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Industrial sterilization processes for preserved foods have the purpose of ensuring microbiological and
enzymatic stabilization of the products, to enable preservation at room temperature and, therefore,
deferred consumption.
The microbiological stability of preserved foods is influenced by the effectiveness of the heat
treatments used, by the tightness of containers and by storage temperatures. The spoilage of a
preserved food is thus the consequence of an ineffective heat treatment, insufficient tightness of the
containers or unsuitable cooling of the packs and/or storage at high temperatures.
In the first case, a fraction of the microbial population will survive and develop in the product; in
the second case, the microorganisms present in the external environment (cooling water, air,
surfaces, etc.) will penetrate in containers and pollute food. The permanence of containers at high
temperatures can cause the growth of the thermophilic bacteria that survived the heat treatment
(1-4).
The microbial stabilisation of a sterilised product is assessed in terms of probability of survival of the
microorganisms present before the heat treatment. Indeed, it is not possible to achieve absolute
sterility in a microbial population through heat treatments because the inactivation of microorganisms
with heat follows an exponential law (1, 2, 5- 8).
For these reasons the concept of “commercial sterility” has been introduced and it refers to the
sterility obtained when the probability of survival of the microorganisms that are capable of growing
inside the product concerned and thus the possibility of spoilage of the food preserve is reduced to
levels considered acceptable.
The magnitude of the heat treatment required to stabilize a preserved food microbiologically can
be defined when the following elements are known:
1) the heat resistance (DT and z) in the same substrate of the most heat resistant microorganism that
may contaminate it and that can grow
2) the real or supposed concentration of cells (or spores) of such microorganism.
Furthermore, the acceptable probability of survival should be defined in terms of “probability of a
non-sterile unit” (PNSU), also as the determination of the endpoint of the industrial heat sterilization
process (6, 9).
The “sterilizing effect” or “lethal effect” is the time required to obtain a defined microbial inactivation
at a given temperature (2, 5-8).
The resulting heat treatment must therefore be such to guarantee the achievement of commercial
sterility of the product concerned.
The sterilizing effect or lethal effect can be calculated using the following formula (10, 11):
= DT × (Log N0 - Log NF) = DT × n
where:
 DT = time for decimal reduction of the reference microorganism to be inactivated (time required
to inactivate, at a constant temperature T, 90% of the initial microbial cells or spores);
 z = range of variation of the maintenance temperature T, for which the value DT increases or
diminishes by 10 times;
 N0 = measured or estimated initial microbial concentration;
 NF = probability of survival considered acceptable (PNSU);
 n = number of resulting decimal reductions.
The reference microorganism therefore needs to be identified to calculate the sterilizing or lethal
effect to be applied to a food.
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For this reason, preserved foods are subdivided according to the pH values into “acid” foods with pH
≤ 4.60 and “non-acid” foods with pH > 4.60 according to the different development capacity and
heat resistance of microorganisms based on this parameter (1, 7, 12, 13).
These two groups then undergo heat treatments of different magnitude.
For preserved foods having pH ≤ 4.60 the heat treatment is generally performed at temperatures
not exceeding 100°C; this has the purpose of inactivating the spores (as well as the cells) of the
spoilage microorganisms, which are therefore able to grow at low pH values, but not the spores of
microorganisms that are not able to germinate in these acid environments. Preserved foods with
pH > 4.60 undergo a more intense sterilization treatment that has the purpose of inactivating all the
spores present in the product since they are potentially able to grow in it since the pH does not have
an inhibiting function for spore germination; all the vegetative cells will be thus inactivated because
of their lower heat resistance (5- 7, 13, 14).
The use of different heat treatments is essentially due to the different possibility of development, based
on the pH value, of the pathogenic bacterium Clostridium botulinum, which is a microorganism of
huge health relevance since it causes lethal intoxication due to the ingestion of neurotoxins produced
after the development of the bacterium in food. Scientific data shows that the minimum pH inhibiting
the development (germination) of C.botulinum spores is 4.60 (15- 18).
Another parameter influencing the magnitude of heat treatments is the value of aw (activity of
water); below 0.90 generally no spore germination occurs (19- 21).
