
 
 
 

 
 
 
 
Visit the National Academies Press online, the authoritative source for all books from the 
National Academy of Sciences, the National Academy of Engineering, the Institute of 
Medicine, and the National Research Council: 

 
• Download hundreds of free books in PDF 
• Read thousands of books online for free 
• Purchase printed books and PDF files 
• Explore our innovative research tools – try the Research Dashboard now 
• Sign up to be notified when new books are published 

 
 
Thank you for downloading this free PDF.  If you have comments, questions or want 
more information about the books published by the National Academies Press, you may 
contact our customer service department toll-free at 888-624-8373, visit us online, or 
send an email to comments@nap.edu. 
 
This book plus thousands more are available at www.nap.edu. 
 
Copyright © National Academy of Sciences. All rights reserved. 
Unless otherwise indicated, all materials in this PDF file are copyrighted by the National 
Academy of Sciences.  Distribution or copying is strictly prohibited without permission 
of the National Academies Press <http://www.nap.edu/permissions/>. Permission is 
granted for this material to be posted on a secure password-protected Web site.  The  
content may not be posted on a public Web site.  
 

 

ISBN: 0-309-50923-8, 156 pages, 6 x 9,  (2002)

This free PDF was downloaded from:
http://www.nap.edu/catalog/10347.html

High-Energy, Nutrient-Dense Emergency Relief 
Food Product 

Subcommittee on Technical Specifications for a 
High-Energy Emergency Relief Ration,� Committee on 
Military Nutrition Research 

http://www.nap.edu/
http://www.nap.edu/permissions/
http://www.nasonline.org/site/PageServer
http://www.nae.edu/nae/naehome.nsf
http://www.iom.edu/
http://www.iom.edu/
http://www.nationalacademies.org/nrc/
http://www.nap.edu/agent.html
http://www.nap.edu
mailto:comments@nap.edu
http://www.nap.edu


Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

High-Energy, Nutrient-Dense Emergency
Relief Food Product

Subcommittee on Technical Specifications for a
High-Energy Emergency Relief Ration

Committee on Military Nutrition Research

Food and Nutrition Board

INSTITUTE OF MEDICINE

NATIONAL ACADEMY PRESS
Washington, D.C.



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

 NATIONAL ACADEMY PRESS � 2101 Constitution Avenue, N.W. � Washington, DC 20418

NOTICE: The project that is the subject of this report was approved by the Gov-
erning Board of the National Research Council, whose members are drawn from
the councils of the National Academy of Sciences, the National Academy of
Engineering, and the Institute of Medicine. The members of the committee re-
sponsible for the report were chosen for their special competences and with re-
gard for appropriate balance.

Support for this project was provided by the U.S. Department of the Army, Army
Medical Research and Materiel Command through grant No. DAMD17-99-1-
9478. The U.S. Army Medical Research Acquisition Activity, 820 Chandler
Street, Fort Detrick, MD 21702-5014, is the awarding and administering
acquisition office. The views presented in this publication are those of the
Subcommittee on Technical Specifications for a High-Energy Emergency Relief
Ration and do not necessarily reflect the position or policy of the government, and
no official endorsement should be inferred.

International Standard Book Number: 0-309-08315-X
Library of Congress Control Number: 2002101391

Additional copies of this report are available for sale from the National Acad-
emy Press, 2101 Constitution Avenue, N.W., Box 285, Washington, D.C.
20055. Call (800) 624-6242 or (202) 334-3313 (in the Washington metropolitan
area), or visit the NAP’s home page at www.nap.edu. The full text of this report
is available at www.nap.edu.

For more information about the Institute of Medicine, visit the IOM home page
at: www.iom.edu. 

Copyright 2002 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America.

The serpent has been a symbol of long life, healing, and knowledge among al-
most all cultures and religions since the beginning of recorded history. The ser-
pent adopted as a logotype by the Institute of Medicine is a relief carving from
ancient Greece, now held by the Staatliche Museen in Berlin.

Cover photo courtesy of Marjatta Tolvanen.



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

“Knowing is not enough; we must apply.
Willing is not enough; we must do.”

—Goethe

INSTITUTE OF MEDICINE

Shaping the Future for Health



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

The National Academy of Sciences is a private, nonprofit, self-perpetuating
society of distinguished scholars engaged in scientific and engineering research,
dedicated to the furtherance of science and technology and to their use for the
general welfare. Upon the authority of the charter granted to it by the Congress
in 1863, the Academy has a mandate that requires it to advise the federal gov-
ernment on scientific and technical matters. Dr. Bruce M. Alberts is president of
the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the
charter of the National Academy of Sciences, as a parallel organization of out-
standing engineers. It is autonomous in its administration and in the selection of
its members, sharing with the National Academy of Sciences the responsibility
for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages
education and research, and recognizes the superior achievements of engineers.
Dr. Wm. A. Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of
Sciences to secure the services of eminent members of appropriate professions
in the examination of policy matters pertaining to the health of the public. The
Institute acts under the responsibility given to the National Academy of Sciences
by its congressional charter to be an adviser to the federal government and, upon
its own initiative, to identify issues of medical care, research, and education. Dr.
Kenneth I. Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of
Sciences in 1916 to associate the broad community of science and technology
with the Academy’s purposes of furthering knowledge and advising the federal
government. Functioning in accordance with general policies determined by the
Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in
providing services to the government, the public, and the scientific and engi-
neering communities. The Council is administered jointly by both Academies
and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. Wm. A. Wulf are
chairman and vice chairman, respectively, of the National Research Council.



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

v

SUBCOMMITTEE ON TECHNICAL SPECIFICATIONS FOR A
HIGH-ENERGY EMERGENCY RELIEF RATION

BARRY L. ZOUMAS (chair), Department of Agricultural Economics and
Rural Sociology, The Pennsylvania State University, University Park

LAWRENCE E. ARMSTRONG, Departments of Kinesiology, Nutritional
Sciences, and Physiology and Neurobiology, University of Connecticut,
Storrs

JEFFREY R. BACKSTRAND, Program in Urban Systems, University of
Medicine and Dentistry of New Jersey, Newark 

WANDA L. CHENOWETH, Department of Food Science and Human
Nutrition, Michigan State University, East Lansing

PAVINEE CHINACHOTI, Department of Food Science and Nutrition,
University of Massachusetts, Amherst

BARBARA P. KLEIN, Department of Food Science and Human Nutrition,
University of Illinois, Urbana

HELEN W. LANE, Advanced Human Support Technologies Program, NASA
Johnson Space Center, Houston, Texas

KENNETH S. MARSH, Kenneth S. Marsh & Associates, Ltd., Seneca, South
Carolina

MARJATTA TOLVANEN, Nutrition in Emergencies, UNICEF, New York,
New York

Staff
RICARDO MOLINS, Study Director
MARY I. POOS, Senior Program Officer
LESLIE J. VOGELSANG, Research Assistant
TAZIMA L. DAVIS, Senior Project Assistant



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

vi

COMMITTEE ON MILITARY NUTRITION RESEARCH

JOHN E. VANDERVEEN (chair), San Antonio, Texas
BRUCE R. BISTRIAN, Department of Medicine, Beth Israel Deaconess

Medical Center, Boston, Massachusetts
JOHANNA T. DWYER, Agricultural Research Service, U.S. Department of

Agriculture, Washington, D.C.
JOHN W. ERDMAN, Jr., Division of Nutritional Science, University of

Illinois at Urbana-Champaign
HELEN W. LANE, Advanced Human Support Technologies Program, NASA

Johnson Space Center, Houston, Texas
MELINDA MANORE, Department of Nutrition and Food Management,

Oregon State University, Corvallis
WILLIAM P. MORGAN, Sport Psychology Laboratory, University of

Wisconsin, Madison
PATRICK M. O’NEIL, Weight Management Center, Medical University of

South Carolina, Charleston
ESTHER M. STERNBERG, Neuroendocrine Immunology and Behavior

Section, National Institute of Mental Health, Bethesda, Maryland
BEVERLY J. TEPPER, Department of Food Science, Rutgers University,

New Brunswick, New Jersey

U.S. Army Grant Representative
LTC KARL E. FRIEDL, Military Operational Medicine Research Program,

U.S. Army Medical Research and Materiel Command, Fort Detrick,
Frederick, Maryland

Staff
MARY I. POOS, Study Director
LESLIE J. VOGELSANG, Research Assistant
TAZIMA A. DAVIS, Senior Project Assistant



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

vii

FOOD AND NUTRITION BOARD

CUTBERTO GARZA (chair), Division of Nutritional Science, Cornell Uni-
versity, Ithaca, New York

ALFRED H. MERRILL, JR. (vice chair), School of Biology, Georgia Institute
of Technology, Atlanta

ROBERT M. RUSSELL (vice chair), Jean Mayer U.S. Department of Agri-
culture Human Nutrition Research Center on Aging, Tufts University,
Boston, Massachusetts

VIRGINIA A. STALLINGS (vice chair), Division of Gastroenterology and
Nutrition, The Children’s Hospital of Philadelphia, Pennsylvania

LARRY R. BEUCHAT, Center for Food Safety and Quality Enhancement,
University of Georgia, Griffin

BENJAMIN CABALLERO, Center for Human Nutrition, Johns Hopkins
Bloomberg School of Public Health, Baltimore, Maryland

ROBERT J. COUSINS, Center for Nutritional Sciences, University of Florida,
Gainesville

SHIRIKI KUMANYIKA, Center for Clinical Epidemiology and Biostatistics,
University of Pennsylvania School of Medicine, Philadelphia

LYNN PARKER, Child Nutrition Programs and Nutrition Policy, Food Re-
search and Action Center, Washington, D.C.

ROSS L. PRENTICE, Division of Public Health Sciences, Fred Hutchinson
Cancer Research Center, Seattle, Washington

A. CATHARINE ROSS, Department of Nutrition, The Pennsylvania State
University, University Park

BARBARA O. SCHNEEMAN, Department of Nutrition, University of Cali-
fornia, Davis

ROBERT E. SMITH, R.E. Smith Consulting, Inc., Newport, Vermont
STEVE L. TAYLOR, Food Processing Center, University of Nebraska-Lincoln
BARRY L. ZOUMAS, Department of Agricultural Economics and Rural Soci-

ology, The Pennsylvania State University, University Park

Staff
ALLISON A. YATES, Director
LINDA D. MEYERS, Deputy Director
GAIL E. SPEARS, Administrative Assistant
GEORGE YORK, Administrative Assistant
GARY WALKER, Financial Associate



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

ix

Acknowledgments

The Subcommittee on Technical Specifications for a High-Energy
Emergency Relief Ration thanks all individuals and institutions that contributed
information, time, and funds to this report. Special thanks are given to Samuel
Kahn, Thomas Marchione, and other personnel of the U.S. Agency for
International Development (USAID) and the U.S. Department of Defense, and
to USAID consultants Michael Golden, Caroline Grobler-Tanner, and Mary
Lung’aho, who contributed valuable written and verbal information to the
subcommittee during its open discussions. Especially helpful were the
information and experience shared with the subcommittee by the U.S.
Department of Defense Combat Feeding Program, Performance Enhancement
and Food Safety Team, during its first meeting, graciously hosted by the U.S.
Army Soldier Systems Center, Natick, Massachusetts, with a special thanks to
Major Maria Bovill, who so capably organized all the meeting logistics for the
subcommittee at Natick, including suggesting hotels and restaurants and
providing directions from Boston to the Center. 

This report has been reviewed in draft form by individuals chosen for their
diverse perspectives and technical expertise, in accordance with procedures ap-
proved by the NRC’s Report Review Committee. The purpose of this independ-
ent review is to provide candid and critical comments that will assist the institu-
tion in making its published report as sound as possible and to ensure that the
report meets institutional standards for objectivity, evidence, and responsiveness
to the study charge. The review comments and draft manuscript remain 



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

x ACKNOWLEDGMENTS

confidential to protect the integrity of the deliberative process. We wish to thank
the following individuals for their review of this report:

Lindsay H. Allen, Ph.D., R.D.
E. Wayne Askew, Ph.D.
Johanna Dwyer, D.Sc., R.D.
Theodore Labuza, Ph.D.
John H. Litchfield, Ph.D.
Irwin H. Rosenberg, M.D.

