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Abstract: The contamination of E. coli O157:H7 in pasteurized milk is critical for the aspect of food safety. The 
detection of E. coli O157:H7 including non-O157 from bovine-origined samples have been documented in Thailand. 
These include the contamination of bacteria in milk. In this study, we examined the ability of Thai E. coli O157:H7 
and non-O157 lineages to survive under the standard pasteurization condition, including the propagative behaviors 
in pasteurized milk either at ambient temperature or refrigerated condition. The results revealed that at starting 
inoculum size of 1.5 × 103 cfu/ml, all tested bacterial strains exhibited the viability of approx. 2.5 log cfu/ml at 
pasteurization temperature after 60 second of incubation period. At 120 second, all strains except E. coli non-O157 
strain PSU1 and E. coli O157:H7 strain PSU2, displayed the viability at over 1 log cfu/ml. In the determination of 
propagative behaviors of the tested strains, the results revealed that small amounts of E. coli O157:H7 and non-O157 
could be rapidly propagated in pasteurized milk. The starting inoculum size of approx. 2 log cfu/ml of tested 
bacteria rapidly increased to 9 log cfu/ml within 30 h of incubation at 25ºC while at refrigerated temperature most of 
the tested strains increased for approx. 100 folds within 54 h. These results demonstrated the ability of Thai E. coli 
O157 :H7 and non-O157 lineages in the tolerance of heat inactivation at pasteurization temperature. In addition, it 
revealed their capability of rapidly propagating in pasteurized milks. Thus, they are able to pose the health risk for 
the population in this area in the case of O157 and non-O157contamination. 
[Pewleang T, Nakaguchi Y, Sukhumungoon P. Fate of Escherichia coli O157:H7 and Non-O157 in Pasteurized 
Milk. Life Sci J 2013;10(4): 2368-2373] (ISSN:1097-8135). http://www.lifesciencesite.com. 316 
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1. Introduction 

Escherichia coli O157:H7 (hereinafter 
abbreviated as E. coli O157) including non-O157 are 
reported to be the human pathogens, conferring 
severe illnesses ranging from bloody diarrhea to 
hemolytic uremic syndrome (HUS) (Riley et al., 
1983; Karmali et al., 1983), resulting in the death 
cases all around the world. These types of 
microorganisms frequently habour the pivotal 
virulence factors, Shiga toxins, Stx1 and Stx2. The N-
glycosidase of A-subunit of Stx removes one alanine 
residue from 28S ribosomal RNA, resulting in the 
inhibition of protein expression and cell death 
(Nataro and Kaper, 1998). Children and elderly are 
more susceptible to E. coli O157 infection (Rangel et 
al., 2005). The children with HUS are shown to have 
the mortality rate of 3% to 5% (Siegler et al., 1994; 
Scheiring et al., 2008). Many routes of transmission 
have been documented for E. coli O157 infection. 
Foods were reported as the most important vehicles 
for Escherichia coli O157 Rangel et al., 2005). 
Unpasteurized apple cider (Besser et al., 1993), 
yogurt (Morgan et al., 1993), especially the bovine-
origined foods such as ground beef and raw milk 
(Griffin and Tauxe, 1991; Bhat and Denny, 2007) 

have been implicated in O157 infections. Raw milk is 
one of the food vehicles associated with E. coli 
O157:H7 outbreaks (Anon, 1994; Bhat et al., 2007). 
Raw milk was first documented to be implicated in E. 
coli O157 transmission to human in 1986 in 
Wisconsin, USA (Martin et al., 1986). Since then, it 
was considered as one of the important vehicles for 
E. coli O157. Several outbreaks have been reported 
as the results of raw milk consumption. During the 
first week of December, 2005, public health officials 
in Clark county, Washington obtained the notification 
of four county residents which were confirmed to be 
infected by E. coli O157:H7 (Bhat and Denny, 2007). 
The residents were reported to consume raw milk. 
Another outbreak resulted from the consumption of 
raw milk was reported by Guh et al. (2010) in 
Connecticut, United States in July 2008. Seven 
confirmed cases out of 14 identified cases (50%) 
were documented in this outbreak. Ten of 14 (71%) 
were children aged less than 18 years, average age 
was 5 years. In addition, 1 (14%) was diagnosed as 
HUS. 

