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Histamine reduction, but not 
elimination in cheese
New research reveals that histamine production in cheese can be reduced using a 
nisin-producing bioprotective culture. 

This main objective of the PushLim project was 
to facilitate innovation in two important areas, 
namely, (i) producing a healthier cheese (reduced 
salt content) and (ii) production cost reduction (el-
evated ripening temperature). This was achieved 
by, firstly mapping the microflora of normal cheese 
(control), reduced salt cheese and elevated tem-
perature ripened cheeses. Secondly, the safety risks 
associated with salt reduction and elevated tem-
perature ripening of cheese, with particular focus 
on the production of the biogenic amines, was 
studied. Thirdly, bio-protective cultures were ap-
plied in cheese trials to extend the “no defect” limit 
in cheese ripening.

High levels of biogenic amines
Biogenic amines are produced by the decarboxyla-
tion of amino acids such as histidine and tyrosine, 
with the production of histamine and tyramine, re-
spectively. Production of these toxic compounds 
needs to be minimized to produce safe cheeses. 
The risk factors associate with high levels of bio-
genic amines in cheese, include, poor hygiene, low 

salt, and long ripening times. The responsible bac-
teria for the production of these compounds in 
cheese are certain species of lactic acid bacteria 
such as Lentilactobacillus parabuchneri, Levilacto-
bacillus brevis, and Latilactobacillus curvatus. Amino 
acids released from casein as a result of proteoly-
sis may be taken up by the microflora and subse-
quently decarboxylated as a response to the acid 
stress conditions found in cheese (Figure 1).

Reduced salt level
In the first cheese trial, a baseline was established 
to determine the biogenic amine risk associated 
with reducing salt levels in Cheddar cheese. Cheese 
was manufactured in pilot scale at the University 
of Copenhagen. Normal and reduced salt cheeses 
with salt levels of 1.98 % (normal) and 1.42 % (re-
duced) salt were produced, to which the known 
histamine-producing strain, Lb. parabuchneri was 
added. The cheeses were ripened for 6 months at 
10ºC and 15ºC. As shown in Figure 2, reduction of 
salt and increase in ripening temperature resulted 
in significantly higher levels of histamine in the 
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Figure 1. Decarboxylation of histidine and formation of histamine and carbon dioxide by a lactic acid bacteria.
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Figure 2. Histamine-forming ability of Lb. parabuchneri in reduced salt Cheddar cheese ripened at 10ºC (blue) 
and 15ºC (red). +HP: Histamine-producing strain added.

Figure 1. Decarboxylation of histidine and formation of histamine and carbon dioxide 
by a lactic acid bacteria.

Figure 2. Histamine-forming ability of Lb. parabuchneri in reduced salt Cheddar cheese 
ripened at 10ºC (blue) and 15ºC (red). +HP: Histamine-producing strain added.  
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Summary:
The research reveals that histamine produc-
tion in Cheddar cheese can be reduced using 
a nisin-producing bioprotective culture. Only 
one of the 17 tested, commercial bioprotec-
tive cultures were able to reduce histamine 
production. A rapid early detection method 
for histamine producers in milk was developed 
based on a Loop-mediated isothermal ampli-
fication (LAMP). The method takes less than 15 
min and requires no advanced equipment.    

cheeses. Indeed, extremely high levels (in excess of 
3000 ppm!) histamine was present in the reduced 
salt cheese ripened at 15ºC.

Bioprotective cultures
Once this baseline was established, the next phase 
of the project was to examine whether bioprotec-
tive cultures could be used to inhibit histamine pro-
duction by Lb. parabuchneri. Seventeen different 
commercially available bioprotective cultures were 
screened using an agar well diffusion assay for their 
ability to inhibit the growth of Lb. parabuchneri. The 
commercial bioprotective cultures used were ob-
tained from the main culture suppliers (Chr. Hansen 
A/S., SACCO, DSM, CSK and IFF). Surprisingly, only 
one of the commercial bioprotective cultures was 
able to effectively inhibit the growth of the hista-
mine producer. This bioprotective culture was a 
nisin producer, which is normally used to prevent 
late blowing in cheese. The nisin-producing culture 
was then tested in pilot scale Cheddar cheese pro-
duction to establish if it was also effective under 
cheese ripening conditions. Reduced salt Cheddar 
cheeses (1.2 % salt) were produced to which the 
histamine producer was added to the cheese milk. 
In addition, a Lactobacillus helveticus ripening cul-
ture was added to boost the amount of free amino 
acids in the cheese to “stress test” the system. En-
couragingly, the results showed that the cheeses 
with the nisin-producing culture had approxi-
mately half the level of histamine present com-
pared to the cheeses without the nisin producer. 
However, the mode of action was indirect, the nisin 
producer was able to inhibit the Lb. helveticus rip-
ening culture, but not the Lb. parabuchneri hista-
mine producer. Inhibition of Lb. helveticus resulted 
in a lower pool of free histidine, and thus lower his-
tamine production.

Early detection method
An additional aspect of the project was to develop 
a rapid early detection method for histamine pro-
ducers in milk. Development of such a tool would 
enable the dairy industry to measure the level of 
histamine producers in the cheese milk prior to 
production. Inspired by the COVID-19 pandemic, 
a Loop-mediated isothermal amplification (LAMP) 
was developed. This method is often compared to 
PCR, but the two main differences are that loop 
mediated refers to the way the DNA is replicated 
and isothermal means that only one fixed temper-

ature is used. LAMP is both faster and more robust 
than conventional PCR. Results can be obtained 
within 15 minutes and no advanced equipment is 
required. A colour change from red to yellow indi-
cates a positive result. A highly selective primer set 
was successfully designed for detecting the histi-
dine decarboxylase (hdcA) gene in Lb. parabuchneri.

A final aspect of the project was an investigation 
into tryptamine formation in cheese. Tryptamine 
is produced by the decarboxylation of tryptophan, 
and unlike histamine, levels found in cheese are 
low. Interestingly, tryptophan decarboxylase is 
not found in lactic acid bacteria, however, recently 
a tryptamine producing Clostridium sporogenes 
strain has been isolated. Cl. sporogenes is a well-
known cause of late blowing in cheese. In this part 
of the project, its ability to produce tryptamine was 
investigated. Surprisingly, it was found that decar-
boxylation of tryptophan by Cl. sporogenes was not 
an acid resistance mechanism, as only 15 % of the 
amino acid was decarboxylated. This contrasts with 
the situation for lactic acid bacteria, in which all of 
the precursor amino acid is decarboxylated to the 
respective biogenic amine. 


