CONTENTS

Page No.
FOREWORD i
EXECUTIVE SUMMARY AND CONCLUSIONS ii
RECOMMENDATIONS viii
ACKNOWLEDGMENTS Xii
PART 1: REVIEW OF MICROBIOLOGICAL HAZARDS, INDUSTRY
PRACTICES, AND UK LEGISLATION, GUIDELINES AND CODES
OF PRACTICE

1. INTRODUCTION 1
2. REVIEW OF THE LITERATURE 3
2.1 Raw Meat Material Considerations 3
2.2 Contamination 4
2.3 Microorganisms 4
2.4 Clostridium perfringens 6
2.5 Cooling and Chilled Storage 8
2.6 Cooling Rates 10
3. INDUSTRY PRACTICE FOR COOKING AND COOLING OF 13

LARGE MEAT PRODUCTS
3.1 Introduction 13
3.2 Variety of Industrial Processes 13
3.3  Factories Visited and Reported On 14
3.4  Effect of Cooling Method and Method of Packaging 25

3.4.1 Principles of cooling 25

3.4.2 Available methods of cooling 26

3.4.3 Aircooling 26

3.4.4 Liquid cooling 30



PART 2: INVESTIGATION OF BACTERIAL GROWTH DURING MEAT

5.1
5.2
53
5.4
5.5
5.6

6.1
6.2
6.3
6.4

6.5
6.6
6.7

3.4.5 Vacuum cooling

3.4.6 Plate (contact) cooling

3.4.7 Summary of cooling methods
3.4.8 Combination methods

3.4.9 Experimental applications
3.4.10 The effect of packaging

COOLING OF COOKED MEATS: GUIDANCE FROM PUBLISHED
REGULATIONS,GUIDELINES AND CODES OF PRACTICE

COOLING

PLAN OF INVESTIGATION

Challenge Tests

Effect of Method of Containment

Effect of Cooking Techniques

Contamination after Cooking

Effect of Cooling Method and Method of Packaging
Commercial Factory

MATERIALS AND METHODS

Challenge Tests: Pilot Scale Processing Experiments
Challenge Tests: Laboratory Based Experiments
Effect of Method of Containment

Processing Technologies

6.4.1 Heat processes
6.4.2 Cooling processes
6.4.3 Process monitoring

Contamination after Cooking
Monitoring a Commercial Process
Temperature Distribution/Ham Cooling

RESULTS

Challenge Tests

7.1.1  Chicken

7.1.2  Turkey and beef

7.1.3  Cured and uncured pork
7.1.4  Roasting of beef

Page No

31
31
32
33
34
34

37

39
40
40
40
41
41

41
41
44
46
46
47
48
49

49
50
50

55
55
55
73
73
91



7.1.5  Effect of method of containment
7.1.6  Effect of cooking techniques
7.1.7  Contamination after cooking

7.2  Commercial Factory Results

8. DISCUSSION

8.1 Laboratory Based System

8.2  Uncured Products

8.3 Cured Products

8.4  Roast Products

8.5  Effect of Method of Containment During Cooking
8.6  Contamination after Cooking

8.7  Factory Trials and Data Obtained from Commercial Sources
FURTHER READING

REFERENCES

APPENDIX ONE - Published Guidance on Safe Cooling of Cooked Meats

91
98
99
99

115
115
115
117
119
120
120
120

122

123

128



