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Abstract Combined effects of concentration of lactose

(5 g/L), NaCl (20 g/L) and aero/anaerobiosis on produc-

tion of tyramine by Enterococcus durans CCDM 53 were

subjected to a study. The influence of the above factors and

temperature of cultivation (10 ± 1 �C) was monitored

under conditions applied in real technological processes of

cheese production; the enterococci act as non-starter lactic

acid bacteria. Production of tyramine by E. durans CCDM

53 was mainly influenced by both concentration of NaCl in

cultivation medium and presence/absence of oxygen in the

environment. The highest production of tyramine occurred

during cultivation under anaerobic conditions in the pres-

ence of the highest (20 g/L) applied concentration of NaCl

and lactose (5 g/L). In the media with equal concentrations

of NaCl and lactose, the concentrations of tyramine grew

higher under anaerobic conditions than in aerobic envi-

ronment. Regarding cultivation media with various levels

of NaCl and lactose, higher production of tyramine was

always found in the anaerobic environment.

Keywords Enterococcus � Biogenic amine � Tyramine �
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Introduction

Bacteria of the Enterococcus genus are commonly present

in various environments. They are often isolated from

fermented foods, especially from dairy or meat products

and olives. Their presence is often connected with the

cheeses produced from sheep’s or goat’s milk, where they

form constituents of so-called non-starter lactic acid

bacteria (NSLAB). Enterococci (either as starters or

NSLAB) play a very important role during ripening of

cheeses mainly due to their metabolic activities, which

influence the final sensory characteristics of cheeses [1–3].

Although enterococci have widely been applied in pro-

duction of fermented foods and their application as food

preservatives is being considered [4, 5], they are not

‘‘generally recognized as safe’’ (GRAS) at present. Their

role is still highly controversial mainly due to some of

their properties such as ability to produce virulent factors,

their resistance to many antibiotics and also production of

biogenic amines [1, 2, 6].

Together with the other lactic acid bacteria and entero-

bacteria, enterococci can be considered highly important

producers of biogenic amines, mainly of tyramine and hista-

mine [3, 7–9]. Biogenic amines (BA) are predominantly

produced by decarboxylase activity of microorganisms pres-

ent in foodstuff. Production of BA is a strain-specific property,

thus the different strains of the same species can produce

different BA [10–13].
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Department of Fat, Tenside and Cosmetics Technology,

Faculty of Technology, Tomas Bata University in Zlin,

Nam. T.G.Masaryka 275, 762 72 Zlin, Czech Republic

e-mail: bunkova@ft.utb.cz

F. Buňka � V. Kubáň
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Enterococci can survive pasteurization during milk

processing [8], and they are even able to multiply in

intestinal environment [14]. Regarding the capacity of

these bacteria to produce BA in the above mentioned sites,

it is necessary to study conditions under which they are

able to form BA. Research on kinetics of BA production

implemented under different experimental conditions can

be very helpful for finding preventive measures to elimi-

nate or reduce their formation and for appropriate increase

in food safety.

The kinetics of decarboxylation reactions is influenced by

a wide complex of factors. Reaction temperature, pH of

cultivation medium, presence/absence of oxygen, concen-

tration of NaCl, and growth phase of cells as well as avail-

ability of carbon sources, presence of growth factors and

some others belong to the most important ones [13, 15–19].

The aim of the present study was to evaluate selected

factors, which can influence formation of tyramine by

E. durans, previously reported as its producer [11]. Because

enterococci are often isolated from cheeses, minimal levels

of the factors (additions of lactose, NaCl and cultivation in

aerobic/anaerobic environments) were selected to follow

real conditions that are commonly applied in technological

processes of cheese production.

Materials and methods

Bacterial strain and culture conditions

Effects of additions of lactose and/or NaCl (both from

Lach-Ner, Neratovice, Czech Republic) and cultivation

under aerobic/anaerobic conditions on production of tyra-

mine during production of cheeses were tested using the

E. durans CCDM 53 (formerly Lactococcus lactis subsp.

lactis) strain. It was obtained from the Cultures Collection

of Dairy Microorganisms Laktoflora (MILCOM, Prague,

Czech Republic). Cultivation of E. durans was performed

in M17 broth (Oxoid, Basingstoke, UK) with addition of

2 g/L tyrosine (Sigma-Aldrich, St. Louis, USA) at

10 ± 1 �C in the period of 15 days. The pH of cultivation

media ranged between 6.70 and 6.75 in all in all the

experiments (CyberScan pH510, Eutech).

