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Abstract: Tyramine is a health-adverse biogenic amine, which can accumulate in fermented foods like cheese 
by decarboxylation of the free amino acid tyrosine by either starter cultures or resident microbes such as lactic 
acid bacteria including Enterococcus spp., respectively. Our study aimed to show the effect of sodium chloride 
concentrations on tyramine production as well as to characterise bacterial strains as anti-tyramine biocontrol 
agents in a 2 mL micro-cheese fermentation model. The effect of sodium chloride on tyramine production was 
assayed with tyramine producing strains from eight different species or subspecies. Generally, an increase in 
sodium chloride concentration enhanced tyramine production, e.g. from 0% to 1.5% of sodium chloride resulted 
in an increase of tyramine of 870% with a Staphylococcus xylosus strain. In the biocontrol screening among 
lactic acid bacteria, a Lactobacillus plantarum JA-1199 strain was screened that could consume in successful 
competition with other resident bacteria tyrosine in the micro-cheese model as a source of energy gain. Thereby 
tyramine accumulation was reduced between 4% to 99%. The results of this study disclose a feasible strategy 
for decreasing tyramine concentration and increasing the safety level of fermented food. It is an example of de-
velopment and application of bacterial isolates as starter or protective cultures in food, a biocontrol topic, which 
Oreste Ghisalba – in his project evaluation function of SNF and later on CTI – was promoting with great emphasis 
in our ETH Food Biotechnology research group.
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1. Introduction
Biogenic amines (BAs) are low-molecular weight organic 

bases formed by decarboxylation of free amino acids. According 
to their chemical structure, they can be classified as aliphatic 
(cadaverine, putrescine, spermine and spermidine), as aromatic 
(tyramine and phenylethylamine) or as heterocyclic (histamine 
and tryptamine).[1] The most well known BAs are cadaverine, 
histamine, putrescine and tyramine derived from decarboxylation 
of the free precursor amino acids lysine, histidine, ornithine and 
tyrosine, respectively.[2,3] BAs have been reported in a variety of 
foods, including dairy products,[1] fermented vegetables[4] and 
fruits,[5] and also in fermented meat and fish.[6,7] Although BAs 
can have important physiological functions in plants, animals and 
humans,[8–11] the consumption of food with high concentrations of 
BAs can thereby pose a risk of food intoxication.[12] For example, 
histamine and tyramine can cause severe allergic reactions such as 
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tition with tyramine-producing strains for the substrate tyrosine. 
Such enzymes are called aminotransferases, and they can catalyse 
the reversible pyridoxal phosphate-dependent transfer of amino 
groups from amino acids to oxo acids.[44]

The accumulation of tyramine and other BAs in fermented 
food products is not only a consequence of bacterial contami-
nants harbouring decarboxylase activity but also an uncontrolled 
metabolic activity of natural starter cultures, e.g. in traditionally 
produced cheese.[18,36] The addition of a non-tyramine-producing 
but tyramine- or tyrosine-oxidising lactic acid bacterium as part 
of starter cultures would be an interesting strategy to reduce the 
accumulation of tyramine in traditionally produced foods while 
preserving the sensory properties.[3,42]

In this context, starting from many lactic acid bacteria previ-
ously isolated from food and screened for amino acid oxidising 
ability, this study aimed to explore whether a selected non-ty-
ramine-producing lactic acid bacterium strain, is able to (1) use 
tyrosine to deplete this substrate for potential tyramine production 
or (2) to oxidise tyramine. Furthermore, this study aimed to identi-
fy the responsible enzyme in silico and to apply the selected strain 
in a micro-cheese model containing tyrosine and different sodium 
chloride concentration in combination with different tyramine-
producing microorganism.

2. Materials and Methods

2.1 Strains
Lactobacillus plantarum JA-1199, previously isolated from a 

fermented sausage sample, was used in this study as a tyrosine de-
grader. Lb. plantarum JA-1199 was routinely propagated anaero-
bically at 37 °C for 24 h in De Man-Rogosa-Sharpe (MRS) broth. 
In this study, strains of Enterococcus faecalis 201701784.1.K, 
Enterococcus faecium VF21.2-1122.3.K, Enterococcus du-
rans 201702044.1.K, Staphylococcus equorum 201701784.3.B, 
Staphylococcus simulans 201702044.2.B, Staphylococcus xylo-
sus 201702052.2.B, Lactococcus lactis P.6.2.M and Lactobacillus 
parabuchneri P.12.3.M, respectively, were used as tyramine 
producers. These strains were previously isolated from cheese 
or fermented sausages by our research group and tested geno- 
and phenotypically for the presence of the tdc-gene and tyro-
sine decarboxylase activity, respectively. Enterococcus spp. and 
Staphylococcus spp. were incubated aerobically at 37 °C in brain-
heart infusion (BHI) broth while Lactobacillus and Lactococcus 
spp. were incubated anaerobically at 37 °C in MRS broth. 

