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ABSTRACT 

Biogenic amines in processed meat products can be useful as indices of  poor- 
quality raw material, but they can also be related with microbial activity 
involved in fermentation processes. This paper provides new data on this topic. 
Histamine, tyramine and p H  changes were followed during storage/spoilage 
of  beef and pork at both room and refrigerated temperatures. A notable 
increase in the content o famines was observed at both temperatures studied. A 
greater and more rapid formation of  histamine and tyramine took place in 
pork than in beef. The increase in the amines occurred before the increase in 
pH value. A preliminary study about the influence of  ripening on histamine 
and tyramine contents was also carried out. This process seems to exert a 
greater influence on histamine than on tyramine content. Finally, the 
histamine and tyramine contents of  63 Spanish meat products were 
determined. Both amines were detected in all samples, but concentrations 
var,ied greatly. Uncooked and ripened meats showed statistically significant 
hig~er amounts of  both amines than cooked meat products. In cooked meat 
products, histamine values ranged from 0"25 to 3"90 mg/kg and tyramine from 
0"50 to 25"6 mg/kg. For uncooked and ripened meat products, the range of  
histamine was from 0.25 to 249mg/kg and of  tyramine from 0"45 to 
51G'mg/kg. 

I N T R O D U C T I O N  

The biogenic amines, histamine and tyramine, are sometimes found in 
certain foods. Their presence in meat  products,  sometimes in high 
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concentrations, has already been noted by several authors (Rice et  al., 1975; 
Vandekerckhove, 1977; Santos-Buelga et al., 1981; Rogowski & Drhla, 
1984; Vidaud et al., 1988). It is accepted that these amines are derived from 
decarboxylation of their precursor amino acids, histidine and tyrosine (Rice 
et aL, 1975; Eintenmiller et al., 1978). 

Biogenic amines can be found in processed meat products as a 
consequence of microbial activity related to the fermentation process 
involved in the manufacturing of certain sausages, but there is also the 
possibility that they are found in poor quality raw materials by microbial 
contamination. Del Prete et al. (1979) reported that meat transport, over 
long distances and prolonged periods of storage in inappropriate 
conservation conditions, can facilitate contamination by microorganisms 
which can form biogenic amines. These substances have been proposed as 
possible 'indicators' of poor hygienic quality of raw materials used and/or of 
poor production conditions for fish products (Mietz & Karmas, 1977; Hui & 
Taylor, 1983). Although meat products have not been extensively studied, it 
has been pointed out that good manufacturing processes for meat products, 
using fermentation starters, result in formation of very small amounts of 
biogenic amines (Rice et al., 1975, 1976; Eintenmiller et al., 1978). So under 
these conditions and assuming that good quality raw materials have been 
used, large amounts of these substances in meat products would be 
indicative of the existence of contaminant microorganisms during the 
manufacturing process (Rice & Koehler, 1976). In order to avoid or reduce 
the formation of biogenic amines in meat products, the following 
precautions should be taken (Rice & Koehler, 1976; Cerutti, 1986): 
supervision of hygienic conditions in production plants, use of starter 
cultures and adequate thermal treatments on raw materials. 

On the other hand, biogenic amines in foods have toxicological 
implications: (a) 'histamine intoxication' can be provoked by the 
consumption of foods with high histamine contents (Codex Alimentarius, 
1985; Committee on Food Protection, 1985; Taylor, 1985); (b) biogenic 
amines in the presence of nitrites may produce compounds which can be 
endogenous precursors of N-nitrosamines (Rogowski & Drhla, 1984; 
Vidaud et  al., 1988); (c) ingestion of large amounts of biogenic amines may 
provoke hypertensive crises in patients under treatment with monoamine- 
oxidase enzyme-inhibiting drugs (MAOI) (Ponto et al., 1977; Marin6 et al., 
1986). However, these amines are not considered to be a grave risk for 
humans, as long as they are present in low concentrations and their 
metabolism is not blocked or genetically altered (Pechanek et  al., 1980). 

