
International Commission on Microbiological Specifications 
for Foods (ICMSF)

Microorganisms in Foods 8

Use of Data for Assessing Process Control  
and Product Acceptance



v

Contents

Preface............................................................................................................................................ 	 xiii
Contributors and Reviewers........................................................................................................... 	 xv
Abbreviations................................................................................................................................. 	 xix

Part I  Principles of Using Data in Microbial Control

1  Utility of Microbiological Testing for Safety and Quality.................................................. 	 3
1.1	� Introduction....................................................................................................................	 3

1.1.1	� Testing as Part of a Food Safety Management Program....................................	 4
1.1.2	� Principles of Microbiological Testing and Definitions......................................	 5
1.1.3	� Utility Microorganisms, Indicators or Pathogens..............................................	 5
1.1.4	� Risk Based Sampling Using ICMSF Cases.......................................................	 6

1.2	 GHP and HACCP...........................................................................................................	 7
1.2.1	� Validation of Control Measures.........................................................................	 7
1.2.2	� Verification of Process Control..........................................................................	 8
1.2.3	� Verification of Environmental Control...............................................................	 8
1.2.4	� Corrective Action to Reestablish Control..........................................................	 9
1.2.5	� Microbiological Testing in Customer-Supplier Relations.................................	 9
1.2.6	� End Product Testing to Evaluate Integrity.........................................................	 10

1.3	� Limitations in Microbiological Testing of Foods...........................................................	 10
1.4	� Conclusions....................................................................................................................	 11
References................................................................................................................................	 11

2  Validation of Control Measures............................................................................................ 	 13
2.1	� Introduction....................................................................................................................	 13

2.1.1	� Relationship of Validation to Monitoring and Verification................................	 13
2.2	� Considerations for Validation.........................................................................................	 15
2.3	� Validation of Control Measures......................................................................................	 16

2.3.1	� Initial Level (H0 ), Standard Deviation and Distribution....................................	 16
2.3.2	� Inactivation Studies (S R)...................................................................................	 18
2.3.3	� Growth Studies (SI)...........................................................................................	 21
2.3.4	� Recontamination (SI).........................................................................................	 23

2.4	� Effect of Process Variability on FSO Compliance Validation........................................	 24
2.4.1	� Point Estimate Approach...................................................................................	 24
2.4.2	� Including Variability in the Process...................................................................	 24
2.4.3	� Log Mean Value, Standard Deviation and Meeting the FSO.............................	 28

2.5	� Validation of Cleaning and Other GHP Control Measures............................................	 29



vi Contents

2.6	� Shelf Life Determination................................................................................................	 30
2.7	� When to Revalidate.........................................................................................................	 31
References................................................................................................................................	 31

3  Verification of Process Control............................................................................................. 	 33
3.1	� Introduction....................................................................................................................	 33
3.2	� How to Verify that a Process is Under Control..............................................................	 35

3.2.1	� Information Required to Establish a Process Control Testing Program............	 35
3.2.2	� Setting Microbiological Criteria, Limits and Sampling Plans...........................	 36

3.3	� Routine Data Collection and Review.............................................................................	 37
3.4	� Competent Authority Process Control Program Examples............................................	 38

3.4.1	� Meat and Poultry................................................................................................	 38
3.4.2	� Juice...................................................................................................................	 39

References................................................................................................................................	 40

4  Verification of Environmental Control................................................................................. 	 41
4.1	� Introduction....................................................................................................................	 41
4.2	� Establishing an Environmental Control Program...........................................................	 41

4.2.1	� Step A: Determine the Microorganisms of Concern........................................	 42
4.2.2	� Step B : Determine the Relevant Test Microorganism.....................................	 43
4.2.3	� Step C : Review Measures to Prevent Ingress..................................................	 43
4.2.4	� Step D: Review Other Hygiene Control Measures and Their Impact..............	 43
4.2.5	� Step E : Review Historical Data.......................................................................	 43
4.2.6	� Step F  : Perform Investigative Sampling..........................................................	 43
4.2.7	� Step G: Develop Sampling Programs..............................................................	 44
4.2.8	� Step H: Define Sampling Frequencies.............................................................	 44
4.2.9	� Step I   : Establish a Plan for Data Evaluation..................................................	 44
4.2.10	� Step J   : Establish a Plan of Action to Respond to Findings............................	 45
4.2.11	� Step K: Periodic Review of Sampling Programs.............................................	 45

References................................................................................................................................	 45

