


kway,~W, 

ied sources. 
~easonable 

Ilthors and the 
[either the 
In, shall be 
ged to be 

. fonn or by any 
nd recording, or 
ling from 

ng for general 
: pennission 
copying. 

stered trade­
t to infringe. 

,d 

Contents 

Contributor contact details ....................................... xi 


1 	 Introduction...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 
S. Brul, University 0/Amsterdam and Unilever Food and Health 

Research Institute, S. 1. C. van Gerwen, Unilever Foods, The 

Netherlands, and M. H. Zwietering, Wageningen University, The 

Netherlands 

1.1 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 

Part I Building models for predictive microbiology 

2 	 Predictive microbiology: past, present and future. . . . . . . . . . . . . . . .. 7 
T. A. McMeekin, L. A. Melle/ont and T. Ross, Australian Food Safety 
Centre a/Excellence. University a/Tasmania, Australia 
2.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 
2.2 Turning data into knowledge. . . . . . . . . . . . . . . . . . . . . . . . . . . .. II 

• 	 2.3 Case studies of critical analysis ........................... 12 
. 2.4 Recent systematic analysis of literature and the advent of 

quantitative microbial risk assessment (QMRA) ............. 15 

25 QMRA and predictive microbiology ....................... 15 

2.6 Advances in technology for the application of predictive models 17 
2.7 Conclusions. . . . . . . . . . . . .. ........................... 18 

2.8 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19 

3 	 Experimental design, data processing and model fitting in predictive 
microbiology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 
M. A. 1. S. van Boekel and M. H. Zwietering, Wageningen 

University, The Netherlands 

3.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 



vi 	 ContentsI 

3.2 Experimental design ............ . . . . . . . . . . . . . . . . . . . . . .. 24 	 6.4 Access to model 

3.3 Data processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 34 	 6.5 Other quantitatil 
3.4 Model fitting. ....................................... 36 	 6.6 Future trends .. 

3.5 Future trends ......................................... 38 	 6.7 Sources of furthl 

3.6 Sources of further information and advice . . . . . . . . . . . . . . . . .. 39 	 6.8 Acknowledgemt 
3.7 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 39 	 6.9 References .... 
3.8 Appendix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 42 

7 Predictive models in m 
4 Uncertainty and variability in predictive models of microorganisms M. H. Zwietering, Wage 

in food .................................................... 44 
 M. 1. Nauta, Nationallr 
M. 	 J. Nauta. National Institute for Public Health and the Environ­ ment. The Netherlands 
ment. The Netherlands 7.1 Quantitative mk 
4.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 44 7.2 Quantitative mie 
4.2 Case study part I .................................... 45 
 7.3 RecontaminatiOl 
4.3 Imprecise predictive models . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 46 7.4 Linking models 
4.4 Case study - part 2 .......................... ......... 48 
 7.5 Information sou: 
4.5 A closer look at variability .... . . . . . . . . . . . . . . . . . . . . . . . . .. 51 7.6 Representativen 
4.6 A closer look at uncertainty ............................. 52 	 7.7 Food Safety Obj 

4.7 Separation of uncertainty and variability ................... 54 
 7.8 Examples of stn 
4.8 Case study epilogue .................................. 57 
 7.9 Conclusions .. . 
4.9 Categorising questions of food professionals ................ 59 
 7.10 References ... . 
4.10 GMPs for unpredictable microbes. . . . . . . . . . . . . . . . . . . . . . . .. 60 
4.11 Current developments and future trends: towards novel Part II New approaches 

predictive models ..................................... 63 
 predictive microl 
4.12 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 65 
4.13 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 65 

8 	 The non-linear kinetic 
foods ............. .5 	 Modelling lag-time in predictive microbiology with special reference 
M. G. Corradini and M.to lag phase of bacterial spores ............................... 67 

