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abstract
Three strains of spore-forming bacteria isolated from cases of flat sour were studied.
The three strains, of which one was catalase negative, show different phenotypic characteristics. They were identified by RealTime PCR as Bacillus coagulans. The growth and inactivation Kinetics were assessed along with the metabolic characteristics
in tomato paste at pH of 4.5, inoculated with 102-103 spores / mL, packaged either under aerobic conditions or under vacuum
and incubated at 37°C. The growth parameters of microbial population, lag phase, generation time, maximum density,
beginning of stationary phase, vary among the strains and, within each strain, between aerobic and vacuum conditions.
Maximum growth rate are similar, except for strain 360-3c under aerobic conditions.
For all strains, the death phase is exponential. All strains grow, resulting in lowering of the pH value. In both packaging
conditions carbon dioxide is also produced in such quantities as not to deform the container and reduce vacuum in the packs.
Spoilage becomes evident within a maximum of 14 days. All strains use malic acid and produce, from glucose metabolism,
only L-lactic acid regardless of the type of package used.

BACKGROUND
Flat-sour is a spoilage of tomato products characterized by a dramatic lowering of the pH value in the product without
(visible) deformation of the container and by the presence of off odours described as “medicine”, “phenolic” or “fruity”
odours (1 ). The microorganism that is considered responsible for this spoilage is Bacillus coagulans, a bacterium frequently
isolated from soil in dairy and tomato products, particularly in juice (1).
In tomato, it contaminates the raw material, in an amount proportional to the amount of soil adhering to it, plants and
washing water, where, moreover, it has proved to be able to develop; spores were isolated also from empty cans, processing
lines and conveyor belts (1, 2). Bacillus coagulans is a facultative thermophilic bacterium capable of proliferating in artificial
media from 20°C to 55°C and, for some strains, also at 60°C (2); it does not develop in tomato products at 55°C (1, 3) and
the optimum temperature for the production of off-flavours seems to be 37°C (1). It ferments glucose, producing mainly
L-lactic acid and small amounts of 2,3 Butanediol, acetoin, acetic acid and ethanol (4). However, glucose metabolism
seems to be influenced by the presence of oxygen, since fermentation turns from homolactic, in conditions of partial
anaerobiosis, into heterolactic, in aerobiotic conditions (5).
B. coagulans is particularly important in thermal stabilization of non-concentrated tomato products, since it is one of the
few sporogenic bacteria capable of growing in products at pH <4.5.
The ability to germinate, proliferate and spoil the product is linked to the contaminating spore concentration and the
product pH; the lower the spore concentration, the higher the minimum value of pH necessary for development (5).
In tomato products with different pH conditions, optical residue and spore concentration,spoilage was found in 7-14 days
in a 30-42 °C temperature range, at a concentration of 8-18°Brix, at a minimum pH of 4.2 and with a minimum level of 102

10 spores per mL (3, 6, 7); with optical residue of 28%, no development was observed with a considered maximum titre of
4

10 spores/g, at pH 4.5, temperature of 37 °C for a period of 70 days (7). In tomato products, contamination was assessed
3

ranging from 0 to 4.0 x 10 spores/g (8, 9, 10); the most frequent maximum level in local raw material was 550 spores/g (p
= 0.95) (10).
Thermal resistance values found were very variable: some high D110 values were reported, although not all of them in
tomato products. Three strains isolated in SSICA laboratories from spoiled samples showed D100 values between 2.5 and
3.6 in crushed tomato with pH ranging from 4.2 to 4.5 (11, 12 ). Although Bacillus coagulans is typically considered a flatsour agent, in the literature, proliferation is reported in tomato juice with pH increase; in-vitro systems showed the ability
of the strains under examination to take pH to values exceeding 4.6 and, therefore, such as to allow the development of
Clostridium botulinum (13, 14). With regard to the presence of B. coagulans in canned food spoilage, in an investigation
into the causes of microbiological spoilage of tomato products carried out in the time period 1969-1985, this bacterium had
never been found (15). In a subsequent investigation covering the 1991-2001 time period (16), B. coagulans was identified
as a spoilage agent
in four samples of crushed tomato over a total of 241 spoiled packs of tomato products.
Although B. coagulans has been reported as spoilage agent rather infrequently, it is significant for the type of spoilage it
causes; non-swelling of cans makes it impossible to identify spoiled ones and prevent them from being distributed before
they are actually opened for consumption. The lack of sporulation subsequent to proliferation and limited cell survival (6,
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