The aim of the present work was to study the changes in histamine and 
tyramine contents during storage/spoilage of beef and pork meat, at both 
refrigerated and room temperatures, in order to obtain data to establish any 
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possible relationship between biogenic amine content of meat products and 
poor-quality raw materials (meats) used in their production. We have 
~also studied the influence of ripening on biogenic amines in ripened meat 
products. Finally, this paper provides data on the histamine and tyramine 
content in some Spanish meat products. Data on this topic are scarce in meat 
products, especially concerning tyramine, which is of the same toxicological 
and technological interest as histamine. 

MATERIALS AND METHODS 

Samples 

To study the histamine and tyramine evolution during storage/spoilage of 
beef and pork meat, we used whole meat pieces of approximately 0.5 kg, 
which were triturated and homogenized in the laboratory. Trituration of 
meat thvours its decomposition, but it is a necessary operation to assure 
sample homogeneity. Moreover, many meat products are manufactured using 
minced meat. Triturated and homogenized beef and pork meat were divided 
into two portions; one of these was kept at room temperature (20-22°C) for 
40 h, samples being taken every 8 h and the other was refrigerated (4--5°C) for 
l l0h,  with samples being taken every 12h. 

To ,;tudy the influence of ripening on biogenic amine content, six samples 
of a single ripened sausage ('sobrasada') of the same commercial brand and 
processed in the same factory were used. However, these samples came from 
different manufacturing batches and had different ripening times. Sample 1 
corresponded to a recently manufactured product (ripening time zero) and 
the remaining five samples had progressively increasing ripening times (15, 
36, 111,142 and 217 days, respectively). Samples were stored at - 18°C until 
analyzed. 

Hisl:amine and tyramine contents in 63 Spanish meat products were 
determined. Most samples studied consisted of mixtures of pork, or pork 
and beef, seasoned with salt, curing substances and spices and were packed 
in natural and/or artificial casings. We analyzed: (a) 11 samples of 
'mortadela', a meat product in which manufacturing includes a cooking 
process, but is not ripened, (b) five samples of cooked ham, (c) 38 samples of 
uncooked and ripened meat products (19 samples of 'salchich6n', 11 of 
'chorizo', three of 'sobrasada' and five of 'salami'), which are similar in 
composition but differ in the spices used in their production and in the way 
that they are ripened and (d) nine samples of country-cured ham. All samples 
were stored at -18°C prior to analysis. 
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Methods 

Histamine was determined according to the spectrofluorometric method of 
Vidal-Carou et al. (1989a) with some modifications to make it suitable for 
meat products (Vidal-Carou et  al., 1989b). The method consists of the 
following successive steps: (1) grinding and homogenization of the sample 
and extraction of histamine with HCIO4, (2) alkalinization of 5 ml of the 
perchloric acid extract and extraction of histamine with n-butanol, (3) 
transferring the histamine to HCI, (4) fluorescent complex formation with 
o-phthaldehyde, and (4) spectrofluorometric reading at 350 nm excitation 
wavelength and 430 nm emission wavelength. Reliability of this method in 
terms of precision was CV = 5.42% for a 36-60_ 2.02mg/kg histamine 
content (n = 10), and recovery was 96-20% (n = 20). 

Tyramine determination was carried out according to the spectro- 
fluorometric method of Santos-Buelga e t  al. (1981), which consists of the 
following steps: (1) grinding, alkalinization and homogenization of sample 
with washed fine grain sand and anhydrous Na2SO4, (2) extraction of 
tyramine with ethyl acetate in a glass column, (3) transference of the 
tyramine to HC1, (4) fluorescent complex formation with ct-nitroso-fl- 
naphthol and (5) spectrofluorometric reading at 450nm excitation 
wavelength, and 540 nm emission wavelength. Its reliability was also verified 
for precision, CV = 6.46% for a tyramine content of 112.9 _ 7-30mg/kg 
(n = 10) and recovery, 96.90% (n = 20). 

pH was measured by direct reading in a pH meter, after trituration and 
homogenization of samples with distilled water (Sanchidri~n, 1985). 