8.1 Introduction ...J. P. P. M. Smelt and S. Bml, University ofAmsterdam, The Nether­
8.2 The traditional ( lands 
8.3 Traditional seco5.1 Introduction: general aspects of lag-time ... . . . . . . . . . . . . . . .. 67 
8.4 Sigmoid isother:5.2 Lag-time of bacterial spores, transformation of the spore to 
8.5 Non-isothermalvegetative cells ....................................... 69 

8.6 Empirical growl5.3 Quantitative aspects, mathematical modelling .. . . . . . . . . . . . .. 73 
8.7 Simulation ofn( 5.4 Lag-times in real foods ................................. 78 

8.8 Conclusions ...5.5 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 79 
8.9 Acknowledgeffil5.6 References ........................................... 79 

8.10 References .... 

6 	 Application of models and other quantitative microbiology tools in 
predictive microbiology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82 9 Modelling of high-pre 
J. D. Legan. Kraft Foods. USA 	 foods ............. . 

6.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82 	 A. Diels, I. Van Opstal, 
6.2 Definitions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82 	 Katholieke Universiteit 
6.3 Applications of models and databases ................... . 83 	 9.1 Introduction ... 




Contents vii 


,.. 


24 6.4 Access to models. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 93 

34 
 6.5 Other quantitative microbiology tools. . . . . . . . . . . . . . . . . . . . .. 98 

36 
 6.6 Future trends . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 103 

38 
 6.7 Sources of further information and advice . . . . . . . . . . . . . . . .. 104 

39 6.8 Acknowledgements ................................... 105 

39 
 6.9 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 106 

42 


7 Predictive models in microbiological risk assessment ........... . 110 

isms M. H. Zwietering, Wageningen University, The Netherlands, and 

44 
 M. J. Nauta. National Institute for Public Health and the Environ­
ment, The Netherlands 
7.1 Quantitative microbiological risk assessment .............. . 110 


44 
 7.2 Quantitative microbiology ............................. . I I I 

45 
 7.3 Recontamination .................................... . 112 

46 
 7.4 Linking models ..................................... . 113 

48 
 7.5 Information sources .................................. . 119 

51 
 7.6 Representativeness of models .......................... . 120 

52 
 7.7 Food Safety Objectives and risk assessment ............... . 121 

54 
 7.8 Examples of structured approaches of risk assessment. ...... . 122 

57 
 7.9 Conclusions ........................................ . 124 

59 
 7.10 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 125 

60 


Part II New approaches to microbial modelling in specific areas of
63 


predictive microbiology 
65 

65 


8 The non-linear kinetics of microbial inactivation and growth in 

foods .................................................... 129
ence 

.... 67 
 M. G. Corradini and M. Peleg, University ofMassachusetts, USA 
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 129 

8.2 The traditional primary models of inactivation and growth. . .. 130 

8.3 Traditional secondary models ........................... 132
67 

8.4 Sigmoid isothermal survival curves ..................... 143 

8.5 ~ Non-isothermal inactivation . . . . . . . . . . . . . . . . . . . . . . . . . . .. 145
69 

8.6 ):impirica\ growth models ............ ................. 149
73 

8.7 I Simulation of non-isothermal growth curves . . . . . . . . . . . . . .. 154
78 

8.8 C~nclusions ......................................... 156
79 

8.9 Acknowledgements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 158
79 

8.10 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 158 


in 

82 9 Modelling of high-pressure inactivation of microorganisms in 


foods .................................................... 161 

82 A. Diels, I. Van Opstal, B. Masschalck and C. W. Michiels, 

82 Katholieke Universiteit Leuven, Belgium 

83 9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 161 




viii Contents 

9.2 	 Factors affecting microbial inactivation by high-pressure 13 Systems biology and fe 
processing .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 162 S. Brul, University ofAI 

9.3 	 Current models: strengths and weaknesses ................. 169 H. V. Westerhoff, Free l 

9.4 	 Further developments in the modelling of pressure- 13.1 Introduction ... 

temperature processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 183 13.2 Systems biology 
9.5 	 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 190 13.3 Systems biology 
9.6 	 References .......................................... 191 13.4 Food production 