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions or
recommendations nor did they see the final draft of the report before its release.
The review of this report was overseen by Barbara Underwood, Ph.D., Scholar-
in-Residence, Institute of Medicine. Appointed by the National Research Coun-
cil and Institute of Medicine, she was responsible for making certain that an
independent examination of this report was carried out in accordance with in-
stitutional procedures and that all review comments were carefully considered.
Responsibility for the final content of this report rests entirely with the authoring
committee and the institution.

The subcommittee presents its special appreciation to the Institute of
Medicine staff who facilitated the work and the preparation of this report:
Ricardo Molins, study director; Mary Poos, study director of the Committee on
Military Nutrition Research; Gail Spears, who edited the report; Leslie
Vogelsang, research assistant; Tazima Davis, senior project assistant; and
Allison Yates, director of the Food and Nutrition Board.

Barry Zoumas, Chair
Subcommittee on Technical
Specifications for a High-Energy
Emergency Relief Ration



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

xi

Contents

EXECUTIVE SUMMARY ..................................................................................1
Background and Charge to the Committee, 2
Methods, 3
Report Organization, 3
Recommendations, 5
References, 8

1 INTRODUCTION.........................................................................................9
Project Description and Scope, 9
Origin of the Study, 10
The Need for and Uses of a High-Energy, Nutrient-Dense

Emergency Relief Food Product, 11
References, 15

2 NUTRIENT CONTENT AND SPECIAL CONSIDERATIONS................17
Introduction, 18
Characteristics of Target Populations, 18
Characteristics of the Emergency Relief Food Product, 24
Nutrients Included in the Emergency Relief Food Product

Specifications, 30
References, 77



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

xii CONTENTS

3 PROCESSING AND PACKAGING OF THE EMERGENCY 
FOOD PRODUCT.......................................................................................97

Desirable Characteristics of an Emergency Relief
Food Product, 97

Processing Considerations, 101
Microbiological Considerations, 106
Chemical Stability Considerations, 107
Acceptability Considerations, 111
Packaging Considerations, 113
Cost Considerations, 120
References, 120

4 PERFORMANCE SPECIFICATIONS .....................................................129
Item Description, 129
Performance Requirements, 130
Prohibitions, 136
Processing Requirements, 136
Packaging Requirements, 136
Miscellaneous Information, 138

APPENDIX — Biographical Sketches of Subcommittee Members.................141



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

1

Executive Summary

As the world enters a new millennium, natural disasters and international or
internal conflicts continue to displace hundreds of thousands of people. The
human and physical needs of disaster and other emergency victims—deprived of
or uprooted from their homes, on the road or in crowded camps and exposed to
harsh elements—are paramount in efforts to provide a significant measure of
relief. In response to the plight of refugees, the United States has provided
assistance in many ways to victims of such emergencies the world over, most
notably via food programs.

To a large extent, the emergency food relief assistance provided by the U.S.
government has been channeled through the U.S. Agency for International
Development (USAID) and the Department of Defense (DOD). The bulk of
medium- and long-term food relief contributed by USAID has traditionally been
in the form of commodity foods. However, USAID and DOD also participate in
rapid, short-term food relief operations that require special high-energy, self-
contained food products not currently manufactured in the United States. Such
products constitute the vanguard of food relief and are designed for use over the
normally short period of time needed to establish a more permanent, stable,
food-based relief pipeline. Because of legislative restrictions on the use of some
federal appropriations, only limited purchases of such products can be made by
USAID from food manufacturers outside the United States. The availability of
science-based technical specifications for use in calls for bids from U.S. food
manufacturers, therefore, is of the essence not only to allow procurement of the
most appropriate product, but also to do so in the United States.
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2 EMERGENCY RELIEF FOOD PRODUCT

BACKGROUND AND CHARGE TO THE COMMITTEE

The present study was conducted by an ad hoc subcommittee of the
Committee on Military Nutrition Research. The Subcommittee on Technical
Specifications for a High-Energy Emergency Relief Ration was established by
the Food and Nutrition Board of the Institute of Medicine in response to a
request from USAID and DOD to develop technical specifications for a product
for use in food relief after natural disasters or other emergency situations around
the world. The specifications are to be used by both agencies in their calls for
bids from U.S. food manufacturers to supply such a product.

The charge to the subcommittee was as follows: Based on information on
the nutritional requirements of target populations, food/nutrition specifications,
product descriptions of similar rations already in use (e.g., emergency biscuits),
and recommendations by refugee nutrition experts, what are the committee’s
recommendations to these questions:

1. What are the specifications for a cost-effective emergency ration bar for
uprooted people in emergency situations that meets all of the following
criteria:
a. satisfies all nutrient requirements for a population of all ages over 6

months
b. appropriate for use as the sole source of subsistence for up to 15 days
c. acceptable to people of any ethnic and religious background
d. can be eaten on the move without preparation steps
e. can, without significant cost increase, be prepositioned in harsh environ-

ments for at least 3 years
f. can, without significant cost increase, withstand an airdrop without

endangering persons on the ground

2. Specifications should include consideration of each of these categories:
a. nutritional composition, including macro- and micronutrient content and

water content
b. food properties, including nutrient stability, food consistency, palat-

ability, and organoleptics
c. universal acceptance, especially cultural acceptability to refugees and

displaced persons
d. configuration, size, color, and shape
e. packaging for shipping, long-term stability (3 years), stability for

airdrop, and ease of use
f. feasibility of manufacture 
g. commodity cost within limitations of average relief operations
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EXECUTIVE SUMMARY 3

3. Make recommendations on special circumstances when this ration should
and should not be used (and any provisions for simple alternatives or
supplements), including:
a. severely malnourished groups of refugees or liberated prisoners of war

who may have specific micronutrient deficiencies or protein deficiency 
b. populations with a high prevalence of disease, such as acquired immune

deficiency syndrome or diarrheal diseases
c. individuals in harsh environmental conditions.

METHODS

The subcommittee met twice during the study. The first meeting was held at
the U.S. Army Soldier Systems Center, Natick, Massachusetts, to allow the
subcommittee to benefit from the experience of the DOD Combat Feeding
Program, Performance Enhancement and Food Safety Team, and thus gather
information on processes, ingredients, and packaging systems used by the U.S.
Army in developing products similar to the desired emergency food product
(EFP). Also at this meeting, USAID representatives described the agency’s
worldwide emergency food relief programs, and three USAID consultants
discussed two background papers commissioned for this purpose by the agency.
Moreover, the consultants contributed invaluable information on field conditions
during emergency food relief operations that were taken into consideration by
the subcommittee in its deliberations. The second and final subcommittee
meeting was held in Washington, D.C.

REPORT ORGANIZATION

The report contains four chapters. Chapter 1 summarizes the project scope,
its rationale, and the background for the need and uses of an EFP. It describes
the types of emergencies and populations expected to benefit from such a
product, and the special circumstances inherent to food relief operations after
natural or man-made disasters, famines, massive displacement of people, and
other emergencies that must be considered in defining the nutritional, chemical,
and physical characteristics the EFP should have. 

Chapter 2 describes the basic assumptions underlying the energy level
chosen for the EFP, the calculations of macro- and micronutrient levels, and, in
some instances, the recommended origin or modality of the nutrients to be used.
The daily energy requirement recommended for planning emergency aid rations
by a 1995 IOM report (2,100 kcal/day) was adopted by the subcommittee.
Fundamental assumptions made by the subcommittee in determining the
nutritional content of the EFP are given in Box ES-1. 

Each macro- and micronutrient specification is discussed individually in
Chapter 2. However, the subcommittee’s recommendation for each is presented
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4 EMERGENCY RELIEF FOOD PRODUCT

BOX ES-1  Assumptions Used in Developing the Nutrition Composition of the
EFP

� Potable water is provided as a top priority and is available with the EFP.
� Individuals will eat to meet their energy requirements.
� The product is to be consumed by all age groups, except infants less than 6 months of

age; thus the product is not to be used in lieu of breast feeding, which is encouraged to
at least 1 year of age with complementary use of the EFP after 6 months of age.

� It is not to be used as a therapeutic product and is not appropriate for severely mal-
nourished individuals.

� It may constitute the sole source of food for target recipients for up to 15 days.
� Recipients are likely to be at least mildly malnourished and/or suffer from mild to

moderate diarrhea and other debilitating diseases brought about by unsanitary condi-
tions and exacerbated by stress.

� The recipient population may have nutrient needs comparable to well-nourished indi-
viduals in spite of smaller body weights due to maintaining muscle and visceral mass
at the expense of body fat.

� The product should provide a nutrient density that will meet or exceed the nutrient
recommendations as specified by the recommended intakes (IOM, 1997, 1998, 2000,
2001; NRC, 1989) which are designed to meet the needs of almost all individuals in
each life stage and gender group (with the exception of infants) without exceeding
Tolerable Upper Intake Levels (IOM, 1997, 1998, 2000, 2001).

� Nutrient needs of pregnant and lactating women are not included in the calculations,
but it is assumed they will consume more than the daily ration based on individual
needs for additional energy beyond the average of 2,100 kcal/day.

in tabular form in Chapter 4 (as Table 4-1) for ease of use by the agencies and
potential manufacturers.

Chapter 3 discusses the preservation, processing, and packaging techniques
that manufacturers should use in preparing the EFP so that it will attain the
required stability under the expected conditions of delivery and use. These
conditions might include extreme temperatures, rough handling, improvised
storage, and the possible need to airdrop the product from low altitude. The
recommendations from Chapter 3 are presented in the form of a performance
specification for use by the agencies in preparing a call for bids in Chapter 4.
The subcommittee views the technical specifications recommended in this report
as optimal, but recognizes that the sponsoring agencies may be forced to
consider developing EFPs prepared and packaged in less desirable ways if cost
becomes the primary consideration. 
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RECOMMENDATIONS

There are five characteristics critical to development of a successful EFP.
These are listed in order of importance. The EFP must be: 

1. Safe
2. Palatable
3. Easy to deliver
4. Easy to use
5. Nutritionally complete.

In terms of decisions in the development of a prototype, this order of
importance of the EFP should guide decisions about trade-offs between
competing characteristics. In addition, it is recognized that the EFP must meet
economical considerations; although considered in developing the specifi-
cations, it was beyond the scope of this report to weigh technical and nutritional
advantages versus cost in a cost–benefit analysis. In addition to the
recommended levels of each macro- and micronutrient presented in Table ES-1,
the following recommendations are made:

� Microbiological stability. Preservation techniques that include
combinations of low water activity values and some preservative(s) are the best
approach to achieve microbiological stability of the EFP.

� Chemical stability and nutrient retention. A water activity level lower
than 0.4 in the EFP is necessary to ensure protection against nutrient degrada-
tion. Microencapsulation of selected components and nutrients, particularly
vitamin E together with highly unsaturated lipids, ascorbic acid, and iron (as
FeNa EDTA), and other minerals is essential to minimize adverse lipid
oxidation and nutrient losses. Antioxidants could be used in combination with
microencapsulation depending on the ingredients used to prepare the EFP. 

� Flavor and color. Based on anecdotal information, is suggested that only
a sweet flavor and natural colors be used. The product, if dispersed in water,
must not resemble milk. However, potential manufacturers should be
encouraged to propose other flavors for the EFP, but these flavors should be
tested for acceptability as described below.

