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Resumen

Clostridium es un microorganismo esporulado anaerobio cuyas esporas presentan un amplio rango de
valores D190 de 16 a 124 minutos dependiendo de la cepa y otros factores. Tratamientos térmicos mas
severos serian necesarios para inactivar las esporas bacterianas en la industria alimentaria pero estos
podrian afectar la calidad de los alimentos. Por ello, la industria alimentaria esta buscando tecnologias
alternativas. Las altas presiones hidrostaticas en combinacion con calor es una interesante alternativa
que muestra un efecto sinérgico que mejora la inactivacién de los microorganismos. Después del
tratamiento, algunos microorganismos dafiados pueden permanecer en el producto. Se ha mostrado
que los microorganismos dafiados de algunas especies pueden adaptarse a diferentes tipos de estrés
y desarrollar resistencias cruzadas comprometiendo la calidad y seguridad alimentaria. Por tanto, es
necesario optimizar las tecnologias alternativas y asegurar que éstas causan el minimo dafio subletal.

Palabras clave: conservacion de alimentos; tecnologias no térmicas; microorganismos esporulados;
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Abstract

Clostridium is an anaerobic spore-forming microorganism whose spores show a wide range of D100
values from 16 to 124 minutes depending on the strain and other factors. More severe heat
treatments would be necessary to inactivate the bacterial spores in the food industry but these could
affect the food quality. The food industry is looking for alternative technologies and it is reported that
the high hydrostatic pressures in combination with heat show a synergistic effect which improves the
inactivation of microorganisms. After the treatment some damaged microorganisms could remain in
the product. It is reported that damaged microorganisms of some species adapt themselves to several
stressful conditions and develop cross-resistances compromising the food quality. Thus, it is necessary
to optimize the alternative methods and ensure they cause the minimum sublethal damage.
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1. Introduction

Clostridium is one of the most frequent heat-
resistant spore-forming pathogen [1; 2].

Currently, heat treatments are still the most used
methods to preserve food. However, due to the
high heat resistance of some bacterial spores,
more severe heat treatments would be necessary
[3; 4]. This might decrease the food quality.

The high hydrostatic pressures have emerged as
a powerful alternative to the heat treatments.
However, the optimization of this emergent
technology is required. For this purpose, suitable
scientific data are necessary.

The aim of this bibliographic research is to obtain
an overview of the combined use of the
preservation  technologies for  microbial
inactivation as well as of the effect of such
technologies on the microbial population in order

to validate and optimize the high hydrostatic
pressures combined with heat for food
preservation.

2. Materials and Methods

Published papers in SCI journals related to this
subject were used to carry out this bibliographic
research.  Scientific databases such as
Sciencedirect and Scopus were the searching
tools to obtain such information. Reports from
the food safety authorities were also used.

3. Results

Generally, the conventional heat treatments are
well established and traditionally applied to
pasteurize and sterilize food. However, in recent
years, occurrence of more heat resistant spores
often evoked even more severe heat treatments
[3; 4].
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Clostridium is an anaerobic, Gram-positive,
spore-forming  microorganism and it is
considered as one of the most frequent spore-
forming pathogen [1]. In fact, bacterial toxins
produced by Clostridium were one of the most
frequently identified agents in the UE causing 12
deaths [2]. Clostridium perfringens is the third
most common cause of bacterial disease
foodborne in the United States causing around
250,000 cases each year [5]. Some authors have
reported that the spores of Clostridium
perfringens are able to survive 15-22 minutes at
1002C in meat gravy [6] while others reported
that Clostridium perfringens survives 1 hour at
1009C [7] and shows a wide range of Dioo values
from 16 to 124 minutes depending on the strain
[8; 9]. It has also been reported that depending
on the enterotoxin gene location of Clostridium
perfringens, this microorganism shows a higher
or a lesser heat resistance [8]. Thus, the current
heat resistance data of Clostridium perfringens
spores are very different. However, there are no
data in the literature about the heat resistance of
Clostridium perfringens spores and the behaviour
of this microorganism under non-isothermal
conditions. On the other hand, Clostridium
difficile is also a spore-forming microorganism
which produces severe enteric diseases in
humans worldwide [10]. There is no much data in
the literature about the heat resistance of its
spores, as this microorganism was not frequently
related to food. Yet, its presence in animal food
is increasingly documented since 2006 [11; 12;
13; 14; 15] and it has been shown that it survives
the minimum cook temperature recommended
for cooking meat [16] and at least 15 minutes are
required to inactivate it at 1002C [17].