Pasteurized milk has also been reported to be 
the cause of E. coli O157 outbreaks (Upton and Coia, 
1994; Goh et al., 2002). One report from Goh et al. 
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(2002), they reported the outbreak from North 
Cumbria, England in March 1999. Eighty-eight 
infected people were laboratory confirmed E. coli 
O157. Twenty-eight of the confirmed cases were 
hospitalized. Three children suffered with HUS. 
Pasteurized milk from a local farm was revealed as 
an aetiologic agent. In Thailand, several reports 
described the detection of E. coli O157:H7 and non-
O157 from different kind of samples in many areas. 
Especially, in south of Thailand, there have been 
reports of E. coli O157 and non-O157 detection from 
beef and bovine feces (Vuddhakul et al., 2000; 
Sukhumungoon et al., 2011a; Sukhumungoon et al., 
2011b). Thus, there are also the high risks of O157 
and non-O157 contamination in other kind of 
samples such as raw milk. In this study, we 
hypothesized that E. coli O157 and non-O157 that 
spread in Thai environment are able to be 
contaminated in milk. After pasteurization, they may 
survive and start propagating again even in 
refrigerated state. This study aimed to examine the 
ability in survival of Thai E. coli O157 and non-O157 
lineages after pasteurization and simulate their 
propagative behaviors in pasteurized milk either in 
ambient temperature or in refrigerated state. 
 
2. Material and Methods  
Bacterial Strains 

Two E. coli O157:H7, PSU2 and PSU132, and 
two E. coli non-O157, PSU1 and PSU17, were used 
in the experiment. E. coli O157 strain PSU2 
exhibited genotype stx1-, stx2+, eae+. This virulence 
gene pattern of O157 strain was the most frequently 
found in this area over the last decade. PSU132 
displayed genotype stx1-, stx2-, eae-, which was rarely 
found. This strain was also selected as a surrogate in 
this study. E. coli non-O157 strains PSU1 and PSU17 
were stx1+, stx2+, eae- and stx1-, stx2+, eae-, 
respectively. These strains were capable of producing 
Shiga toxin1 in high amount. E. coli O157 strains 
EDL933 which represented the high pathogenicity 
was included in this experiment (Table 1). 

 
 

Table 1. Bacterial strains used in this study 
Strain Genotype Origin Reference 

PSU1 stx1+, stx2+, eae- Beef This study 
PSU2 stx1-, stx2+, eae+ Beef This study 
PSU17 stx1-, stx2+, eae- Beef This study 
PSU132 stx1-, stx2-, eae- Beef This study 
EDL933 stx1+, stx2+, eae+ Human O’Brien et 

al., 1983 
 
 
 
 

 
Survival of E. coli O157 and Non-O157 at 
Pasteurization Temperature 

In order to investigate the ability of bacteria to 
survive at pasteurization temperature, bacteria were 
spiked into pasteurized milk (9% fat) and the 
temperature was brought to 72ºC for eight time points 
(0, 30, 45, 60, 75, 90, 105, and 120 second). Briefly, 
an isolated colony of each strain was cultured in 3 ml 
of tryptic soy broth (TSB) with 150 rpm at 37ºC for 6 
h to prepare the working culture. Bacterial 
concentration was adjusted to 1.5 × 108 cfu/ml using 
normal saline solution (0.85% NaCl solution, NSS) 
by McFarland Densitometer (Biosan, Latvia). 
Adjusted E. coli cells were spiked into a total of 8 
tubes containing 9 ml of pasteurized milk (final 
concentration of bacterial cells equaled 1.5 × 103 
cfu/ml). The temperature in waterbath was pre-heated 
to 72ºC. The temperature was observed to be constant 
at 72ºC for 10 min before performing the next step. 
Then, all 8 tubes were immersed in waterbath at 
72ºC. Tubes were sequentially taken out and 
immediately immersed on ice when they reached 
their time points (first tube was taken out from 
waterbath when the time reached 15 second and the 
last tube was taken out when the time reached 120 
second). Surface-plate count was performed on 
MacConkey agar and Sorbitol MacConkey agar for 
E. coli non-O157 and E. coli O157, respectively, to 
count the survived bacteria. The experiment was 
performed in duplicate. 