RESULTS AND DISCUSSION 

Biogenic amines evolution during storage]spoilage of meat 

Changes in histamine, tyramine and pH levels of pork meat and beef were 
followed as a function of storage/spoilage time; the experiments at room 
temperature (18-22°C) and refrigerated temperature (4-5°C) are shown in 
Figs 1 and 2, respectively. Formation of both amines was observed in both 
types of meat and at both temperatures. At the beginning of the experiments 
(time zero), the histamine and tyramine concentrations in both types of meat 
were very low (_< 2 mg/kg). The levels of amines at room temperature were 
higher than at refrigerated temperature for the same time elapsed, and the 
increases in their levels occurred much more quickly at room temperature. 
In all cases the histamine and/or tyramine increases occurred before a 
significant increase in pH value was detected. 
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Fig. 1. Changes in histamine, tyramine and pH during storage/spoilage of pork meat at 
both refrigerated and room temperature. Refrigerated temperature: O, histamine; A, 

tyramine; II, pH. Room temperature: O, histamine: A, tyramine; I-3, pH. 

Room temperature experiments 
Higher levels of both amines were reached in pork meat (approx. 65 mg/kg 
for each one) than in beef (approx. 5 mg/kg of histamine and 25 mg/kg of 
tyramine). Histamine and tyramine formation were similar in pork meat 
(Fig. 1) so, after 8 h, there was a strong increase in both amines and rapid 
increase continued throughout the whole period of the study. On the other 
hand, histamine and tyramine evolution in beef were different (Fig. 2); a 
constant increase in tyramine levels was observed throughout the entire time 
period of study, whereas histamine did not show much increase during this 
time (f;rom 1.50 mg/kg to 5.90 mg/kg). 

Refrigerated temperature experiments 
The levels of histamine and tyramine reached at the end of this study were 
similar in pork meat (Fig. 1) although their evolution profiles were different. 
A marked increase of tyramine was observed after 40 h, whereas no great 
increase in histamine occurred until after 80 h. The evolution of both amines 
in beef (Fig. 2) was similar to pork until 54 h but, after this time, histamine 
showed a more rapid and quantitatively more significant increase than 
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Fig. 2. Changes in histamine, tyramine and pH during storage/spoilage of  beef at both 
refrigerated and room temperature. Refrigerated temperature: O, histamine; A,  tyramine; 

. ,  pH. Room temperature: O, histamine; A, tyramine; V], pH. 

tyramine. A sharp increase in the pH value of beef was observed after 80 h 
which, nevertheless, was not matched by a marked increase in amine 
content. 

By comparing the development of histamine and tyramine in both meats 
it is notable that: (a) similar concentrations of both amines were reached at 
each temperature by the end of the storage in pork meat and (b) for beef, 
more tyramine than histamine was formed at room temperature, whereas 
more histamine than tyramine was formed under refrigeration. The time 
elapsed from the beginning of the experiment to the point where a significant 
increase occurred in one or the other amine was different for each type of 
meat, being shorter for pork than for beef. Thus, 'latency time' at room 
temperature was approximately 10 h for pork, whereas it was approximately 
25 h for beef. At refrigeration temperature, this 'time' was approximately 
40 h for pork and approximately 60 h for beef. 

The results indicate that inadequate refrigeration and prolonged holding of 
meat can lead to a significant formation of  biogenic amines. These results 
agree with similar previous studies on the subject (Wortberg & Woller, 1982; 
Sayem-E1-Daher el  al., 1984). Nevertheless, there are still few studies on this 
topic and thus definitive conclusions on the role of biogenic amines as 
indicators of the poor quality raw materials used in the manufacturing of 
meat products cannot be made. 
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Influence of ripening time on the histamine and tyramine content of a ripened 
sausage ('Sobrasada') 