The research was focused on the following problems:

(1) the effect of lactose additions (0.0, 2.5, 5.0, 7.5 and

10 g/L); (2) the effect of NaCl additions (0.0, 10 and 20 g/

L); and (3) the influence of aerobic or anaerobic environ-

ments (totally 30 combinations of experimental factors).

The corresponding cultivation medium (5 mL of M17

with additions of 2 g/L tyrosine and respective amounts of

lactose and/or NaCl) was inoculated with overnight culture

(25 lL) of the tested strain (*106 CFU/mL). Half the

samples were cultivated in aerobic and the other ones

in anaerobic environment. Anaerobic environment was

realized by covering the cultivation medium with sterile

paraffin oil (1 mL; PLIVA-Lachema Diagnostika, Brno,

Czech Republic). The sample collections were done on

daily basis up to 7th day and then on 10th, 12th and 15th

day of cultivation using randomized selection of two test

tubes for each strain and each combination of the factors.

The experimental design was implemented in triplicate.

After cultivation, on the above days, measurements of pH

and cell counts were done in the M17 media with different

concentrations of lactose and salt and with aerobic or

anaerobic conditions.

Growth parameters

Bacteria were counted on M17 agar plates (30 ± 1 �C;

2 days) on the days when the samples for determination of

tyramine were collected. The dependence of the logarithm

of the relative population size (y = ln (Nt/N0); where Nt is

total number of CFU/mL at t time and N0 is total number of

CFU/mL at the beginning of cultivation) on the time of

culturing t (h) is described by means of the three-parameter

Gompertz model:

y ¼ A� exp � exp
lm � e

A
k� tð Þ þ 1

h in o
ð1Þ

where lm is the maximum specific growth rate (h-1); k is

the lag time (h); A is the asymptote [A = ln(N?/N0)]

defined as the maximum value of the logarithm of the

relative population size reached [20]. To calculate l, k and

A parameters, non-linear regression analysis (Marquardt–

Levenburg method) was used for l[ 0, k[ 0 and A [ 0.

Modeling of tyramine production

Production of tyramine in cultivation medium after bacteria

incubation and subsequent cell removal (centrifugation at

10,0009g, 30 min; filtration by 0.45 lm membrane filter,

Millipore) was monitored by ion-exchange chromatogra-

phy (Automatic Amino Acids Analyzer AAA400, Ingos

Prague, Czech Republic). The parameters for chromato-

graphic separation were adjusted according to Buňková

et al. [11]. Each fraction of the supernatant was analyzed

thrice using the standard addition method. Gompertz

models (modification acc. [20]) were applied for modeling

of tyramine production by the E. durans strain. Relation-

ship between concentration of tyramine y (mg/L) and

reaction time t (h) was expressed as:

y ¼ ABA � exp � exp
lBA � e

ABA

kBA � tð Þ þ 1

� �� �
ð2Þ

where lBA is the maximum tyramine production rate

(mg tyramine/L/h); kBA is the delay period (the time that had
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passed before the tyramine production was firstly detected;

h); ABA is the asymptote defined as the maximum tyramine

production (mg/L). The Marquardt–Levenburg method was

also used for lBA [ 0, kBA [ 0 and ABA [ 0. For each level

of each factor tested, the dependence of the tyramine content

(y) on time (t) was calculated (using Gompertz model) six

times (2 replicate tubes in three experiments). For a graphic

illustration, the lBA and kBA values were converted from

hours to days.

The absolute rate of tyramine production (mg/L day) can

be related to the absolute growth rate (CFU/mL day) by a

constant yield factor for tyramine formation (YTYR/CFU, mg

of tyramine/CFU) according to the Eq. 3 [16]:

TYRt ¼ TYR0 þ YTYR=CFU � ðNt � N0Þ � 1; 000 ð3Þ

where TYRt and TYR0 (mg/L) are the concentrations of

tyramine at t and 0 times, respectively; and Nt and N0 are total

numbers of CFU/mL at t and 0 times, respectively. The

Marquardt–Levenburg method was applied for YTYR/CFU [ 0.