The sterilizing effect
is usually calculated at reference temperatures T of 85 or 95°C for preserved
foods (including very acidified tomato products) with pH < 4.2 and tomato paste, of 100°C for
preserved foods having 4.2 ≤ pH < 4.6 and at a temperature of 121°C for preserved foods with pH >
4.6 (22).
In non-concentrated tomato preserves (4.2 ≤ pH < 4.6) some microorganisms with poor heat
resistance can grow, such as lactic bacteria, enterobacteria, yeasts and moulds and some species
of sporogenic bacteria such as “butyric clostridia” (Clostridium pasteurianum, C. butyricum, C.
acetobutylicum, etc.), Bacillus coagulans and, more rarely, Paenibacillus macerans, Paenibacillus
polymyxa, Thermoanaerobacterium thermosaccharolyticum and Alicyclobacillus acidocaldarius (3,
4, 13, 14, 22-30).
Vegetative cells in most cases are inactivated rapidly already at temperatures around 60-65°C: the
values of D65-60 are close to 1-5 minutes (5, 7).
The mesophilic Bacillus and Clostridium species that can develop in acid products, even forming
spores with lower heat resistance values compared to other species of the same genus, are however
resistant to treatments with temperatures close to 100°C (2, 3, 7, 13, 14, 23, 24).
The stabilization of non-concentrated acid products can be achieved only inactivating or inhibiting
the spores of such bacteria.
Non-concentrated tomato products, and in particular peeled tomatoes, are frequently subject to
spoilage by butyric clostridia that shows itself with an evident swelling of containers, reduction of pH,
production of butyric acid and development of off-odours.
The decimal reduction time of the spores of C. pasteurianum (the most heat resistant amongst butyric
clostridia) in tomato juice at pH = 4.5 (with count of the surviving spores in culture medium with the
same pH) is 0.65 minutes at 100°C, with z = 10°C (31).
The maximum contamination found in fresh tomato is about 104 spores per gram (32).
The thermal stabilization of peeled tomatoes and similar products thus requires the application of
times and temperatures taking into account the maximum contamination of the fresh product and
the final probability of spoilage considered acceptable.
In industrial practices, with pH values of 4.5, accepting a spoilage probability NF of 1 out of 105
containers (10-5) weighing 400 g the result will be:
= 0.65’ x [log (104 x 4 ∙102) – log 10-5] = 0.65’ x [log (4 ∙106) – log10-5] = 0.65’ x 11.6 = 7.5’.
All in all, a high microbiological stability/commercial sterility is obtained with heat treatments of which
the lethal effect is:
≥ 7.5 minutes.
Or, in the case of containers weighing 800 g:
= 0.65’ x [log (104 x 8 ·102) – log 10-5] = 0.65’ x [log (8·106) – log10-5] = 0.65’ x 11.9 = 7.7’.
All in all, a high microbiological stability/commercial sterility is obtained with heat treatments of which
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the lethal effect is:
≥ 7.7 minutes.
In the calculation made, the maximum value of contamination from butyric clostridium spores
considered is to be deemed high since it can be found in unsuitable transport and holding conditions
of the fresh tomato supplied; the improvement of harvesting and transportation systems can diminish
the maximum level of microbiological pollution and, therefore, the magnitude of the sterilizing effect
can be diminished.
The possibility of spore germination and thus of the onset of spoilage also depends on the finished
equilibrium pH values; the probability of development of spores indeed diminishes with the reduction
of the pH value. Literature shows a reduction of the probability of spore germination by 100 times
with every reduction of pH by 0.1 units of packaged product (33); using a precautionary principle,
one can consider, more cautiously, a reduction of the probability of 10 times with every reduction of
pH by 0.1 units.
It is therefore possible to diminish the magnitude of the lethal effect according to the finished
equilibrium pH value.
For example, bringing the product pH value to 4.30 in an accurate and homogeneous way means
reducing the initial population by 2 orders of magnitude; these “equivalent” decimal reductions can
be added to the ones resulting from the heat treatment.
The formula given below is the one used for calculating the sterilizing effect for a tomato product
with pH = 4.30 where, taking into account the low probability of germination at such pH, the degree
of spore pollution considered is 102/g instead of 104/g.
For packages weighing 400 g:
= 0.65’x [log (102 x 4 ∙102) – log 10-5] = 0.65’ x [log (4 ∙104) – log10-5] = 0.65’ x 9.6 = 6.2 minutes.