To establish the role of biogenic amines as indicators of the use of poor 
quality raw materials in the manufacturing of meat products, it is also 
necessa:ry to check whether or not the ripening process results in amine 
formation. We have studied the histamine and tyramine contents in six 
'sobrasadas' of the same commercial brand, produced by the same factory, 
but wh!ich have different ripening times. The size of the 'sobrasada' was 
approximately 7-8 cm x 40 cm. Different histamine and tyramine contents 
could be found depending on the part of piece considered. In order to check 
this possibility, two aliquots of each piece were taken for analysis: one from 
the centre, and one from the end of each piece, as shown in Fig. 3. Table 1 
shows both amines' contents in the two parts of those products, as well as the 
ripeninlg time corresponding to each sample. In most samples, a greater 
amount of histamine was observed in the centre than in the end of the piece, 
but for tyramine this difference was not so pronounced. This fact could be 
related to the type of microorganisms responsible for amine formation. 
Results obtained indicate that, under anaerobic conditions (centre of the 
piece), formation of histamine is higher than in the end of the piece. 
This behaviour was not observed for tyramine. Figure 4 shows the 
average (centre and end) values of histamine and tyramine content for each 
sample. Ripening time seemed to exercise a greater influence on histamine 
content than on tyramine content, since in the first samples we found lower 
levels of histamine than in samples with a longer ripening time. No clear 
difference was observed in tyramine concentrations as a function of ripening 
time. Results of this study should be considered orientative or preliminary, 
and it will be necessary to confirm them in products for which (a) the 

Fig. 3. 
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'sobrasadas' with different time of ripening. 
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TABLE l 
Histamine and Tyramine Contents in Centre and End of 'Sobrasadas'  with 

Different Times of  Ripening 

Sample Time of Histamine (mg/kg) Tyramine (mg/kg) 
number ripening 

(days) Centre End Centre End 

1 0 2"60 2"90 3"50 6-70 
2 15 11"2 5"90 21-5 6"90 
3 36 27"5 13"7 2-35 3"30 
4 111 53-2 30-7 153-0 140-0 
5 142 27"2 41-0 20-2 7"35 
6 217 42"5 27"8 13"6 14"8 

hygienic quality of the raw materials used, and (b) possible differences in the 
microbial flora present in the centre and the end of the meat product are 
known. 

Histamine and tyramine contents in some Spanish meat products 

Both amines were detected in the 63 samples studied. The concentrations of 
histamine and tyramine varied greatly between the different types of meat 
products as well as among samples of a single product type. Table 2 shows 

Fig. 4. 
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TABLE 2 
Histamine and Tyramine Contents  in the Meat Products Studied 

247 

Type of Number Histamine (mg/kg) Tyramine (mg/kg) 
meat products of samples 

g + SD Range .~ +_ SD Range 

Cooked" (n = 16) 1"45 _+ 0-89 0-25-3"90 8"20 _ 9-42 0-50-25-6 
'mortadela '  (n = 11) 1-50 __ 0"55 0"55-2"25 10"9 _+ 9"80 0-50-25"6 
cooked ham (n = 5) 1"30 _+ 1"30 0-25--3-90 2"30 +_ 1"94 0"50-6-0 

Uncooked and ripened ° (n = 47) 29"7 _+ 50"9 0-25-249 108 _+ 99"4 0'45-509 
'salchiichon' (n = 19) 17"6 _+ 26"6 0.25-103 133 +_ 62-3 34"5-270 
'chorizo' (n = 11) 76'3 _+ 79"6 1.75-249 176 +_ 150 1.55-509 
cured country ham (n = 9) 18-6 _+ 41-3 1.95-128 15-6 __ 27-2 0-45-69-5 
'salami'  (n = 5) 6"15 _ 3"30 3"45-11"5 65"9 _+ 38"4 2"20-102 
'sobra~sada" (n = 3) 8'40 + 5"60 3-10-14"3 55"5 _+ 35"8 14'2-77"6 

a Data corresponding to all products included in each one of both types. 