� Ingredients. The ingredients used to prepare the EFP must provide the
nutritional profile and other characteristics defined in the specifications.
However, because the product will be distributed among multiple ethnic and
cultural groups, alcohol or animal products other than milk may not be used.
Use of milk solids must be limited so that lactose levels are not in excess of
amounts known to be tolerated by individuals who are lactose maldigestors.
Foods containing known allergens, such as peanuts, should be avoided. Some
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TABLE ES-1  Nutritional Content of the Emergency Relief Food Product
(EFP)a

Nutrient Limiting Group

Minimum Required
Nutrient Density per
1,000 kcala

Amount per Single
(233 kcal; 50g)
EFP Bar

Fat N/A 9–12 g
Proteinb 51+ yr, men 7.9 g
Carbohydrate N/A 23–35 g
Sodiumc 2–5 yr, children 1.3 g 300 mg
Potassiumc 2–5 yr, children 1.7 g 396 mg
Chloridec 2–5 yr, children 2.0 g 466 mg
Calcium 9–13 yr, children 768 mg 180 mg
Phosphorus 9–13 yr, children 740 mg 172 mg
Magnesium 14–18 yr, boys 190 mg 45 mg
Chromium — 13 µgd 3 µg
Copper 51+ yr, women 560 µgd 131 µg
Iodine 1–3 yr, children 105 µg 25 µg
Irone 19–50 yr, women 16 mgd 3.8 mg
Manganese 1–3 yr, children 1.4 mg 0.33 mg
Selenium 14–18 yr, girls 28 µg 6.5 µg
Zinc 14–18 yr, boys 10.5 mgd 2.4 mg
Vitamin A 14–18 yr, boys 500 µgd 117 µg
Vitamin D 51–70 yr, women 5.2 µgd 1.2 µg
Vitamin E 14–18 yr, girls 16 mgd 2.2 mg
Vitamin K 19–50 yr, men 60 µg 14 µg
Vitamin C 51+ yr, men 100 mgd 11.1 mg
Thiamin 1–3 yr, children 1.2 mgd 0.28 mg
Riboflavin 14–18 yr, boys 1.2 mgd 0.28 mg
Niacin 14–18 yr, boys 11.2 mg NEd 2.6 mg NE
Vitamin B6 51+ yr, women 1.2 mgd 0.28 mge

Folatef 14–18 yr, girls 310 µg DFEd 72 µg DFE
Vitamin B12 14–18 yr, girls 12 µgd 2.8 µg
Pantothenic acid 14–18 yr, girls 3.9 mgd 0.9 mg
Biotin 51+, women 24 µgd 5.6 µg
Choline 51+, men 366 mgd 85 mg
a Ration set at 2,100 kcal/d (IOM, 1995).
b From NRC (1989); based on reference weights from IOM (1997) and estimated
energy expenditure from Table 2-3.
c Values based on estimated requirements or desirable intakes (NRC, 1989).
d Adjusted from baseline nutrient density value; see text for explanation. 
e Based on 10% iron bioavailability.
f If folate is provided as synthetic folate, which is more readily absorbed, these
numbers should be divided by 1.6.
SOURCE: IOM (1997, 1998, 2000, 2001).
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recommended ingredients are the following in order to provide nutrients as
specified (see Table ES-1):

- cereal base: wheat flour, corn, oat flakes or flour, rice flour
- protein: soy products, such as concentrates or isolates; milk solids, casein,

or derivatives; mixture of cereal base and protein must have a Protein
Digestibility-Corrected Amino Acid Score � 1.0

- lipid sources: partially hydrogenated soybean or cottonseed oil, flaxseed
oil (source of omega-3 fatty acids), canola oil, sunflower oil

- sugars: sucrose, glucose, high-fructose corn syrup, maltodextrins
- baking and leavening agents, if needed
- vitamin and mineral premix as specified in the nutrient profile.

� Testing prototypes for acceptability. All EFP prototypes should be
tested for acceptability under conditions similar to those used by the U.S. Army
for General Purpose Survival Packets and Meal Ready-to-Eat, Individual. The
suggestion made by the U.S. Army to use its facilities at various overseas
locations for testing the EFP among local populations, so that its acceptability
by populations having diverse ethnic and cultural backgrounds can be
established, is heartily endorsed.

� Packaging. All packaging components used in the EFP must be capable
of withstanding a wide range of temperatures and other physical abuse. Separate
or additional packaging may be necessary for EFP airdrop operations. Pulp-
based material with a moisture barrier coating should be used for the EFP
primary packaging. A pouch constructed of a trilaminate consisting inside out of
polyolefin, aluminum foil, and polyester or nylon should be the secondary
packaging to keep oxygen at less than 2 percent throughout the 3-year shelf life
of the product. Optional presentations of the EFP other than that for airdrop
configuration could include a reusable, semi-rigid polyolefin, multi-ration
container appropriately designed to allow secondary uses such as storage or
water transport. Alternatively, a metal outer package, such as a tinplate box with
an easy-to-remove cover, would be of great value to recipients during
emergencies.

� Product configuration. The recommended 2,100-kcal/day energy level
should be provided by an EFP weighing approximately 450 g. This ration should
be configured as nine equal portions having the shape of bars, each scored
across the width of the bar to provide two 116-kcal portions upon breaking it. A
daily supply of nine bars should be packaged under a nitrogen flush or vacuum
into one trilaminate pouch to provide the barrier against oxygen and moisture
needed for extended shelf life. Five daily rations should be packaged into a
single bundle so that 5-days worth of food for a single individual or a 1-day
feeding of a five-member family may be distributed as a unit. Eight bundles of
five EFPs each should be placed into a shipping container of corrugated
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construction or constructed of metal, so that they can be recycled for use as
storage or water containers. Shippers would be assembled onto a pallet for
transport.

� Production methods. The EFP must be prepared using Good
Manufacturing Practices and all sanitary regulations and practices applicable to
ready-to-eat food products.

� Testing for quality assurance and control. Testing of the EFP must be
conducted throughout the expected shelf life of the product and under conditions
of delivery and storage simulating actual use, to ascertain the initial content and
stability of nutrients throughout the expected 3-year shelf life. Standard
methodologies for determining vitamin and mineral content of the EFP should
be used, and appropriate procedures, such as those used for nutritional labeling,
must be applied.
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1
Introduction

PROJECT DESCRIPTION AND SCOPE

The Subcommittee on Technical Specifications for a High-Energy Emer-
gency Relief Ration was established by the Food and Nutrition Board, Institute
of Medicine (IOM) of The National Academies under the oversight of the
standing Committee on Military Nutrition Research. The subcommittee was
formed to address a request from the U.S. Agency for International Develop-
ment (USAID) of the Department of State and the Department of Defense
(DOD). These agencies asked IOM to develop technical specifications to be
used in their solicitation of bids from the U.S. food industry for the production
of a high-energy, nutrient-dense emergency relief food product (EFP). The
scope of the subcommittee’s task centered on defining the specifications of an
EFP that would satisfy the nutritional requirements of populations of all ages
above 6 months, be appropriate for use as the sole source of subsistence for up
to 15 days, be acceptable to a wide spectrum of cultures and ethnic and religious
backgrounds, be eaten on the move without need for preparation, be stable for at
least 3 years, and be amenable to land or air delivery.

The specifications requested for an EFP encompassed the following: nutri-
tional composition, including water and macro- and micronutrient content; food
properties related to stability, consistency, and sensory properties and accept-
ability; product configuration, size, color, shape, and primary and secondary
packaging for long-term prepositioning under severe environmental conditions
and for land or air delivery; feasibility of manufacture; quality assurance and
control parameters; and estimated cost.
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In addition, the subcommittee was asked to make recommendations on
when the EFP should and should not be used. Finally, it was requested that the
report present all relevant product characteristics and other processing and qual-
ity control parameters in performance specification format.

ORIGIN OF THE STUDY

Feeding refugees or disaster victims depends on being able to deliver a nu-
tritionally appropriate diet quickly and at low cost. USAID, through its recently
created Democracy, Conflict and Humanitarian Assistance Bureau (which in-
cludes the former Bureau for Humanitarian Response), assists foreign countries
in famine and disaster relief by providing food rations for distribution. Similar
humanitarian aid is provided by DOD in emergency situations. This food relief
is often the only source of food available to affected individuals during the ini-
tial period after such natural disasters as hurricanes or earthquakes, or during
emergencies such as evacuations or fleeing from combat zones. 

The energy value, nutritional composition, and sensory appeal of emer-
gency food rations are of utmost importance in meeting the nutritional needs of
recipients. In general, emergency food relief has traditionally relied on distribu-
tion of bulk food such as grains or corn- or wheat-based mixes that require
preparation prior to consumption. The aim of the present study, in contrast, is to
provide specifications for a stand-alone product that can be delivered and used
as a sole source of food while a more permanent, stable food relief system is
established. It is possible that the EFP could be used later in circumstances other
than emergencies as a supplemental source of nutrients to more traditional diets.

In addition to the overriding importance of having a food ration that pro-
vides the required energy level, protein, vitamins, minerals, and other essential
nutrients, sensory appeal is an important factor to be considered when develop-
ing formulations that may be acceptable to a wide spectrum of cultures. Main-
taining quality and appropriate package design, in turn, are critical to meeting
the food relief objective because the rations must be able to endure very harsh
conditions during handling and storage with minimal nutrient losses. The size
and type of packaging has also proven to be important to avoid diversion of the
EFPs to military use during emergencies involving civilian populations and
combatants. Because of logistic problems during many emergencies, it is also
essential that packaging of the EFPs be specially designed to withstand an air-
drop without being destroyed or harming recipients on the ground.

Although the United States is a major contributor to global food relief, U.S.
companies do not currently manufacture the type of food products necessary for
the initial stages of emergency food relief. As a result, and because USAID is
required to purchase only U.S. products with Public Law (P.L.) 480 funds, pur-
chases of such products from European manufacturers (see Chapter 3) can only
be made by USAID using other limited funds. The availability of specifications



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

INTRODUCTION 11

for use in solicitations of bids from the U.S. food industry, therefore, will allow
not only procurement of the most appropriate product, but also one that is manu-
factured within the United States.

THE NEED FOR AND USES OF A HIGH-ENERGY,
NUTRIENT-DENSE EMERGENCY RELIEF FOOD

PRODUCT

Emergencies Requiring Relief Operations

Disasters requiring food relief operations include natural disasters, man-
made disasters, and complex humanitarian emergencies. Natural disasters are
those caused by fire, flood, drought, earthquake, and disease outbreak, whereas
man-made disasters are caused by human error, as in industrial accidents. Com-
plex humanitarian emergencies are usually the result of or complicated by armed
conflict, genocide, or rural famines, and tend to cause massive population dis-
placements aggravated by the lack or collapse of basic services (Keely et al.,
2001). The extent and level of complexity of these emergencies may be further
compounded by natural weather phenomena such as droughts or by unique cir-
cumstances such as the presence of large populations of prisoners of war. Some
30 complex humanitarian emergencies existed worldwide at the end of 1999
(Keely et al., 2001).

Natural disasters and their impact on people are on the increase, according
to U.S. relief organizations. Causes identified by USAID (2001a) include the
continuous degradation of natural environments that magnify the impact of natu-
ral events, and population increases in coastal areas and other regions exposed to
floods, eruptions, landslides, and other geological or meteorological threats
(USAID, 2001b). Examples of environmental degradation contributing to natu-
ral disasters are destruction of forests, desertification, and overall climate
change. The number of natural disasters in the 1990s—designated by the United
Nations General Assembly in its resolution 44/236 as the International Decade
for Natural Disaster Reduction—tripled that seen in the 1960s. The Office of the
U.N. Emergency Relief Coordinator estimated that from 1970 to 1990 some 800
million people were affected by natural disasters, including more than 3 million
deaths, with cumulative economic losses in the order of $30 to $50 billion per
year (UNEP, 1992). 

According to USAID, almost 2 billion people were affected by natural dis-
asters globally during the 1990s (USAID, 2001b). In 1999 alone, 212 million
people were affected by hurricanes, typhoons, earthquakes, and floods that re-
quired immediate response from national and international relief organizations.
This number did not include the hundreds of millions of people affected by
droughts and their sequel of famines, many of whom abandoned their homes,
villages, and regions in search of food for survival, nor the some 35 million 
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people uprooted by 25 armed conflicts in 27 countries that year. Among the lat-
ter, 21 million were classified as internally displaced persons (IDPs), while the
other 14 million, having crossed international boundaries, were classified as
refugees (Crisp, 2000; USCR, 2000). Statistics from the office of the United
Nations High Commissioner for Refugees (UNCHR) for 2000 list 21 million
people as “refugees and others of concern”; 12 million of these were refugees
(UNHCR, 2001). 

Emergency relief is provided by the United States and other donors in re-
gions of the world where natural disasters occur and the affected country does
not have the capacity to cope with destruction of the public service infrastruc-
ture. It is also provided when complex humanitarian emergencies induce mas-
sive population displacements through or into areas where public services are
nonexistent or insufficient (Keely et al., 2001). Many situations requiring emer-
gency relief arise in the least developed, poorest areas of the world, where hu-
man populations are frequently afflicted with chronic malnutrition and various
debilitating diseases such as dysentery and malaria (de Onis, 2000; Snow et al.,
1999). The threat to life as well as the psychological distress associated with the
loss of homes and livelihoods, and sometimes the horrors of combat situations,
are other important contributing factors to the overall weakness and poor physi-
cal state of populations in need of emergency relief (Burkholder et al., 2001).
These often result in high mortality rates, particularly among children in devel-
oping countries and the elderly in more developed areas (Keely et al., 2001).

