
Microbial safety of lipid-based 
ready-to-use foods for 
management of moderate 
acute malnutrition and severe 
acute malnutrition

MICROBIOLOGICAL RISK 
ASSESSMENT SERIES

 28

FIRST REPORT

ISSN 1726-5274



Food and Agriculture Organization of the United Nations 
World Health Organization

2016

MICROBIOLOGICAL RISK 
ASSESSMENT SERIES

 28

Microbial safety of lipid-based 
ready-to-use foods for 
management of moderate 
acute malnutrition and severe 
acute malnutrition

FIRST REPORT



The designations employed and the presentation of material in this publication do not imply the 
expression of any opinion whatsoever on the part of the Food and Agriculture Organization of the 
United Nations (FAO) or of the WorldHealth Organization (WHO) concerning the legal status of any 
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or 
boundaries. Dotted lines on maps represent approximate border lines for which there may not yet be 
full agreement. The mention of specific companies or products of manufacturers, whether or not these 
have been patented, does not imply that these are or have been endorsed or recommended by FAO or 
WHO in preference to others of a similar nature that are not mentioned. Errors and omissions excepted, 
the names of proprietary products are distinguished by initial capital letters. All reasonable precautions 
have been taken by FAO and WHO to verify the information contained in this publication. However, the 
published material is being distributed without warranty of any kind, either expressed or implied. The 
responsibility for the interpretation and use of the material lies with the reader. In no event shall FAO 
and WHO be liable for damages arising from its use.

The views expressed herein are those of the authors and do not necessarily represent those of FAO or 
WHO.

ISBN 978-92-5-109062-6

© FAO and WHO, 2016

Recommended citation:
FAO/WHO [Food and Agriculture Organization of the United Nations/World Health Organization]. 2016. 
Microbial safety of lipid-based ready-to-use foods for management of moderate acute malnutrition 
and severe acute malnutrition. Microbiological Risk Assessment Series No. 28. Rome. 66pp

FAO and WHO encourage the use, reproduction and dissemination of material in this information 
product. Except where otherwise indicated, material may be copied, downloaded and printed for 
private study, research and teaching purposes, provided that appropriate acknowledgement of FAO 
and WHO as the source and copyright holder is given and that FAO and WHO’s endorsement of users’ 
views, products or services is not implied in any way.

All requests for translation and adaptation rights, and for resale and other commercial use rights should 
be made via www.fao.org/contact-us/licencerequest or addressed to copyright@fao.org. 

FAO information products are available on the FAO website (www.fao.org/publications) and can be 
purchased through publications-sales@fao.org



Contents

1
2

3

4

Acknowledgements iv

List of contributors v

Abbreviations used in the text vii

Executive summary viii

Background 1

Introduction 3
2.1  Lipid-based ready-to-use foods for management of moderate acute    
 malnutrition and severe acute malnutrition 6

2.2  Existing specifications for lipid-based ready-to-use foods for    
 management of moderate acute malnutrition and severe acute  
 malnutrition 8

2.3  Microbiological hazards associated with low-moisture foods. 10

Hazard Identification: Micro-organisms of concern in  
lipid-based ready-to-use foods for management of moderate 
acute malnutrition and severe acute malnutrition 11

Hazard caracterization 14

Control of microbiological hazards in low-moisture foods 18
5.1.  Challenges to addressing the safety of lipid-based ready-to-use  
 foods for management of moderate acute malnutrition and  
 severe acute malnutrition 20

5.2 Control of Salmonella spp. and other pathogens in lipid-based  
 ready-to-use foods for management of moderate acute  
 malnutrition and severe acute malnutrition 22

5.3  Role of sampling in assuring food safety 25

Conclusions and recommendations 30
6.1  Pathogens of greatest concern 30

6.2  Food safety control 31

6.3  Operational guidance 32

Bibliography 38

ANNEXES
Annex 1 46
Annex 2 52

FAO/WHO Microbiological Risk Assessment Series 67

5

6



iv

Acknowledgements

The Food and Agriculture Organization of the United Nations and the World 
Health Organization would like to express their appreciation to all those who con-
tributed to the preparation of this document through the provision of their time, 
expertise and other relevant information both before, during and after the meeting. 
Special appreciation is extended to Dr Morris Potter for chairing the meeting and 
leading the preparation of the meeting report. Appreciation is also extended to 
colleagues in WFP, UNICEF and MSF for the data and insights they provided on 
the production and use of this product and those producers who also provided 
data for consideration by the expert meeting. All contributors are listed on the 
following pages.