 
 
Fate of E. coli O157 and Non-O157 in Pasteurized 
Milk 

In order to monitor the growth of the bacteria in 
pasteurized milk, four strains of E. coli O157 and 
non-O157 were spiked into the pasteurized milk and 
monitor the fate of them at six time points (0, 6, 18, 
30, 42, and 54 h). In brief, the bacterial culture was 
grown as stated above. Each bacterial strain was 
examined individually by diluting the bacterial 
culture in NSS and inoculation of 1 ml into 99 ml of 
pasteurized milk was carried out (a final bacterial 
concentration of 1.5 × 102 cfu/ml). The same set of 
experiment with the final bacterial concentration of 
1.5 × 104 cfu/ml, was also performed. Milks were 
held at 10ºC and 25ºC to simulate the situation of 
milk refrigerated in the supermarket and the situation 
in processes before placed in the supermarket, 
respectively. Subsequently, the bacteria were 
enumerated by a viable count on Sorbitol 
MacConkey agar for O157 strains and on 
MacConkey agar for non-O157 strains. The 
experiment was performed in duplicate. 
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3. Results  
Survival of E. coli O157 and Non-O157 at 
Pasteurization Temperature 

In order to determine that Thai E. coli O157 and 
non-O157 lineages are capable of surviving the 
temperature for pasteurization. The temperature of 
72ºC was applied in pasteurized milk spiked with 
bacteria at 8 time points. From the starting inoculum 
size of approx. 3 log cfu/ml, all strains were shown to 
be still viable at over 2.5 log cfu/ml at 30 second. 
Focusing at 60 second, all but one were still exhibited 
the viability at over 2.5 log cfu/ml (Figure 1). The 
decrease of viable cells was clearly detected at 75 
second of incubation. At 120 second of incubation, 
all strains except PSU1 and PSU2 displayed the 
viability at over 1 log cfu/ml (>150 cfu/ml). This 
clearly represented that the tested bacteria could be 
survived under standard pasteurization condition. 

 
 

 
Figure 1. Survival of Thai lineage E. coli O157:H7 
and non-O157 under pasteurization condition. 
 
 
Fate of E. coli O157:H7 and Non-O157 in 
Pasteurized Milk 

In order to investigate the propagative behaviors 
of E. coli O157 and non-O157 in pasteurized milk, in 
this experiment, two initial inoculum sizes of bacteria 
were spiked into the milk, 1.5 × 102 cfu/ml and 1.5 × 
104 cfu/ml. Focusing on inoculum size of 1.5 × 102 
cfu/ml at 25ºC, E. coli O157 strain EDL933 
population increased rapidly from 2 log cfu/ml to 8 
log cfu/ml within 18 h and further increased to 9 log 
cfu/ml within 30 h. E. coli O157 strain PSU2, 
PSU132 and non-O157 strain PSU1 exhibited the 
similar phenomena as strain EDL933. E. coli non-
O157 strain PSU17 reached only 7 log cfu/ml at 18 h 
of incubation, however, it was also able to reach 9 
log cfu/ml within 30 h. At 10ºC, a highly pathogenic 
strain EDL933 was found to be grown from 2 log 
cfu/ml to 4 log cfu/ml within 54 h. Similar 

phenomenon was found in the case of E. coli O157 
PSU2 and non-O157 PSU17 (Figure 2). 

When 1.5 × 104 cfu/ml of inoculum size in milk 
at 25ºC was analyzed, it revealed that the population 
of EDL933 was increased from a starting inoculum 
size to 9 log cfu/ml within 30 h. However, the rest of 
four strains reached 9 log cfu/ml within only 18 h. At 
10ºC, despite the fact that E. coli non-O157 strain 
PSU17 and O157 strain PSU2 were kept at low 
temperature, they could be propagated from a starting 
inoculum size, 5 log cfu/ml, to 6 log cfu/ml and 7 log 
cfu/ml, respectively. E. coli non-O157 strain PSU1, 
E. coli O157 strain PSU132 and EDL933 were able 
to reach approx. 5.5 log cfu/ml within 54 h (Figure 
3). 