Although it has been said that the only common denominator in emergen-
cies requiring relief is that they are all unique and different, the need for foods
with acceptable quality attributes and in quantities appropriate to sustain those
affected is also common to all, as is the need to deliver such food promptly and
at low cost. It is generally agreed among relief organizations that the quality of
food relief provided to affected individuals during the initial stages of an emer-
gency is a determinant in minimizing mortality rates. It is during flight and the
time immediately after arrival in camps or other relief stations that the highest
mortality takes place (Sphere Project, 2000). It is also during the first stage of
emergencies when people who are on the move or under the trauma of arrival in
camps do not have appropriate food preparation utensils and facilities, and hence
must rely on ready-to-eat EFPs. This has been the rationale behind the develop-
ment of various compact EFPs currently produced in other countries (Grobler-
Tanner, 2001; Young et al., 1988).

Target Populations for an Emergency Relief Food Product

Although food relief situations involve people of all ages, there are differ-
ences in the composition of populations affected by various types of emergen-
cies. Natural and man-made disasters, on one hand, affect the entire population
in the disaster area. Complex emergencies, on the other hand, may affect groups
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within a population in ways that differ depending on gender, age, or ethnic
group. Situations that involve combat, for example, may result in displacement
of women and children while older boys and adult men stay behind. UNHCR
provisional statistics indicate that there were slightly more women than men
among refugee and IDP populations in 2000 (52 vs. 48 percent, respectively).
Infants aged 0 to 4 and youngsters aged 5 to 17 years constituted more than 14
and 31 percent, respectively, of the total refugee population, whereas the pro-
portion corresponding to the elderly (aged 60 and above) constituted 8 percent.
The largest group was, by far, adults aged 18 to 59, who comprised 46 percent
of refugees (UNHCR, 2001).

Population composition in terms of age, sex, health, nutritional status, activ-
ity level, and climate are important considerations to ensure that food relief prop-
erly addresses the nutritional needs of intended recipients. However, clear inter-
national guidelines currently available for estimating food rations for refugees
refer mostly to foods provided through the stable supply pipeline that relief agen-
cies establish after the initial stages of an emergency. Little has been published on
the appropriate composition of a high-energy, nutrient-dense EFP for use at the
onset of emergencies before the food supply system has been established.

The energy level of emergency food rations, in contrast, has been defined.
A 1995 report by IOM, also sponsored by USAID, estimated the mean per cap-
ita energy requirements (EMPCER) for planning emergency food aid rations at
2,100 kcal (IOM, 1995). This level refers to the average daily energy require-
ment of individuals in a “typical” population in developing areas of the world,
engaged in a light level of physical activity. The estimated EMPCER in the re-
port was based on the following assumptions:

(1) the population is distributed as indicated in the World Population
Profile 1994 report for developing countries; (2) the average height of
adult males of 170 cm and of adult females of 155 cm, which are the
approximate heights of average males and females in sub-Saharan Af-
rica and slightly greater that those of adults in South and Southeast Asia;
(3) the weights of these adults are at the median for U.S. adults of the
stated heights; and (4) the total energy expenditure of the adults is 1.55
and 1.56 times the BMR [basal metabolic rate] for males and females,
respectively, which is consistent with a light level of activity. (p. 24) 

The report did not elaborate on potential food sources to provide that level of
energy or on formulations for such rations.

Given that the EFP under study is for use during the initial stages of all
types of emergencies when there would be few or no other sources of food or
when the prevailing conditions would not be amenable to preparation of other
foods, the EFP composition must satisfy the nutritional needs of the subgroup in
the population with the greatest needs. In so doing, it can then be assumed that
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the needs of other population groups—with the notable exception of nursing
infants up to 6 month of age, for whom human milk is best—would also be cov-
ered by the EFP. USAID requested that the EFP specified by the subcommittee
not be a therapeutic food product, although, as mentioned earlier, its eventual
use as a supplemental source of nutrients in other feeding programs is possible.

U.S. Food Relief Programs and
Emergency Relief Operations

The United States is the largest donor of humanitarian assistance. The U.S.
government contributes to emergency relief and humanitarian assistance in re-
sponse to natural disasters, man-made disasters, and complex humanitarian
emergencies mainly through USAID. This agency’s 2000 Performance Report
(USAID, 2000a) lists promoting humanitarian assistance as its goal number 6
and states that in 1999, “... the Bureau for Humanitarian Response’s Office of
U.S. Foreign Disaster Assistance (OFDA) responded to 65 declared disasters in
more than 63 countries. These included 17 complex humanitarian emergencies,
41 natural disasters, and 7 man-made disasters.” As a result, $294 million was
allocated in 1999 to these efforts compared to $186 million in 1998. In addition,
the Office of Food for Peace provided $513 million in food assistance for these
declared disasters (USAID, 2000b)

Other U.S. agencies coordinate disaster response with USAID, including
the Centers for Disease Control and Prevention of the U.S. Department of
Health and Human Services, the U.S. Geological Survey of the U.S. Department
of the Interior, the National Oceanic and Atmospheric Administration of the
U.S. Department of Commerce, and DOD. DOD often provides logistic and
personnel support to U.S. relief operations, particularly when rapid airlift of
emergency food and medical supplies is necessary.

USAID’s Office of Food for Peace takes a leading role in defining the mo-
dality and extent of the U.S. food aid response. Food aid is procured from U.S.
suppliers and shipped from the United States to the emergency sites. If there is
an ongoing food relief program sponsored by USAID in a country neighboring
the emergency, available food may be rapidly transferred to the emergency area.

From the operational standpoint, USAID normally provides emergency food
assistance directly through U.S. private voluntary organizations (PVOs) and local
nongovernmental organizations (NGOs), or indirectly through the World Food
Program (WFP). USAID or WFP handles the logistics and the PVOs or NGOs
identify the recipients and their needs. However, rapid response in the aftermath
of catastrophic events is often undertaken with the cooperation of DOD.

The United States provides emergency food assistance through two pro-
grams, Title II of the Food for Peace Program under P.L. 480, which is admin-
istered by USAID, and under a surplus disposal program administered by the
U.S. Department of Agriculture (USDA), section 416(b) of the Agricultural 
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Development Act of 1949. All food used in the food assistance programs, in-
cluding 36 commodities (USAID, 2001b) as well as all other food products—
including such foods as the EFP under study—are procured solely by USDA’s
Commodity Credit Corporation through public solicitation of bids from food
producers, distributors, or manufacturers.

The importance of having specifications for a high-energy, nutrient-dense
EFP for manufacture in the United States lies in the severe regulatory restric-
tions that USAID faces for purchasing non-U.S. products. Because there are no
American suppliers of EFPs for the agency to purchase under P.L. 480, such
products must be purchased abroad using very limited funds available to the
agency for non-U.S. purchases. Purchases are made as the need arises, thus in-
curring long delays in the delivery of desperately needed food relief during
emergencies. These factors not only severely limit the amounts that can be pur-
chased, but in the past have forced USAID to forego stockpiling and preposi-
tioning of EFPs at strategic locations around the world for rapid delivery. In
contrast, funds from Title II could be used to purchase up to several hundred
metric tons of EFPs needed per year if EFPs from U.S. manufacturers were
available, and they could be prepositioned to optimize emergency response.
Thus, the availability of a U.S.-manufactured EFP that is easily delivered and
consumed without further preparation, and appropriately formulated to fulfill the
nutritional requirements of individuals undergoing severe physical and mental
stress, would undoubtedly facilitate a wider and more rapid response to emer-
gencies by U.S. relief agencies. It could also mean the difference between life
and death to thousands of individuals. Developing specifications for such a
product is consistent with the passionate appeal for appropriate food for refugees
made by Mason and colleagues (1992) and it is also, by any humanitarian meas-
ure, a worthy endeavor.
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2
Nutrient Content and Special

Considerations

This chapter presents the rationale for the levels of individual nutrients rec-
ommended for the emergency food product (EFP) described in this report, and
discusses additional issues to be considered. 

The goal of an EFP is to reduce morbidity and mortality among displaced
persons by providing a nutritionally complete food that will be adequate as
a sole source of nutrients for as long as 15 days from the recognized time of
displacement. It should provide nutrition for the period between initial dis-
placement and establishment of a more stable food supply line.

The EFP should be consumed with an ample quantity of water to ensure that
the osmotic load provided by the EFP is diluted. This report assumes that emer-
gency relief agencies will provide potable water supplies as a top priority. This
assumption is based on assurances provided by the United States Agency for
International Development.

There are five characteristics critical to the development of a successful
EFP, listed in order of priority: (1) safe, (2) palatable, (3) easy to deliver, (4)
easy to use, and (5) nutritionally complete. This order of priority should guide
decisions about competing characteristics in developing a prototype EFP.
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TABLE 2-1  The Population Distribution from Two Reports Providing
Demographic Information used to Determine Nutritional Needs for Disaster
Responses

Sub-Saharan Africaa The Sphere Projectb 

Age Group (yr) % of Population Age Group (yr) % of Population

0–3 10 0–4 12
4–6 7 5–9 11
7–9 7 10–14 11

10–17 17 15–19 9
18–60 48 20–59 49

> 60 7 60+ 7
  Pregnant 2

Lactating 3
Male/female 51/49

a Jamison and Hobbs (1994). 
b Sphere Project (2001).

INTRODUCTION

The nutritional advantages of a single EFP as opposed to two or more prod-
ucts are evident. Providing a limited selection of commodity-type foods may
increase the risk of malnutrition because nutritional components that are found
in only one of the foods (e.g., ascorbic acid) may be absent from the diet if that
food is not selected. Under emergency conditions, diets are invariably highly
monotonous, and often relief foods quickly become a medium of exchange and
are commonly sold or traded for other foods, water, firewood, alcohol, and a
variety of other goods and services. If a nutritionally complete food ration is
divided among two or more different foods, or if foods are targeted to specific
individuals such as children or pregnant women, then certain foods are more
likely to be exchanged. This type of exchange can deprive the population of a
portion of the profile of nutrients provided by the emergency food ration and
increase the risk of malnutrition. Providing a single ration product would reduce
this risk.

CHARACTERISTICS OF TARGET POPULATIONS

Characteristics of potential target populations were considered in deter-
mining the nutrient composition of the EFP. As shown in Table 2-1, some target
populations may have as much as 23 percent of the population below 10 years of
age and 12 to 17 percent below 5 years of age (Jamison and Hobbs, 1994;
Sphere Project, 2001). Refugee groups fleeing from military conflicts may have 
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TABLE 2-2  Estimated Mean Per Capita Energy Requirement (EMPCER)
by Body Size of Adults

Sub-Saharan
Africa

South and
Southeast Asia United States

Male height,
weight 

170 cm, 63.5 kg 165 cm, 60.1 kg 180.4 cm, 78.1 kg

Female height,
weight

155 cm, 50.0 kg 153 cm, 49.0 kg 163.7 cm, 55.3 kg

EMPCER 2,076 2,045 2,194

SOURCE: Institute of Medicine (IOM, 1995b).

women and children as a large proportion of the population, with only a small
proportion of women pregnant or lactating.

Data from the Nutrition Collaborative Research Support Program (CRSP) in
Kenya (Calloway et al., 1992; Neumann and Harrison, 1994; Neumann et al.,
1991), as well as data from sub-Saharan Africa (Sphere Project, 2001) and South
and Southeast Asia (James and Schofield, 1990), indicate that people from these
areas have smaller body sizes than those in Western populations (Table 2-2).

While the EFP might have nonemergency uses (e.g., as a complementary
food for breast-fed children 7 to 12 months of age), it has been designed as a
sole food source for periods of 2 to 15 days. It is likely that the recipient popu-
lation will be in poor nutritional status and may have some wasting, appetite
depression, and malabsorption. The goal of this report is to provide recommen-
dations for a product that would meet the needs of diverse populations. 

General Assumptions

Given the goal outlined above, the following assumptions are made regard-
ing the recipient population:

� The relief food product is the only food consumed.
� Individuals eat to meet their energy requirement.
� Individuals in the target population are of smaller stature and body mass

than similarly aged groups in the North American population (this is the same
premise used in an earlier report from the Food and Nutrition Board, Estimated
Mean per Capita Energy Requirements for Planning Emergency Food Aid Ra-
tions [IOM, 1995b]).