The parameter YTYR/CFU was expressed in mg 9 109/CFU.

Kruskall–Wallis and Mann–Whitney tests were used for

comparison of the Gompertz parameters determined from

growth curves and the tyramine production curves.

Results

Correlation coefficients (r) of (1) relation between the

logarithm of the relative population size and cultivation

time, (2) dependence of the tyramine concentration on the

time of cultivation and also (3) models calculating yield

factors (YTYR/CFU) showed values above 0.81 (p \ 0.05).

Among the studied factors, just presence of lactose

influenced growth parameters of E. durans. We found a

significant difference (p \ 0.05) only between number of

cells cultivated in medium with absence of lactose and in

broth with presence of lactose (2.5–10 g/L; Table 1).

Lactose concentration did not show any significant

influence on the growth of the tested bacterial strains

(p C 0.05). Different concentrations of NaCl and aerobic/

anaerobic conditions also exerted non-significant influence

(p C 0.05) on growth parameters of Gompertz model for

E. durans (see Table 1).

Slow decrease in pH was observed in first 4 days of

cultivation. More marked decrease in pH caused by acid-

ification of cultivation medium was detected between 4th

and 6th day. The pH of cultivation medium was practically

constant until the end of cultivation (p C 0.05; data not

shown). Compared to the media with the lower concen-

trations of lactose (decrease in pH in the range 5.94–5.61

for the period of 15 days at p \ 0.05), more substantial

decrease in pH (in the range 5.42–5.18 in the same period)

was observed in the media with the higher levels of lactose

(5–10 g/L). The other tested factors had non-significant

influence (p C 0.05) on pH of cultivation media.

All the tested factors triggered decarboxylation of

tyramine during the active growth phase of the cells.

Kinetics of tyramine production reflecting the influence of

evaluated external parameters is presented in Fig. 1. The

highest rate of tyramine production (ABA) by E. durans

(545 ± 38 mg/L) was found after 15 days of cultivation at

10 ± 1 �C and under anaerobic conditions; the cultivation

medium contained 5 g/L lactose and 20 g/L NaCl (Fig. 1,

part C).

Concentration of NaCl significantly influenced tyramine

production by E. durans. The maximum tyramine pro-

duction (ABA) was detected in the cultivation medium with

the highest concentration of NaCl (20 g/L, see Fig. 1).

Similarly, the highest yield factor for tyramine formation

(YTYR/CFU; p \ 0.05; Table 2) was also found in the above

cultivation medium. In most cases, the maximum tyramine

production rate (lBA) and the shortest delay period (kBA)

calculated using Gompertz model were found in the same

cultivation medium (Fig. 1).

Presence of lactose in cultivation medium showed a

significant effect (p \ 0.05) on production of tyramine by

Table 1 Gompertz model parameters (A, l and k) of the E. durans growth curve for different NaCl and lactose additions

GPa NaCl/lactose concentration (g/L)

0.0/0.0b 0/2.5–10c 10/0.0b 10/2.5–10c 20/0.0b 20/2.5–10c

A 14.2 ± 0.15* 16.5–17.2 14.9 ± 0.17* 16.9–17.3 14.6 ± 0.13* 16.7–17.3

l 0.40 ± 0.03* 0.36–0.45 0.34 ± 0.04 0.33–0.48 0.39 ± 0.05 0.40–0.49

k 24.8 ± 0.06 24.9–25.2 25.0 ± 0.12 25.0–25.2 24.9 ± 0.15 24.9–25.1

a Gompertz model parameters: the asymptote A (defined as the maximal amount of viable cell count reached (ln(CFU/ml)); l—maximum

specific growth rate (1/h); k—lag time (h)
b The values of Gompertz model parameters (for media without lactose addition) were obtained as mean ± SD (n = 12; values for experiments

in aerobic and anaerobic environments were merged in a file). The values of the parameter in media without lactose addition which significantly

differ from those in media with 2.5–10 g/L lactose are signed by asterisk (*)
c The values of Gompertz model parameters for media with 2.5–10 g/L lactose are presented as intervals from minimum to maximum values.

