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Abstract: The aim of this study was to assess the sensitivity of Escherichia Coli O157:H7 towards temperature
and acidity. E. Coli O157:H7 is regarded to be a pathogenic microorganism producing verotoxins called Shiga
toxins which provoke hemorrhagic diarrhea in people. There is a strong need to design and develop highly
successful methods of enabling the elimination of E. Coli O157:H7 from food. The present research evaluates the
tools of predictive microbiology based on the USDA Agricultural Research Service Pathogen Modeling Program
which is a very useful software package available at http://pmp.errc.ars.usda.gov. Strains were inoculated to
reach a number of approximately 9 log10 bacteria/gram, acidified with lactic acid to achieve pH 7.0, 5.5 or 4.0,
and then they were exposed to a specific temperature: 55◦C, 58◦C or 62.5◦C. The decline in the number of
E. Coli O157:H7 cells can be achieved due to the application of different acidity values in combination with
different temperatures which are inserted into the predictive microbiological software package. The decline
in a number of E. Coli O157:H7 cells depends on the temperature and pH value. The acidity has a huge
influence on the survival of E. Coli O157:H7 cells. At pH 7.0, the decline in a value of 1.00 log10 cfu/ml is
achieved after 10.38 minutes of holding in 55◦C, while at pH 5.5 the decline in a value of 1.00 log10 cfu/ml is
achieved after 7.24 minutes, and at pH 4.0 the decline in a value of 1.00 log10 cfu/ml is achieved after 3.52
minutes. The program estimates the microbiological risk of presence of food borne pathogens in food products. It
brings many benefits for the food industry and makes it possible to control each production process through the
application of successful combination of temperature and acidity values to completely destroy the pathogen in food.
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Introduction

Escherichia Coli O157:H7 is a pathogen which produces
Shiga toxins (verotoxins) and poses a huge risk for people’s
health and lives. Its toxins are similar to the ones which
are produced by Shigella dysenteriae type 1. This bacteria
belongs to the family of Enterobacteriaceae, and it produ-
ces Shiga toxins. For this reason it is often called Shiga
toxin-producing E. Coli (STEC). This bacteria is also cal-
led verotoxin or verocytotoxin-producing E. Coli (VTEC).
It is responsible for causing anything from uncomplicated
diarrhoea to haemorrhagic colitis which can develop into
haemolytic uremic syndrome (HUS). There are many ca-
ses of infections caused by this pathogen in humans which
have been reported by EFSA (2014). The presence of this
pathogen in food and animals is detected and reported an-
nually by EU Member States to the European Commission
and EFSA which is regulated by Directive 2003/99/EC [1].
EFSA’s Biological Hazard Panel announced in 2007 that
monitoring the presence of E. Coli in animals and food

should be focused on E. Coli O157:H7 as this serotype is
the predominant cause of severe human infections in the
EU. The examination should also be extended to other se-
rotypes such as O26, O103, O91, O145 and O111. EFSA
issued in 2009 a statement that E. Coli O157:H7 should be
monitored in animals and in food. This report recommends
mainly the monitoring of E. Coli O157:H7 in young cattle
and sheep fleeces (or faeces?). The EFSA Panel on Biolo-
gical Hazards provided the information that during 2007-
2010, there were 13,545 confirmed human VTEC infections
and 777 haemolytic uremic syndrome (HUS) cases in the
EU [2]. Moreover, isolates coming from 85% of cases were
not fully serotyped and, therefore, could not be classified
on the base of the Karmali seropathotype concept. Seropa-
thotype group D included 5% of isolates coming from fully
serotyped cases. 14 cases (0.7%) was classified as the sero-
pathotype group E. Isolates from 27% of cases could not
be assigned. There were not any HUS cases reported for
the serotypes in groups D and E, but 17 HUS cases were
not assigned. The health outcome was given only for some
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confirmed cases. It was reported that there were about 64%
of patients presented with only diarrhoea; VTEC infection
appeared in a form of HUS in 10% of cases. Only six de-
aths caused by STEC/VTEC were reported in the period
2006-2009. The bacteria was isolated from animals (predo-
minantly form ruminants) as well as meat and milk thereof.
The consumption of milk and meat is known to be the main
sources of human infections [3].