� All individuals over the age of 6 months will consume the product.
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Estimating Energy Requirements

The energy content of the EFP should be determined by the energy needs of
the recipient population. However, because the EFP must be manufactured prior
to knowing where it will be needed, the population’s energy needs will not be
known. Recommended intakes for nutrients from recent reports in the United
States and Canada are typically used as the standard for nutrient requirements
and thus nutrient content (IOM, 1997a, 1998, 2000, 2001), but, as discussed
earlier, energy consumption per individual may be less in the EFP target popu-
lation than in the United States or Canada due to lower body weights for similar
subgroups. Furthermore, because the EFP is a single food meant to support a
heterogeneous population, nutrient content must be determined on an energy
density basis.

Estimating Energy Requirements of the Population

A potential basis for calculating the energy requirements for a refugee
population is provided in the Institute of Medicine report, Estimated Mean per
Capita Energy Requirements for Planning Emergency Food Aid Rations (IOM,
1995b). The goal of this report was to establish an estimated mean per capita
energy requirement (EMPCER) when little was known about the characteristics
of the population. Energy requirements for 14 age and gender groups, plus preg-
nant and lactating women, were estimated based on body mass and assumptions
about energy needs in pregnancy and lactation obtained in two refugee popula-
tions. The estimated energy requirements for adults were calculated based on an
estimate of basal metabolic rate (BMR) and a physical activity level (PAL). To
estimate BMR, the report used equations developed by the Food and Agriculture
Organization/World Health Organization/United Nations University (FAO/
WHO/UNU, 1985). An average height of 170 cm for adult men and 155 cm for
adult women was assumed (the average of adult men and women in sub-Saharan
Africa; see Table 2-2). These average heights are slightly greater than those of
adults in South and Southeast Asia (Table 2-2) and less than those of the U.S.
population. The weights used for the estimates of BMR were the median weight
for U.S. adult males of 170 cm (63.5 kg) and females of 155 cm (50 kg). The
U.S. median weights (NRC, 1989) were used to provide a conservative estimate
of the EMPCER for populations in most developing countries (IOM, 1995b). 

For individuals under 18 years of age, values were based on data from af-
fluent populations. Although the individuals from whom these data were derived
were larger (and therefore assumed to have a greater BMR) than many children
and adolescents from refugee populations, this “extra” allotment for children in
developing countries was deemed appropriate on the basis that the additional
food would allow some compensatory growth (IOM, 1995b). Both the adult and
child values were recognized as overestimates of energy requirements, but were
justified in order to establish a conservative EMPCER.
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The resulting EMPCER in the report was 2,100 kcal/day (after rounding).
This number is used below as the basis for the total energy content of the EFP.

Estimating Energy Requirements for Specific Life Stage and
Gender Groups

The IOM (1995b) report estimated energy requirements for specific life
stage and gender groups, as described above. However, it was determined that
using that approach was inappropriate for determining the content of the EFP for
three reasons. First, the approach could lead to underestimates of nutrient den-
sity needed because the nutrient density is based on an assumed energy intake. If
energy intake is less than expected, the nutrient density will be too low to meet
the micronutrient requirements. Second, the life stage and gender groups do not
correspond to the current groups used in the Dietary Reference Intake (DRI)
reports (IOM, 1997a, 1998, 2000, 2001). Third, the FAO/WHO/UNU (1985) 
equations used for infants and children under age 5 are now recognized as
flawed (Butte, 1996; Torun et al., 1996).

For the above reasons, estimates of energy requirements for each life stage
category were recalculated and are shown in Table 2-3. For individuals 4 years
of age and older, estimated energy requirements were obtained by first calculat-
ing individual BMRs based on the age, sex, weight, and physiological status of
each individual (FAO/WHO/UNU, 1985). Individual energy requirements were 
then calculated using the same PAL values (women: 1.56, men: 1.55) that were
used by IOM (1995b).

With the exception of infants aged 7 through 12 months, the BMR and en-
ergy requirements were derived using anthropometric data from individuals in
the Kenya Nutrition CRSP (Calloway et al., 1992; Neumann and Harrison,
1994; Neumann et al., 1991). Because the Kenya Nutrition CRSP did not collect
anthropometry on children aged 6 through 12 months, the value for this age
group was the mean weight of rural infants aged 9 months from the Mexico Nu-
trition CRSP (Allen et al., 1992). 

The Kenya data set contains anthropometry on 1,717 individuals aged 0 to
65 years. As is common in much of the developing world, most adults and chil-
dren in this population were smaller than U.S. individuals, the result of early
growth stunting (Martorell and Habicht, 1986) (Figure 2-1). Additionally, the
rural Kenyan population was subject to periodic food shortages and were rela-
tively thin (Neumann and Harrison, 1994). 

Estimating Energy Requirements for Infants and Children. Recent research
using doubly labeled water to measure energy expenditure suggests that values
derived from the FAO/WHO/UNU 1985 equations are inflated for infants and
young children (Butte, 1996; Butte et al., 2000; de Bruin et al., 1998; Prentice et
al., 1988). Therefore, the energy requirements for infants 9 months of age
(representing the 7- through 12-month-old group) and children 2 years of age 
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TABLE 2-3  Median Weights, Estimated Basal Metabolic Rate (BMR), and
Energy Requirements of a Rural Kenyan Populationa

Age Gender
Weight
(kg)

BMR
(kcal/d)

Energy
(kcal/d)

Estimated Number of
Emergency Food
Product (EFP) Barsb

per day

7–12 moc,d Both 7.0 371 578 1–2e

1–3 yrd Both 10.2 571 855 3–4
4–8 yr Both 19.4 936 1,456 6–7
9–13 yr Both 26.5 1,086 1,693 7–8

14–18 yr Boys 42.0 1,378 2,136 9
Girls 40.9 1,238 1,931 8–9

19–50 yr Men 54.3 1,509 2,339 9–10
Women 51.0 1,264 1,972 8–9

51+ yr Men 56.1 1,451 2,249 9–10
Women 47.0 1,237 1,929 8–9

a Weights from Kenya Nutrition CRSP (Calloway et al., 1992).
b Each EFP bar has approximately 233 kcal; 9 bars = 2,100 kcal = one average ration
per day. Each can be broken in half to yield 116 kcal. This allows distribution to young
children.
c Weights from Mexico Nutrition CRSP (Allen et al., 1992).
d BMR estimate based on equations of Butte and coworkers (2000).
e It is assumed that the EFP would be used as a complementary energy source to hu-
man milk and therefore would provide 50 percent of the estimated energy need.

(representing the 1- through 3-year-old group) were calculated according to the
formula of Butte and coworkers (2000):

Energy requirements (MJ/d) = 0.321 + 0.013 × age (mo) - 0.047 ×
sex + 0.139 × feeding group + 0.277 × weight,

where sex is coded as 1 for boys, and 2 for girls, and feeding group is coded as 1
for breast-feeding (nearly all children in the Kenyan and Mexican populations).
Values for boys and girls were later averaged.

The Butte equations were based on breast-fed children in the United States
and yielded values of similar magnitude to those derived for Mexican infants
and young children: 638 kcal/day for 0- through 9-month-old infants and 843
kcal/day for 1- through 2-year-old toddlers (Butte et al., 2000). The resulting
energy estimates are lower than those used in the IOM (1995b) report (800 and
1,350 kcal/day, respectively), because the IOM values are based on the energy
requirements of children derived from the FAO/WHO/UNU (1985) equations
and U.S. body weights. 
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FIGURE 2-1  Reference weights of DRI life stage groups (U.S. population),
and weights of rural Kenyans.

Estimating Energy Requirements for Pregnancy and Lactation. Although
adequate nutrition during pregnancy and lactation are of concern in refugee
populations, the EFP is designed to meet energy requirements based on the
assumption that pregnant or lactating women as well as others with higher
energy needs (i.e., due to physical activity or rapid growth) will consume
additional food bars to meet these needs.

In 1985, FAO/WHO/UNU recommended an increased energy intake of 285
kcal/day during pregnancy. However, the actual increased energy needs during
pregnancy vary widely by trimester (Prentice et al., 1996) and by population
(Prentice and Goldberg, 2000). For example, the total additional energy needed
during pregnancy in The Gambia has been estimated at about 7,000 kcal, or
about 25 kcal/day (Prentice and Goldberg, 2000). Moreover, Prentice and col-
leagues (1996) have proposed that maternal energy metabolism during preg-
nancy may be lower as measured by change in BMR in women in developing
countries versus those in affluent populations. This is believed to be due to their
smaller body size. If true, then pregnant women in some emergency feeding
situations may not need to consume 285 kcal beyond their nonpregnant, nonlac-
tating energy requirement (or 1 to 2 additional food bars over the 9-bar ration).
This number is near to the estimated daily increment of 229 kcal/day during the
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second trimester, when pregnancy energy requirements appear to be intermedi-
ate (Prentice et al., 1996). 

FAO/WHO/UNU (1985) also recommended an additional 500 kcal/day
during lactation, which assumed an additional 200 kcal/day obtained from ma-
ternal fat stores. Prentice and colleagues (1996), based on an extensive review of
the literature, recommended an increment of 480 kcal/day for mothers of infants
1 through 6 months of age with previous weight loss. 

CHARACTERISTICS OF THE
EMERGENCY RELIEF FOOD PRODUCT

Given the estimated energy requirements (Table 2-3), the proposed energy
density for the EFP is 4 to 5 kcal (17 to 21 kJ)/g. To obtain this energy density,
an EFP low in water (see Chapter 3) with 35 to 45 percent fat along with 10 to
15 percent protein is required (see sections below). Palatability of the EFP is a
primary concern, and should dictate the final choice of ingredients (see Chapter
3). It is assumed that pregnant and lactating women will consume more than the
average requirement of 2,100 kcal as needed to support pregnancy and lactation.

Nutrient Content

The methodology for determining the appropriate amount of each nutrient
to be included in the EFP is summarized in Box 2-1, followed by a more de-
tailed explanation and rationale for the approach adopted for each nutrient.

A starting premise for determining the appropriate nutrient content of the
EFP is that the upper limit of an individual’s food intake is somewhat con-
strained by his or her total energy requirement, while the lower limit is set by
many factors, including appetite, access to food, trading of food, and an individ-
ual’s ability to make his or her own food decisions. When food intake is lower
than energy requirements, the nutrient density may need to be adjusted, thus
highlighting a need for testing prototype EFPs developed from the specifications
presented in this report. 

The recommended intakes (either recommended dietary allowance [RDA]
or adequate intake [AI]) as specified in the recent reports on DRIs (IOM, 1997a,
1998, 2000, 2001) were used. These reports provide recommended intakes for
vitamins and minerals for 16 life stage and gender groups, plus pregnancy and
lactation. It should be noted that these DRIs were established based on a selected
criterion or criteria of adequacy consistent with good health, as opposed to the
mere prevention of overt deficiencies. Thus the values obtained may be higher
than those previously recommended by WHO. RDAs were calculated from the
estimates of average requirements (EAR) using an estimate of the variability
among individuals in the requirement. In most cases, the coefficient of variation
of nutrient requirements was assumed to be 10 percent. The RDA is set at two
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BOX 2-1  Summary of Methodology to Determine the Nutrient Content of
the EFP

1. Use the Adequate Intakes (AI), Recommended Dietary Allowances
(RDA), and Tolerable Upper Intake Levels (UL) as developed by IOM
(1997a, 1998, 2000, 2001) or, for protein, FAO/WHO (2000). 

2. Use 2,100 kcal/person as the target for the population, but evaluate the
amounts needed based on estimated energy expenditure for different sub-
groups of the population.

3. Select the life stage and gender group that has the highest nutrient needs
relative to estimated energy needs for each nutrient. This group is desig-
nated the limiting subgroup.

4. Determine the nutrient density for the limiting subgroup utilizing the AI
or RDA by dividing the recommended intake of the nutrient by the en-
ergy requirement determined for that subgroup (see Table 2-3). 

5. Adjust the nutrient density value of the limiting subgroup based on prob-
able malabsorption, bioavailability assumptions, potential nutrient inter-
actions, and properties related to the plant sources of ingredients utilized
in the EFP.

6. Determine for each nutrient if the requirement for the limiting subgroup
exceeds the UL for any other age group.

7. Adjust the proposed nutrient level, if necessary, to ensure that the UL is
not reached for other age groups. If the rationale used allows some sub-
groups to exceed the UL, so state. Provide a maximum level for the EFP
based on the UL. 

8. Recommend food ingredients that would prevent interactions with other
nutrients and avoid reaching the maximum value. 

9. Describe the assumptions and the scientific rationale underlying the rec-
ommended level for each nutrient.

standard deviations above the EAR, and should meet the requirements of almost
all of the U.S. and Canadian populations for which it is recommended. 