2.2 In silico Screening of Lb. plantarum JA-1199
2.2.1 Tyrosine Decarboxylase Enzyme EC 4.1.1.25

The absence of the tyrosine decarboxylase gene (tdcA) in Lb. 
plantarum JA-1199, was investigated using an in silico screening 
approach. The genome of Lb. plantarum JA-1199 was sequenced 
with Illumina MiSeq (pairwise reads of 150 bp) with a cover-
age of 30-fold. Genes were the identified using prokka v.1.12 
(http://www.vicbioinformatics.com/software.prokka.shtml) and 
the absence of tyrosine decarboxylase was screened by align-
ing amino acids sequences of Lb. plantarum  JA-1199 against 
tyrosine decarboxylase enzyme EC  4.1.1.25 sequence in the 
GeneBank Genome Net (https://www.genome.jp/), UniProtKB 
(https://www.uniprot.org/help/uniprotkb), and Brenda enzymes 
(https://www.brenda-enzymes.info/index.php) databases with the 
BLAST program included CLC Genomics workbench (version 
10.0.1) program. 

2.2.2 Identification of Tyrosine Degrading Enzymes of Lb. 
plantarum JA-1199 

Genes were also annotated using prokka v.1.12 and pathway 
analysis was conducted using the KEGG pathway web services 
(https://www.genome.jp/kegg/kaas/), the Laccase Engineering 

nausea and headaches; increase respiration, cardiac output, blood 
glucose level and high blood pressure; and release norepineph-
rine.[13–15] Compared to histamine and tyramine, cadaverine and 
putrescine have a much lower toxicological impact, but they are 
able to increase the toxic effect of other amines.[16] Even though 
BAs can induce reverse reactions, only histamine in fishery prod-
ucts is covered by specific legislation for BAs.[17]

Tyramine derives from decarboxylation of the free amino acid 
tyrosine and is one of the most abundant, frequent BAs in food, 
especially in cheese and fermented sausages.[1,18,19] There is cur-
rently insufficient information for tyramine to establish a no ad-
verse health effect level (NOAEL) in humans. No adverse health 
effects have been observed in healthy individuals exposed to 
600 mg tyramine per person per meal.[15] However, for individuals 
consuming alcohol or taking monoamine oxidase inhibitor drugs, 
the NOAEL is set much lower between 6 and 50 mg of tyramine 
per person per meal.[12,15,20,21] Tyramine is produced by a variety of 
lactic acid bacteria (LAB) including carnobacteria, enterococci, 
lactobacilli and lactococci and by some staphylococci.[7,22,23] The 
key enzyme, a tyrosine decarboxylase (EC  4.1.1.25), together 
with a transporter protein for tyrosine/tyramine interchange, are 
involved in tyramine enrichment.[1,24,25] All corresponding genes 
are clustered in an operon called tdc or tyr, on the plasmids or 
chromosomes of tyramine producer strains.[26,27] The gene called 
tdcA or tdc encodes the tyrosine decarboxylase, while the gene 
called tyrP encodes the tyrosine/tyramine antiporter influx/ef-
flux system. Tyrosine decarboxylase has been characterised ex-
tensively in a few LAB species, including Enterococcus faecalis, 
Enterococcus faecium, Lactobacillus brevis and Lactobacillus 
curvatus.[1,7] The production of tyramine is possible only when at 
least three external factors converge. At first, the substrate amino 
acid tyrosine must be available; secondly, the presence of micro-
organisms with the appropriate catabolic pathway activated and 
thirdly, the environmental conditions must be favourable to the 
decarboxylation activity.[22] The external factors can be influenced 
by pH and temperature of the environment, sodium chloride con-
centration in the media and availability of carbon sources. For ex-
ample, a key factor for the production of tyramine is the tyrosine-
decarboxylase enzyme, which has an optimum around pH 5.0 and 
also sodium chloride stress could upregulate the expression of 
the tyrosine decarboxylase and the tyrosine-tyramine antiporter 
genes.[2,28–32]

Traditional methods to prevent tyramine formation are primar-
ily by limiting microbial growth through chilling and freezing. 
Further approaches to limit microbial growth and therefore, tyra-
mine concentration include thermisation or pasteurisation, hydro-
static pressures, irradiation, controlled atmosphere packaging, or 
the use of food additives.[21,33–35] Another technological measure 
to control tyramine during fermentation is the use of selected ty-
rosine decarboxylase negative starter cultures.[18,36]