The intervals contain values for both aerobic and anaerobic environments

Eur Food Res Technol (2012) 234:973–979 975

123



E. durans. It reached its maximum (ABA) in the presence of

lactose (the highest levels were found in the M17 medium

with 5 g/L of lactose), and it dropped in the medium with

no lactose; the concentration of NaCl was equal in both the

media. The same results were obtained regardless of

availability of oxygen (Fig. 1). On the contrary, the abso-

lute production of tyramine (yield factor for tyramine

formation/YTYR/CFU/) was higher in cultivation medium

without lactose (p \ 0.05; Table 2). Effect of lactose

concentration was less markedly expressed especially in

the case of the maximum tyramine production (ABA) and

yield factor for tyramine formation (YTYR/CFU).

Comparing the effect of oxygen presence, cultivation

under anaerobic conditions in the medium with identical

composition led to a higher maximum tyramine pro-

duction (ABA) caused by E. durans (p \ 0.05; Fig. 1).

Similarly, the absolute production of tyramine (yield

factor for tyramine formation/YTYR/CFU) at the same

concentration of lactose and NaCl was significantly

higher (p \ 0.05) under anaerobic conditions than in the

environment with sufficient availability of oxygen

(Table 2).

Discussion

Enterococci isolated from dairy products are commonly

considered producers of BA that can be toxic for humans at

higher concentrations [21, 22]. The tyramine-positive

E. durans subjected to monitoring in this study can serve as

a model strain for production of BA by NSLAB; therefore,

cultivation temperature (10 ± 1 �C) and also selected

factors and their levels were monitored to predict BA

formation in fermented dairy products.

Fig. 1 The dependence of

tyramine production (mg/L) by

E. durans on the time of

cultivation (days) under

different conditions: (1) aerobic

(full symbols) or anaerobic

(open symbols) environment;

(2) the addition of lactose (the

parts a, c and e filled square
open square—without lactose

addition; filled triangle open
triangle—2.5 g/L; filled
inverted triangle open inverted
triangle—5.0 g/L; the parts b,

d and f filled diamond open
diamond—7.5 g/L; filled circle
open circle—10 g/L); and (3)

the addition of NaCl (the parts

a and b—without NaCl

addition; the parts c and

d—10 g/L; the parts e and

f—20 g/L). The curves were

obtained by application of

Gompertz model (n = 6)
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When the E. durans was cultivated in anaerobic regime,

the maximum tyramine production (ABA) and also the yield

factor for tyramine formation (YTYR/CFU) grew higher in all

the tested cultivation media with various compositions.

Similar findings on tyramine production by the following

bacterial strains are reported in literature: Marcobal et al.

[23] studied E. faecium and Lactobacillus brevis, Bover-

Cid et al. [15] explored Lactobacillus curvatus and Buň-

ková et al. [13] focused on Lactococcus lactis. All the

above studies were implemented under model conditions.

Ancı́n-Azpilicueta et al. [24] also found higher production

of the toxic compounds in wines produced by the oxygen-

free technology. Therefore, the following hypothesis could

be formulated: tyrosine-decarboxylase of many LAB

shows higher activity in anaerobic environment.

The higher production of tyramine by E. durans was

observed in media with the higher concentrations of NaCl.

Similarly, Buňková et al. [13] found that five strains of

L. lactis produced more tyramine in media with 20 g/L

NaCl than in media containing 10 g/L NaCl and/or in

the absence of NaCl. Likewise, gram-negative bacteria

of Enterobacter or Morganella genera showed higher

production of BA in media with the higher concentration

of NaCl than in the environment with lower level of NaCl

and/or in its absence [16, 19]. According to findings of

Wolken et al. [25] and Pereira et al. [26], the elevated

production of tyramine in media with higher concentra-

tions of NaCl can be explained by the fact that Na? ions

are involved in regulation of intracellular pH. The ions are

important in sodium/proton antiport system, as they are

exchanged with H? ions that are removed out of cells.

Thus, Na? ions play an essential role in the tyrosine

decarboxylation pathway. On the contrary, Gardini et al.

[18, 27] noticed higher production of BA by the E. fae-

calis strain (especially of tyramine a phenylethylamine)

under in vitro conditions and also in skim milk or in dry

fermented sausages at lower concentrations of NaCl (up

to 20 g/L).