For packages weighing 800 g:
= 0.65’x [log (102 x 8 ∙102) – log 10-5] = 0.65’ x [log (8 ∙104) – log10-5] = 0.65’ x 9.9 = 6.4 minutes.
Of the species mentioned above, the most heat resistant bacterium amongst the ones that can
spoil non-concentrated tomato products because of an insufficient heat treatment is B. coagulans
(facultative thermophilic-mesophilic), causing flat-sour, spoilage with reduction of pH, but no or very
limited development of gas and development of off-odours (medicinal – phenolic) (1, 19, 26, 30, 3438).
The levels of contamination for fresh tomato show a high variability (from 0 to 1.8 •103 spores/g), but
5.5 • 102 spores/g (39) can be assumed as the most probable maximum level (p = 0.95).
With regards to the heat resistance of spores of B. coagulans, it was recently measured on six strains
that are responsible for the spoilage of tomato preserves by flat-sour, in tomato juice at pH values of
4.3 and 4.5 and count of surviving spores in culture medium with the same pH (40).
At pH = 4.5 the highest decimal reduction time at 100°C was 0.79 minutes (D100 = 0.79’); at pH 4.3 the
maximum value of D100 was 0.58 minutes (D100 = 0.58’).
At pH = 4.3, for B. coagulans, a value of F100 = 6.0 minutes is calculated applying to the 400 g pack the
formula
= DT × (Log N0 - Log NF) with the maximum value of D100 found and with a final probability of
maximum spoilage by B. coagulans (PNSU probability of a non-sterile unit) of 1 pack out of 105 i.e. 10-5.
At a pH of 4.3 the value F100= 6.2 minutes calculated previously for C. pasteurianum is therefore
sufficient also for B. coagulans with PNSU of 10-5.
At pH = 4.5 instead, for B. coagulans, a value of F100 = 8.2 minutes is calculated with PNSU of 10-5; this
value of the necessary sterilizing effect is slightly higher than the one calculated for C. pasteurianum
with the same final probability of spoilage.
At a pH of 4.5 the value F100 = 7.5 minutes calculated for C. pasteurianum in tomato products is
effective also for B. coagulans, accepting 10-4 as PNSU for the latter.
Similar considerations apply to the 800g pack with both pH values.
However, one should consider that spoilage by B. coagulans in tomato products undergoing the
usual heat treatments at temperatures close to 100°C is not frequent; it refers almost exclusively to
heat treated products at temperatures exceeding 110°C: it is possible that a considerable increase
of the z value of spores occurs in these conditions.
In these cases the recommended lethal effect of the heat treatment is the following: F121 = 0.7 minutes
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(34).
It must be noted that in previous research carried out on the effect of sub-lethal heat treatments
having as an effect only two decimal reductions on 104 spores/ml of strains of B. coagulans, isolated
from tomato products spoiled for flat-sour, heat treatments proved to be suitable to prevent spore
growth in tomato juice at pH 4.45. The surviving spores, amounting to 102/ml, quickly inactivate (about
30 days) thanks to the synergistic action of acidity, hydrogen-ion concentration and sub-lethal heat
treatment (22, 35, 41).
The table below shows the values of F100 with the two pH values and the respective final probabilities
of spoilage (PNSU) for the two sporogenic microorganisms concerned.
Values of the sterilizing effect F100 and probability of spoilage
Value of pH* (finished
equilibrium)
4.3 (400g)
4.3 (800g)
4.5 (400g)
4.5 (800g)

F100
6.2 minutes
6.4 minutes
7.5 minutes
7.7 minutes

PNSU –
C. pasteurianum
10-5
10-5
10-5
10-5

PNSU –
B. coagulans
10-5
10-5
10-4
10-4

* Small oscillations (e.g.: 0.05 units pH) around the values are irrelevant in industrial practices.
With regards to sporogenic thermophilic bacteria, they (as spores) have a high resistance to heat;
the magnitude of heat treatments cannot be adapted to their values of D100 since they would be so
intense to cause a degradation of the organoleptic features of the products.
In
non-concentrated
tomato
products
the
spoilage
by
Thermoanaerobacterium
thermosaccharolyticum (anaerobic, gasogenous) and by Alicyclobacillus acidocaldarius, in
anomalous aerobiosis conditions, is relatively frequent.