 
 
4. Discussion 

The growing behaviors of E. coli O157 and non-
O157 in pasteurized milk is important for food safety. 
During the last decade, several studies reported the 
detection of E. coli O157 and non-O157 serotype 
from bovine-origined samples in Thailand 
(Vuddhakul et al., 2000; Sukhumungoon et al., 
2011a; Sukhumungoon et al., 2011b). Many strains 
of E. coli O157 and non-O157 were isolated. Some of 
them displayed the expression of Shiga toxins in high 
amounts. Therefore, it was clearly that bovine was 
the important source of E. coli O157 and non-O157 
and these E. coli strains were probably also 
contaminated in raw milk as by several routes, direct 
contact of cow feces to the milk, bovine’s udder 
mastitis, for instance. Adesiyun et al., (1997) has 
early shown that 17 (18.5%) of 94 Shiga toxin-
producing E. coli (STEC) strains were isolated from 
bulk milk in Trinidad. Furthermore, Schneider et al. 
(2008) also reported the illness cases resulted from E. 
coli O157:H7 infection associated with raw milk and 
raw colostrums in California, United States. These 
informations emphasized that raw milk plays an 
important role as O157 vehicle. Thus, in this study, 
the assessment of heat inactivation tolerance of E. 
coli O157 and non-O157, including the propagative 
behaviors of them in milk were analyzed. Simulative 
circumstances of O157 in processed pasteurized milk 
prior to be sold in the supermarket and the situation 
in the refrigerated state in the supermarkets (25ºC and 
10ºC, respectively) were examined to accomplish the 
critical informations. 
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Figure 2.  Propagative behaviors of E. coli O157:H7 
and non-O157 in pasteurized milk at the inoculum 
size of 1.5 × 102 cfu/ml. A, E. coli O157:H7 strain 
EDL933; B, E. coli non-O157 strain PSU1; C, E. coli 
O157:H7 strain PSU2; D, E. coli non-O157 strain 
PSU17, E, E. coli O157:H7 strain PSU132. 
 
 
 

 

 
 
Figure 3. Propagative behaviors of E. coli O157:H7 
and non-O157 in pasteurized milk at the inoculum 
size of 1.5 × 104 cfu/ml. A, E. coli O157:H7 strain 
EDL933; B, E. coli non-O157 strain PSU1; C, E. coli 
O157:H7 strain PSU2; D, E. coli non-O157 strain 
PSU17, E, E. coli O157:H7 strain PSU132. 
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Although the report from d’Aoust et al. (1988) 
confirm that the high temperature and short time 
processes (71.7ºC for 15 second), was sufficient to 
destroy approx. 1 × 105 cfu/ml of E. coli O157:H7. 
However, our results were different. The results 
clearly revealed that E. coli O157 and non-O157 
were tolerated to a standard pasteurization condition 
for 60 second. Currently, the temperature at 71.7ºC 
for 15 second was used for pasteurization in milk 
industry. However, to obtain the concrete results, E. 
coli O157 and non-O157 were placed at 72ºC for 8 
time points to monitor the viability of the tested 
bacteria. Focusing on the initial inoculum size of 1.5 
× 103 cfu/ml, at 30 second, 2 folds of the general time 
for pasteurization, all strains were survived over 2.5 
log cfu/ml. At 60 second, all strains were still 
survived over 2 log cfu/ml. Furthermore, at 120 
second, the maximal time point, we observed that 0.5 
log cfu/ml of E. coli O157 strain PSU1 and PSU2 
were still survived and E. coli O157 strain EDL933 
and non-O157 strain PSU17 survived at over 1 log 
cfu/ml (Figure 1). These informations were clearly 
shown that Thai E. coli O157 and non-O157 lineages 
were able to survive under the standard pasteurization 
condition. Usajewicz and Nalepa (2006) described 
the consistent observation. They demonstrated the 
destruction of E. coli O157:H7 strain 94 and strain 
402 including the saprophytic E. coli strain 1 at 55ºC 
and 60ºC in two media, nutrient broth and skim milk. 
They found that at 60ºC, E. coli O157:H7 strain 402 
and strain 94 were destroyed in 15 and 30 min, 
respectively, in nutrient broth. However, the amount 
of bacteria over 1 log cfu/ml were still observed at 30 
min. Bacteria were discovered to be more tolerated to 
heat inactivation in skim milk rather than in the broth 
at both temperatures. This result also supported our 
observation. 