the range of histamine and tyramine contents, as well as the average values 
and the standard deviations for both cooked and uncooked and ripened 
meat products. In general, uncooked and ripened meat products showed 
higher levels of both amines than cooked meat products. By analysis of 
variance (p = 0.05) it was shown that the differences in histamine and 
tyramine concentrations were statistically significant (DF = 1, 61; Ft = 4-00; 
Fe histamine = 4.77; Fe tyramine = 15.68), in spite of the large degree of 
variability. High biogenic amine contents in cooked meat products, in 
principle, can only be attributed to the use of poor-quality raw materials, 
which have high levels of these substances. In ripened meat products, 
furthermore, biogenic amines may have been formed during the ripening 
procesl~ by microorganisms responsible for this process, or by contaminant 
microorganisms. This possible double origin could explain the higher 
concentrations of amines in these products. Other authors have also found 
higher levels of biogenic amines in uncooked and ripened meat products 
than in cooked meat products without ripening (Taylor et al., 1978; Santos et 
al., 198;5). 

Results of analysis of variance (p = 0-05) showed that tyramine contents 
were hiigher than histamine contents in cooked meat products (DF = 1, 30; 
Ft = 4-17; Fe = 8.20), as well as in uncooked and ripened meat products 
(DF = 1, 92; F t =  3.95; Fe = 22-83). This fact would suggest a greater 
tyrosine-decarboxylase activity than histidine-decarboxylase activity in raw 
materials, or during the manufacturing process. The greater concentration 
of tyramine as compared to histamine has also been reported by other 
authors (Rice et al., 1975, 1976; Rogowski & DShla, 1984). 
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CONCLUSIONS 

(a) Histamine and tyramine were formed in greater amounts and more 
quickly in pork meat than in beef, at both refrigerated and room 
temperatures. 

(b) Higher histamine concentrations were found in samples of'sobrasada" 
which had undergone a longer ripening period. However, ripening 
time did not have a clear-cut influence on tyramine content. 

(c) Histamine and tyramine concentrations were significantly higher in 
samples of uncooked and ripened meat products than in samples of 
cooked meat products. Furthermore, tyramine content was generally 
higher than histamine content in most of the samples. 

ACKNOWLEDGEMENTS 

This work was made possible by a grant from the: 'Comisirn Interminis- 
terial de Ciencia y Tecnologia del Ministerio de Educaci6n y Cienca, 
Spain', 'Fondo de Investigaciones Sanitarias de la Seguridad Social del 
Ministerio de Sanidad y Consumo, Spain' and 'Comissi6 Interdepartamental 
de Recerca i Innovaci6 Tecnolrgica de la Generalitat de Catalunya, Spain'. 

REFERENCES 

Cerutti, G. (1986). Biogenic amines in food and beverages. In Euro Food Tox. II 
Proc., 15-18 October 1986. European Society of Toxicology, Federation of 
European Chemical Societies, IUPAC, Zurich, pp. 272-8. 

Codex Alimentarius (1985). Inform of  thel6th Reunion of  Codex Committee on Fish 
and Fish Products: 27, Bergen, Norway, 7-11 May 1984. 

Committee on Food Protection (1985). An Evaluation of  the Role of  Microbiological 
Criteria for Food and Food Ingredients. Food and Nutrition Board, National 
Research Council, National Academy Press, Washington, DC. 

Del Prete, U., Amodio, R. & Montanaro, D. (1979). Sui contenutto in istamina di 
alcuni prodotti alimentari. Riv. Soc. Ital. Sez. Alimenta., 8(5), 281-6. 

Eintenmiller, R. R., Koehler, P. E. & Reagen, J. O. (1978). Tyramine in fermented 
sausages: Factors affecting formation of tyramine and tyrosine decarboxylase. 
J. Food Sci., 43, 689-93. 

Hui, J. Y. & Taylor, S. L. (1983). High pressure liquid chromatographic 
determination of putrefactive amines in foods. J. Assoc. Off. Anal Chem., 66(4), 
853-6. 

Marinr, A., Codony, R., Godia, O., Montoro, J. B. & Vidal, M. C. (1986). Manualde 
Interacciones Alimento-Medicamento. Colegio Oficial de Farmacruticos de 
Barcelona, Barcelona, Spain, pp. 71-2. 