E. Coli O157:H7 was recognized to be a food-borne pa-
thogen in 1982 after the appearance of approximately 16
documented outbreaks connected with food consumption
such as ground beef and raw milk [4]. It was also determined
in 1991 that E. Coli O157:H7 contained in apple cider was
responsible for haemorrhagic colitis in Massachusetts [5].
Another outbreak connected with apple cider consumption
contaminated with E. Coli O157:H7 was recorded in 1980
in Canada [6]. Such results prove that E. Coli O157:H7 may
show tolerance to acidic conditions. The experiment of Zhao
et al. [5] revealed that the pathogen was able to grow and
persist in apple cider (pH 3.6 to 4.0). Another study car-
ried out by Brackett et al. [7] showed that the treatment of
raw beef with hot sprays of acetic, citric, and lactic acids at
55◦C did not influence the survival of E. Coli O157:H7. The
research carried out by Cutter and Siragusa [8] also showed
that organic acids used to wash carcass did not cause the
complete inactivation of E. Coli O157:H7 from beef tissues.
Moreover, the survival of E. Coli O157:H7 was also obse-
rved in fermented dairy products [9] which meant that the
pathogen showed tolerance to organic acids.

It is widely known that the parameters examined in this
paper such as temperature and pH have an influence on the
behaviour of this pathogen in the environment. The types
of food which could be potentially infected with E. Coli
O157:H7 include raw milk and dairy products. This bacte-
ria can spread from a cow’s udders to its milk. It is very
important for milk to be pasteurized. The pasteurisation
process destroys live bacteria cells. Other products which
can be infected include raw fruit and vegetables such as
alfalfa sprouts, unpasteurized apple cider and other unpa-
steurized juices that may come in contact with infected
animal faeces [10].

Due to the fact that E. Coli O157:H7 is considered to be
a food-borne pathogen which is able to survive in acidic con-
ditions, there is a need to assess the antibacterial activity
of food-associated organic acids against this pathogen [11].
The aim of this study was to assess the growth, survival
and death characteristics of the pathogen which were affec-
ted by temperature based on the USDA Agricultural Re-
search Service Pathogen Modeling Program (PMP70). The
special tasks were focused on the assessment of the pH ne-
eded to achieve in order to have the complete inhibition of
E. Coli O157:H7 at different temperatures (55◦C, 58◦C and

62,5◦C) in a liquid medium acidified with lactic acid and to
analyse the decline in population in acidified media [12,13].

This study concentrates on the assessment of different
temperatures in combination with pH values on the survival
of E. Coli O157:H7 in tryptic soy broth with 0.6% yeast
extract (TSBYE). The prediction of a decline in the number
of cells is determined based on Pathogen Modeling Program
(PMP70). Strains were inoculated to reach a number of
approximately 9 log10 bacteria/gram, acidified with lactic
acid to achieve pH 7.0, 5.5 and 4.0; next they were exposed
to a specific temperature values: 55◦C, 58◦C and 62.5◦C.
The decline in the number of cells was measured in minutes.
The aim of this study was to assess the sensitivity of E. Coli
O157:H7 towards temperature and acidity.

Material and methods

The influence of different temperatures and acidity va-
lues on Escherichia Coli O157:H7 survival was examined
using parameters from Pathogen Modeling Program
(PMP70). The present research evaluates the tools of pre-
dictive microbiology based on the USDA Agricultural Rese-
arch Service Pathogen Modeling Program (PMP70) which
contains a very useful software package available at
http://pmp.errc.ars.usda.gov.

In the Pathogen Modeling Program (PMP70) three iso-
lates of E. Coli O157:H7 coming from retail chicken (301C),
retail pork (240P) and retail beef (505B) were used. The
cultures were incubated in brain heart infusion and stored
in brain heart infusion-glycerol (50:50, vol/vol) at -80◦C.
In order to prepare inoculum for the further experiment in
the test media, these cultures were activated through two
successive transfers in tryptic soy broth with 0.6% yeast
extract (TSBYE; Difco) at 37◦C for 24 h. The suitable so-
lutions of lactic acid concentrations (Sigma Chemical Co.,
St. Louis, Mo.) were prepared, filter sterilized, and then
used to acidify batches of TSBYE to achieve pH 7.0, 5.5 or
4.0. The temperatures used to analyse the decline of E. Coli
O157:H7 at each pH value were the following: 55◦C, 58◦C
and 62,5◦C. The amount of lactic acid which was added to
reach the proper pH was measured and used to calculate
the concentration of acid in TSBYE for each test pH [14].

Results and discussion

The results achieved from Pathogen Modeling Program
are presented in Table 1.

Statistical analysis

Quantitative and qualitative testing results were recor-
ded in an Excel spreadsheet and the descriptive data ana-
lysis was performed using the software Stata 8.0 (Stata
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Corporation, College Station, Texas, USA). A comparison
of the enumeration results was performed using Poisson
regression. The significant differences between the results
obtained for different combination of pH and temperature
were not observed.