5  Corrective Actions to Reestablish Control.......................................................................... 	 47
5.1	� Introduction....................................................................................................................	 47
5.2	� Good Hygiene Practices.................................................................................................	 47
5.3	� HACCP...........................................................................................................................	 48
5.4	� Assessing Control of GHP and the HACCP Plan...........................................................	 49

5.4.1	� Assessing Control of GHP.................................................................................	 49
5.4.2	� Assessing Control of the HACCP Plan..............................................................	 50

5.5	� Corrective Actions..........................................................................................................	 51
5.5.1	� Corrective Actions for GHP...............................................................................	 51
5.5.2	� Corrective Actions for HACCP.........................................................................	 52
5.5.3	� Response to Epidemiologic Evidence and Complaints.....................................	 52

5.6	� Options for Disposition of Questionable Product..........................................................	 53
5.6.1	� Sub-Lot Testing Considerations.........................................................................	 53

5.7	� Repetitive Loss of Control..............................................................................................	 54
References................................................................................................................................	 54

6  Microbiological Testing in Customer–Supplier Relations................................................. 	 55
6.1	� Introduction....................................................................................................................	 55

6.1.1	� Raw Materials and Ingredients Used by Manufacturers....................................	 56



viiContents

6.1.2	� Interactions with Retailers.................................................................................	 58
6.1.3	� Contract Manufacturers.....................................................................................	 58

6.2	� Auditing..........................................................................................................................	 59
6.3	� Microbiological Data......................................................................................................	 59
References................................................................................................................................	 60

Part II  Application of Principles to Product Categories

7  Applications and Use of Criteria and Other Tests.............................................................. 	 63
7.1	� Introduction....................................................................................................................	 63
7.2	� Format of Product Chapters...........................................................................................	 64

7.2.1	� Primary Production............................................................................................	 64
7.2.2	� Ingredients..........................................................................................................	 64
7.2.3	� In-Process...........................................................................................................	 64
7.2.4	� Processing Environment.....................................................................................	 65
7.2.5	� Shelf Life............................................................................................................	 65
7.2.6	� End Product........................................................................................................	 66
7.2.7	� Relative Importance of Tests Recommended.....................................................	 66

7.3	� Choice of Microorganisms or Products Thereof............................................................	 66
7.4	� Selection of Limits and Sampling Plans........................................................................	 67

7.4.1	� Comparing ICMSF Cases to Codex Criteria for L. monocytogenes..................	 68
7.5	� Limitations of Microbiological Tests.............................................................................	 71

7.5.1	� Analytical Method..............................................................................................	 72
7.5.2	� Analytical Units and Compositing.....................................................................	 72

References................................................................................................................................	 72

8  Meat Products........................................................................................................................ 	 75
8.1	� Introduction...................................................................................................................	 75
8.2	� Primary Production.......................................................................................................	 76
8.3	� Raw Meat Products, Excluding Comminuted Meats....................................................	 76
8.4	� Raw Comminuted Meats..............................................................................................	 80
8.5	� Raw Cured Shelf-Stable Meats.....................................................................................	 82
8.6	� Dried Meat Products.....................................................................................................	 84
8.7	� Cooked Meat Products..................................................................................................	 86
8.8	� Fully Retorted Shelf-Stable Uncured Meats.................................................................	 90
8.9	� Shelf-Stable Cooked Cured Meats................................................................................	 90
8.10	� Snails.............................................................................................................................	 91
8.11	� Frog Legs......................................................................................................................	 92
References................................................................................................................................	 92

9  Poultry Products.................................................................................................................... 	 95
9.1	� Introduction....................................................................................................................	 95
9.2	� Primary Production........................................................................................................	 95
9.3	� Raw Poultry Products.....................................................................................................	 96
9.4	� Cooked Poultry Products................................................................................................	 100
9.5	� Fully Retorted Shelf-Stable Poultry Products................................................................	 103
9.6	� Dried Poultry Products...................................................................................................	 104
References................................................................................................................................	 105



viii Contents

10  Fish and Seafood Products.................................................................................................. 	 107
10.1	� Introduction...............................................................................................................	 107
10.2	� Raw Finfish of Marine and Freshwater Origin.........................................................	 108
10.3	� Frozen Raw Seafood.................................................................................................	 111
10.4	� Raw Crustaceans.......................................................................................................	 113
10.5	� Cooked Crustaceans..................................................................................................	 115
10.6	� Raw Mollusca...........................................................................................................	 117
10.7	� Cooked, Shucked Mollusca......................................................................................	 119
10.8	� Surimi and Minced Fish Products.............................................................................	 121
10.9	� Lightly Preserved Fish Products...............................................................................	 123
10.10	� Semi-Preserved Fish Products..................................................................................	 125
10.11	� Fermented Fish Products...........................................................................................	 127
10.12	� Fully Dried or Salted Products..................................................................................	 129
10.13	� Pasteurized Seafood Products...................................................................................	 129
10.14	� Canned Seafood........................................................................................................	 131
References..............................................................................................................................	 132