Production of tyramine by E. durans was also evaluated

in cultivation medium doped by lactose. The reduced

growth of cells of bacteria and the lower maximum tyra-

mine production (ABA) were observed when no disaccha-

ride was added to cultivation medium (regardless of the

concentration of NaCl). The maximum tyramine produc-

tion (ABA) by E. durans was found in optimal cultivation

medium that is in M17 with addition of 5 g/L lactose. The

production of tyramine decreased with additional increase

in lactose concentration (at the same concentrations of

NaCl). Buňková et al. [13] presented very similar conclu-

sions for the L. lactis strains. Gardini et al. [27] noticed the

maximum production of tyramine of E. faecalis after

5 days of ripening of dry fermented sausages doped with

glucose; the effect of additions of glucose on production of

tyramine (and also on growth of enterococci) became

negligible at the end of ripening. Bover-Cid et al. [15] did

not mention any significant effect of additions of glucose

on production of tyramine by L. curvatus. In the case of

E. durans, the higher tyramine production (ABA) in media

with the higher concentration of lactose can also be caused

by more expressed acidification of the cultivation media.

Many studies confirmed the higher production of BA at

lower pH values because of their protective function in

intracellular pH homeostasis [15, 28]. On the contrary, the

highest yield factor for tyramine formation (YTYR/CFU) was

found in the medium without any lactose. The finding can

be explained by the absence of sufficient source of energy

(i.e., lactose in this case) in the medium, which results in

bacteria acquiring the energy necessary for biochemical

processes in decarboxylation reactions. Thus, they can

serve as alternative sources of energy for the bacteria.

Pessione et al. [29] confirmed the hypothesis applying the

proteomic approach. They found that E. faecalis bacteria

are able to derive energy just due to decarboxylation of

amino acids. Molenaar et al. [28] presented very similar

conclusions for Lactobacillus buchneri.

Table 2 The values of yield factor for tyramine formation YTYR/CFU

(mg 9 109/CFU) by E. durans strain for different NaCl and lactose

additions and aerobic or anaerobic environments (mean ± SD;

n = 6)

NaCl

(g/L)

Lactose

(g/L)

Environment

Aerobic Anaerobic

None None 3.25 ± 0.30 a A a 6.67 ± 0.59 b A a

2.5 2.63 ± 0.23 a B a 3.62 ± 0.35 b B a

5.0 1.89 ± 0.15 a C a 4.01 ± 0.41 b C a

7.5 1.38 ± 0.11 a D a 2.20 ± 0.19 b D a

10 2.04 ± 0.20 a C a 2.64 ± 0.22 b D a

10 None 2.32 ± 0.20 a A b 2.46 ± 0.21 a A b

2.5 1.50 ± 0.12 a B b 2.57 ± 0.26 b A b

5.0 1.81 ± 0.14 a C a 3.98 ± 0.34 b B a

7.5 2.18 ± 0.20 a A,D b 3.20 ± 0.27 b C b

10 2.01 ± 0.19 a C,D a 2.52 ± 0.23 b A a

20 None 7.14 ± 0.70 a A c 15.35 ± 1.47 b A c

2.5 5.50 ± 0.51 a B c 8.18 ± 0.74 b B c

5.0 5.53 ± 0.46 a B b 6.93 ± 0.64 b C b

7.5 5.02 ± 0.41 a B c 6.35 ± 0.47 b C c

10 3.45 ± 0.32 a C b 7.02 ± 0.64 b D b

Means within a line (the differences between environments) followed

by different superscript letters differ (p \ 0.05); the values for indi-

vidual NaCl and lactose additions were evaluated separately. Means

within a column (the differences between lactose additions) followed

by different capital letters differ (p \ 0.05); the values for individual

NaCl additions and environments were evaluated separately. Means

within a column (the differences between NaCl additions) followed

by different subscript letters differ (p \ 0.05); the values for indi-

vidual lactose additions and environments were evaluated separately
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Conclusions

Considering the possible toxic action of BA on human

organisms, research on all technologically important

microorganisms that could be declared as their potential

producers and also exploration of the conditions under

which they can produce BA are considered highly impor-

tant. E. durans we studied produced the highest amounts of

tyramine under anaerobic conditions in the presence of

20 g/L NaCl and 5 g/L lactose. The model conditions

applied in our experiments corresponded to the manufac-

turing conditions most commonly used in dairy industry.
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