More severe heat treatments, aimed at
inactivating heat-resistant spore-forming
microorganisms, could damage the organoleptic
and nutritional quality of food. In addition, the
current trend of consumers is to demand less
processed and more natural products. In order to
satisfy this, the food industry is looking for
alternative technologies [18]. These alternative
technologies would produce a series of log
reductions of the initial load that are recognized
as safe [19], which means that an important
number of damaged microorganisms would
remain in the product [20;21]. As the presence of
these microorganisms might be dangerous for
consumers, the preservation by mild treatments
or alternative technologies must be properly
validated. Thus, suitable scientific data are
necessary to optimize and validate the
alternative technologies.

The high hydrostatic pressures have emerged as
a powerful alternative to the heat treatments
and in combination with heat show a synergistic
effect which improves the inactivation of
microorganisms. It might be an effective method
for spore inactivation [22; 17]. A study showed
that Clostridium sporogenes spores are resistant
to 1500 MPa at room temperature; yet, the
addition of a mild heat treatment (602C) during
the process of high pressures resulted in spore
counts 5 log units lower in phosphate buffer,
meat and in carrot juice [23].

It is relatively important to know the damage the
microorganisms suffer during a technologic
treatment and their ability to recover in
suboptimal conditions [24;25;26] Some damaged
microorganisms could remain in a product after
the processing by any preservation technology
[20;21] and they might be able to adapt
themselves to several stressful conditions [27;
28]. When this happens, the food safety is
compromised, being this a real challenge for the
food industry [29]. Thus, an important issue in
food safety is to check that the alternative
methods of preservation inactivate specific
microorganisms causing the minimum sublethal
damage and avoiding or minimizing the stress
adaptation [20;21] In previous projects of our
group, damaged cells of L. monocytogenes,
Cronobacter sazakazakii, Salmonella and E. coli
0157:H7 has been detected after treatments by
alternative technologies or mild heat treatments
combined or not with natural antimicrobials [30;
31; 32]. It has also been reported that high
heating rates are more lethal for the vegetative
cells of E. coli than slow heating rates [33],
although the influence of the heating rate on
bacterial spores is not very clear [31; 34]. There
are several methods available to assess the
extension and nature of the sublethal damage
within a microbial population such as cultivation
in selective agars, cell staining using
epifluorescence techniques and flow cytometry
[35; 36; 37]. It is also important to take into
account the capability of the microorganisms for
recovery in fluctuating conditions of parameters
such as temperature, pH or activity water (real
circumstances in food). Recently, it has been
reported the influence of these fluctuations in
parameters such as storage temperature, pH or
activity water on the capability for recovery and
microbial proliferation [38; 39].

230 | 269




42 Workshop en Investigacién Agroalimentaria — WiA15. Cartagena, 11-12 de mayo de 2015

4. Conclusions

Research on the behaviour of the microbial
population which survives both conventional
heat treatments and alternative technologies
(high hydrostatic pressures combined with heat)
is necessary. This data will allow optimizing the
preservation technique by high hydrostatic
pressures in such way that it will produce the
maximum death to the microorganism,
minimizing the existence of sublethal damage.

5. Acknowledgments

The financial support of this research will be
provided by the Ministry of Economy and
Competitiveness of the Spanish Government
through Project AGL2013-48993-C2-1-R.

6. References

[1] Brown K.L., 2000. Control of bacterial spores.
Brit Med Bull 56, 158 — 171.

[2] ECDC. EU summary report on zoonoses,
zoonotic agents and food-borne outbreaks 2012.
ECDC report to EFSA, Parma, 2013

[3] Oomes S., van Zuijlen A., Hehenkamp J., Brul
S., 2007. The caracterization of Bacillus spores
occurring in the manufacturing of (low acid)
canned products. Int J Food Microbiol 120, 85 —
94.

[4] van Zuijlen A., Periago M.P., Amézquita A.,
Palop A., Brul S., Fernandez S.P., 2010.
Characterization of Bacillus sporothermodurans
IC4 spores; putative indicator microorganism for
optimisation of thermal processes in food
sterilisation. Food Res Int 43, 1895 — 1901.

