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Highlights:

- 455 samples of non-stable Low-Acid Canned Food (LACF) thah showed signs of spoilage after storage
at 55°C from 122 canneries were collected over 10 years.

- From 93% of samples only one species was isolated.

- Two species, Moorella thermoacetica/thermoautotfrophica and Geobacillus stearothermophilus,
represented 69% of spoilage cases.

- Different hygienic indicators are proposed for different food categories.



Abstract

Thermal processing of Low Acid Canned Foods (LACF), which are safe and shelf-stable at ambient
temperature for several years, results in heat inactivation of all vegetative microorganisms and the partial
or total inactivation of spores. Good Manufacturing Hygienic Practices include stability tests for managing
the pathogen risk related to surviving mesophilic bacterial spores. LACF are also often submitted to
additional incubation conditions, typically 55°C for 7 days, to monitor spoilage by thermophiles. In this
study we identified the bacterial species responsible for non-stability after prolonged at 55°C incubation of
LACF from 455 samples collected from 122 French canneries over 10 years.

Bacteria were identified by microsequencing or a recent developed tool for group-specific PCR detection
(SporeTraQ™). A single species was identified for 93% of examined samples. Three genera were
responsible for more than 80% of all non-stability cases: mostly Moorella (36%) and Geobacillus (35%),
and less frequently Thermoanaerobacterium (10%). The other most frequent bacterial genus identified
were Bacillus, Thermoanaerobacter, Caldanaerobius, Anoxybacillus, Paenibacillus and Clostridium.
Species frequency was dependent on food category, i.e. vegetables, ready-made meals containing meat,
seafood or other recipes, products containing fatty duck, and related to the intensity of the thermal
treatment applied in these food categories. The spore heat resistance parameters (D or 6 and z values)
from 36 strains isolated in this study were determined. Taken together, our results single out the species
most suitable for use as indicators for thermal process settings. This extensively-documented survey of
the species that cause non-stability at 55°C in LACF will help canneries to improve the management of

microbial contamination.

Abbreviations: A.: Anoxybacillus, B.. Bacillus, Cr.: Caldanaerobacter, Ca.. Caldanaerobius, C.:
Clostridium, Ge.: Gelria, G.. Geobacillus, M.: Moorella, P.. Paenibacillus, Th.. Thermoactinomyces, Tr.:

Thermoanaerobacter, Tm.: Thermoanaerobacterium



Introduction

Low Acid Canned Foods (LACF according to Codex Alimentarius, 1979) are thermally processed to
ensure “commercial sterility” of the food product at ambient temperature for long-term storage. The
biological stabilization process requires sufficient heat treatment, at temperatures above 100°C at every
point of the container. This process results in the total inactivation of all vegetative bacteria and partial or
total inactivation of spores. The pathogen risk related to surviving of mesophilic bacterial spores is
managed according to Good Manufacturing Hygienic Practice guidelines (Codex Alimentarius, 1979,
CTCPA, 2012a; CTCPA, 2012b). In addition, stability tests involving food container incubation are widely
used to detect the possible development of surviving spores. The Codex Alimentarius recommends that
food containers should be incubated for 10 or 14 days at 37°C (Codex Alimentarius, 1979). Under French
standards NF V08-401 (Afnor, 1997a) and NF V08-408 (Afnor, 1997b), samples are incubated at 37°C for
7 days or 32°C for 21 days. It has been shown that these conditions allow surviving mesophilic spores to
germinate and grow in the canned food. Spoilage resulting from microbial growth is then detected by gas
production (container swelling), abnormal odours/colours or pH variation, and possibly microscopy
examination. If samples test positive, the canned food batch is destroyed to prevent food safety issues.
Industrial canning industry processes are consequently designed to reach sterilization values (F,, min)
that ensure “commercial sterility” and therefore microbiological food safety.

The simulation of excessive temperature conditions during storage (transport and retail, especially in
relation to exports to the countries with high ambiant temperatures) uses other incubation conditions to
test canned food stability, typically 55°C for different durations according countries guidelines. Although
thermophilic spore-forming bacteria are not described as pathogenic, their presence may impair the
commercial viability of products stored at high ambient temperatures. In addition, LACF non-stability
detected after prolonged 55°C incubation reflects insufficient control of hygiene during the end-to-end
food processing chain, mainly due to: i) insufficient heat treatment and/or ii) the presence of highly heat-
resistant spores on processing lines and raw materials, even at low concentrations.

Therefore, global hygiene management on industrial-line processes essentially relies on surveys of the
thermophilic spores that contaminate food before the can sterilization step. Consequently the canning
industry needs better knowledge of thermophilic spore-forming bacteria and their origin on processing
lines in order to ensure better process control of hygiene conditions.

Only a handful of now outdated studies have addressed the identification and occurrence of spore-
forming bacteria responsible for canned food spoilage (Richardson, 1972; Pflug et al., 1981; Matsuda et

al., 1985b), and most of these studies remained limited to a single product category (Vicini, 1986) or a



single group of microorganisms (Matsuda et al.,, 1985a; Dotzauer et al.,, 2002). Taxonomy has since
evolved to integrate new species definitions, and strain isolation and identification techniques have made
great strides forward. The aims of this study were: i) to identify the bacterial species responsible for
spoilage in 55°C-incubated LACF and ii) to bring insight on the possible causes of canned food non-
stability and the species present in spoiled products. The species detected were characterized to help
develop better monitoring protocols and detect emerging and/or poorly described species. Spoiled

canned food samples were collected in France over a ten-year period.

1. Material and methods

1.1 Sampling

From 2001 to 2010, French canners sent samples of spoiled LACF detected after incubation tests
performed at 55°C to the CTCPA (French Technical Center for the Preservation of Agricultural Products)
for laboratory analysis in order to isolate and identify the microorganisms present in the cans.

Samples were grouped into three recipe categories: vegetables (21 different recipes); ready-made meals
containing essentially meat (15 different recipes), seafood (6 different recipes) or other courses (7
different recipes); products containing fatty duck (two different recipes). The heat treatments used for the
canned food were grouped into three categories : low-heat treatments levels with a Fo of less than 5 min ;
moderate-heat treatments levels with Fo values between 5 and 20 min ; and high-heat treatments levels
with a Fo of over 20 min.

Samples were detected spoiled after incubation at 55°C for 7 days as proposed by French standard NF
V08-408 (Afnor, 1997b). According to this standard, non-stability is primarily detected by a change in
packaging aspect. After aseptically opening the container, the odor and appearance of the food product
were recorded and pH was determined to detect variation between 55°C-incubated samples and room

temperature-incubated controls. Microscopy analysis was performed if required.

1.2 Culture of bacteria

AFNOR-CNERNA guidelines were used to revivify viable bacteria from spoiled products (Bouvier et al.,
1982) by homogenizing 10 g samples with an 90 ml of peptone water (AES Chemunex, Ivry-sur-Seine,
France) in a stomacher for 1 min. Around 10 mL of the stomacher bag filtrate were collected into a glass
tube and treated at 10 min at 100°C in a water bath was applied to select heat-resistant spores by killing

all vegetatives cells and favoring spore germination. Both non-heated and heated 1 mL-homogenized-



















































































