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Epidemiology of foodborne diseases 

Foodborne 
agents

Estimated 
annual number 

of illnesses

Estimated annual 
number of 

hospitalizations

Estimated 
annual number 

of deaths
31 known 
pathogens

9.4 million 55,961 1,351

Unspecified 
agents

38.4 million 71,878 1,686

Total 47.8 million 127,839 3,037

• 77.7 billion for loses in productivity and economical losses. (Scharff. R.,2012)

• Approximately 30% of population are especially “at risk” for foodborne diseases. 

Recent studies shows:

Source: (Scallan et al., 2011)
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CDC Burden of Foodborne Deaths

378

327

255

149

76

Salmonella, 
nontyphoidal

Toxoplasma 
gondii

Listeria 
monocytogenes

Norovirus Campylobacter 
spp.

ESTIMATED NUMBER OF DEATHS

• Salmonella is the first leading 
cause of hospitalizations and 
deaths in the classification of 
foodborne diseases.

• CDC estimates that each year 
roughly 1 in 6 Americans (or 
48 million people) gets sick, 
128,000 are hospitalized, and 
3,000 die of foodborne 
diseases.

34%

26%

15%

8%

17%

ESTIMATED NUMBER OF HOSPITALIZATIONS
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Salmonella serovars and Eschericia coli O157:H7 :Physiology, 
Nomenclature, Public Health Significance

Salmonella serovars

• First description of Salmonella strain- 1885
by Dr. Daniel E. Salmon

• Cause salmonellosis- enteric fever (typhoid) 
and acute gastroenteritis

• CDC estimates that Salmonella causes 
approximately 1.2 million illnesses and 450 
deaths every year in the United States.

E. coli

• First description of E. coli O157:H7 -1982 by 
Dr. Theodor Escherich

• Cause Hemorrhagic colitis and Hemolytic 
uremic syndrome (HUS) in humans

• CDC estimates that STEC causes 3,600 U.S. 
hospitalizations and 30 deaths each year

Now a major problem for Physicians, public health, and food industry

Both pathogens are gram negative and belong to family Enterobacteriaceae

12/6/2018

Inactivation of Salmonella serovars and rifampicin-resistant Escherichia coli O157:H7 in apple cider using high pressure pasteurization

4

3

4



12/6/2018

3

12/6/2018

Inactivation of Salmonella serovars and rifampicin-resistant Escherichia coli O157:H7 in apple cider using high pressure pasteurization

5 Examples of E. coli and Salmonella outbreak in processed apple

Hydrostatic Pressure Pasteurization

• High pressure processing (HPP) is a non-thermal procedure 
(considered as a heatless process) that exposed to hydrostatic 
pressures up to 1035 MPa (150K PSI). (Calik, 2002)

• Its application is independent of the product size and geometry, 
so its application results in uniform transmission of the pressure 
throughout the product. (Knorr, 1993)

• This novel technology is capable of inactivating and 
eliminating pathogenic and food spoilage microorganisms. 
Thus, it is gaining rapid adoption across many sectors of the 
food industry. 

Photo courtesy: http://blog.hiperbaric.com/en/2016-hpp-
market-a-global-perspective
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Objective

To use high pressure pasteurization for the log reduction 
of Salmonella serovars and rifampicin-resistant 

Escherichia coli O157:H7 assuring control in apple cider
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Design, Method and Analyses

Experiment of both pathogens (Salmonella serovars and Escherichia coli O157:H7 ) was 
Randomized Complete Block Design (RCBD).

Biological Block I Biological Block 2
Pressure1 Time1 Time2 Time3 Time1 Time2 Time3
Pressure2 Time1 Time 2 Time3 Time1 Time 2 Time3
Pressure3 Time1 Time 2 TIme3 Time1 Time 2 TIme3

Rifampicin-resistant Escherichia coli O157:H7 :2 microbiological independent Repetitions as Block, 5 pressure 
( 250 MPa , 350 MPa, 450 MPa, 550MPa, 650 MPa, 4 running time ( 30 second, 1 minute, 2 minutes, 3 
minutes), 3 instrumental replications , 6 control
Total number of samples: 2*5*4*3 +6 = 126

Salmonella serovars : 2 microbiological independent Repetitions as Block, 5 pressure (103 MPa, 172MPa, 
241MPa, 310MPa, 379MPa), 7 running time ( 30 seconds, 60seconds, 90 seconds, 2 minutes, 4 minutes, 6 
minutes, 8 minutes), 3 instrumental replications, 6 control. 
Total number of samples: 2*5*7*3 +6= 226

* Each presented value is mean of at least 12 repetitions
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Design, Method and Analyses contd..