Table 1: Log decline of Escherichia Coli O157:H7 after its treatment with
the different combination of temperature and acidity values with different
holding times to achieve the decline at the level of 8.00 log10 cfu/ml.
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All the above data were achieved on the basis of different
parameters of temperatures and acidity values introduced
into the modeling program, which enabled the decline of
E. Coli O157:H7 to be predicted when treated with diffe-
rent combination of the above-mentioned parameters.

It can be summed up that the decline in a number of
E. Coli O157:H7 cells remains in a close correlation with the
temperature and pH value [15]. The acidity has a huge influ-
ence on the survival of E. Coli O157:H7 cells. The sweeter
the environment is, the lower the is the observed decline. At
pH 7.0, the decline in a value of 1.00 log10 cfu/ml is achie-
ved after 10.38 minutes of holding in 55◦C, while at pH 5.5
the decline in a value of 1.00 log10 cfu/ml is achieved after
7.24 minutes, and at pH 4.0 the decline in a value of 1.00
log10 cfu/ml is achieved after 3.52 minutes. The properly
designed treatment conditions appeared to have a huge an-
timicrobial activity towards E. Coli O157:H7 [16–18]. The
purpose of transferring data from the forecasting program
was to check the possibilities of the deactivation of E. Coli
O157:H7 cells under different combinations of pH and tem-
perature. The achieved results might be useful in control-
ling the behaviour of this bacteria in different food products
conditions. However, there is a potential risk that this bac-
teria might produce toxins in those incubation conditions,
so further examination needs to be carried out in order to
verify such a possibility.

Conclusion

Predictive microbiology constitutes a significant role in
the microbiological assessment of risk associated with the
potential presence of spoilage and pathogenic microorgani-
sms in food. It is gaining more and more popularity nowa-
days. It is regarded to be a useful and promising area of
food microbiology [19–22]. Predictive microbiology makes
it possible to assess the growth of different pathogens after
treating them with different temperatures and acidity va-
lues [23–26]. The modeling programs should be used as a

standard research tool enabling the control of spoilage and
pathogen microorganisms in the food industry [27–30].

Literature

[1] EFSA. Scientific opinion on VTEC-seropathotype and
scientific criteria regarding pathogenicity assessment.
EFSA Journal, 11(4):3138, 2013.

[2] EFSA. The European Union summary report on
trends and sources of zoonoses, zoonotic agents and
food-borne outbreaks. EFSA Journal, 13(1):3991,
2015.

[3] Delgado Ch.L. Rising consumption of meat and milk in
developing countries has created a new food revolution.
The Journal of Nutrition, 133(11):3907–3910, 2003.

[4] Abdul-Raouf U.M., Beuchat L.R., Ammar M.S. Survi-
val and growth of Escherichia Coli O157:H7 in ground
roasted beef as affected by pH, acidulants, and tempe-
rature. Appl. Environ. Microbiol., 59:2364–2368, 1993.

[5] Zhao T., Doyle M.P., Besser R.E. Fate of enterohemor-
rhagic Escherichia Coli O157:H7 in apple cider with
and without preservatives. Appl. Environ. Microbiol.,
59:2526–2530, 1993.

[6] Steele B.T., Murphy N., Rance C.P. An outbreak of
hemolytic uremic syndrome associated with ingestion
of fresh apple juice. J. Pediatr., 101:963–965, 1982.

[7] Brackett R.E., Hao Y.Y., Doyle M.P. Ineffectiveness
of hot acid sprays to decontaminate escherichia coli
o157:h7 on beef. J. Food Prot., 57:198–203, 1994.

[8] Cutter C.N., Siragusa G.R. Efficacy of organic acids
against Escherichia Coli O157:H7 attached to beef car-
cass tissue using a pilot scale model carcass washer. J.
Food Prot., 57:97–103, 1994.

[9] Arocha M.M., McVey M., Loder S.D., Rupnow J.H.,
Bullerman L.B. Behavior of hemorrhagic Escherichia
Coli O157:H7 during the manufacture of cottage che-
ese. J. Food Prot., 55:379–381, 1992.

[10] Reitsma C.J., Henning D.R. Survival of enterohem-
morhagic escherichia coli 0157:h7 during the manu-
facture and curing of cheddar cheese. J. Food Prot.,
59(5):460–464, 1996.

[11] Black J.L., Jaczyński J. Temperature effect on inacti-
vation kinetics of escherichia coli o157:h7 by electron
beam in ground beef, chicken breast meat, and trout
fillets. J. Food Sci., 71(6):221–227, 2006.

[12] Buchanan R.L., Edelson S.G., Snipes K., Boyd G. Ef-
fects of pH and acid resistance on the radiation resi-
stance of enterohemorrhagic Escherichia Coli. J. Food.
Prot., 62(3):219–228, 1999.