For some required nutrients, it was not possible to establish an intake at
which half of a life stage and gender group would be adequately nourished,
while the other half would demonstrate signs of inadequacy. Thus an EAR could
not be set. However, data were available that could be used to establish a level
of intake that appeared adequate for most, if not all, people consuming that
amount. This is called the adequate intake (AI). AIs are available for a number
of the nutrients included in the EFP. Given that the data upon which an AI is 
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based are less certain, there is more judgment in its derivation. In some cases,
the EFP may not provide the AI level due to constraints related to palatability or
cost. In this case, the probability that the target population has underlying nutri-
ent deficiencies is assumed, and what is feasible for a product to be used for 10
to 15 days as the sole source of nutrition is determined. 

There are also nutrients that are deemed essential for inclusion in an EFP,
but for which DRIs have not yet been determined. In this case (i.e., macronutri-
ents and electrolytes), other recommendations for these nutrients (FAO/WHO,
2000; NRC, 1989) were considered in determining the amounts appropriate for
the EFP.

Ideally, the formulation of an EFP requires information on variability in
actual consumption of the relief food. Since such information is not available at
this developmental stage of the product, a few cautionary flags must be raised in
the use of the proposed EFP:

� The EFP is not designed to meet all the nutrient needs for pregnancy and
lactation; however, due to the energy requirements being conservatively esti-
mated based on energy needs for smaller individuals, it should meet the re-
quirements for most nutrients for almost all women.

� The EFP is not appropriate for severely malnourished individuals who re-
quire medical attention. Severe malnutrition is defined in the WHO Sick Child
Initiative as quoted by IOM (1995a) as the presence of any one of the following
symptoms: visible severe wasting, severe pallor, clouding of the cornea, or
edema of both feet.

� The EFP is not a therapeutic nutritional supplement. (A ration distributed
to the general population cannot be formulated as a therapeutic diet, as it would
present too many risks of excess intake for individuals who were not severely
malnourished. Severely malnourished individuals need special help, including
fluid and electrolyte replacement therapy, blood transfusions for severe anemia,
and medical supervision. This food product is not meant to be a substitute for
this therapy, but a sustaining ration for people who have been uprooted due to
war or natural disaster.)

� The EFP is not a substitute for human milk for infants agers 0 to 6
months.

� The EFP is not designed to meet the needs of young infants; however, it
may be combined with water to produce a gruel suitable as a complementary
food for older infants (7 to 12 months of age).

Determination of a Minimal Nutrient Density

At the population level, there are a number of individual minimal nutrient
densities for each nutrient. If a single food must meet the nutrient requirement of
most individuals in the population, this food should have a nutrient density that
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meets or exceeds the minimal nutrient densities of most individuals in the
population. Since food intake is limited by energy requirements, a high nutrient
density is necessary to meet the nutrient requirements of an individual with low
energy needs. The approach described here to establish the nutrient content for
the EFP provides a complete food for individuals consuming on average as little
as 855 kcal/day (1- to 3-year-old age group) to those who may require in excess
of the average ration of 2,100 kcal/day (adult men); thus the EFP can be used by
a diverse population.

The approach used to determine nutrient density for the EFP is as follows:
for each nutrient, a minimal density value was estimated for the life stage and
gender group in the population with the highest nutrient requirement relative to
their energy requirement using the data on recommended nutrient intakes (Table
2-4) (IOM, 1997a, 1998, 2000, 2001; NRC, 1989; WHO, 2000), divided by the
estimated average energy requirement for that life stage and gender group based
on data from Kenyan refugee populations (Table 2-3). Neither pregnant nor lac-
tating women were considered as a limiting group because for some nutrients
(e.g., iodine, vitamin A) the minimal nutrient density would provide intakes that
would exceed the UL (IOM, 1997a) for other groups in the population. Addi-
tional assumptions used in setting the minimal nutrient density include:

� The relief food is the only food consumed.
� Individual energy consumption equals energy requirement.
� The food product should provide a nutrient density that will meet the nu-

trient requirements of almost all members of each life stage and gender group
without exceeding the UL for any group.

These assumptions err in the direction of providing more of a nutrient than
may be necessary unless energy consumption does not meet energy require-
ments. In most cases, the RDA values used were calculated from EARs which
were originally estimated from only a few individuals with assumed variations
in requirements, and then extrapolated to other age and gender groups using
conservative approaches. Most of the estimates of AIs were based on mean in-
takes for healthy population groups that did not demonstrate any indicators of
inadequacy of the nutrient, and thus could easily be overestimates of actual re-
quirements for subgroups. 

Finally, in the case of many nutrients, the minimal nutrient density was sub-
sequently modified upward in order to ensure that possible interactions with
other nutrients or storage conditions, poorer bioavailability, or assumed presence
of diarrhea or disease in the recipient population were taken into account. Since
increased amounts of nutrients will increase the cost and potentially may affect
palatability and shelf life of the EFP, and palatability is the major factor that
ensures adequate energy consumption, slight reductions in these recommended
amounts may be necessary.
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TABLE 2-4  Unadjusted Baseline Minimal Nutrient Density Values Using
Recommended Intakes

Nutrient Limiting Group
Baseline per
1,000 kcala

Basis for Recommended
Intake

Fat N/A 39–50 g Providing an energy density
of 4–5 kcal/g

Proteinb 51+ yr, men 34 g Balance studies
Carbohydrate N/A 100–125 g Seven to 12 of the 23–35 g of

total carbohydrate should be
from sugars for adequate
palatability

Sodiumc 2–5 yr, children 1.3 g Maximum level of intake
Potassiumc 2–5 yr, children 1.7 g Level estimated to meet

minimum requirements
Chloridec 2–5 yr, children 2.0 g Level estimated to be

equimolar to sodium
Calcium 9–13 yr, children 768 mg Based on maximal calcium

retention
Phosphorus 9–13 yr, children 740 mg Based on factorial approach
Magnesium 14–18 yr, boys 190 mg Amount needed to maintain

magnesium balance
Chromium — 13.5 µg Based on amounts in well-

balanced diets/1,000 kcal
Copper 51+ yr, women 470 µg Biochemical indicators of

copper status
Iodine 1–3 yr, children 105 µg Balance studies
Irond 19–50 yr, women 9 mg Based on iron requirement

(estimated basal losses,
increase in hemoglobin
mass, increase in nonstorage
iron, increase in storage
iron) plus assumed iron
absorption

Manganese 1–3 yr, children 1.4 mg Average intake in healthy
population

Selenium 14–18 yr, girls 28 µg Maximizing plasma
glutathione peroxidase
activity

Zinc 14–18 yr, boys 5.2 mg Level needed to match
exogenous losses

Vitamin A 14–18 yr, boys 420 µg RAE Level needed to maintain
adequate stores 

Vitamin D 51–70 yr, women 5.2 µg Maintain serum
25(OH)vitamin D levels

Vitamin E 14–18 yr, girls 7.8 mg Level needed to prevent
hydrogen peroxide-induced
hemolysis

continued
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TABLE 2-4  Continued

Nutrient Limiting Group
Baseline per
1,000 kcala

Basis for Recommended
Intake

Vitamin K 19–50 yr, men ~60 µg Average intakes in adequately
nourished population groups

Vitamin C 51+ yr, men 40 mg Level needed to maintain
near-maximal neutrophil
concentration with minimal
urinary loss

Thiamin 1–3 yr, children 0.6 mg Level needed for normal
erythrocyte transketolase
activity 

Riboflavin 14–18 yr, boys 0.6 mg Level needed to maintain
normal erythrocyte
glutathione reductase
activity and urinary
riboflavin excretion 

Niacin 14–18 yr, boys 7.5 mg NE Level needed to maintain
adequate niacin metabolism
as measured by excretion of
metabolites

Vitamin B6 51+ yr, women 0.8 mg Level needed to replete
depleted stores

Folatee 14–18 yr, girls 207 µg Level needed to maintain
normal homocysteine, red
cell folate concentrations

Vitamin B12 14–18 yr, girls 1.2 µg Level needed to maintain
normal B12 levels and
hematological status in
adults

Pantothenic
acid

14–18 yr, girls 2.6 mg Average intake in healthy
population

Biotin 51+, women 16 µg Average intake in healthy
population

Choline 51+, men 244 mg Level needed to maintain
normal liver enzyme levels
in young adults

a Estimated energy requirements for each limiting group taken from Table 2-3.
b From NRC (1989); based on reference weights from IOM (1997a) and estimated
energy expenditure from Table 2-3.
c Values based on estimated requirements, desirable intakes, or maximal intakes
(NRC,1989).
d Based on 10% iron bioavailability.
e If folate is provided as synthetic folate, which is more readily absorbed, these
numbers should be divided by 1.6.
SOURCE: IOM (1997a, 1998, 2000, 2001).
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In order to individualize and facilitate the use of the EFP to the extent pos-
sible, it is designed to be consumed in multiple subunits so that it is possible to
consume from 117 kcal (one-half of a scored 233-kcal EFP bar) to 2,100 kcal (9
EFP bars, which are 1 day’s ration) or more (e.g., pregnant or lactating women
or individuals with high energy expenditure) over the entire day, yet still contain
adequate nutrient levels to meet the needs of smaller individuals with lower en-
ergy intakes. 

Although there are conflicting data on whether individuals will consume
enough of a single, biscuit-type food product to meet their energy requirements
(Brown et al., 1995; Sanchez-Griñan et al., 1992), it is assumed for the purpose
of this report that individuals, at least for a short period of time, will consume 
enough EFPs to meet their energy requirements. The nutrient content of the EFP
is based on this assumption.

NUTRIENTS INCLUDED IN THE EMERGENCY
RELIEF FOOD PRODUCT SPECIFICATIONS

For each nutrient or nutrient group that follows, the assumptions, including
the minimal nutrient density, the limiting groups, and how the RDA, AI, or other
values were utilized are discussed. Since the EFP will be used for a wide range
of age groups, in those cases where maximum values were set, they were devel-
oped from the UL values included in the DRI reports (IOM 1997a, 1998, 2000,
2001). 

Energy-Yielding Nutrients

Fat, protein, and carbohydrates comprise the energy nutrients. The rationale
for the fat, protein, and carbohydrate levels in the EFP are discussed below.

Dietary Fat

The recommended fat content of the EFP is 35 to 45 percent of calories and
takes into consideration the following: 

� the quantity of fat needed to provide a food of sufficient energy density to
meet energy requirements, to be lightweight, and to be palatable;

� the quantity of fat needed to ensure adequate absorption of fat-soluble
vitamins;

� the quality of fat needed to provide an adequate supply of essential fatty
acids; and

� the ability to protect fat from oxidation and degradation under severe
storage and transport conditions.
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The maximum fat content of the EFP is limited by the minimal require-
ments for other macronutrients, vitamins, and minerals (Jéquier, 1999; Koletzko,
1999). The principal mechanisms for increasing the energy density of a food are
to either reduce water content or to increase fat content. Because fat on a weight
basis is 2.25 times as energy dense as either carbohydrate or protein, a high-fat
product will weigh less than lower-fat products of similar water and energy
content. The reduced weight of an energy-dense food also has advantages with
respect to storage and transport. Furthermore, infants and young children have
comparatively high energy requirements per kilogram of body weight (Koletzko,
1999) and have limited capacities to consume food. Therefore, very-low-fat di-
ets increase the risk of inadequate energy intakes that would result in inadequate
intakes of some micronutrients in young children. FAO/WHO (1994) suggested
diets of children under 2 years of age should contain 30 to 40 percent of energy
from fat.

Satiation. High-fat foods are readily over-consumed, and experimental
studies suggest little effect of fat per se on satiation (feeling of fullness) when
energy density of the meal is held constant (Rolls, 2000; Rolls and Bell, 1999;
Saltzman et al., 1997; Stubbs et al., 1996; van Stratum et al., 1978). These
results suggest that an energy-dense food, regardless of fat content, is less likely
to induce satiation, and therefore is likely to promote consumption of greater
amounts of energy. In the case of a refugee population, in which anorexia may
be common, the provision of a higher-fat, nutrient-dense food may be an
important means of ensuring adequate energy intake.