After pasteurization, the bacterial survival was 
capable of propagating again in refrigerated 
pasteurized milks (Figure2 and Figure 3). We have 
demonstrated in Figure 2 that a small amount of 
bacteria, 2 log cfu/ml, could be increased for 10 to 
100 folds within 54 h (approx. 2.5 days) at 10ºC. To 
assess the general temperature used for refrigerated 
pasteurized milks in this area, we surveyed many 
convenient stores including the supermarket in Hat-
Yai city. The temperature used for refrigerated 
pasteurized milks in this area was ranged from 8ºC to 
18.5ºC with average temperature equaled to 12.2 ºC. 
This range of temperature was higher than the 
temperature tested in this study, 10ºC. In the case of 
E. coli O157 contamination in this area, based upon 
12.2ºC average temperature, it has high propensity in 
contribution of the propagation of bacteria in the 
milks, led to the high population of bacteria which 
was probably over 100 folds compared to the initial 

inoculum size in milk. Wang et al. (1997) 
demonstrated that at 5ºC, E. coli O157:H7 did not 
grow in raw milk. Moreover, the population of the 
bacteria decreased approx. 1.5 log cfu/ml within 28 
days. Despite the fact that in the real circumstance, 
the consumers buy and drink the milk within few 
days after placing in the store, the temperature should 
be brought to be below 4ºC for preventing the 
propagation of bacteria. 

In conclusion, Thai E. coli O157 including non-
O157 lineages can be contaminated in unpasteurized 
milks obtained in this area. After pasteurization, a 
small amounts of bacteria were possibly survived and 
propagated in pasteurized milk again even in the 
refrigerated state. This will pose a health risk in the 
population in this area. A little prolongation of a 
standard pasteurization temperature is recommended 
to be applied in raw milk produced in this area, 
without the destruction of milk properties. In 
addition, the storage of pasteurized milks in the 
refrigerated shelves under 4ºC is also recommended 
to prevent the propagation of contaminated 
pathogens. 
 
Acknowledgements:  

This work was funded in part by grant from 
Faculty of Science, Prince of Songkla University. We 
thank Hasyanee Binmaeil for technical assistance. 
 
Corresponding Author: 
Dr. Pharanai Sukhumungoon 
Department of Microbiology, 
Faculty of Science,  
Prince of Songkla University, 90112, Thailand  
E-mail: pharanai82@gmail.com  
 
References 
1. Adesiyun AA, Webb LA, Romain H, Kaminjolo 

JS. Prevalence and characteristics of strains of 
Escherichia coli isolated from milk and feces of 
cow on dairy farms in Trinidad. Journal of Food 
Protection 1997; 60: 1174-1181. 

2. Anon. Outbreak of E. coli O157:H7 associated 
with contaminated milk. International Food 
Safety News 1994; 3: 74. 

3. Besser RE, Lett SM, Weber LT, Doyle MP, 
Barrett TJ, Well JG, Griffin PM. An outbreak of 
diarrhea and hemolytic uremic syndrome from 
Escherichia coli O157:H7 in fresh-pressed 
apple cider. Journal of the American Medical 
Association 1993; 269: 2217-2220. 

4. Bhat M, Denny J. Escherichia coli O157:H7 
infection associated with drinking raw milk, 
Washington and Oregon, November-December, 
2005. Morbidity and Mortality Weekly Report 
2007; 56:165-167.  



 Life Science Journal 2013;10(4)       http://www.lifesciencesite.com 

 

2373 

5. d’Aoust JY, Park CE, Szabo RA, Todd ECD, 
Emmons DB, McKellar RC. Thermal 
inactivation of Campylobacter species, Yersinia 
enterocolitica, and hemorrhagic Escherichia 
coli O157:H7 in fluid milk. Journal of Dairy 
Science 1988; 71:3230-3236. 

6. Goh S, Newman C, Knowles M, Bolton FJ, 
Hollyoak V, Richards S, Daley P, Counter D, 
Smith HR, Keppie N. E. coli O157 phage type 
21/28 outbreak in North Cumbria associated 
with pasteurized milk. Epidemiology and 
Infection 2002; 129: 451-457.  

7. Griffin PM, Tauxe RW. The epidemiology of 
infections caused by Escherichia coli O157:H7, 
other enterohemorrhagic E. coli, and the 
associated hemolytic uremic syndrome. 
Epidemiological Review 1991; 13: 60-98.  

8. Guh A, Phan Q, Nelson R, Purviance K, 
Milardo E, Kinney S, Mshar P, Kasacek W, 
Cartter M. Outbreak of Escherichia coli O157 
associated with raw milk, Connecticut, 2008. 
Clinical Infectious Diseases 2010; 51: 1411-
1417. 