A further approach, however rarely applied, for the reduc-
tion of tyramine is the use of selected bacterial strains provided 
with a specific amino oxidase, reducing in situ tyramine during 
food production.[37] In the presence of oxygen, for example, such 
amino oxidases are able to deaminate BAs by the production of 
NH

3
, H

2
O

2
 and aldehydes.[38] Enzymes providing this oxidase ac-

tivity belong to the multicopper oxidase family (EC  1.10.3), a 
family of enzymes comprising oxidases such as ascorbate oxidase 
(EC 1.10.3.3), ferroxidases (EC 1.16.3.1), laccases (EC 1.10.3) as 
well as tyrosinase (EC 1.14.18.1).[39,40] Multicopper oxidases are 
found in different bacterial species, and previous studies reported 
the application of Lactobacillus spp. containing a multicopper 
oxidase to decompose BAs.[41,42] These aldehydes are further re-
duced to the corresponding acids, which can be transferred to the 
central metabolism of the cells.[43] Another approach reducing ty-
ramine in fermented food is the use of selected bacterial strains, 
which can use tyrosine as an energy source and thus act in compe-
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Lactococcus spp. BP and KFS agar were incubated aerobically 
for 48 h at 37 °C and 43 °C, respectively whereas MRS agar was 
incubated anaerobically for 48 h at 37 °C in 2.5 L culture jars with 
AnaeroGen AN 25 sachets (Oxoid, Basingstoke, UK). 

2.5 Determination of Tyrosine and Tyramine
For the quantitative determination of tyrosine and tyra-

mine, ion chromatography (IC) was used[45] using the IC appa-
ratus Dionex™ ICS-5000+ Hybrid HPIC™ system and IonPac 
CG18, 2 x 50 mm as a precolumn and IonPac CS18, 2 x 250 
mm as separation column, respectively (Thermo Fisher Scientific, 
Switzerland). The Dionex method was modified by changing the 
eluent gradient: 5–10 mM methanesulfonic acid (MSA) from 0–6 
min, 10–20 mM from 6–16 min, and 20–45 mM from 16–20 min. 
The samples were used in a 1:10 dilution for determination of 
tyrosine and tyramine concentrations with a detection limit of 
0.13 mg L–1 and 0.05 mg L–1, respectively. 

2.6 Statistical Analysis
All samples were measured in triplicate, and all means of rep-

lications were first calculated prior to comparison. Samples with 
concentrations of tyramine or tyrosine below the detection limit 
were replaced with artificial values of 0.049 for the concentra-
tion of tyramine and 0.129 for the concentration of tyrosine, re-
spectively, to allow statistical analysis.[46] Statistical analysis was 
performed by using a t-test including Shapiro-Wilk normality and 
Brown-Forsythe equal variance test (P < 0.05) in the statistic soft-
ware SigmaPlot 13 (Systat Software Inc., San Jose, California, 
USA).

3. Results

3.1 In silico Screening of Lb. plantarum JA-1199
In a preliminary test, different Lb. plantarum strains, previ-

ously isolated from cheese and sausage samples, were tested on 
the ability to degrade tyrosine. Because Lb. plantarum JA-1199 
showed the highest capacity to degrade tyrosine and was under 
phenotypic assay conditions unable to produce tyramine, this 
strain was selected for further experiments. Indeed, its genome 
analysis revealed a genome-size of 3.33 Mb, a G+C content of 
44.3% and showed a high level of similarity to Lb. plantarum 
WFCS1, which is one of the best characterised Lb. plantarum 
strains, and both strains, either at the nucleotide or at the protein 
level, lack a tyrosine decarboxylase gene (tdcA) or tyrosine decar-
boxylase enzyme (EC 4.1.1.25), respectively. 

In the in silico screening of Lb. plantarum JA-1199 for a tyro-
sine degrading enzyme, a multicopper oxidase family protein of 
501 as well as a histidinol-phosphate transaminase (EC 2.6.1.9) of 
365 amino acid residues were found. The detected enzyme showed 
on the protein BLAST level a 100% identity and an E-value of 0.0 
to Lactobacillus multicopper oxidase domain-containing proteins 
(WP_003641930) and to the histidinol-phosphate transaminase 
protein (WP_046947669.1), which confirmed, that the compared 
amino acid sequences have the same residues at the same posi-
tions in an alignment. 