They cause spoilage only when the holding temperatures of juices, sauces, chopped products, etc.
in the tanks along the processing line or at the end of cooling and/or storage of packs, are high
enough to enable their development.
The spores of Thermoanaerobacterium thermosaccharolyticum are present in the raw material at
maximum concentrations of 3•103/g in filling juices and 4.5•102/g in peeled tomatoes (42). Such
spores have very high resistance to heat; the value of D115 at pH 4.5 varies from 3.3 to 8.7 minutes
depending on the various strains tested with z values from 7.3 to 8.3°C, and with pH 4.3 it is 3.8 – 6.3
minutes and z from 7.8 to 9.3°C (43).
The spores of Alicyclobacillus acidocaldarius are frequently found in tomato products, but at very
low concentrations, i.e. few units per gram of product.
These spores have a fairly high heat resistance: D100 of 18.9 – 21.7 minutes with z values of 6.45 and
11.12°C, respectively (44).
These microorganisms grow only at temperatures of 37-65°C and in the presence of oxygen at
concentrations higher than the ones present in preserved food packs (45, 46).
Spoilage is thus more likely along the processing line, especially with holding times in tanks at
temperatures suitable for growth; this causes a decay of the organoleptic features of the product
(off-flavour) (46).
With the purpose of reducing the risk of spoilage by these microorganisms, a good quality of the raw
material, an appropriate washing (Alicyclobacillus spp. comes from soil), good hygiene conditions in
processing, a rapid and effective cooling after the heat treatment, the reduction of holding times in
tanks and the storage of the packaged products at temperatures below 37°C are fundamental to
prevent the possible germination of surviving spores.
Based on the data available, the heat treatments contained in the table are deemed to provide an
adequate level of commercial sterility with regards to the possibility of spoilage by C.pasteurianum
and by B.coagulans in products stabilized using the usual heat treatments carried out at temperatures
close to 100°C.
Reductions of the magnitude of the sterilizing effect can be carried out by diminishing the pH value
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of products in an accurate and homogeneous way and/or reducing the initial concentration of the
spores of spoilage bacteria through an improved washing of raw materials and general hygiene of
processing lines.
The spore concentration in raw materials can be determined analytically and included in the formula
to calculate the sterilizing effect.
This report was written using the data collected during the research activities of the Microbiology
Department of SSICA.
It updates and completes the previous version:
“Thermal stabilization of non-concentrated tomato products”, G.Pirone, M. P.Previdi, G. Dipollina, Ind.
Conserve, 87, 141 (2012).
BIBLIOGRAPHY
1. Laboratory Manual for Food Canners and Processors, Vol. 1, AVI Publishing Company New York,
3a Ed.(1968)
2. A Complete Course in Canning, Vol. 3, CTI Publications Inc., Baltimora (1996)
3. G. Pirone, L. La Pietra, Ind. Conserve, 78, 41 (2003)
4. E.Vicini, M. P. Previdi, G. Pirone, M.A.N., 10, 105 (1992)
5. C. R. Stumbo, “Thermobacteriology in food processing”, Academic Press New York, 2a Ed. (1973)
6. R. Massini, Ind. Conserve, 53, 86 (1978)
7. A. Casolari, “Letture di microbiologia – Inattivazione dei microrganismi”, Ed. Windytower, Parma
(1991)
8. D. Holdsworth, R. Simpson, “Thermal Processing of Packaged Foods”, Cap.4: Sterilization,
Pasteurization and Cooking criteria, Springer, 2a Ed. (2007)
