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Abstract 21	
  

 22	
  

High histamine concentrations in food can cause histamine poisoning. In spite 23	
  

of the cold chain, cheeses with high concentrations of histamine are on the 24	
  

market. In this work, we studied whether Lactobacillus parabuchneri, the 25	
  

microorganism mainly responsible for histamine accumulation in cheese, is able 26	
  

to grow and produce histamine at the usual temperature range of refrigerators. 27	
  

Further, we analyzed whether refrigeration is really effective to prevent the 28	
  

accumulation of histamine in different types of cheeses supplemented with 29	
  

histidine and contaminated with L. parabuchneri. Our results showed L. 30	
  

parabuchneri to be able to grow and produce histamine at refrigeration 31	
  

temperatures. Moreover, L. parabuchneri produced toxic histamine 32	
  

concentrations in refrigerated cheeses from only 14 days. The results obtained 33	
  

in this work show that in the presence of L. parabuchneri, refrigeration delays 34	
  

but does not prevent the accumulation of toxic histamine levels in cheese.  35	
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1. Introduction 41	
  

 42	
  

Histamine is a biogenic amine (BA) that can be accumulated in fermented or 43	
  

spoiled foods by the microbial decarboxylation of histidine. Although histamine 44	
  

has important physiological functions in humans, the ingestion of foods or 45	
  

beverages containing it in large quantities can lead to histamine poisoning, the 46	
  

symptoms of which include headache, urticaria, rashes and dizziness (Ladero 47	
  

et al., 2010). Histamine is the BA most frequently involved in food poisoning 48	
  

(European Food Safety Authority (EFSA), 2011). Moreover, histamine has 49	
  

recently been shown to be cytotoxic (Linares et al., 2016), and this cytotoxicity 50	
  

is reported synergistic with that of tyramine (del Rio et al., 2017), another BA 51	
  

found frequently at high concentrations in cheese.  52	
  

 53	
  

Histamine poisoning is commonly associated with the consumption of spoiled 54	
  

fish or fish products. At present, the histamine content in food is only regulated 55	
  

for fish and fish products (limited to 200-400 mg/kg by European Union 56	
  

Commission Directives 2073/2005 and 1019/2013, and to 50 mg/kg by the Food 57	
  

and Drug Administration USA [Food & Drug Administration (FDA), 2001]). 58	
  

However, fermented meats, vegetables, dairy products and alcoholic beverages 59	
  

may accumulate large amounts of histamine (Alvarez & Moreno-Arribas, 2014), 60	
  

in many cases exceeding its cytotoxicity threshold (440 mg/kg) (Linares et al., 61	
  

2016). In some types of cheese (e.g. blue chesses and long-ripened cheeses), 62	
  

histamine can even exceed 1000 mg/kg (Fernández et al., 2007), and has been 63	
  

involved in cases of histamine poisoning (EFSA, 2011; Silla Santos, 1996).  64	
  

 65	
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The accumulation of histamine occurs because of the microbial decarboxylation 66	
  

of histidine, a survival mechanism used in acidic environments (Trip et al., 67	
  

2012). The histamine-producing microorganisms in fermented products mainly 68	
  

belong to lactic acid bacteria (LAB) that carry the histidine decarboxylase gene 69	
  

cluster, either in the bacterial chromosome or in a plasmid (Diaz et al., 2015; 70	
  

Lucas et al., 2005). These bacteria may be present in the vat milk, be part of the 71	
  

starter cultures, or contaminate the food during manufacturing (Linares et al., 72	
  

2012). The presence of histamine-producing LAB in cheese is difficult to avoid, 73	
  

especially in those made from low quality raw milk or manufactured in cheese 74	
  

dairy factories contaminated with such microorganisms (Ascone et al., 2017). 75	
  

However, some can survive long term pasteurization (65°C for 30 min) allowing 76	
  

them to appear in cheeses made from milk treated in this way (Ladero et al., 77	
  

2011). It is therefore recommended that cheese be stored at low temperature 78	
  

after ripening to reduce the potential accumulation of histamine (Linares et al., 79	
  

2012).  80	
  

 81	
  

Lactobacillus parabuchneri was recently reported to be largely responsible for 82	
  

the accumulation of histamine in many types of cheeses (Diaz et al., 2016a; 83	
  

Diaz et al., 2016c; O’Sullivan et al., 2015).	
   It is important to note that some 84	
  

histamine-producing L. parabuchneri strains isolated from cheese were 85	
  

previously wrong classified as Lactobacillus buchneri (Sumner et al., 1990; 86	
  

Sumner et al., 1985), and remain so-called in many publications and databases 87	
  

despite their reclassification  (Diaz et al., 2016a; Fröhlich-Wyder et al., 2013).  88	
  