• Five strain habituated Salmonella serovars (ATCC® numbers 13076, 8387, 6962, 9270, 14028) were used for
inoculation of fresh-press Apple Cider.

• Six strain of E.coli O157:H7 (ATCC ® numbers BAA460, 43888, 43894, 35150, 43889, 43890) were used.

• Inoculation, microbiological analyses, and enumeration of the bacteria were based on Bacteriological Analytical
Methods (BAM) of the U.S. Food and Drug Administration (FDA).

• Information pertaining to outbreaks were obtained from Center for Diseases Control and Prevention (CDC),
Foodborne Outbreak Online Database (FOOD tool).
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Design, Method and Analyses contd..

• The data management (calculation of CFU ml and Log CFU/ml), graph, table were conducted using Microsoft
Excel Office package.

• Statistical analysis was conducted using SAS V.9.4.

Main Analyses-
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 Tukey adjusted ANOVA for mean separation of samples (values with
different upper case letters are significantly different, α = 0.05.

 Dunnett’s adjusted ANOVA: Comparing each treatment with control
values followed by “†” are significantly differ that control, α = 0.05.

Software Available at https://www.sas.com/en_us/software/sas9.html
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Design, Method and Analyses contd..

• Inactivation indices were calculated based on linear and non-linear models.

• Linear Index of D-value was obtained using Microsoft Excel 2016.

• Non-Linear Index of K max were obtained using the GInaFit software* based on best fitted non-linear model.
Maximum R square was chosen as goodness-of-fit criterion.

Available at: * https://www.ncbi.nlm.nih.gov/pubmed/15893399
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Design, Method and Analyses contd..

• Hydrostatic pressure (Barocycler Hub440, Hub880 Pressure Bioscience Inc., South Easton, MA) of 15,000 to
90,000 PSI were applied at various time internal for decontamination of the inoculated pathogen and spoilage
organism.

• The unit equipped with water jacket and circulating water bath surrounding the reaction chambers for precise
application of hydrostatic pressure at controlled temperature.

• The challenge experiment were conducted in Barocycler Reaction PULSE tubes, enabling the precise
application of pressure and control temperature.

• Internal pressure, temperature, compression rate were monitored every 3 seconds using Barocycler HUB PBI
2.3.11 Software.

• While Megapascal is the metric pressure unit, due to commercially popularity of customary unit, this study
presents both MPa and PSI units.
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13 Results: Sensitivity of rifampicin-resistant Escherichia coli O157:H7 to 
pressure at 4°C
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14 Results: Sensitivity of rifampicin-resistant Escherichia coli O157:H7 to 
pressure at 4°C continued…
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15 Results: Sensitivity of Salmonella serovars to pressure at 25°C
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16 Results: Sensitivity of Salmonella serovars to pressure at 25°C 
continued…
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D-value (4ºC)= [3.15min]

Inactivation K max1 = 53.39 [1/min], 
K max2 = 1.99 [1/min]

D-value (4ºC)= [1.53min]

Inactivation K max1 =  7.28[1/min], 

K max2 = 0.48[1/min]

• Selected Model with largest  
R square value is used to 
find the Kmax value 
(inactivation rate)  for each 
experimental variation.

• The figure shows the 
inactivation rate of 
pathogens 

• D-value refers to decimal 
reduction time (or decimal 
reduction dose) and is the 
time (or dose) required at a 
given condition

Results: Linear and non-linear value for rifampicin-resistant Escherichia 
coli O157:H7 to pressure at 4°C
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D-value (4ºC)= [3.15min]

Inactivation K max1 = 10.51[1/min], 

K max2 = 0.39[1/min]

D-value (4ºC)= [4.89min]

Inactivation K max1 = [43.63/min], 

K max2 = 0.43[1/min]

D-value (4ºC)= [2.57min]

Inactivation K max1 = 2.99[1/min], 

Results: Linear and non-linear value for rifampicin-resistant Escherichia 
coli O157:H7 to pressure at 4°C continued…
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19 Results: Linear and non-linear value for Salmonella serovars to 
pressure at 25°C
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20 Conclusion

• Overall, a 2.5-log reduction (P<0.05) i.e. >99% inactivation of the habituated 6-strain 
rifampicin resistant Escherichia coli O157:H7 was achieved through application of 
elevated hydrostatic pressure at 4°C.

• Overall, a 5-log reduction (P<0.05) i.e. 99.999% inactivation of the habituated 5-
strain Salmonella serovars was achieved through application of elevated hydrostatic 
pressure at 25°C.

