer
(OMNI International, Watersburry, USA), and the BAs
extracted and quantified following the protocol described
by Krause et al. (1995).

Results and discussion

In vitro amplification of nucleic acids by PCR has become
a powerful tool for the detection of microorganisms in
food samples. The technique offers the advantages of
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speed, specificity, sensitivity and simplicity. This study was
initiated to evaluate the efficacy and usefulness of PCR
for detecting the presence of tyramine-producing strains
during cheese manufacture. Cabrales, a blue cheese pre-
viously described as having high tyramine concentrations
(Roig-Sagués et al. 2002) was selected as a model.

Tyramine was detected by HPLC in cheese samples that
had ripened for 15, 30, 60 and 90 d (Table 1). However,
this technique detected no tyramine in the raw milk, curd,
3 or 7-day ripened cheese, pasteurized milk or pasteurized
milk cheese (Table 1). Nevertheless, a band of the ex-
pected size (720 bp) corresponding to an internal fragment
of the tdcA gene was detected by PCR in every sample
type in every one of the six independent Cabrales cheese
production processes (Fig. 1). The sequence of these PCR
fragments revealed homology with tdcA gene sequences in
the databases consulted (data not shown), showing the
specificity of the reaction. In fact, this sequence is so
highly conserved that it is not possible to distinguish tdcA
genes from different species (Ferndandez et al. 2004).

No PCR products were formed with the pasteurized
milk and pasteurized milk cheese. It has been previously
shown that most of the tyramine producer microorganisms
do not survive the pasteurization treatment and therefore,
this process reduces the biogenic amine content in cheeses
(Novella-Rodriguez et al. 2004). After pasteurization, DNA
from dead tyramine producers would not be detected by
PCR because DNA can easily be damaged by (i) the heat
treatment, (ii) the bacterial nucleases and (iii) the
nucleases present in milk.

Several authors have described the time of ripening as
a critical factor in BA accumulation. The proteolysis of
cheese increases over the ripening period, yielding free
amino acids that can then be decarboxylated by microbial
enzymes to produce BA (Novella-Rodriguez et al. 2003b).
Ferndndez-Garcia et al. (2000) showed the influence of
proteinase activity on tyramine accumulation in Manchego
cheese, and Leuschner et al. (1998) reported the effect of
enhanced proteolysis on BA accumulation in Gouda
cheese. Accordingly, the concentration of tyrosine (the
substrate of the reaction), which was low in the original
milk and at the beginning of the ripening period, explains
the absence of tyramine in these samples (Table 1). A rise
in the tyramine concentration was observed as ripening
progressed (Table 1). The differences in the results
between the HPLC and PCR methods show that PCR could
be used to detect the presence of tyramine-forming
bacteria in the early stages of manufacture — even before
tyramine is synthesized. The wide range of tyramine ac-
cumulation seen among the different blue cheese samples
(Table 1) has been reported by other authors (Roig-Sagués
et al. 2002), but it is important to note that PCR products
were obtained in all of them. The differences between the
cheese samples in terms of the concentrations of these
products (Fig. 1) cannot be directly related to the tyramine
concentration of the samples since conventional PCR is
not a quantitative tool. However, these results open up the
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possibility of developing quantitative real time PCR
methods.

Pasteurization of the original milk (Novella-Rodriguez
et al. 2003b) and especially the analysis of starter culture
composition should be considered if tyramine accumu-
lation at the end of cheese ripening is to be avoided. This
would offer a healthier product to consumers. Indeed, the
absence of amino acid decarboxylase activity is now
included in the selection criteria for the industrial prep-
aration of malolactic starters used in winemaking
(Lonvaud-Funel, 2001). In addition to these preventive
measures, the proposed PCR method allows the detection
of tyramine-producing bacteria at any point in the
fermentation. PCR positive results during the first stages
of elaboration would strongly recommended an analysis
of the tyramine concentration in the final product.
Furthermore, the frequent presence of tyramine-producing
microorganisms in the early stages of manufacture of a
given cheese made with raw milk, would strongly rec-
ommend the use of pasteurized milk. Lastly, the rapid
detection of these microorganisms would be particularly
useful for guaranteeing the production of tyramine-free
cheeses for people with low levels of monoamine oxidase
(Bodmer et al. 1999).
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