11  Feeds and Pet Food.............................................................................................................. 	 135
11.1	� Introduction.................................................................................................................	 135
11.2	� Processed Feed Ingredients.........................................................................................	 135
11.3	� Unprocessed Feeds......................................................................................................	 138
11.4	� Compounded Feeds.....................................................................................................	 140
11.5	� Pet Foods, Chews and Treats......................................................................................	 141
References..............................................................................................................................	 144

12  Vegetables and Vegetable Products.................................................................................... 	 147
12.1	 Introduction...............................................................................................................	 147
12.2	 Primary Production...................................................................................................	 147
12.3	� Fresh and Fresh-Cut, Minimally Processed Vegetables............................................	 153
12.4	� Cooked Vegetables....................................................................................................	 157
12.5	� Frozen Vegetables.....................................................................................................	 161
12.6	� Canned Vegetables....................................................................................................	 164
12.7	� Dried Vegetables.......................................................................................................	 164
12.8	� Fermented and Acidified Vegetables.........................................................................	 166
12.9	� Sprouted Seeds..........................................................................................................	 168
12.10	� Mushrooms................................................................................................................	 171
References..............................................................................................................................	 174

13  Fruits and Fruit Products................................................................................................... 	 177
13.1	� Introduction.................................................................................................................	 177
13.2	� Primary Production.....................................................................................................	 178
13.3	� Fresh Whole Fruits......................................................................................................	 179
13.4	� Fresh-Cut, Minimally Processed Fruits......................................................................	 182
13.5	� Frozen Fruits...............................................................................................................	 186
13.6	� Canned Fruits..............................................................................................................	 188
13.7	� Dried Fruits.................................................................................................................	 188
13.8	� Tomatoes and Tomato Products..................................................................................	 190
13.9	� Fruit Preserves.............................................................................................................	 192
References..............................................................................................................................	 193



ixContents

14  Spice, Dry Soups and Asian Flavorings............................................................................. 	 197
14.1	� Introduction.................................................................................................................	 197
14.2	� Dry Spices and Herbs..................................................................................................	 197
14.3	� Dry Spice Blends and Vegetable Seasonings..............................................................	 200
14.4	� Dry Soups and Gravy..................................................................................................	 202
14.5	� Soy Sauce....................................................................................................................	 203
14.6	� Fish and Shrimp Sauce and Paste................................................................................	 205
References..............................................................................................................................	 207

15  Cereals and Cereal Products............................................................................................... 	 209
15.1	� Introduction.................................................................................................................	 209
15.2	� Dried, Raw Grains and Their Flour and Flour-Based Mixes......................................	 209
15.3	� Raw, Frozen and Refrigerated Dough Products..........................................................	 213
15.4	� Dried Cereal Products.................................................................................................	 215
15.5	� Baked Dough Products................................................................................................	 217
15.6	� Unfilled Pastas and Noodles.......................................................................................	 219
15.7	� Cooked Cereals...........................................................................................................	 221
15.8	� Topped or Filled Dough Products...............................................................................	 224
References..............................................................................................................................	 224

16  Nuts, Oilseeds, Dried Legumes and Coffee........................................................................ 	 227
16.1	� Introduction.................................................................................................................	 227
16.2	� Nuts.............................................................................................................................	 227
16.3	� Oilseeds.......................................................................................................................	 231
16.4	� Dried Legumes............................................................................................................	 232
16.5	� Coffee..........................................................................................................................	 235
References..............................................................................................................................	 237

17  Cocoa, Chocolate and Confectionery................................................................................. 	 241
17.1	� Introduction.................................................................................................................	 241
17.2	� Cocoa Powder, Chocolate and Confectionery............................................................	 241
References..............................................................................................................................	 245

18  Oil- and Fat-Based Foods.................................................................................................... 	 247
18.1	� Introduction.................................................................................................................	 247
18.2	� Mayonnaise and Dressings.........................................................................................	 247
18.3	� Mayonnaise-Based Salads..........................................................................................	 250
18.4	� Margarine....................................................................................................................	 253
18.5	� Reduced-Fat Spreads..................................................................................................	 256
18.6	� Butter..........................................................................................................................	 258
18.7	� Water-Continuous Spreads.........................................................................................	 260
18.8	� Miscellaneous.............................................................................................................	 260
References..............................................................................................................................	 261