FAO and WHO would also like to acknowledge the financial resources provided by 
the WFP and UNICEF to support this work.

Final editing for language was by Thorgeir Lawrence and layout by Joanne 
Morgante.



v

List of contributors

MEETING PARTICIPANTS

Invited Experts
Larry Beuchat, University of Georgia, USA
Anna Bowen, Centers for Disease Control and Prevention, USA
Jean-Louis Cordier, ICMSF and Nestle, Switzerland
Seamus Fanning, University College Dublin, Ireland
Stephen Forsythe, Nottingham Trent University, United Kingdom
Carol Iverson, Nestec Ltd., Switzerland
Gregory Paoli, Risk Sciences International, Inc., Canada
Mary Alice Smith, University of Georgia, USA
Tom Ross, University of Tasmania, Australia

Declarations of interests
All experts completed a Declaration of Interest form. Three of the invited experts 
work within the private sector (Mr Cordier, Ms Iverson and Mr Paoli). Mr Paoli 
declared no potential conflict of interest. Ms Iverson who is an employee of Nestec 
S.A. undertakes research for that company. She has been extensively involved in 
the development of methodology for the detection of Cronobacter, and continues 
to be involved on a voluntary basis. Mr Cordier is an employee of Nestlé and has 
worked extensively on the control of Cronobacter and other Enterobacteriaceae in 
powdered infant formula. Mr Forsyth and Ms Smith, who both work in academia, 
declared that their research is partially funded by the private sector (Mead Johnson) 
and non-governmental organizations (ILSI). 

While the above have worked on the micro-organisms of concern for this meeting 
in different products, none of their work has been related to any of the products 
under discussion in this meeting, and therefore was not considered to present any 
conflict of interest.



vi

Resource persons
Francisco Blanco, UNICEF
Hanane Bouzambou, World Food Programme
Erin Boyd, UNICEF
Valerie Captier, Médecins Sans Frontières
Verna Carolissen-Mackay, Codex Secretariat
Odile Caron, Médecins Sans Frontières
Renata Clarke, Senior Officer, Food and Agriculture Organization of the United 
Nations
Finbarr Curran, World Food Programme
Selma Doyran, Codex Secretariat
Alison Fleet, UNICEF
Lynnda Kiess, World Food Programme
Gina Kennedy, Nutrition Officer, Food and Agriculture Organization of the 
United Nations
Jan Komrska, UNICEF
Mary-Ellen McGroarty, World Food Programme
Shane Prigge, World Food Programme
Susan Sheperd, Médecins Sans Frontières
Peter Svarrer Jakobsen, UNICEF

Secretariat
Peter Karim Ben Embarek, Scientist, World Health Organization
Sarah Cahill, Food Safety Officer, Food and Agriculture Organization of the 
United Nations
Morris Potter, Consultant, Food and Agriculture Organization of the United 
Nations



vii

Abbreviations used in the text

aw Water activity

CCP Critical Control Point

cfu colony-forming unit

CoA Certificate of Analysis

FAO Food and Agriculture Organization of the United Nations

FUF Follow-up formula

GHP Good hygienic practice

GMP Good manufacturing practice

HACCP Hazard analysis critical and control point [system]

LNS Lipid-based nutrient supplement

LRTI Lower respiratory tract infection

MAM Moderate acute malnutrition

MSF Médecins Sans Frontières

OC Operating characteristic

OPRP Operational prerequisite programme

PIF Powdered infant formula

PRP

RUF

Prerequisite programme

Ready-to-use food for the management of moderate acute 
malnutrition and severe acute malnutrition 

RUSF Ready-to-use supplementary food for the management of 
moderate acute malnutrition 

RUTF Ready-to-use therapeutic food for the management of severe 
acute malnutrition

SAM Severe acute malnutrition

UNICEF United Nations Children’s Fund

UTI Urinary tract infection

WFP World Food Programme

WHO World Health Organization

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_26859