The species is habitually present in cheese, can produce large amounts of 89	
  

histamine, and can adhere to stainless steel, a characteristic that increases its 90	
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potential to contaminate food during processing (Berthoud et al., 2017; Diaz et 91	
  

al., 2016a; Diaz et al, 2016b). However, the physiology of histamine production 92	
  

in L. parabuchneri at refrigeration temperatures has never been investigated. In 93	
  

the present study we investigated the growth and the histamine forming 94	
  

capacity of three L. parabuchneri strains (isolated from cheese) at refrigeration 95	
  

temperatures (4 - 8°C) in histidine supplemented MRS and cheese samples.  96	
  

 97	
  

2. Materials and Methods 98	
  

 99	
  

2.1. Bacterial strain and growth conditions 100	
  

 101	
  

The L. parabuchneri strains used in this work were IPLA 11122, IPLA 11117 102	
  

and IPLA 11150. All were originally isolated from different types of cheese, are 103	
  

genetically different (their genome sequences are available at GenBank, 104	
  

accession no. NZ_LXIA00000000.1, NZ_LYDQ00000000.1 and 105	
  

NZ_LXUG00000000.1 respectively), and all are known to produce histamine 106	
  

(Diaz et al., 2016a; Diaz et al., 2016b). They were routinely grown in MRS (pH 107	
  

6.0) (Oxoid, Basingstoke, England) at 37ºC. 108	
  

 109	
  

In a preliminary test of the capacity of L. parabuchneri to grow at low 110	
  

temperature, L. parabuchneri IPLA 11122 was cultured in MRS supplemented 111	
  

with 5 mM L-histidine (MRS + His) (Sigma-Aldrich, Madrid, Spain) at 4, 8, 10, 12 112	
  

and 14ºC for 79 days. Growth was monitored using a spectrophotometer 113	
  

(Eppendorf, Hamburg, Germany), measuring the optical density at 600 nm 114	
  

(OD600).  115	
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 116	
  

The effect of temperature on growth and histamine production was examined in 117	
  

L. parabuchneri IPLA 11122, IPLA 11117 and IPLA 11150 cells grown in MRS 118	
  

broth (control) or MRS + His at 4ºC and 8ºC. Samples for analysis were taken 119	
  

every 7 days over 71 days. Growth at both temperatures was determined by 120	
  

plate counting (cfu/mL) on MRS agar. Histamine production by these cultures 121	
  

was analyzed as described below. Three biological replicates were used in 122	
  

each experiment.  123	
  

 124	
  

As a positive control of growth and histamine production, cells were grown in 125	
  

MRS broth or MRS + His at 37ºC (the optimal growth temperature of L. 126	
  

parabuchneri [unpublished]), with samples taken for analysis at 24 and 48 h. 127	
  

 128	
  

2.2. Histamine production in cheese  129	
  

 130	
  

Seven commercially available cheeses with low histamine contents (<25 mg/kg) 131	
  

and with a creamy or grated texture to facilitate the homogenization after 132	
  

inoculation with L. parabuchneri, were selected: cheese 1, cream cheese made 133	
  

from blue cheese; cheese 2, grated Mozzarella cheese; cheese 3, grated 134	
  

Emmental cheese; cheese 4, cream cheese made from melted cheese; cheese 135	
  

5, cream cheese; cheese 6, cream cheese made from Camembert cheese; and 136	
  

cheese 7, another cream cheese. Cheeses (100 g) were supplemented with 137	
  

histidine (final concentration of 20 mM), inoculated with 1 ml of a phosphate-138	
  

buffered saline solution containing 108 cfu/mL of strain L. parabuchneri IPLA 139	
  

11122 (the strain that produced the largest amount of histamine at 4ºC) to 140	
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achieve a final inoculum of 106 cfu/g, homogenized and incubated aerobically at 141	
  

either 4ºC or 8ºC. To prevent any microbial contamination, cheeses were 142	
  

inoculated under sterile conditions and kept into sterile screw cap pots. Histidine 143	
  

and histamine were determined before incubation, and histamine production 144	
  

monitored at 14, 24, 42, 56 and 70 days. To provide positive controls, a portion 145	
  

