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Abstract  Morganella morganii , the most
histaminogenic bacteria in chilean mackerel, was isolated 
and used to study the effect of temperature on h istamine
production in this fish. Growth and histamine production 
rates at different initial pH (4.0, 5.5, 6.0, 7.0) and
temperatures (10, 15, 20, 30 °C) were studied in batch 
cultures of M. morganii in a synthetic medium (TSBH-
2% histidine). An Arrhenius- type relationship between 
growth rate and temperature was found; its activation 
energy was 88.49 kJ mol-1. Bacterial growth and
histamine formation were negligible below pH 5.0. The 
Leudeking-Piret expression for product formation rate 
was used; the α parameter was not significantly different 
at 30, 20 and 15 °C and its average value was 0.1 [mg 
histamine (mg cell)-1]. Assuming an initial protein
content of 188 g (kg fish)-1, a level of 500 mg histamine 
(kg fish)-1 would be produced after 43 h at 15 °C or after
24 h at 20 °C. The prediction of histamine level at 
different temperatures can be used as a strategy of catch 
management.
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I. INTRODUCTION

Chile is the world's second fishmeal producer and 
this product comes mostly from the reduction of jack 
mackerel (Trachurus murphyii).

Fishmeal is a valuable protein source due to its 
protein quality and omega-3 fatty acid content.
However, its fraction of inclusion in feeds is limited by 
its histamine content as high levels of this amine can 
induce deleterious effects and even scombroid
poisoning and death of animals fed with it (Harry and 
Tucker, 1976; Omura et al., 1978). Thus, the quality of 
fishmeal and its price relates, between others, to its 
histamine content. Prime quality fishmeal, with less than 
500 mg histamine kg-1 of fishmeal, will cost an average of 
25 % more per ton than the common product (Pesquera 
Itata, Chile, personal communication).

Gale (1946) showed that specific amino acid bacterial 
decarboxylases produce amines and that these enzymes 
are formed within bacterial cells in response to certain 
well-defined conditions of growth (temperature and acid 
medium). Scombroid fish, such as mackerel, have high 

levels of free histidine within their muscle tissue that 
could amount to 2 % of the total 
free amino acids (Belitz and Gosch, 1985). 
Amino acids decarboxylases are expressed in the
presence of the specific substrate, provided that the 
enzyme is present in the potential enzymic constitution
of the organism (Gale, 1946). Several bacteria isolated 
from the Scomberiscida a n d  S c o m b r i d a e  f a m i l i e s  
( e . g . ,  m a c k e r e l ,  tuna  and sardine), have been 
identified as histaminogenic (Fernández-Salguero and 
Mackie, 1979; Niven et al., 1981; Eitenmiller et al., 1981; 
Klausen and Huss., 1987; Middlebrooks et al., 1988; 
Rodríguez-Jerez et al ., 1994a, 1994b). These bacteria 
belong mainly to the proteolytic intestinal flora
(Fernández-Salguero and Mackie, 1979).

Histaminergic bacteria do not survive the
temperatures applied during fishmeal production.
However, histamine is thermoestable (Warne, 1985) and 
its level remains relatively constant throughout the
process (unpublished results); thus, the control of
histamine levels in fishmeal must focused on a reduction
of the bacterial degradation of histidine before the fish 
processing. A temperature reduction decreases
histamine formation, however the literature does not 
report a direct expression to relate either histamine
formation as a function of temperature and pH or
between histamine-production and the histaminogenic 
bacteria growth rate (Behling and Taylor, 1982; Ibe et al.,
1992).

Therefore, the goal of this work was to analyze the 
effect of temperature and initial pH of the medium on the 
growth rate of histaminergic bacteria and its relationship 
with histamine formation as a way to control the
histamine level in fishmeal produced from chilean
mackerel. The study was carried out using as a model 
the most histaminogenic bacterium able to grow at the 
catch handling temperatures. 

II. MATERIALS AND METHODS

Bacterial Strains. Mackerels were obtained
immediately after catching, aseptically handled, and
refrigerated at 4 °C. They were homogenized (1 g fish: 9 
ml water) by Ultra -Turrax for 5 min with sterile water; the 
resultant paste was diluted 10,000 times with water. 
Histaminergic bacteria were isolated using the histidine 