9. I. J. Pflug, J. Food Protect., 50, 347 (1987)
10. I. J. Pflug, J. Food Protect., 50, 342 (1987)
11. I. J. Pflug, J. Food Protect., 50, 608 (1987)
12. The Bacterial Spore, Vol. 1 e 2, Ed. Hurst e Gould, Academic Press, New York, (1983)
13. E. Vicini, Ind. Conserve, 59, 22 (1984)
14. A. Palop, A. Martines - in “Thermal Food Processing - New Technologies and Quality Issues”, Cap.
18: pH Assisted Thermal Processing. Ed. Da-Wen Sun, CRC Press, Boca Raton, U.S.A. (2006)
15. Foodborne Bacterial Pathogens, Ed. M. P. Doyle, M. Dekker Inc., New York (1989)
16. Clostridium botulinum - Ecology and Control in Foods, Ed. A. H. W. Hauschild, K. L. Doods, M.
Dekker Inc., New York (1993)
17. Microrganisms in Foods, Vol. 5, “Characteristics of Microbial Pathogens”, Ed. ICMSF, Blakie
Academic and Professional, Londra (1996)
18. Microrganisms in Foods, Vol. 6, “Microbial Ecology of Foods Commodities”, Ed. ICMSF, Blakie
Academic and Professional, Londra (1998)
19. Microbial ecology of foods, Vol. 1, Ed. ICMSF, Academic Press, U.S.A. (1980)
20. J. A. Troller, Food Technol., 1, 72, (1979)
21. W. H. Sperber, J. Food Protect., 46, 142 (1983)
22. G. Pirone, M. P.Previdi, G. Dipollina, Ind. Conserve, 87, 141 (2012)
23. R. E. Anderson, J. Food Sci., 49, 647 (1984)
24. L. La Pietra, G. Pirone, M. Longo, Ind. Conserve, “Progetti di Ricerca”, 28 (2014)
25. S. Porretta, Il controllo della qualità dei derivati del pomodoro, edito da S.S.I.C.A. (Parma), 204
(1991)
26. P. J. Thomson, J. Food Protect., 46, 154 (1981)
27. M. P. Previdi, I. Riccardi, Ind. Conserve, 76, 329 (2001)
28. G. Pirone, L. La Pietra, M. Impembo, M. Longo, G. Squitieri, Ind.Conserve, 80, 33 (2005)
29. L. La Pietra, G. Pirone, M. Longo, M. Impembo, E. Manganelli, Ind.Conserve, 85, 111 (2010)
30. W. H. Sperber, M. P. Doyle, “Compendium of the microbiological spoilage of foods and beverages”,
Ed. Springer, U.S.A. (2009)
31. G. Pirone, S. Mannino, M. Campanini, Ind. Conserve, 62, 135 (1987)
32. G. Pirone, L. La Pietra, Ind. Conserve, 63, 37 (1988)
33. M. Campanini, A. Casolari, F. Lancillotti, A. Lucisano, Ind. Conserve, 46, 182 (1971)
INDUSTRIA CONSERVE, N. 1, anno 93, 2018 67

Technological report
34. V. S.Troy, A. M. Schenck, “Flat-sour spoilage of tomato juice”, Continental Can Company Inc.,
Chicago (1960)
35. G. K. York, J. R. Heil, G. L. Marsh, A. Ansar, R. L. Merson, T. Wolcott, S. Leonard, J. Food Sci., 40, 764
(1975)
36. G. Pirone, S. Mannino, E. Vicini, Ind. Conserve, 64, 18 (1989)
37. A. Palop, A. Marco, J. Raso, F. J. Sala, S.Condon, Int. J. Food Microbiol., 38, 25 (1997)
38. A. Palop, J. Raso, R. Pagan, S. Condon, F. J. Sala, Int. J. Food Microbiol., 46, 243 (1999)
39. G. Pirone, L. La Pietra, Ind. Conserve, 68, 126 (1993)
40. G. Pirone, L. La Pietra, Rendicontazione Progetti di Ricerca 2016, Ind. Conserve,102, 39 (2017)
41. G. Pirone, L. La Pietra, M. Longo, Ind. Conserve, 68, 420 (1993)
42. M. G. Pisciotta, M.Grimaldi, Ind. Conserve, 73, 242 (1998)
43. S. Garulli, M. P. Previdi, L. Miglioli, Ind. Conserve, 80, 133 (2005)
44. C. Lottici, M. P. Previdi, L. Bolzoni, Ind. Conserve, 81, 251 (2006)
45. M. P. Previdi, B. Franceschini, E. Manganelli, Ind. Conserve, 84, 179 (2009)
46. M. P. Previdi, B. Franceschini, M. Rapacciuolo, A. Zanotti, A. Trifirò, Ind. Conserve, 85, 1 (2010)

68 INDUSTRIA CONSERVE, N. 1, anno 93, 2018