of the inoculated samples was incubated at room temperature for 5 days. 146	
  

Uninoculated samples were kept at 4ºC for more than 70 days and used as 147	
  

negative controls. 148	
  

 149	
  

2.3. Histidine and histamine quantification by ultra-high performance liquid 150	
  

chromatography 151	
  

 152	
  

Culture supernatants were obtained by centrifugation (2000 x g for 10 min at 153	
  

25ºC) and cheese extracts obtained following the method of Herrero-Fresno et 154	
  

al., (2012). Histidine and histamine in culture supernatants and cheese extracts 155	
  

were quantified by ultra-high performance liquid chromatography (UHPLC) 156	
  

using a Waters H-Class ACQUITY UHPLC apparatus controlled by Empower 157	
  

2.0 software, and employing a UV-detection method based on derivatization 158	
  

with diethyl ethoxymethylene malonate (Redruello et al., 2013).  159	
  

 160	
  

2.4. Statistical analysis 161	
  

 162	
  

Results are presented as the means ± standard deviation of three biological 163	
  

replicates. Means were compared using ANOVA with post-hoc Bonferroni 164	
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correction. Significance was set at p<0.05. All statistical calculations were made 165	
  

using SPSS v.15.0 software (SPSS Inc., IL, USA).  166	
  

 167	
  

3. Results 168	
  

 169	
  

3.1. Growth of L. parabuchneri at refrigeration temperatures 170	
  

 171	
  

L. parabuchneri IPLA 11122 was incubated for 79 days in MRS supplemented 172	
  

with 5 mM histidine at 4, 8, 10, 12 and 14ºC. Surprisingly, it was able to grow 173	
  

with OD600 absorbance values of >4 being reached at all the temperatures 174	
  

assayed (Fig. 1A). Typical growth curves were recorded at 8, 10, 12 and 14ºC, 175	
  

with the exponential growth phase starting about 7 days after inoculation. As 176	
  

expected, the higher the temperature the steeper the slope. At 4ºC, growth was 177	
  

considerably slower, with a long lag phase lasting 28 days and a less steep 178	
  

exponential phase. However, a high final OD600 value of 4.1 was still reached 179	
  

(Fig. 1A). Longer incubation times at 4ºC did not induce greater growth (data 180	
  

not shown). Maximum growth at the control temperature (37ºC) was reached 181	
  

after 48 h of incubation (OD600=5.9).  182	
  

  183	
  

In view of these results, IPLA 11122, IPLA 11117 and IPLA 11150 were 184	
  

incubated for 71 days at 4ºC and 8ºC on MRS with and without 5 mM histidine 185	
  

to examine the possible influence of histamine biosynthesis on growth (Figure 186	
  

2). The absence of histidine did not affect the growth of the strains, as 187	
  

determined by plate counting (results no shown). All the strains grew at 8ºC. 188	
  

The maximum counts were obtained after 57 days, and were very similar for all 189	
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three strains (IPLA 11122 = 10.03 ± 0.2 log cfu/mL; IPLA 11117 = 9.94 ± 0.1 log 190	
  

cfu/mL; IPLA 11150 = 9.8 ± 0.11 log cfu/mL). No significant differences were 191	
  

seen between the maximum counts obtained at 8ºC or 37ºC (maximum counts 192	
  

at 37ºC: IPLA 11122 = 9.88 ± 0.0 log cfu/mL; IPLA 11117= 9.91 ± 0.19 log 193	
  

cfu/mL; IPLA 11150 = 10.05 ± 0.18 log cfu/mL).   194	
  

 195	
  

When incubated at 4ºC, the three strains showed different behaviours. IPLA 196	
  

11122 (Fig. 2A) showed the greatest growth, with maximum counts obtained 197	
  

after 57 days (9.56 ± 0.06 log cfu/mL). IPLA 11117 reached its maximum count 198	
  

after 71 days (7.96 ± 0.82 log cfu/mL) (Fig. 2B). In contrast, IPLA 11150 did not 199	
  

grow at 4ºC; the counts even decreased from log 5.61 ± 0.11 to 4.23 ± 0.17 200	
  

after 71 days (Fig. 2C). Nevertheless, the strain remained viable until the end of 201	
  

the incubation period.  202	
  

  203	
  

3.2. Histamine formation by L. parabuchneri at refrigeration temperatures 204	
  

 205	
  

Histamine production of the investigated L. parabuchneri strains was monitored 206	
  

over the growth curve. In a first experiment, histamine production by IPLA 207	
  

11122 was followed at 4, 8, 10, 12 and 14ºC (Fig. 1B). No significant 208	
  

differences were seen between cultures grown at 12ºC and 14ºC, with the 209	
  

highest histamine concentration (4.23 ± 0.08 mM) reached after 28 days. 210	
  

Histamine production was slower in cultures grown at 8ºC and 10ºC than at 211	
  

12ºC or 14ºC, but the maximum histamine concentration (4.17 ± 0.11 mM) was 212	
  

also reached after 28 days of incubation. Histamine production in the cultures 213	
  

stored at 4ºC, however, was considerably slower. The maximum concentration 214	
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of histamine was reached (4.17 ± 0.04 mM) after 42 days. 215	
  