3.2 Phenotypic Identification of Tyrosine Degradation
For a phenotypic confirmation of the in silico screening of Lb. 

plantarum JA-1199, an analysis of metabolites by a Biolog mi-
croarray assay was done. This assay seemed to have the capacity 
to test the Lb. plantarum JA-1199 strain as tyrosine degrader. Lb. 
plantarum JA-1199 was able to use tyrosine as a nitrogen source. 
Moreover, the ability of the strain to use tyramine as a carbon 
source was negative. 

In a further preliminary trial and for a second phenotypic con-
firmation of the capacity of Lb. plantarum JA-1199 to degrade ty-
rosine, a phenotypic assay in pasteurised skimmed milk and upon 

Database (LccED https://lcced.biocatnet.de/) and the NCBI gene 
bank (https://www.ncbi.nlm.nih.gov/). 

2.3 Phenotypic Identification of Tyrosine Degradation
2.3.1 Analysis of Metabolites by Biolog

Carbon and nitrogen metabolism of Lb. plantarum  JA-1199 
were analysed by the Biolog microarray systems PM3B (Nitrogen 
Sources) and PM1 (Carbon Source), respectively (Biolog, 21124 
Cabot Blvd., Hayward, CA 94545, United States of America). The 
96-well plates were inoculated with 0.1 mL of the calculated con-
centration (turbidity of 75%) of the overnight bacterial suspension 
of Lb. plantarum JA-1199 with an IF-0a GN/GP base inoculating 
fluid and a tetrazolium redox dye mix according to the manual. 
Plates were analysed at 30 °C for 3 days every 15 min and data 
were analysed using the program ‘DuctApe’ (https://comboge-
nomics.github.io/DuctApe/index.html).

2.3.2 Milk and Minimal Chemically Defined Medium (mCDM)
Lb. plantarum JA-1199 was phenotypically assayed for its ca-

pacity to degrade tyrosine upon cultivation in pasteurised skim 
milk and minimal chemically defined medium (mCDM).[37] Slight 
modifications by adding sterile-filtered copper (ii) chloride to a 
final concentration of 1 mM solution after sterilisation of mCDM 
and by changing the glucose concentration to 5 g L–1 were done. 
The overnight pre-culture of Lb. plantarum JA-1199 was cen-
trifuged at 7’000 x g for 10 min, washed with peptone solution 
(9% NaCl, 1% peptone from casein, pH 7) and inoculated at a 
calculated OD600

nm
 value of 0.1 in milk or mCDM broth con-

taining 4 mM tyrosine (Sigma Aldrich, Buchs, Switzerland) as 
a substrate for potential tyrosine degrading bacteria. Afterwards, 
samples were incubated at 37 °C for 96 h, and tyrosine and tyra-
mine were measured at the time points of 0, 4, 6, 24, 48, 72, and 
96 h. Bacterial growth was monitored by plating serial dilutions 
on the corresponding semi-selective MRS agar-medium incubat-
ed anaerobically for 48 h at 37 °C.

2.4 Experimental Micro-cheese Model Manufacture
A micro-cheese model, containing 2 mL pasteurised skimmed 

milk, 1 mM CaCl
2
 and 0.02% Fromase 220 TL rennet (Winkler 

AG, Konolfingen, Switzerland) was prepared. All tyramine pro-
ducer strains were tested in these micro-cheese models in trip-
licate under four different sodium chloride concentrations (0%, 
1.5%, 3.0% and 4.5%) each with and without adding 2.5 mM ty-
rosine, either the strains alone or combined with Lb. plantarum 
JA-1199 to test its capacity to reduce tyramine accumulation in 
a cheese-like environment. Overnight cultures of the used strains 
were centrifuged at 7’000 x g for 10 min and resuspended at a 
calculated OD

600
 of 0.2 in pasteurised skimmed milk. The casein 

degradation step was started through the added CaCl
2
 and ren-

net followed by incubation at 30 °C for 1 h. The curd was cut 
by using a sterile inoculation loop and incubated for 15 min at 
37 °C, after which cutting was repeated followed by incubation 
at 37 °C for 40 min again. To simulate the pressing process of 
the cheese, micro-cheese samples were centrifuged at 6’000 x g 
for 10 min. The supernatant was used for tyrosine, tyramine and 
pH measurement, and the micro-cheese pellet was incubated at 
30 °C for 7 days to simulate the ripening time. After the matura-
tion step, the pellet was resuspended in 1.8  mL Milli-Q water 
and 0.1 mL were used for colony counting. Afterwards, the re-
suspension was centrifuged at 10’000 x g for 5 min, and the su-
pernatant was used for tyrosine, tyramine and pH measurement. 
Colony counting was performed by plating serial dilutions of the 
0.1 mL portion on the corresponding semi-selective agar-media 
Baird-Parker agar (BP; Biolife, Milano, Italy) for Staphylococcus 
spp., KF Streptococcus agar (KFS, Becton Dickinson, Allschwil, 
Switzerland) for Enterococcus spp. and De Man, Rogosa and 
Sharpe agar (MRS, Biolife, Milano, Italy) for Lactobacillus and 