Histamine and tyramine in meat products 249 

Mietz, J. L. & Karmas, E. (1977). Chemical quality index of canned tuna as 
determined by HPLC. J. Food Sci., 42(1), 155-8. 

Pechanek, U., Woidich, H., Pfannhausser, W. & Biaicher, G. (1980). Untersuchung 
iiber das Vorkommen von biogenen Aminen in Lebensmitteln. Erniihrung/ 
Nui!rition, 4(2), 58-61. 

Ponto, I,. D., Perry, P. J., Liskow, D. I. & Seaba, H. H. (1977). Drug therapy reviews: 
Tricyclic antidepressant monoamineoxidase inhibitor therapy. Am. J. Hosp. 
Pharm., 34, 954--61. 

Rice, S. & Koehler, P. E. (1976). Tyrosine and histidine decarboxylase activities of 
Pediococcus cerevisiae and Lactobacillus species and the production of 
tyramine in fermented sausages. J. Milk Food TechnoL, 39(3), 166-9. 

Rice, S., Eintenmiller, R. R. & Koehler, P. E. (1975). Histamine and tyramine content 
of ';neat products. J. Milk Food Technol., 38(4), 255-8. 

Rice, S., Eintenmiller, R. R. & Koehler, P. E. (1976). Biologically active amines in 
foc,d: A review. J. Milk Food Technol., 39(5), 353-8. 

Rogow,;ki, B. & DShla, I. (1984). Bestimmung und Gehalt Biogenr Amine in 
Fleisch und Fleischwaren. Lebensmittelchem. Gerichtl. Chem., 38(1-30), 20-1. 

Sanchidrifin, R. (1985). AnMisis de Alimentos: M&odos Oficiales y Recomendados por 
el Centro de Investigaci6n y Control de la Calidad. Servicio de Publicaciones del 
Ministerio de Sanidad y Consumo, Madrid, Spain, p. 30. 

Santos-Buelga, C., Nogales-Alarc6n, A. & Marin&Font, A. (1981). A method for 
the analysis of tyramine in meat products: its contents in some Spanish 
samples. J. Food Sci., 46(6), 1794-5. 

Santos, C., Jal6n, M. & Marin6, A. (1985). Contenido de tiramina en alimentos de 
origen animal. I. Came, derivados chrnicos y productos relacionados. Rev. 
Agroquim. TecnoL Aliment., 25(3), 362-8. 

Sayem-EI-Daher, N., Simard, R. E. & Fillion, J. (1984). Changes in the amine 
content of ground beef during storage and processing. Lebensmit.-Wiss. U.- 
Technol., 17, 319-23. 

Taylor, S. L. (1985). Histamine poisoning associated with fish, cheese and other food. 
Monograph VPH/FOS/85-1, World Health Organisation, Geneva. 

Taylor, S. L., Leatherwood, M. & Lieber, E. R. (1978). A simplified method for 
histamine analysis in foods. J. Food Sci., 43, 246-50. 

Vanderkerckhove, P. (1977). Amines in dry fermented sausages. J. Food Sci., 41(1), 
283-5. 

Vidal-Carou, M. C., Izquierdo-Pulido, M. L. & Marin&Font, A. (1989a). 
Spectrofluorometric determination of histamine in wines and other alcoholic 
beverages. J. Assoc. Off. Anal, Chem., 72(3), 412-15. 

Vidai-Carou, M. C., Veciana-Nogu6s, M. T. & Marin&Font, A. (1989b). 
Spectrofluorometric determination of histamine in fish and meat products. J. 
Assoc. Off. Anal Chem., in press. 

Vidaud, Z. E., Garcia, M. O. & Gonzalez, E. (1988). Consideraciones sobre el 
contenido de tiramina en algunos productos c~rnicos elaborados en Cuba. 
Alimentaria, 189, 17-23. 

Wortberg, B. & Woller, R. (1982). Zur Qualitfit und Frische von Fleisch und 
Fleischwaren im Hinblick auf ihren Gehalt an biogenen Amines. Fleischwirt- 
sc,~aft, 62(11), 1-5. 