9. Karmali MA, Steele BT, Petric M, Lim C. 
Sporadic cases of haemolytic-uraemic syndrome 
associated with faecal cytotoxin and cytotoxin-
producing Escherichia coli in stools. Lancet 
1983; 1: 619-20. 

10. Nataro JP, Kaper JB. Diarrheagenic Escherichia 
coli. Clinical Microbiology Review 1998; 11: 
142-201. 

11. Martin ML, Shipman LD, Wells JG, Potter ME, 
Hedberg K, Wachsmuth IK, Tauxe RV, Davis 
JP, Arnoldi J, Tilleli J. Isolation of Escherichia 
coli O157:H7 from dairy cattle associated with 
two cases of hemolytic uremic syndrome. 
Lancet 1986; ii: 1043. 

12. Morgan D, Newman CP, Hutchinson DN, 
Walker AM, Rowe B, Majid F. Verotoxin 
producing Escherichia coli O157 infections 
associated with the consumption of yogurt. 
Epidemiology and Infection 1993; 111: 181-
187.  

13. O’Brien AD, Lively TA, Chang TW, Gorbach 
SL. Purification of Shigella dysenteriae 1 
(Shiga)-like toxin from Escherichia coli 
O157:H7 strain associated with haemorrhagic 
colitis. Lancet 1983; ii: 573. 

14. Riley LW, Remis RS, Helgerson SD, McGee 
HB, Wells JG, Davis BR, Hebert RJ, Olcott ES, 
Johnson LM, Hargrett NT, Blake PA, Cohen 

ML. Hemorrhagic colitis associated with a rare 
Escherichia coli serotype. New England Journal 
of Medicine 1983; 308: 681-685. 

15. Rangel JM, Sparling PH, Crowe C, Griffin PM, 
Swerdlow DL. Epidemiology of Escherichia 
coli O157:H7 outbreaks, United States, 1982-
2002. Emerging Infectious Diseases 2005; 11: 
603-609. 

16. Schneider J, Mohle-Boetani J, Vugia D. 
Escherichia coli O157:H7 infections in children 
associated with raw milk and raw colostrums 
from cows, California, 2006. Morbidity and 
Mortality Weekly Report 2008; 57: 625-628. 

17. Scheiring J, Andreoli SP, Zimmerhackl LB. 
Treatment and outcome of Shiga-toxin-
associated hemolytic uremic syndrome (HUS). 
Pediatric Nephrology 2008; 23: 1749-1760. 

18. Siegler RL, Pavia AT, Christofferson RD, 
Milligan MK. A 20-year population-based study 
of postdiarrheal hemolytic uremic syndrome in 
Utah. Pediatrics 1994; 94: 35-40. 

19. Sukhumungoon P, Nakaguchi Y, Ingviya N, 
Pradutkanchana J, Iwade Y, Seto K, Son R, 
Nishibuchi M, Vuddhakul V. Investigation of 
stx2

+ eae+ Escherichia coli O157: H7 in beef 
imported from Malaysia to Thailand. 
International Food Research Journal 2011a; 18: 
381-386. 

20. Sukhumungoon P, Mittraparp-arthorn P, 
Pomwised R, Charernjiratrakul W, Vuddhakul 
V. High concentration of Shiga toxin 1-
producing  Escherichia coli isolated from 
southern Thailand. International Food Research 
Journal 2011b; 18: 683-688. 

21. Upton P, Coia JE. Outbreak of Escherichia coli 
O157 infection associated with pasteurized milk 
supply. Lancet 1994; 344: 1015. 

22. Vuddhakul V, Patararungrong N, Pungrasamee 
P, Jitsurong S, Morigaki T, Asai N, Nishibuchi 
M. Isolation and characterization of Escherichia 
coli O157 from retail beef and bovine feces in 
Thailand. FEMS Microbiology Letters 2000; 
182: 343-347. 

23. Urajewicz I, Nalepa B. Survival of Escherichia 
coli O157:H7 in milk exposed to high 
temperature and high pressure. Food 
Technology and Biotechnology 2006; 44:33-39. 

24. Wang G, Zhao T, Doyle MP. Survival and 
growth of Escherichia coli O157:H7 in 
unpasteurized and pasteurized milk. Journal of 
Food Protection 1997; 60: 610-613.  

 
 
7/1/2013 