http://www.ncbi.nlm.nih.gov/
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the cultivation in mCDM, both containing tyrosine, was done. 
In addition, IC-mediated measurement of tyrosine and tyramine 
concentrations after growth in both mCDM and milk confirmed 
the ability of Lb. plantarum JA-1199 to degrade tyrosine up to 
54.68% and 40.72%, respectively, whereas the tyramine concen-
tration was below the detection limit or in a minimum concentra-
tion of 6.05 mg L-1, respectively (data not shown).

3.3 Tyramine Formation and Tyrosine Degradation in 
a Micro-cheese Model with Different Sodium Chloride 
Concentrations

To investigate tyrosine degradation and tyramine formation in 
an environment similar to cheese with different sodium chloride 
concentrations, a micro-cheese model was performed. Therefore, 
sodium chloride concentration in a micro-cheese fabrication process 
at an initially fixed concentration of tyrosine (2.5 mM) and variable 
sodium chloride concentrations were tested. Indeed sodium chlo-
ride markedly influenced tyramine formation of all eight bacterial 
strains, all selected before as tyramine producers, belonging to the 
species E. faecalis, E. faecium, E. durans, S. equorum, S. simulans, 
S. xylosus, L. lactis, and L. parabuchneri, respectively (Table 1). 

Importantly, all of the eight strains were able to grow in a 
micro-cheese model containing up 4.5% of sodium chloride and 
initial tyrosine at 2.5 mM, and form concentrations of tyramine 
up to 701.08 mg L–1 in the cheese-model containing E. faecalis 
201701784.1.K. In addition, this strain formed a relatively stable 
and high tyramine concentration in micro-cheeses at all four so-
dium chloride concentrations (0%, 1.5%, 3%, 4.5%) (Fig. 1). 

The highest increase of tyramine concentration was 870.72% 
and was produced by S. xylosus 201702052.2.B in the two micro-
cheese models containing 0% and 1.5% sodium chloride and tyra-
mine concentrations of 67.91 mg L–1 and 659.17 mg L–1, respec-
tively (Table 1). All tyramine-producing bacteria, except E.  fae-
calis 201701784.1.K, S. simulans 201702044.2.B and S. xylosus 
201702052.2.B accumulated a higher concentration of tyramine in 
micro-cheese models at sodium chloride concentrations of 3 and 
4.5% than at lower sodium chloride concentrations of 0 and 1.5%, 
respectively. Furthermore, the three tyramine-producing bacteria 
L. lactis P.6.2.M, Lb. parabuchneri P.12.3.M, as well as E. faeci-
um VF21.2-1122.3.K, showed with an increase of sodium chloride 
a continuous increase of tyramine concentration (Table1, Fig. 2). 

In micro-cheeses started without the addition of tyrosine, tyra-
mine concentrations were negligible during production and were 

Fig. 1. Mean values of tyrosine (white) and tyramine (black) concentra-
tions produced by E. faecalis 201701784.1.K at 0%, 1.5%, 3% and 
4.5% sodium chloride incubated with 2.5 mM tyrosine.

Fig. 2. Mean values of tyrosine (white) and tyramine (black) concentra-
tions produced by L. lactis P.6.2.M at 0%, 1.5%, 3% and 4.5% sodium 
chloride incubated with 2.5 mM tyrosine.

Table 1. Production of tyramine in mg L–1 by eight different tyramine-producing bacterial strains in micro-cheese models containing 2.5 mM tyrosine 
and four different sodium chloride concentrations.

Species

Sodium chloride concentration 

0% 1.5% 3% 4.5%

 Tyramine production [mg L–1] 

Enterococcus faecalis 201701784.1.K 716.10 635.90 598.52 701.08

Enterococcus faecium VF21.2-1122.3.K 195.22 325.75 566.20 653.26

Enterococcus durans 201702044.1.K 301.15 248.16 342.42 685.32

Staphylococcus equorum 201701784.3.B 107.92 575.93 613.11 600.66

Staphylococcus simulans 201702044.2.B 72.12 349.82 143.73 337.65

Staphylococcus xylosus 201702052.2.B 67.91 659.17 322.92 573.75

Lactococcus lactis P.6.2.M 264.96 349.32 417.40 517.15

Lactobacillus parabuchneri P.12.3.M 262.71 369.25 429.85 475.86
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between ‘below detection limit’ (S. equorum 201701784.3.B at 
0% sodium chloride and S. simulans 201702044.2.B at 0 and 3% 
sodium chloride) and 17.55 mg L–1 (E. faecalis 201701784.1.K at 
0% sodium chloride) (data not shown).