13.5 	 Food safety ... 
13.6 	 Areas for systerr10 	 Mechanistic models of microhial inactivation behaviour in foods .. 198 


spoilage researc1A. A. Teixeira, University ofFlorida, USA 
\3.7 	 Models of micro10.1 	 Introduction ....................................... " 198 

13.8 	 Sources of furtht10.2 	 Case for mechanistic models .. . . . . . . . . . . . . . . . . . . . . . . . . .. 199 

13.9 	 Acknowledgeme10.3 	 Development of mechanistic models for microbial 

inactivation ......................................... 203 
 13.10 	 References .... 
13.11 	 Addendum I
10.4 	 Model validation and comparison with others ........ . . . . .. 205 

\3.12 	 Addendum 2 ..10.5 	 Applications of microbial inactivation mechanistic models. . .. 208 


10.6 	 Strengths, weaknesses, and limitations of mechanistic 
models ............................................. 210 
 Index . ................ . 


10.7 	 Future trends with mechanistic models. . . . . . . . . . . . . . . . . . .. 211 

10.8 	 Sources offurther information and advice ................. 212 

10.9 	 References .......................................... 212 


11 	 Modelling microbial interactions in foods. . . . . . . . . . . . . . . . . . . . .. 214 

F. Leroy and L. De Vuyst, Vrije Universiteit Brussel, Belgium 
11.1 	 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 214 

11.2 	 Measuring growth and interactions of bacteria in foods. . . . . .. 216 

11.3 	 Developing models of microbial interactions. . . . . . . . . . . . . .. 217 

11.4 	 Applications and implications for food processors. . . . . . . . . .. 221 

11.5 	 Future trends . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 222 

11.6 	 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 224 


12 	 A kinetic fQodel as a tool to understand the response of 

Saccharomyces cerevisiae to heat exposure. . . . . . . . . . . . . . . . . . . .. 228 

F. Mensonidd) University of Amsterdam (current address: EML 

Research gGmbll, Germany), B. Bakker. Vrije Universiteit 

Amsterdam, The'Netherlands, and S. Brul. K. Hellingweif and 

1. Teixeira de Mattos, University ofAmsterdam, The Netherlands 
12.1 	 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 228 

12.2 	 Experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 230 

12.3 	 The model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 237 

12.4 	 Validation .......................................... 239 

12.5 	 Conclusions ......................................... 240 

12.6 	 References .......................................... 242 

12.7 	 Addendum .......................................... 246 




P' 

.... 

Contents IX 


13 Systems biology and food microbiology ....................... 250 

162 
 S. Brut, University ofAmsterdam, The Netherlands and 


.. 169 
 H. V. Westerhoff, Free University ofAmsterdam, The Netherlands 
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 250 


.. 183 
 13.2 Systems biology: biology at last ......................... 250 


.. 190 
 13.3 Systems biology and food microbiology ................... 259 


.. 191 
 13.4 Food production: metabolic engineering ......... . ....... 261 

13.5 Food safety ......................................... 270 


.. 198 13.6 Areas for systems food microbiology in microbial food 

spoilage research. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 273 


198 13.7 Models of microbial ecology and food consumption ......... 274 


.. 199 
 13.8 Sources of further information and advice ................. 276 

13.9 Acknowledgements ................................... 277 

13.10 References .......................................... 277 


205 
 13.11 Addendum I ........................................ 282 

.. 203 

.. 208 
 13.12 Addendum 2 ........................................ 286 


Index . ....................................................... 289 


.. 211 


.. 212 


.. 210 

.. 212 


.. 214 


.. 214 


.. 216 


.. 217 


.. 221 


.. 222 


.. 224 


.. 228 

Il 


.. 228 


.. 230 


.. 237 

" 239 

.. 240 

.. 242 

.. 246 



	Cover
	d1
	d2
	d3
	d4
	d5