Palatability. The fat content of a food can have a significant influence on its
sensory properties and the quantity of the food that is consumed (Drewnowski,
1997). Fat contributes to flavor, mouth feel, moistness, and other textural
properties, depending on the food and the type of fat. Relatively little research
has been published concerning the influence of fat content on the palatability of
products similar to the proposed EFP. Recently, Abdallah and coworkers (1998)
asked 102 men to rate the pleasantness of 39 commercially available cookies
and cakes. Sugar content was the best predictor of pleasantness. However, the
highest ratings of pleasantness occurred with foods that were high in both sugar
and fat. Moisture content bore little relationship to pleasantness after statistically
controlling for the fat and sugar content of the products. Others have
investigated the sensory effects of reducing the fat content of five cookies. Only
a reduction of fat by 50 percent of its original recipe was associated with
declines in sensory ratings (Drewnowski et al., 1998). In both studies, subjects
were much more sensitive to variability in sugar content than in fat content.

Fat Intake and Absorption of Fat-Soluble Vitamins. The absorption of fat-
soluble vitamins and provitamins is dependent on fat in the diet. However, the
precise quantity of dietary fat needed for efficient absorption of fat-soluble
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vitamins is poorly understood. A common rule of thumb is that fat energy
should not fall below 10 percent of total energy (Jéquier, 1999). Thus, the fat
content of the EFP is more than adequate to promote absorption of fat-soluble
vitamins. 

Type of Fat. As the nutritional quality of diets in developing countries im-
proves, the availability and the percentage of energy in the diet contributed by
fat increases (Tagle, 1988). The greatest concern in developing the EFP regard-
ing type of fat is to include fats/oils that will provide the greatest stability in
terms of storage of the finished product, without the inclusion of fat of animal
origin. For long-term health, other aspects of dietary fat, such as the proportion
of essential fatty acids or the inclusion of long chain polyunsaturated fatty acids
(LC-PUFAs) is of interest as well. However, with the limited time that the EFPs
will be used (15 days or less), cost and storage requirements of the finished
product limit the advisability of including some of these specific fatty acids. 

Polyunsaturated Fatty Acids. Polyunsaturated fatty acids are necessary for
normal health in adults and normal development in the fetus and infant (Uauy et
al., 1999). The essential fatty acids, �-linolenic acid (LNA, n-3) and linoleic
acid (LA, n-6), present in various vegetable oils, are precursors for the other n-3
and n-6 LC-PUFAs. In animal models, synthesis of docosahexaenoic (DHA) and
arachidonic acid (AA) from their essential fatty acid precursors are decreased by
experimental protein and energy malnutrition (Lopez-Pedrosa et al., 1998;
Marin et al., 1995) and observational studies in infants have documented
associations between protein–energy malnutrition (PEM) and signs of n-6 fatty
acid deficiency (Decsi et al., 1998; Holman et al., 1981; Koletzko et al., 1986;
Leichsenring et al., 1995; Marin et al., 1991; Smit et al., 1997). 

Studies indicate that children with sickle cell anemia and with zinc and
copper deficiencies appear to have impaired ability to utilize LA and LNA
(Cunnane, 1981; Enomoto et al., 1998). Research has shown considerable
regional variability in the LC-PUFA content of human milk of women in
developing countries, presumably due to variability in diets (Chulei et al., 1995;
Koletzko et al., 1992; Laryea et al., 1995; Okolo et al., 2000; Rocquelin et al.,
1998; Schmeits et al., 1999; VanderJagt et al., 2000; Xiang et al., 1999). Of
relevance to some developing country populations is the fact that high LA
intakes from specific vegetable oils (e.g., corn oil) may decrease the synthesis of
DHA from LNA. The recommendation that a ratio of LA to LNA between 5:1
and 10:1 has been made (FAO/WHO, 1994), and seems reasonable and fairly
easy to obtain from vegetable oil sources.

Although an EFP having at least 35 percent of calories from vegetable oil
sources will probably not be totally devoid of such fatty acids, the constraints of
manufacturing, required storage life, and the impact of oxidized unsaturated fat
on flavor dictate against addition of these fatty acids.
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Vitamin E, PUFA, and Oxidation. Because of their susceptibility to oxida-
tion, very high intakes of PUFA, without a correspondingly high intake of
antioxidants, can lead to vitamin E deficiency (Valk and Hornstra, 2000).
Fortunately, most commonly consumed vegetable oils are good sources of
vitamin E (IOM, 2000) and have relatively high vitamin E:PUFA ratios (Dupont
et al., 1990). Recommendations to provide adequate vitamin E intakes in high
PUFA diets have been made, and vary from 0.4 (NRC, 1989) to 0.6 mg
(FAO/WHO, 1994) of �-tocopherol per gram of PUFA. 

Maximum Fat Content of the EFP. The upper limit of fat for the EFP is
recommended to be 45 percent of energy in order to produce a stable product
that would not be unduly affected by oxidation. 

Fat intakes in developing countries are often quite low and come from a
small number of principal dietary sources. Average fat intakes of school-aged
children ranged from 10 percent of energy (in rural Kenya where animal prod-
ucts are consumed in relatively small amounts) to 25 percent of energy in peri-
urban Egypt (Beaton, 1995). In Kenya, 40 percent of the fat in the diet was
polyunsaturated, much of it from corn oil (Calloway et al., 1992). In The Gam-
bia, children’s intake of fat as a percent of energy declined from birth and stabi-
lized at 24 months of age, when the average intake of energy from fat was 15
percent (Prentice and Paul, 2000), with most of the fat coming from groundnuts
and cereals. This maximum level of fat exceeds the fat content of diets normally
consumed in many developing countries, but should enhance palatability of the
EFP. 

In summary, recommendations regarding the fat content of the EFP are as
follows:

� Total fat should comprise 35 to 45 percent of energy.
� Saturated fat should comprise at least 10 percent of energy.
� Total PUFA should be 7 to 10 percent of energy.
� The ratio of linoleic acid to α-linolenic acid should fall between 5:1 and

10:1 derived from a mixture of vegetable oils.

Protein and Amino Acid Requirements

Protein is essential for all physiological functions. Although two structural
proteins, collagen and elastin, comprise about half of the proteins in the adult
body, the protein associated with muscle, visceral organs, and blood is the most
dynamic and most affected by poor nutritional status (Crim and Munro, 1994).
Adults with good nutritional status and in protein balance turn over about 300 g
of protein/day (Stein, 1995); growth during childhood and pregnancy increases
this turnover. The body has no readily identifiable reserves of amino acids es-
sential for protein synthesis. Loss of 30 to 40 percent of total body protein in-
variably results in death from starvation (Cahill, 1970). Rapid losses due to lack 
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TABLE 2-5  Recommended Amino Acid Pattern of an Emergency Relief
Food Product (EFP)

Nutrient 
Amounta

(mg/kg body weight [BW])
Amino Acid (mg/g
Protein)c

Proteinb (g/kg BW) 1.0 —
Isoleucine 31 28
Leucine 73 66
Lysine 64 58
Methionine + cysteine 27 25
Phenylalanine + tyrosine 69 63
Threonine 37 34
Tryptophan 12.5 11
Valine 38 35
Histidinec 8 19
a The amino acid requirement for children 2 years of age was used (NRC, 1989).
b Total protein based on 1 g/kg body weight, using reference body weights from the
Dietary Reference Intake reports (IOM, 1997a). 

of food in emergency situations can thus result in serious health consequences
over relatively short periods of time. 

PEM may be present in populations that are likely to be recipients of the
EFP (Young and Jaspars, 1995). For instance, an August 1989 survey of the
Hartisheik A camp in Ethiopia indicated that 15.5 percent of reported cases of
death in children less than 5 years of age were due to PEM and general malnu-
trition (CDC, 1990). The EFP target populations may have reduced energy in-
takes and low protein intakes, resulting in negative energy and nitrogen balances
(Fjeld et al., 1989), reduced growth and/or lactation volume, and loss of body
weight and muscle mass (Golden, 1994; Golden et al., 1977; Rice et al., 2000;
Young and Jaspars, 1995). Limited muscle mass has been documented by lower
body weights and mid-arm circumferences (Collins, 2000; De Onis et al., 2000;
Young and Jaspars, 1995). Decreased skeletal muscle mass decreases functional
capabilities (Dudley et al., 1989) and may impact the ability to perform normal
life functions, as documented with PEM (Day and DeHeer, 2001; Kalra et al.,
2001). Thus the EFP must provide adequate protein of appropriate quality.

Protein requirements include two components: the need for amino acids and
for total protein (NRC, 1989). The EFP should meet both of these needs. The
essential amino acid requirements for 2-year-old children identified by WHO
(FAO/WHO/UNU, 1985), and subsequently adopted by the National Research
Council (NRC, 1989), serve as the minimum amino acid pattern to use for the 
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Amount/233 kcal Food
Bar (g)

Amount/1,000 kcal of EFP
(g)

Amount/2,100 kcal
Ration (g)

8 34 71
0.22 0.95 1.99
0.52 2.23 4.69
0.46 1.96 4.12
0.20 0.84 1.78
0.50 2.13 4.47
0.27 1.15 2.41
0.09 0.37 0.78
0.28 1.18 2.48
0.15 0.64 1.35
c Amino acid patterns for children 2 to 5 years of age from FAO/WHO/UNU (1985).

EFP (34 g/1,000 kcal, or 8 g/EFP bar) along with the generally recommended
amount of total protein of 1 g/kg body weight (see Table 2-5). Although the
protein content may be slightly low for young children (their RDA is 1.2 g/kg
body weight [NRC, 1989]), the recommendation must take into consideration
that a higher protein level per kilocalorie may be too high for adults and may not
be as palatable (Young et al., 1985). A maximum of 15 percent of total calories
as protein is recommended to prevent renal load problems and thirst promo-
tion (Briend and Golden, 1993). Thus, the amount of protein recommended for
the EFP is a compromise. Although the pattern of amino acids will meet the
essential amino acid needs of the young child, the total protein may be limiting.

Because the EFP may be the sole food source for as long as 15 days, the
protein should have a protein digestibility-corrected amino acid score
(PDCAAS) of 1.0 or better (FAO/WHO, 1989). The protein and amino acids
could be provided by a combination of soybean protein isolates or concentrates
and grains such as wheat, and complemented with milk solids (NRC, 1989). If
milk solids are used, some amount of lactose would be included, but the level
should be kept below 17 g/1,000 kcal (see “Lactose,” below). 

There is abundant research demonstrating the effectiveness of combinations
of plant proteins such as those from soybeans and wheat flour in meeting essen-
tial amino acid needs along with total protein (Brown et al., 1982; Clegg, 1960;
Dahlin and Lorenz, 1993; Friedman and Brandon, 2001; Grange et al., 1994).
Wheat flour has good digestibility and provides the physico-chemical properties
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for a palatable food product but is limiting in lysine content. Soy protein has
lysine and is a high-quality protein, but may be limiting in methionine or sulfur
amino acids for children (Friedman and Brandon, 2001). Other legume protein
sources may not be sufficient. For example, the combination of wheat flour,
chickpeas, and milk powder has a PDCAAS of 0.73 (FAO/WHO, 1989), which
is low in lysine. Amino acids should be provided in the EFP only as intact pro-
tein and not as free amino acids. Supplementing with amino acids is not rec-
ommended as it will affect taste and increase cost, and can lead to problems of
imbalance without adequate premixing. 

Subsequent food processing should not affect protein quality. For instance,
heat used in extrusion could reduce the lysine availability of the product (Clegg,
1960; Dahlin and Lorenz, 1993). Protein content in the final EFP should be
within 10 percent of specifications. 

Carbohydrates

Carbohydrates include monosaccharides (glucose, fructose, and galactose);
disaccharides (maltose, sucrose, and lactose); oligosaccharides (maltodextrins);
and polysaccharides—starch (amylose and amylopectin)—and nonstarch (cel-
lulose, xantham, pectins, and carrageenans) (Bemiller and Whistler, 1996). Car-
bohydrates serve several functions as components of the EFP. They provide
energy, sweetness, and desirable physical properties of the product, and are nec-
essary for sodium absorption to maintain electrolyte status. There are also
maximum levels beyond which undigested and unabsorbed carbohydrates result
in gastrointestinal problems due to gas production by intestinal bacteria. Carbo-
hydrates and fat are the two major energy sources provided by the EFP; carbo-
hydrate should be provided primarily as starch associated with the grains
and/or legumes used as protein sources and to meet specific requirements for
taste, palatability, stability, and metabolic function (FAO/WHO, 1998). 

