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Low-moisture foods (LMF) are foods that are naturally low in moisture or 
are produced from higher moisture foods through drying or dehydration 
processes. These foods typically have a long shelf life and have been 
perceived for many years to not represent microbiological food safety risk 
hazards. However, in recent years, a number of outbreaks of foodborne 
illnesses linked to LMF has illustrated that despite the fact that microorganisms 
cannot grow in these products, bacteria do have the possibility to persist for 
long periods of time in these matrices.

Responding to a request from the Codex Committee on Food Hygiene 
(CCFH), the Food and Agriculture Organization of the United Nations (FAO) 
and the World Health Organization (WHO) implemented a series of activities 
aimed at collating and analysing the available information on microbiological 
hazards related to LMF and ranking the foods of greatest concern from a 
microbiological food safety perspective. Seven categories of LMF which 
were ultimately included in the ranking process, and the output of the risk 
ranking, in descending order was as follows: cereals and grains; dried 
protein products; spices and dried herbs; nuts and nut products; confections 
and snacks; dried fruits and vegetables; and seeds for consumption.

ISSN 1726-5274

Ranking of low-moisture 
foods in support of 
microbiological risk 
management

MICROBIOLOGICAL RISK 
ASSESSMENT SERIES

 26

MEETING REPORT AND SYSTEMATIC REVIEW

Attributing illness 
caused by Shiga 
toxin-producing 
Escherichia coli (STEC) 
to specific foods 

MICROBIOLOGICAL RISK 
ASSESSMENT SERIES

 32

REPORT

R
a

n
k
in

g
 o

f lo
w

-m
o
is

tu
re

 fo
o
d
s
 in

 s
u
p
p
o
rt o

f m
ic

ro
b
io

lo
g
ic

a
l ris

k
 m

a
n
a
g
e

m
e
n
t: 

M
E

E
T

IN
G

 R
E

P
O

R
T

 A
N

D
 S

Y
S

T
E

M
A

T
IC

 R
E

V
IE

W
 F

A
O

/W
H

O
Food Systems and Food Safety - Economic and Social Development 
jemra@fao.org 
http://www.fao.org/food-safety 
Food and Agriculture Organization of the United Nations 
Viale delle Terme di Caracalla 
00153 Rome, Italy 

Department of Nutrition and Food Safety
jemra@who.int 
https://www.who.int/health-topics/food-safety/
World Health Organization 
20 Avenue Appia 1211 Geneva 27,  
Switzerland CC0763EN/1/07.22

ISBN 978-92-5-136559-5 ISSN 1726-5274

9 7 8 9 2 5 1 3 6 5 5 9 5





i

MICROBIOLOGICAL RISK 
ASSESSMENT SERIES

 26

Ranking of low-moisture 
foods in support of 
microbiological risk 
management

MEETING REPORT AND SYSTEMATIC REVIEW

Food and Agriculture Organization of the United Nations 
World Health Organization

Rome, 2022



Required citation:

FAO and WHO. 2022. Ranking of low moisture foods in support of microbiological risk management: 
meeting report and systematic review. Microbiological Risk Assessment Series No. 26. Rome.  https://
doi.org/10.4060/cc0763en

The designations employed and the presentation of material in this information product do not imply 
the expression of any opinion whatsoever on the part of the Food and Agriculture Organization of the 
United Nations (FAO) or the World Health Organization (WHO) concerning the legal or development 
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its 
frontiers or boundaries. The mention of specific companies or products of manufacturers, whether or 
not these have been patented, does not imply that these have been endorsed or recommended by FAO 
or WHO in preference to others of a similar nature that are not mentioned.

The views expressed in this information product are those of the author(s) and do not necessarily 
reflect the views or policies of FAO or WHO. 

ISSN 1726-5274 [Print]
ISSN 1728-0605 [Online]

ISBN [FAO] 978-92-5-136559-5
ISBN [WHO] 978-92-4-004403-6 (electronic version)
ISBN [WHO] 978-92-4-004404-3 (print version)

© FAO and WHO, 2022

Some rights reserved. This work is made available under the Creative Commons Attribution-
NonCommercial-ShareAlike 3.0  IGO licence (CC  BY-NC-SA  3.0  IGO; https://creativecommons.org/
licenses/by-nc-sa/3.0/igo/legalcode). 