Interestingly, tyramine accumulation could be reduced in all 
setups containing one of the eight tyramine-producer strains by 
the addition of Lb. plantarum JA-1199 except in the setup con-
taining L. lactis P.6.2.M at 4.5% sodium chloride. However, there 
were significant differences between different tyramine-produc-
ing strains as well as between the different sodium chloride con-
centrations within a tyramine producer itself (Table 2). 

At a sodium chloride concentration of 4.5%, the ability of 
Lb.  plantarum  JA-1199 to reduce tyramine accumulation sig-
nificantly decreased in all eight micro-cheese model setups 
and showed a maximum of 9.23% of reduction at S.  xylosus 
201702052.2.B with tyramine concentrations of 520.77 mg L–1 
in combination with Lb. plantarum JA-1199 and 573.75 mg L–1 
without, respectively. Moreover, at 4.5% sodium chloride, L. lac-
tis P.6.2.M was even able to produce a minimal amount more tyra-
mine in combination with Lb. plantarum JA-1199 compared to no 
added Lb. plantarum JA-1199. In combination with S. simulans 
201702044.2.B or S.  xylosus 201702052.B, Lb.  plantarum  JA-
1199 showed the highest reduction efficiency of tyramine ac-
cumulation of 99.93% at 0% of sodium chloride. In combination 
with S. simulans 201702044.2.B, tyramine concentrations of ‘be-
low detection limit’, 61.00 mg L–1 and 34.86 mg L–1 in 0%, 1.5% 
and 3% sodium chloride were detected and without Lb.  plan-
tarum  JA-1199 concentrations of 72.12 mg L–1, 349.82 mg L–1 
and 143.73 mg L–1, respectively. In combination with S. xylosus 
201702052.2.B, tyramine concentrations of ‘below detection lim-
it’, 305.01 mg L–1, and 191.01 mg L–1 in 0%, 1.5% and 3% sodium 
chloride could be detected and without Lb. plantarum  JA-1199 
concentrations of 67.91 mg L–1, 659.17 mg L–1 and 322.92 mg L–1, 
respectively, which is a reduction of tyramine accumulation of 
9.93%, 82.56% and 75.75% for S. simulans 201702044.2.B and 
99.93%, 53.73%, and 40.85% for S.  xylosus 201702052.2.B, 
respectively. As without Lb.  plantarum JA-1199, E.  faecalis 
201701784.1.K also produced a relatively stable and high tyra-
mine concentration in combination with Lb. plantarum JA-1199 
in all four tested sodium chloride concentrations. Moreover, 
Lb. plantarum JA-1199 showed a lower activity, with a maximum 
reduction of tyramine accumulation of 31.30% in a micro-cheese 

with 3% sodium chloride, compared to the reduction in combina-
tion with other tested tyramine producers (Table 2). 

In comparison, tyramine concentrations in micro-cheese 
models in combination with Lb.  plantarum  JA-1199 with-
out initial addition of 2.5  mM tyrosine could be neglected 
since concentration reached only values between ‘below the 
detection limit’ (S.  equorum 201701784.3.B, and S.  xylo-
sus  201702052.2.B at 0% sodium chloride and S.  simulans 
201702044.2.B at 0%, 1.5% and 3% sodium chloride) and 
18.89 mg L–1 (E. faecalis 201701784.1.K at 0% sodium chlo-
ride) (Table 3).

In order to confirm the previous data of tyrosine degradation 
of Lb. plantarum JA-1199 and to verify its ability to degrade ty-
rosine in a micro-cheese model, Lb. plantarum JA-1199 was in-
cubated with and without 2.5 mM tyrosine at different sodium 
chloride concentrations (0%, 1.5%, 3% and 4.5%). It could be 
shown that Lb. plantarum JA-1199 has the ability to reduce ty-
rosine concentration up to 98.66%, independent of sodium chlo-
ride concentration (data not shown). However, a small amount 
of tyramine was found. Tyramine concentration increased with 
sodium chloride concentration and had a maximum concentra-
tion at 4.5% sodium chloride with a value of 57.08 mg L–1. The 
incubation of Lb. plantarum JA-1199 without tyrosine at different 
sodium chloride concentrations showed negligibly small values 
with a maximum of 14.46 mg L–1 (4.5% sodium chloride after 
7 days of ripening time) for tyrosine and 8.66 mg L–1 (3% sodium 
chloride after 7 days of ripening time) for tyramine, respectively. 
All tyramine concentrations prior to incubation were below the 
detection limit of 0.05 mg L–1. Furthermore, it was verified that 
Lb. plantarum JA-1199 does not inhibit per se the growth of ty-
ramine-producing bacteria, and therefore less tyramine would be 
produced. Tyramine-producing bacteria were thus plated without 
and in combination with Lb.  plantarum JA-1199 on the corre-
sponding semi-selective media-agar and incubated. It could be 
confirmed that the growth of the tyramine-producing strain in 
combination with Lb. plantarum JA-1199 was in the same log 
count as in growth without, respectively (data not shown). 