[5] Mead P.S., Slutsker L., Dietz V., McCraig L.F.,
Brese J.S., Shapiro C., Griffin P.M., Tauxe R.V.,
1999. Food-related illness and death in the
United States. Emerg Infect Dis 5, 607 — 625.

[6] Juneja V.K., Novak J.S., Huang L., Eblen B.S,,
2003. Increased thermotolerance of Clostridium
perfringens spores following sublethal heat
shock. Food Control 14, 163 — 168.

[7] Labbe R.G., 2000. Clostridium perfringens. In:
Downs, F.P., Ito, K. (Eds.), Compendium of
Methods for the Microbiological Examination of
Foods, American Public Health Association, 325 —
330.

[8] Sarker M.R., Shivers R.P., Sparks S.G., Juneja
V.K.,, McClane B.A.,, 2000. Comparative
experiments to examine the effects of heating on
vegetative cells nd spores of Clostridium

perfringens isolates carrying plasmid genes
versus chromosomal enterotoxin genes. Appl
Environ Microb 66, 3234 — 3240.

[9] Novak J.S., Juneja V.K., McClane B.A., 2003. An
ultrastructural comparison of spores from
various strains of Clostridium perfringens and
correlations with heat resistance parameters. Int
J Food Microbiol 86, 239 — 247.

[10] McFarland L.V., 2008. Update on the
changing epidemiology of Clostridium difficile-
associated disease. Nat Clin Pract 5, 40 — 48.

[11] Rodriguez-Palacios A., Stampfli H.R., Duffield
T., Peregrine A.S., Trotz-Williams L.A., Arroyo
L.G., Brazier J.S., Weese J.S., 2006. Clostridium
difficile PCR ribotypes in calves, Canada. Emerg
Infect Dis 12, 1730 — 1736.

[12] Keel K., Brazier J.S., Post K.W., Weese J.S,,
Songer J.G., 2007. Prevalence of PCR ribotypes
among Clostridium difficile isolates from pigs,
calves, and other species. J Clin Microbiol 45,
1963 — 1964.

[13] Rodriguez-Palacios A., Stampfli H.R., Duffield
T., Weese J.S., 2007. Clostridium difficile in retail
ground meat, Canada. Emerg Infect Dis 13, 485 —
487.

[14] Rodriguez-Palacios A., Stampfli H.R., Weese
J.S., 2009. Possible seasonality of Clostridium
difficile in retail meat, Canada. Emerg Infect Dis,
831 —-834.

[15] Songer J.G., Trinh H.T., Killgore G.E.,
Thompson A.D., McDonald L.C., Limbago B.M.,
2009. Clostridium difficile in retail meat products,
USA. Emerg Infect Dis 15, 819 — 821.

[16] Rodriguez-Palacios A., Reid-Smith R.J,,
Stampfli H.R.,, Weese J.S., 2010. Clostridium
difficile  survives minimal temperature
recoommended for cooking ground meats.
Anaerobe 16, 540 —542.

[17] Hofstetter S., Gebhardt D., Ho L., Génzle M.,
McMullen L.M., 2013. Effects of nisin and
reutericyclin on resistance of endospores of
Clostridium spp. to heat and high pressure. Food
Microbiol 34, 46 — 51.

[18] Ahvenainen R., 1996. New approaches in
improving the shelf life of minimally processed
fruit and vegetables. Trends Food Sci Tech 7, 179.

[19] NACMCF. 2006. Requisite Scientific
Parameters for Establishing the Equivalence of
Alternative Methods of Pasteurization. J Food
Protect 69, 1190.

[20] Garcia, D., Gomez, N., Condon, S., Raso, J.,
Pagan, R., 2003. Pulsed electric fields cause
sublethal injury in E. coli. Letters of Applied
Microbiology 36, 140.

231 | 269




42 Workshop en Investigacién Agroalimentaria — WiA15. Cartagena, 11-12 de mayo de 2015

[21] Garcia D., Gémez N., Manas P., Condon S.,
Raso J., Pagan R., 2005. Occurrence of sublethal
injury after pulsed electric fields depending on
the microorganism, the treatment medium pH
and the intensity of the treatment investigated.
Journal Appl Microbiol 99, 94.

[22] Seyderhelm T., Knorr D., 1992. Reduction of
Bacillus stearothermophilus spores by combined
high pressures and temperature treatments. ZFL
European Food Science 43, 17 — 20.