 216	
  

In a second experiment, histamine production by strains IPLA 11122, IPLA 217	
  

11117 and IPLA 11150 at 4ºC and 8ºC was investigated (Fig. 2). No statistical 218	
  

differences were seen between the three strains after 22 days at 8ºC (the 219	
  

highest histamine concentrations were 4.06 mM ± 0.05 for IPLA 11122, 4.00 ± 220	
  

0.05 mM for IPLA 11117, and 4.05 ± 0.03 for IPLA 11150) (Fig. 2A, 2B and 2C). 221	
  

Longer incubation times did not significantly increase histamine accumulation. 222	
  

Cultures grown at 37ºC reached after 48 days of incubation 3.94 ± 0.09 mM for 223	
  

IPLA 11122, 3.97 ± 0.12 mM for IPLA 11117 and 3.96 ± 0.12 mM for IPLA 224	
  

11150 (data not shown).  225	
  

 226	
  

The three strains also produced histamine when grown at 4ºC, but histamine 227	
  

formation differed considerably. IPLA 11122 (Fig. 2A) produced as much 228	
  

histamine after 43 days of incubation (3.96 ± 0.03 mM) as did the 37ºC control 229	
  

after 2 days, and IPLA 11117 (Fig. 2B) accumulated 2.48 ± 0.93 mM of 230	
  

histamine until the end of the experiment. Although IPLA 11150 did not show 231	
  

growth at 4ºC, it was able to produce 0.33 ± 0.03 mM of histamine during the 57 232	
  

days of incubation (Fig. 2C). Thus, IPLA 11117 and IPLA 11150 produce less 233	
  

histamine when grown at 4ºC than at 37ºC. 234	
  

 235	
  

3.3. Production of histamine in cheese by L. parabuchneri IPLA 11122 at 236	
  

different refrigeration temperatures 237	
  

 238	
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L. parabuchneri IPLA 11122, the strain that produced the largest amount of 239	
  

histamine at 4ºC, was selected for further experiments. Seven commercial 240	
  

cheeses were supplemented with histidine and after inoculation with strain IPLA 241	
  

11122, the production of histamine was monitored by UHPLC analysis after 14, 242	
  

24, 42, 56 and 70 days at 4ºC and 8ºC. A representative UHPLC chromatogram 243	
  

of the cheeses analyzed is showed in Figure 3. Uninoculated cheeses were 244	
  

kept at 4ºC until the end of the experiment as negative controls. As a positive 245	
  

control, inoculated cheeses were incubated at 37ºC for 5 days. The histamine 246	
  

content of the cheeses at the beginning of the experiment ranged from 19 to 22 247	
  

mg/kg. After 70 days of incubation, all cheeses accumulated histamine at both 248	
  

4ºC and 8ºC. At 4ºC, the concentration ranged from 118 to 1030 mg/kg, while at 249	
  

8ºC figures of 175-1838 mg/kg were recorded (Fig. 4). Histamine accumulation 250	
  

in the negative controls was <50 mg/kg. For cheese 7, which showed the 251	
  

strongest formation of histamine, the legal maximum value of 200 mg/kg for fish 252	
  

was reached between day 24 and 42 at 4°C, and less than 14 days at 8°C.  253	
  

 254	
  

4. Discussion 255	
  

 256	
  

To our knowledge, this is the first time that the accumulation of histamine in 257	
  

cheese at refrigeration temperatures, and the ability of histamine-producing 258	
  

bacteria (isolated from cheese) to grow and produce histamine under such 259	
  

conditions, have been studied. Recently, strains of L. parabuchneri have been 260	
  

repeatedly isolated from cheeses with high histamine contents (Berthoud et al., 261	
  

2017; Diaz et al., 2016a; Diaz et al., 2016b), and culture-independent studies 262	
  

shown that strains of this species are mainly responsible for the accumulation of 263	
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histamine in cheese (Berthoud et al., 2017; Diaz et al., 2016c; O’Sullivan et al., 264	
  