To confirm that tyrosine concentrations in the micro-cheese 
model remain stable during incubation without bacterial strains, 
micro-cheese models were incubated with initial 2.5mM tyrosine 
at four different sodium chloride concentrations (0%, 1.5%, 3% 
and 4.5%). It was shown that the tyrosine concentration remained 

Table 2. Reduction ability of tyramine-accumulation in percentage by Lb. plantarum JA-1199 in micro-cheese models containing 2.5 mM tyrosine 
and four different sodium chloride concentrations inoculated with eight different tyramine-producing strains

Species

Sodium chloride concentration 

0% 1.5% 3% 4.5%

 Reduction [%] 

Enterococcus faecalis 201701784.1.K 27.65* 18.90* 31.30* 4.80

Enterococcus faecium VF21.2-1122.3.K 33.44* 32.79* 41.00* 5.51

Enterococcus durans 201702044.1.K 31.96* 15.04 12.76* 6.57

Staphylococcus equorum 201701784.3.B 72.80* 49.16* 9.39 4.17

Staphylococcus simulans 201702044.2.B 99.93* 82.56* 75.75* 4.94

Staphylococcus xylosus 201702052.2.B 99.93* 53.73* 40.85* 9.23

Lactococcus lactis P.6.2.M 50.26* 69.12* 6.25 -1.37

Lactobacillus parabuchneri P.12.3.M 41.44* 37.65* 7.57 4.45

* P < 0.05
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of tyrosine by Lb. plantarum JA-1199 was phenotypically demon-
strated using a Biolog microarray assay and through incubation in 
mCDM and milk both containing tyrosine. Tyrosine metabolism 
contains various enzymatic pathways via tyrosinases and laccases 
to l-dopa or via aminotransferases to 4-hydroxy-phenylpyruvate, 
and it may be hypothesised that the capacity of Lb.  plantarum 
JA-1199 and its histidinol-phosphate transaminase (EC 2.6.1.9), 
which shows homology to the aspartate aminotransferase and 
tyrosine aminotransferase, namely aspartate aminotransferase 
(EC 2.6.1.1) and tyrosine aminotransferase (EC 2.6.1.5)[57] to use 
tyrosine are based on this metabolism.

Previous studies reported that sodium chloride has an influ-
ence on decarboxylase activity and thus on BA accumulation in 
fermented foods.[61] A higher sodium chloride concentration in-
creases the amount of BAs produced by increased enzyme activity 
and the expression of genes involved in BA production.[61–63] In 
this study, the influence of sodium chloride on tyramine produc-
tion could be confirmed. However, a high variability on tyramine 
concentration from different bacteria and their response to differ-
ent sodium chloride concentrations was observed. Thus, it could 
be demonstrated that representatives of different tyramine-pro-
ducing bacterial species react differently to an increased sodium 
chloride concentration.

Because of its use of the substrate tyrosine as a nitrogen source, 
in this study, Lb. plantarum JA-1199 was successfully used to re-
duce tyramine accumulation in different environments. Compared 
to the results without Lb. plantarum JA-1199, the micro-cheeses 
containing this strain showed significantly lower amounts of tyra-
mine with a reduction of up to 99% in co-incubation with S. simu-
lans 201702044.2.B and S. xylosus 201702052.2.B. However, this 
study also showed a drastic decrease in the ability of Lb. planta-
rum JA-1199 to reduce tyramine accumulation as a response to 
an increase in sodium chloride concentration up to 4.5%. This 
effect can be confirmed by the potential role of osmoprotection 
of decarboxylase genes as a part of complex metabolic responses 
in the presence of stress conditions. The TDC cluster in tyramine-
producing bacteria contains a Na+/H+ transporter encoding gene 
and sodium ions (Na+) are known to be involved in the regulation 
of intracellular pH and are important in sodium/proton antiport 
systems by exchange with H+ ions that are removed from the 
cell. Therefore, sodium ions play an essential role in the tyrosine 
decarboxylation pathway and may explain the higher tyramine 
production at a higher sodium chloride concentration as proposed 