Under the terms of this licence, this work may be copied, redistributed and adapted for non-commercial 
purposes, provided that the work is appropriately cited. In any use of this work, there should be no 
suggestion that FAO or WHO endorses any specific organization, products or services. The use of the 
FAO or WHO logo is not permitted. If the work is adapted, then it must be licensed under the same 
or equivalent Creative Commons licence. If a translation of this work is created, it must include the 
following disclaimer along with the required citation: “This translation was not created by the Food and 
Agriculture Organization of the United Nations (FAO) or the World Health Organization (WHO). Neither 
FAO nor WHO is responsible for the content or accuracy of this translation. The original English edition 
shall be the authoritative edition.”

Disputes arising under the licence that cannot be settled amicably will be resolved by mediation and 
arbitration as described in Article 8 of the licence except as otherwise provided herein. The applicable 
mediation rules will be the mediation rules of the World Intellectual Property Organization http://
www.wipo.int/amc/en/mediation/rules and any arbitration will be conducted in accordance with the 
Arbitration Rules of the United Nations Commission on International Trade Law (UNCITRAL).

Third-party materials. Users wishing to reuse material from this work that is attributed to a third party, 
such as tables, figures or images, are responsible for determining whether permission is needed for 
that reuse and for obtaining permission from the copyright holder. The risk of claims resulting from 
infringement of any third-party-owned component in the work rests solely with the user.

Sales, rights and licensing. FAO information products are available on the FAO website (www.fao.
org/publications) and can be purchased through publications-sales@fao.org. Requests for commercial 
use should be submitted via: www.fao.org/contact-us/licence-request. Queries regarding rights and 
licensing should be submitted to: copyright@fao.org.

Some rights reserved. This work is available  
under a CC BY-NC-SA 3.0 IGO licence

Cover picture © Dennis Kunkel Microscopy, Inc



iii

Contents
Acknowledgements xi

Contributors xii

Declaration of interests xiv

Abbreviations and acronyms xv

Executive summary xvi

Background 1

Objectives and approach 4

2.1 Identification of categories of low-moisture food (LMF)   4

2.2 Collection and review of key data 6

2.3 Selection of categories for ranking purposes 8

2.4 Development of ranking approach 9

Development and application of ranking model 11

3.1 Step 1: Identification of fundamental objectives 11

3.2 Step 2: Definition of evaluation criteria 12

3.3 Step 3: Definition of attributes 12

3.4 Step 4: Evidence gathering about impacts 14

3.5 Step 5: Evaluation of normalized impacts 20

3.6 Step 6: Elicitation of criteria weights 23

3.7 Step 7: Prioritization of LMF categories (results) 24

3.8 Step 8: Robustness analysis 28

Discussion and conclusions 33

4.1 Ranking results 33

4.2 Knowledge synthesis and data collection to support decision-making 34

4.3 Multi-criteria decision analysis (MCDA) as a ranking approach 
for food safety issues 36

4.4 Challenges and benefits of process 37

4.5 Conclusions 38

References 40

Glossary 44

1
2

4

3

5



iv

ANNEXES

Annex 1  Rapid scoping and systematic review meta – analysis of  
research knowledge 48