2015). It is therefore of interest to know whether L. parabuchneri is capable of 265	
  

producing histamine at low storage temperatures. To date, histamine production 266	
  

at such temperatures has only been reported for Morganella morganii (Kim et 267	
  

al., 2002) and Photobacterium iliopiscarium (Takahashi et al., 2015) (Gram-268	
  

negative bacteria isolated from fish).  269	
  

 270	
  

As expected, the growth of the three strains in histidine supplemented MRS 271	
  

broth and the production of histamine declined with temperature (Fig. 1 and Fig. 272	
  

2). However, it is remarkable that, although the ability of L. parabuchneri to 273	
  

grow and produce histamine at refrigeration temperatures was strain 274	
  

dependant, all the examined strains produced histamine even at 4ºC, including 275	
  

IPLA 11150, which was unable to grow under these conditions. Remarkably, an 276	
  

increase in incubation temperature from 4°C to 8ºC increased histamine 277	
  

production by a factor of up to 37 within the first 20 days. 278	
  

 279	
  

Similar results were obtained in histidine supplemented cheese samples 280	
  

inoculated with L. parabuchneri IPLA 11122. Histamine accumulated at both 281	
  

temperatures tested, though it was greater at 8ºC. The differences in histamine 282	
  

accumulation observed among the cheeses stored at either 4ºC or 8ºC could be 283	
  

due to a differential growth of the histamine-producing strain, probably as 284	
  

consequence of the different additives present in each type of cheese. The 285	
  

results obtained clearly show that refrigeration delays histamine formation but is 286	
  

not a sufficient measure to prevent the accumulation of high amounts of 287	
  

histamine in cheese. The temperature reduction from 8°C to 4ºC (the usual 288	
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temperature range of domestic refrigerators) contributed significantly to 289	
  

reducing histamine formation and extending the time to exceed the maximum 290	
  

histamine level of 200 mg/kg applied to fish. 291	
  

 292	
  

5. Conclusions 293	
  

 294	
  

In conclusion, the present study shows that individual strains of L. parabuchneri 295	
  

grow and produce histamine at refrigeration temperatures. Besides, cheeses 296	
  

contaminated with L. parabuchneri and supplemented with histidine 297	
  

accumulated histamine at 8ºC and even 4ºC, although more slowly. The 200 298	
  

mg/kg legal limit for fish was reached in some of the cheeses from only 14 days. 299	
  

This time could be even lower in other types of cheeses whose characteristics 300	
  

were more favourable for the accumulation of BA. Although it is important to 301	
  

keep the conservation temperature as low as possible, refrigeration delays but 302	
  

does not prevent the accumulation of toxic concentrations of histamine in 303	
  

cheese. Therefore, it is essential to avoid the presence of histamine producing 304	
  

L. parabuchneri in dairy environments. 305	
  

 306	
  

6. Figure legends 307	
  

 308	
  

Figure 1. Growth and histamine production of L. parabuchneri IPLA 11122 at 309	
  

different refrigeration temperatures. Cells were grown for 79 days in MRS 310	
  

supplemented with 5 mM histidine at different refrigeration temperatures (4, 8, 311	
  

10, 12 and 14ºC). A) Bacterial growth was determined by measuring the 312	
  

absorbance of the culture at 600 nm (OD600). B) Histamine was determined by 313	
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UHPLC. Values are given as the means of three independent experiments ± the 314	
  

standard deviation.  315	
  

 316	
  

Figure 2. Growth and histamine production of three L. parabuchneri strains in 317	
  

MRS supplemented with 5 mM histidine at 4°C and 8°C. Bacterial growth 318	
  

(cfu/mL) and histamine formation (mg/kg) was monitored over a period of 71 319	
  

days. A) L. parabuchneri IPLA 11122, B) L. parabuchneri IPLA 11117 and C) L. 320	
  

parabuchneri IPLA 11150. The graphs show the mean values and standard 321	
  

deviations obtained from three independent experiments.  322	
  

 323	
  

Figure 3. Representative UHPLC chromatogram of a cheese sample (cheese 324	
  

7) supplemented with 20 mM of histidine and 106 cfu/mL of L. parabuchneri 325	
  

IPLA 11122 after 56 days of incubation at 4ºC. Peaks corresponding to histidine 326	
  

and histamine are indicated.  327	
  

 328	
  

Figure 4. Histamine accumulation (mg/kg) in cheese at different refrigeration 329	
  

temperatures. Cheeses were supplemented with 20 mM histidine, inoculated 330	
  

with L. parabuchneri IPLA 11122 and incubated at either 4ºC (white bars) or 331	
  

8ºC (black bars). A) cheese 1, B) cheese 2, C) cheese 3, D) cheese 4, E) 332	
  

cheese 5, F) cheese 6 and G) cheese 7 (see text for types). 333	
  

 334	
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