stable with a marginal variation of 3.95% at 0%, 1.19% at 1.5% and 
1.26% at 3.0% sodium chloride, respectively. At a sodium chlo-
ride concentration of 4.5%, a slight increase of tyrosine of 12.93% 
from 448.61 mg L–1 up to 506.62 mg L–1 was observed (data not 
shown). Importantly, all tyrosine and tyramine concentrations be-
fore and all tyrosine concentrations after ripening without tyrosine 
addition at different sodium chloride concentrations were below 
the detection limit of 0.13 mg L–1 and 0.05 mg L–1, respectively. 
After 7 days of ripening, only very low tyramine concentrations of 
7.33 mg L–1 at 0% sodium chloride, 5.84 mg L–1 at 1.5% sodium 
chloride, 7.42 mg L–1 at 3% sodium chloride and 2.34 mg L–1 at 
4.5% sodium chloride were detected (data not shown).

4. Discussion
The accumulation of BAs in fermented foods is a matter of 

public health concern, and it is important to know, which factors 
affecting the production of BAs and how to prevent or reduce the 
accumulation in fermented foods.[47]

It is known that mono- and diaminooxidase catalyse the 
detoxifying oxidation of BAs in the gastrointestinal tract of 
higher organisms.[48] Furthermore, amino oxidases were identi-
fied in Arthrobacterkristallopoes, Bacillus amyloliquefaciens, 
Candida boidinii, Klebsiella aerogenes, Lactobacillus and 
Pediococcus spp. Micrococcus rubens, Rhodococcus erythropolis, 
Sarcina lutea and Staphylococcus carnosus. Although the exact 
mechanism of action is still unclear, amine-degrading bacteria are 
used to reduce BAs in food.[43,49–54] The amine-degrading activity 
of the lactic acid bacteria Lb. plantarum J16 was attributed to a 
laccase (EC 1.10.3.2).[55] This enzyme belongs to the multicop-
per oxidase superfamily and their catalytic centres contain four 
reactive copper atoms, giving them a characteristic blue colour.[56] 
Furthermore, it is known that aminotransferases catalyse the trans-
fer of an amino group from the amino acid acting as a substrate 
to an acceptor oxo acid.[57] Therefore, aminotransferases play an 
essential role in the metabolism of amino acids as the resulting 
product 4-hydroxy-phenylpyruvate can be further metabolised 
to succinate and finally used as an energy source in the Citrate 
cycle as an energy gain.[58] In this study, the in silico screening of 
Lb. plantarum JA-1199 identified a multicopper oxidase as well as 
a histidinol-phosphate transaminase (EC 2.6.1.9). The biological 
roles of multicopper oxidases in bacteria are poorly elucidated, 
but it is known that laccases oxidise phenols by a radical-generat-
ing reaction mechanism.[59,60] Furthermore, in this study, the use 

Table 3. Production of tyramine in mg L–1 by eight different tyramine-producing bacterial strains in combination with Lb. plantarum JA1199 in micro-
cheese without tyrosine at four different sodium chloride concentrations 

Species

Sodium chloride concentration 

0% 1.5% 3% 4.5%

 Tyramine production [mg L–1] 

Enterococcus faecalis 201701784.1.K 18.98 9.14 11.60 9.81

Enterococcus faecium VF21.2-1122.3.K 5.24 9.80 12.50 13.76

Enterococcus durans 201702044.1.K 6.02 7.51 11.71 9.81

Staphylococcus equorum 201701784.3.B b.d. 2.09 6.35 4.25

Staphylococcus simulans 201702044.2.B b.d. b.d. b.d. 3.60

Staphylococcus xylosus 201702052.2.B b.d. 2.32 2.56 2.79

Lactococcus lactis P.6.2.M 6.15 4.21 11.98 10.90

Lactobacillus parabuchneri P.12.3.M 7.08 8.87 12.26 10.94

b.d.: below detection limit
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by other authors.[61,64,65] However, since salt is used in fermented 
food products to prevent spoilage and food poisoning,[22] reducing 
salt concentration in cheese is not an option to reduce the tyramine 
content in cheese. The minimal concentration of tyramine found 
in the micro-cheese model incubated only with Lb. plantarum JA-
1199, as well as in the control can be explained by the fact that 
milk may already contain tyramine at low dosages.[15,21]

Lb. plantarum is a common member of the non-starter lactic 
acid bacteria in cheeses and given the concerns over the pres-
ence of tyramine concentrations in different cheeses, this study 
showed a feasible strategy for decreasing tyramine accumulation 
and therefore increasing the safety level of fermented foods by 
application of a food-grade biocontrol strain. 
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