A1.1 Introduction and objectives 48

A1.2 Review methods 48

A1.2.1 Review approach 48

A1.2.2 Review protocol and team 49

A1.2.3 Review questions 49

A1.2.4 Definitions and eligibility criteria 49

A1.2.5 Search strategy 51

A1.2.6 Relevance screening 52

A1.2.7 Relevance confirmation and article characterization 52

A1.2.8 Data extraction 53

A1.2.9 Data analysis 53

A1.2.10 Review management 54

A1.2.11 Summary cards 55

A1.3 References cited in A1.1 and A1.2 59

A1.4 Review evidence summary 62

A1.5 Summary card: cereals and grains 68

A1.5.1 Low-moisture food category description 68

A1.5.2 Evidence summary 68

A1.5.3 Burden of illness 68

A1.5.4 Prevalence 72

A1.5.5 Interventions 75

A1.5.6 References in A1.5 80

A1.6 Summary card: confections and snacks 92

A1.6.1 Low-moisture food category description 92

A1.6.2 Evidence summary 92

A1.6.3 Burden of illness 92

A1.6.4 Prevalence 93

A1.6.5 Interventions 99

A1.6.6 References in A1.6 102

A1.7 Summary card: dried fruits and vegetables 109

A1.7.1 Low-moisture food category description 109

A1.7.2 Evidence summary 109

A1.7.3 Burden of illness 109

A1.7.4 Prevalence 110

A1.7.5 Interventions 114



v

A1.7.6 References in A1.7 117

A1.8 Summary card: dried protein products 122

A1.8.1 Low-moisture food category description 122

A1.8.2 Evidence summary 122

A1.8.3 Burden of illness 122

A1.8.4 Prevalence 124

A1.8.5 Interventions 125

A1.8.6 References in A1.8 131

A1.9 Summary card: honey and preserves 138

A1.9.1 Low-moisture food category description 138

A1.9.2 Evidence summary 138

A1.9.3 Burden of illness 138

A1.9.4 Prevalence 140

A1.9.5 Interventions 143

A1.9.6 References 143

A1.10 Summary card: nuts and nut products 150

A1.10.1 Low-moisture food category description 150

A1.10.2 Evidence summary 150

A1.10.3 Burden of illness 150

A1.10.4 Prevalence 151

A1.10.5 Interventions 155

A1.10.6 References in A1.10 162

A1.11 Summary card: seeds for consumption 172

A1.11.1 Low-moisture food category description 172

A1.11.2 Evidence summary 172

A1.11.3 Burden of illness 172

A1.11.4 Prevalence 173

A1.11.5 Interventions 176

A1.11.6 References in A1.11 179

A1.12 Summary card: spices, dried herbs and tea 183

A1.12.1 Low-moisture food category description 183

A1.12.2 Evidence summary 183

A1.12.3 Burden of illness 183

A1.12.4 Prevalence 187

A1.12.5 Interventions 193

A1.12.6 References in A1.12 197

A1.13 Appendices 209

Appendix A. LMF product categories and subcategories 209

Appendix B. Final search algorithm 211



vi

Appendix C. Final search algorithm 213

Appendix D. Relevance confirmation and article characterization form 214

Appendix E. Data extraction forms 216

Appendix F. Summary card evidence charts 226

Appendix G. Spice classification table 230

Appendix H. Articles reporting non-extractable concentration data  
and prevalence in batch samples for spices, dried herbs and tea 231

Annex 2 Summary of recall data on low-moisture foods 234

References in Annex 2 237

Annex 3 Technical details of the MCDA ranking approach 238

A3.1 Step 1: Identification of fundamental objectives 238

A3.2 Step 2: Definition of evaluation criteria 240

A3.3 Step 3: Definition of attributes 240

A3.4 Step 4: Evidence gathering about impacts 240

A3.5 Step 5: Evaluation of normalized impacts 241

A3.6 Step 6: Elicitation of criteria weights 241

A3.6.1 Elicitation of the weights for subcriteria under food  
consumption (C3) 241

A3.6.2 Elicitation of the weights for subcriteria under food  
production (C4) 242

A3.6.3 Elicitation of the weights for the main criteria 243

A3.7 Step 7: Robustness analysis 245

A3.7.1 Sensitivity to criteria weights – subcriteria of the model 245

A3.7.2 Sensitivity to the estimation of impacts 250

A3.8 References in Annex 3 254

Annex 4 Trade data 255

Reference in Annex 4 256

Annex 5 Calculation of disability-adjusted life years (DALYs) 257

References in Annex 5 258

Annex 6 Consumption data 259

A6.1 Average serving 260

A6.2 Vulnerable consumers 265

A6.3 References in Annex 6 273

Annex 7 Elicitation survey and results 274

A7.1 Objectives 274

A7.2 Results of the elicitation process 277

Annex 8 Calculation of prevalence 279

预览已结束，完整报告链接和二维码如下：
https://www.yunbaogao.cn/report/index/report?reportId=5_31908