[13] Buchanan R.L., Phillips J.G. Response surface model
for predicting the effects of temperature, pH, sodium

53



Stachelska M. et al.: THR Prediction Of Escherichia Coli O157:H7. . . Pol. J. Appl. Sci., 2018, 4, 51-54

chloride content, sodium nitrite concentration and at-
mosphere on the growth of Listeria monocytogenes. J.
Food Protect., 53:370–376, 1990.

[14] Buchanan R.L., Edelson S.G., Snipes K., Boyd G.
Inactivation of Escherichia Coli O157:H7 in ap-
ple juice by irradiation. Appl. Environ. Microbiol.,
64(11):4533–4535, 1998.

[15] Chapman H.R., Sharpe M.E. Dairy Microbiology Vol.
2, chapter Microbiology of cheese., page 203–289. El-
sevier Applied Science, London, 1990.

[16] El-Gazzar F.E., Marth E.H. Listeria monocytogenes
and listeriosis related to milk, milk products and dairy
ingredients: a review. II. Listeria monocytogenes and
dairy technology. Milchwissenschaft, 46:82–86, 1991.

[17] Gibson A.M., Roberts T.A. The effect of pH, water
activity, sodium nitrite and storage temperature on
the growth of enteropathogenic Escherichia coli and
salmonellae in laboratory medium. Int. J. Food Mi-
crobiol., 3:183–194, 1986a.

[18] Gibson A.M., Roberts T.A. The effect of pH, sodium
chloride, sodium nitrite and storage temperature on
the growth of Clostridium perfringens and faecal strep-
tococci in laboratory media. Int. J. Food Microbiol.,
3:195–210, 1986b.

[19] Sommers C.H., Boyd G. Variations in the radia-
tion sensitivity of foodborne pathogens associated
with complex ready-to-eat food products. Rad. Phys.
Chem., 75:773–778, 2006a.

[20] Sommers C.H., Boyd G. Radiation sensitivity and post
irradiation growth of foodborne pathogens on a ready-
to-eat frankfurter on a roll product in the presence
of modified atmosphere and antimicrobials. J. Food
Prot., 69(10):2436–2440, 2006b.

[21] Sommers C.H., Niemira B.A. The effect of tem-
perature on the radiation resistance of Yersinia pe-
stis suspended in raw ground pork. J. Food Saf.,
27(3):317–325, 2007.

[22] Sommers C.H., Niemira B.A., Tunick M., Boyd G. Ef-
fect of temperature on the radiation resistance of vi-
rulent Yersinia enterocolitica. Meat Sci., 61:323–328,
2002.

[23] Kornberg A., Baker T. DNA replication and repair.
2nd ed. Chapter 21., chapter Repair, recombination,
transformation and restriction and modification., pa-
ges 7781–7832. W. H. Freeman & Co., New York. 1992.

[24] Langeveld L.P.M., Cuperus F. The relation between
temperature and growth rate in pasteurized milk of
different types of bacteria which are important to the
deterioration of that milk. Neth. Milk Dairy J., 34:106–
125, 1980.

[25] Law B.A. Review of the progress of dairy science:
enzymes of psychrotrophic bacteria and their effects
on milk and milk products. J. Dairy Res., 46:573–588,
1979.

[26] Mount D.W., Walker A.C., Kosel C. Effect of tsl muta-
tions decreasing radiation sensitivity of a recA-strain of
Escherichia Coli K12. J. Bacteriol., 121(3):1203–1207,
1975.

[27] Niemira B.A. Nalidixic acid resistance increases sen-
sitivity of Escherichia coli O157:H7 to ionizing radia-
tion in solution and on green lettuce. J. Food Sci.,
70(2):121–124, 2005.

[28] Niemira B.A., Łończyński K.A. Nalidixic acid
resistance influences sensitivity to ionizing radia-
tion among Salmonella isolates. J. Food Prot.,
69(7):1587–1593, 2006.

[29] Niemira B.A., Sommers C.H., Fan X. Suspending
lettuce influences recoverability and radiation sensi-
tivity of Escherichia Coli O157:H7. J. Food Prot.,
65(9):1388–1393, 2002.

[30] Rajkowski K.T., Boyd G., Thayer D.W. Irradiation
d-values for Escherichia Coli O157:H7 and Salmonella
sp. on inoculated broccoli seeds and effects of irradia-
tion on broccoli sprout keeping quality and seed via-
bility. J. Food Prot., 66(5):760–766, 2003.

Received: 2018
Accepted: 2018

54