• Hydrostatic pressure processing is able to inactivate both pathogens more than 99% at 
the applied time and pressure. 
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0 MPa 250 MPa 350 Mpa 550 Mpa 650 Mpa

(36K PSA) (51K PSI) (80K PSI) (94K PSI)

0 minute (control) 6.78±0.1 Aa 6.78±0.1 Aa 6.78±0.1 Aa 6.78±0.1 Aa 6.78±0.1 Aa
30 seconds 6.78±0.1 Aa 6.59±0.3 Aab 6.12±0.5 AB*b† 5.38±0.6 C*b† 4.41±0.3 D*b†

1 minute 6.78±0.1 Aa 6.55±0.2 Aab 5.83±0.2 B*bc† 4.96±0.3 C*bc† 4.68±0.3 C*b†
2 minutes 6.78±0.1 Aa 6.32±0.3 Abc† 5.42±0.3 B*c† 4.52±0.3 C*c† 4.23±0.4 C*b†
3 minutes 6.78±0.1 Aa 6.14±0.3 B*c† 5.54±0.4 C*bc† 4.50±0.5 DE*c† 4.28±0.2 E*b†

0 minute(control) 6.71±0.2 Aa 6.71±0.2 Aa 6.71±0.2 Aa 6.71±0.2 Aa 6.71±0.2 Aa

30 seconds 6.71±0.2 Aa 6.65±0.2 ABab 6.28±0.5 ABCab 5.63±0.7 C*b† 4.79±0.2 D*b†

1 minute 6.71±0.2 Aa 6.73±0.1 Aa 6.26±0.2 ABab† 5.39±0.3 CD*bc† 4.96±0.5 D*b†
2 minutes 6.71±0.2 Aa 6.54±0.1 Aab 5.92±0.2 B*b† 4.82±0.2 C*cd† 4.53±0.2 C*b†
3 minutes 6.71±0.2 Aa 6.34±0.2 ABb† 5.95±0.1 B*b† 4.74±0.2 D*d† 4.68±0.2 D*b†

Lower caser letters >>> Comparisons in each column (Tukey-adjusted)
Upper caser letters >>> Comparisons in each row (Tukey-adjusted)
* >>> Comparisons in each column with control (Dunnett-adjusted)
† >>> Comparisons in each row with control (Dunnett-adjusted)

TABLE 1: Rifampicin Resistant Escherichia coli  O57:H7- Apple Cider

Selective Media ( TSA + YE + Rif)

Non-Selective Media ( TSA + YE)

Treatments
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Table 2.  Effects of elevated hydrostatic pressure against five-strain habituated mixture of Salmonella  serovars in apple cider

0 PSI 15,000 PSI 25,000 PSI 35,000 PSI 45,000 PSI 55,000 PSI
(control) (103 MPa) (172 MPa) (241 MPa) (310 MPa) (379 MPa)

0 seconds 7.25 ± 0.4 Aa 7.25 ± 0.4 Aa 7.25 ± 0.4 Aab 7.25 ± 0.4 Aa 7.25 ± 0.4 Aa 7.25 ± 0.4  Aa

30 seconds 7.25 ± 0.4 Aa 7.05 ± 0.4 ABab 6.99 ± 0.4 ABab 6.45 ± 0.2 B†bc* 6.76 ± 0.4 ABab 6.59 ± 0.7 AB†a*
60 seconds 7.25 ± 0.4 Aa 7.00 ± 0.2 Aab 6.90 ± 0.1 ABab 6.30 ± 0.2 BC†cd* 6.06 ± 0.7 CD†bc* 5.48 ± 0.5 D†b*
90 seconds 7.25 ± 0.4 Aa 6.94 ± 0.2 Aab 7.06 ± 0.4 Aab 7.21 ± 0.3 Aa 5.95 ± 0.5 B†bc* 5.19 ± 0.5 C†b*
2 minutes 7.25 ± 0.4 Aa 7.06 ± 0.2 Aab 7.13 ± 0.5 Aab 6.29 ± 0.5 B†cd* 5.03 ± 0.6 C†d* 5.00 ± 0.5 C†b*
4 minutes 7.25 ± 0.4 Aa 7.32 ± 0.3 Aa 7.52 ± 0.4 Aa 6.95 ± 0.2 Aab 5.52 ± 0.1 B† cd* 2.31 ± 0.7 C†c*

6 minutes 7.25 ± 0.4 Aa 6.84 ± 0.4 Aab 7.12 ± 0.2 Aab 6.20 ± 0.2 B†cd* 4.82 ± 0.3C† d* 1.38 ± 0.2 D†cd*

8 minutes 7.25 ± 0.4 Aa 6.62 ± 0.5 Ab* 6.61 ± 0.4 Ab* 5.69 ± 0.5 B†d* 3.02 ± 0.8 C†e* 1.09 ± 0.9 D†d*

Hydrostatic Pressure
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