19  Sugar, Syrups and Honey.................................................................................................... 	 263
19.1	� Introduction.................................................................................................................	 263
19.2	� Cane and Beet Sugar...................................................................................................	 263
19.3	� Syrups.........................................................................................................................	 265
19.4	� Honey..........................................................................................................................	 266
References..............................................................................................................................	 268



x Contents

20  Nonalcoholic Beverages....................................................................................................... 	 269
20.1	� Introduction.................................................................................................................	 269
20.2	� Soft Drinks..................................................................................................................	 269
20.3	� Fruit Juice and Related Products................................................................................	 272
20.4	� Tea-Based Beverages..................................................................................................	 275
20.5	� Coconut Milk, Coconut Cream and Coconut Water...................................................	 277
20.6	� Vegetable Juices..........................................................................................................	 278
References..............................................................................................................................	 279

21  Water..................................................................................................................................... 	 281
21.1	� Introduction.................................................................................................................	 281
21.2	� Drinking Water...........................................................................................................	 281
21.3	� Process or Product Water............................................................................................	 284
21.4	� Packaged Waters.........................................................................................................	 286
References..............................................................................................................................	 288

22  Eggs and Egg Products........................................................................................................ 	 291
22.1	� Introduction.................................................................................................................	 291
22.2	� Primary Production.....................................................................................................	 291
22.3	� Shell Eggs...................................................................................................................	 292
22.4	� Liquid and Frozen Eggs..............................................................................................	 294
22.5	� Dried Eggs..................................................................................................................	 298
22.6	� Cooked Egg Products.................................................................................................	 299
References..............................................................................................................................	 302

23  Milk and Dairy Products..................................................................................................... 	 305
23.1	� Introduction.................................................................................................................	 305
23.2	� Raw Milk for Direct Consumption.............................................................................	 305
23.3	� Processed Fluid Milk..................................................................................................	 308
23.4	� Cream..........................................................................................................................	 311
23.5	� Concentrated Milk......................................................................................................	 312
23.6	� Dried Dairy Products..................................................................................................	 314
23.7	� Ice Cream and Similar Products.................................................................................	 317
23.8	� Fermented Milk..........................................................................................................	 319
23.9	� Cheese.........................................................................................................................	 322
References..............................................................................................................................	 326

24  Shelf-Stable Heat Treated Foods........................................................................................ 	 329
24.1	� Introduction.................................................................................................................	 329
24.2	� Significant Organisms.................................................................................................	 329
24.3	� Process Control...........................................................................................................	 331

24.3.1	� Packaging Integrity.......................................................................................	 331
24.3.2	� Heating and Cooling..................................................................................... 	 331
24.3.3	� Hygienic Handling of Packs.......................................................................... 	 332

24.4	� Microbiological Data..................................................................................................	 332
References..............................................................................................................................	 336

25  Dry Foods for Infants and Young Children....................................................................... 	 339
25.1	� Introduction.................................................................................................................	 339



xiContents

25.2	� Powdered Infant Formulae..........................................................................................	 339
25.3	� Infant Cereals..............................................................................................................	 344
References..............................................................................................................................	 347

26  Combination Foods.............................................................................................................. 	 349
26.1	� Introduction.................................................................................................................	 349
26.2	� General Considerations...............................................................................................	 349
26.3	� Microbial Data............................................................................................................	 350

26.3.1	� Critical Ingredients........................................................................................	 350
26.3.2	� In-Process......................................................................................................	 350
26.3.3	� Processing Environment................................................................................	 350
26.3.4	� Shelf Life.......................................................................................................	 351
26.3.5	� End Product...................................................................................................	 351

26.4	� Topped or Filled Dough Products...............................................................................	 351
References..............................................................................................................................	 354

Appendix A  Sampling Considerations and Statistical Aspects of Sampling Plans............... 	 355

Appendix B  Calculations for Chapter 2.................................................................................... 	 365

Appendix C  ISO Methods Referenced in Tables...................................................................... 	 367

Appendix D  Objectives and Accomplishments of the ICMSF................................................ 	 369

Appendix E  ICMSF Participants............................................................................................... 	 377

Appendix F  ICMSF Publications.............................................................................................. 	 383

Appendix G  Sponsors of ICMSF Activities.............................................................................. 	 387

Index.............................................................................................................................................. 	 389