[23] Maggi A., Gola S., Rovere P., Miglioli L.,
Dall’Aglio G., Lonneborg N.G., 1996. Effect of
combined high pressure-temperature
treatments on Clostridium sporogenes spores n
liguid media. Ind Conserve 71, 8 — 14.

[24] Bower C.K., Daschel M.A., 1999. Resistance
responses of  microorganisms in  food
environments. Int J Food Microbiol 50, 33 —44.
[25] Yura T., Kanemori M., Morita M.Y., 2000. The
heat-shock response: regulation and function, pp
3 — 18. In G. Storz and R. Hengge-Aronis (Eds.),
Bacterial stress responses. ASM  Press,
Washington DC.

[26] Periago P.M., Abee T., Wouters J.A., 2002a.
Analysis of the heat-adaptative response of
psychrotrophic Bacillus weihenstephanensis. Int J
Food Microbiol 79, 17 — 26.

[27] Periago PM, van Schaik W, Abee T and
Wouters JA, 2002. ldentification of proteins
involved in the heat stress response of Bacillus
cereus ATCC 14579. Appl Environ Microb 68,
3486—-3495.

[28] Isohanni P., Huehn S., Aho T., Alter T., Lyhs
U., 2013. Heat stress adaptation induces cross-
protection against lethal acid stress conditions in
Arcobacter butzleri but not in Campylobacter
jejuni. Food Microbiol, In press.

[29] Lou Y., Yousef A.E., 1997. Adaptation to sub-
lethal environmental stresses protects Listeria
monocytogenes against lethal preservation
factors. Appl Environ Microb 63, 1252.

[30] Esteban M.D., Palop A., 2011. Nisin,
carvacrol and their combinations against the
growth of Listeria monocytogenes heat-treated
cells. Food Technol Biotech 49, 89.

[31] Esteban M.D., Aznar A., Fernandez P.S.,
Palop A., 2013. Combined effect of nisin,
carvacrol and a previous thermal treatment on
the growth of Salmonella enteritidis and
Salmonella senftenberg. Food Sci Technol Int 19,
357.

[32] Huertas J.-P., Alvarez-Ordéfiez A., Morrissey
R., Ros-Chumillas M., Esteban M-D., Maté J.,
Palop A., Hill C.,, 2015. Heat resistance of

Cronobacter sakazakii DPC 6529 and its
behaviour in reconstituted powdered infant
formula. Food Res Int 69, 401 — 409.

[33] Conesa R., Andreu S., Fernandez P.S., Eshoz
A., Palop A. 2009. Non-isothermal heat
resistance determinations with the
thermoresistometer Mastia. Journal  Appl
Microbiol 107, 506.

[34] Gomez-Jédar |., Ros-Chumillas M., Palop A,
2015. Effect of heating rate on highly heat
resistant spore-forming microorganisms. Food
SciTechnolint.DOI: 10.1177/1082013215580494

[35] Smelt J.P.P.M., Otten G.D., Bos A.P., 2002.
Modelling the effect of sublethal injury on the
distribution of the lag times of individual cells of
Lactobacillus plantarum. Int J Food Microbiol 73,
207 - 212.

[36] Mufioz M., Guevara L., Palop A., Tabera J,,
Fernandez P.S., 2009. Determination of the effect
of plant essential oils obtained by supercritical
fluid extraction on the growth and viability of
Listeria monocytogenes in broth and food
systems using flow cytometry. Food Sci Tech 42,
220 - 227.

[37] Antolinos V., Esteban M.D., Ros-Chumillas
M., Huertas J.P., Periago P.M., Palop A,
Fernandez P.S., 2014. Assessment of the acid
shock effect on viability of Bacillus cereus and
Bacillus  weihenstephanensis  using  flow
cytometry. Food Res Int 66, 306 — 312.

[38] Mufioz M., Fernandez P.S., George S., Pin C,,
2010. Modeling the Lag Period and exponential
growth of L. monocytogenes under conditions of
fluctuating temperature and water activity
values. Appl Environ Microb 76, 2908.

[39] Antolinos V., Mufioz M., Ros M., Periago
P.M., Fernandez P.S, Le Marc Y. 2012.
Modelling the effects of temperature and
osmotic shifts on the growth kinetics of B.
weihenstephanensis in broth and food products.
Int J Food Microbiol 158, 36.

232 | 269