Sweetness and Physical Properties. Cookie-like products (e.g., slightly
sweet biscuits) have proven to be most acceptable for a wide spectrum of
cultures during various emergencies where relief food products have been used,
although compressed food bars such as the Norwegian BP-5 were also
acceptable (Grobler-Tanner, 2001). The only flavor found to be acceptable to
widely diverse populations was sweetness (Drewnowski, 1997; Young et al.,
1985). Therefore, nutrient composition recommendations for the EFP include
sugars such as sucrose or corn syrup to provide sweetness and to improve the
texture of the EFP. The specifications for the EFP limit total sugar levels,
however, as described in the following subsections. Most of the carbohydrate in
the EFP will be in the form of starch.
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Glucose. A high incidence of diarrhea and malabsorption, commonly due to
poor sanitation, is associated with uprooted populations (UN Subcommittee on
Nutrition, 2001). Provision of potable water is the highest priority in emergency
relief efforts (UNHCR, 2000), with the EFP as the primary source of
electrolytes. Therefore, the emergency food product should provide glucose and
sodium in quantities that will optimize intestinal absorption when consumed
with ample water, yet not be so high as to be malabsorbed (Santosham et al.,
1987). 

Ability to absorb glucose in the small intestine and transport it with sodium
remains intact during acute diarrhea (Hirschhorn, 1980). The EFP should
provide 6 g of glucose for each 1 g of sodium to promote gastrointestinal uptake
of sodium (Santosham et al., 1987). The sodium recommendation is 1.4 g/1,000
kcal, thus resulting in a requirement for 8.6 g of free glucose/1,000 kcal.
However, the total monosaccharide level must be less than 25 percent of
carbohydrates, by weight, to prevent osmotic diarrhea and elevation of the
osmotic load. Use of maltodextrins to provide 8.6 g of free glucose is
recommended due to the cost of free glucose compared to maltodextrins. 

Lactose. Milk solids may be used in the EFP, but the level of milk
sugar�lactose�needs to be considered. Because there may be a high incidence
of adult lactase deficiency in the populations receiving the EFP, consumption of
excessive lactose might be a concern if it led to abdominal discomfort,
flatulence, abdominal bloating, and diarrhea (Scrimshaw and Murray, 1988).
Secondary lactase deficiency also has been shown to be associated with acute
gastroenteritis, malnutrition, acquired immune deficiency syndrome
enteropathy, and diarrhea of infectious origin in both adults and children (Riley
and Marsh, 1998; Scrimshaw and Murray, 1988). Such lactase deficiency may
be transient or chronic in nature. For these reasons, use of lactose as a
carbohydrate source is not recommended. Because milk solids provide high-
quality protein and often are readily available for emergency feeding programs,
their use as a protein source in the EFP may be desirable. 

Controlled studies have shown that the majority of individuals demonstrated
to be lactose maldigestors do not experience symptoms with 1 cup of milk or the
equivalent amount of lactose (12 g) or more consumed at one time (Scrimshaw
and Murray, 1988; Suarez et al., 1995). Many of these studies are based on re-
sults following ingestion of single test meals providing varying amounts of lac-
tose, and tolerance to repeated intake of this amount of lactose on the same day
and over a extended period of time is less clear. However, the reported milk con-
sumption of individuals shown to be lactose maldigestors often exceeds 1
cup/day (Scrimshaw and Murray, 1988). In a controlled study by Calloway and
Chenoweth (1973), four subjects shown to be lactose maldigestors were fed a diet
that included 1,000 g of homogenized low-fat milk providing approximately 50 g
of lactose in four divided doses for a period of 12 days. Breath hydrogen concen-
trations were slightly or moderately elevated in two of the subjects at this level of
intake but there were few subjective complaints of discomfort due to the diet. 
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Although the EFP is not intended to be used in treatment of individuals with
severe diarrhea or malnutrition, the use of products containing milk in feeding
adults and children with these conditions demonstrates the acceptability of
including milk in emergency rations. Collins and colleagues (1998) recently
reported successful use of a product containing dried skim milk, vegetable oil,
vitamins, and minerals as part of the diet given to adult patients with severe
malnutrition in Baidoa, Somalia. Although the milk product was diluted in the
first few days of treatment, the amount was gradually increased and provided
137 or 95 g of lactose/day. The latter diet was reported as being better tolerated
but the investigators attributed this response to the lower protein content of the
diet rather than the reduced amount of lactose. 

The use of diets containing milk in treating young children with diarrhea
has been studied extensively (Brown, 1991; Brown et al., 1991; Penny and
Brown, 1992). A meta-analysis of clinical trials that compared the outcomes of
young children treated with either lactose-containing or lactose-free diets
(Brown et al., 1994) showed an overall treatment failure rate of approximately
22 percent among children treated with lactose-containing diets compared with a
treatment failure rate of 12 percent among those who received lactose-free diets.
On the basis of these meta-analyses the author concluded that the majority of
children with acute diarrhea can safely receive undiluted, lactose-containing
milks, which would contain about 12 g/240 ml, distributed over multiple feeding
episodes. However, children with severe diarrhea and dehydration may have
increased treatment failure rates if they receive undiluted lactose-containing
milk and should be managed under close supervision. This concern, however, is
not applicable to use of the EFP since it is not intended as a therapeutic
treatment for individuals with severe diarrhea or malnutrition. 

Based on evidence suggesting that consumption of 12 g of lactose contained
in 1 cup of milk would be tolerated by populations with a high prevalence of
lactose maldigestion when consumed as part of a meal, if approximately one-
third of the daily ration of EFPs (and thus one-third of the lactose) is consumed
during each eating episode, the maximum lactose content should be 17 g/1,000
kcal (4 g/EFP bar). Thus, children ages 1 to 3 years consuming 855 kcal/day
(Table 2-3) would receive approximately 14.5 g/day or �5 g/meal episode. This
amount of lactose would allow milk solids to provide about one-third of the
specified content of protein (34 g/1,000 kcal) and one-half of the calcium (768
mg/1,000 kcal) for the EFP. Lactose should only be present in the EFP due to
its presence in milk solids—it should not be added.

Fiber. Generally, fiber is considered essential for human health, and the
targeted population should consume fiber-containing foods if possible (NRC,
1989). However, other requirements of the EFP limit the advisability of its
providing fiber. First, it is well recognized that individuals living in sub-Saharan
Africa and Asia usually consume about 30 g/day of nonstarch polysaccharides,
an indication of adequate fiber intake (FAO/WHO, 1998). The EFP will be used
for less than 15 days and hence a lack of fiber would not result in a chronic
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problem or exacerbate a condition. Furthermore, the energy density of the
product needs to be high (e.g., 4.2 kcal/g is the energy density of the BP-5
[Young et al., 1988]) to meet the needs of all age groups in the population, and
to facilitate ease of transport and distribution. Consequently, although the EFP
will contain some fiber because of its grain and legume constituents, the level of
fiber should be limited to provide maximal energy density.

Importance of Carbohydrates for Physical Activity. Individuals in need of
the EFP may often be walking long distances on foot, or may be expending a
large amount of energy erecting shelters, finding water, finding fuel, or meeting
hygiene needs. These factors emphasize the importance of carbohydrate in the
EFP in a number of ways. First, during moderate-intensity labor (e.g., less
strenuous than a brisk walk, under 5.6 km/h, or at less than 40 to 50 percent
VO2max), the primary metabolic fuel is fat with carbohydrate contributing about
25 percent toward total caloric expenditure (Brooks and Trimmer, 1996).
However, during the course of several hours of work, muscle and liver glycogen
stores can become depleted and the ability to walk or perform physical tasks
declines. Adequate dietary carbohydrate intake is necessary to sustain prolonged
exercise of more than 1 hour (Ivy et al., 1979) and to allay fatigue. 

Second, if an insufficient amount of carbohydrate is consumed on
consecutive days by individuals who exercise for prolonged periods, they likely
will experience irritability, dizziness, and/or nausea in addition to fatigue
(Sherman, 1983). Moreover, carbohydrate stored in muscle and liver tissue as
glycogen involves water storage (i.e., 3 g of water/g of carbohydrate). This
water is released when glycogen is metabolized and provides a minor, but
useful, contribution to meeting fluid needs. Finally, compared to no feeding,
carbohydrate intake during exercise increases endurance (Brooks et al., 2000).
The EFP is convenient to eat during periods of physical activity, requires no
preparation, and does not significantly divert the consumer from essential daily
tasks. Individuals can thus benefit from consuming the EFP before and during
periods of prolonged activity because it includes 40 to 50 percent of its calories
as carbohydrate. This level of carbohydrate allows for an energy-dense ration
(35 to 45 percent from fat) and for adequate protein (10 to 15 percent of energy
coming from protein). 

To summarize carbohydrate requirements for the EFP per 1,000 kcal/day: 

� 40 to 50 percent of energy as carbohydrate, at least 50 percent of which is
from starch;

� no more than 25 percent of carbohydrates as monosaccharides;
� at least 8.6 g of glucose from maltodextrins to allow for sodium transport;
� no more than 17 g of lactose from milk solids (no free lactose added) per

1,000 kcal;
� primary role for sucrose or corn syrup is to provide palatability and tex-

ture; and
� no added fiber in order to provide an energy-dense product.
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Water 

In situations that require the distribution of emergency rations to distressed
populations, water supplies often will be insufficient or contaminated. Since
humans can live only few days without water (Brown, 1947a), this report as-
sumes that provision of adequate potable water is the first priority of any
emergency operation. Efforts should also be made to educate indigenous group
leaders regarding location of water supplies and water purification (e.g., boiling,
iodination). Because of concerns over possible water shortages, the EFP is de-
signed to contribute minimally to osmotic load, while providing essential nutri-
ents and energy to meet the needs of most individuals in emergency situations
for a short period of time. 

The minimal water requirement for a fasting 70-kg adult, resting in a mild
environment, is about 800 ml/day (Gamble, 1947). This is by no means consis-
tent with good health. In the United States, for example, the average adult expe-
riences a water turnover (all sources) of approximately 2,500 ml/day. The lowest
volume of fluid required to prevent deterioration provides about 300 ml of uri-
nary output per day. Under low-stress conditions this is equivalent to an intake
of about 1,000 ml (Johnson, 1964). According to Gamble (1947) and Marriott
(1950), when all water intake ceases, the minimum unavoidable water loss ap-
proximates 1,500 ml/day (or about 2 percent of body weight). In a tropical or
desert climate, fluid losses may range from 300 ml/h (at rest in shade, 35º C) to
900 ml/h (walking in direct sunlight, 40º C) (Adolph, 1947); this results in total
water losses of approximately 3 to 10 percent/8 h exposure for a 70-kg adult.
Continuous labor in a desert environment can increase the daily water require-
ment to 11 L/day, primarily due to sweat losses (Brown, 1947b).

Sustained mental and physical performance are incompatible with the loss
of more than 7 to 8 percent of body weight as water (Calloway, 1960). When
water losses reach 15 to 25 percent of body weight, it is likely that coma, circu-
latory failure, and death will occur (Adolph, 1947; Leithead and Lind, 1964).
The clinical conditions of heat exhaustion, heat cramps, heat syncope, and heat-
stroke also are influenced or caused by perturbations of fluid–electrolyte balance
(Hubbard et al., 1986).

The state of starvation involves considerable dehydration, regardless of en-
vironmental stressors. The actual body water deficit depends on the duration of
starvation, water availability, body size, energy intake, dietary composition,
work output, and environmental conditions. Infections (e.g., bacterial dysentery)
are also common in undernourished individuals, and gastrointestinal illness,
with vomiting and diarrhea, obviously increases water and electrolyte losses.
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Carbohydrate Effect on Water Requirement

When water supplies are insufficient, provision of a minimum of 100 g of
carbohydrate in a survival ration is needed (Johnson, 1986). Extensive studies
on the composition of survival rations (Calloway, 1960; Gamble, 1947; Grande
et al., 1958) have demonstrated that 100 g of carbohydrate constitutes the mini-
mal essential ration amount. This amount of carbohydrate reduced the deficit of
body water by lowering the amount of body solutes requiring excretion and by
preventing ketosis, thus permitting a reduction in urine volume. The carbohy-
drate also was essential in maintaining the ability to perform various physical
activities by preventing total depletion of glycogen stores, and provides some
feeling of satiety. 

Protein Effects on Water Requirement

Although muscle wasting is common in starvation, inclusion of a large
amount of protein in the EFP is contraindicated because it negatively affects
water balance. Assuming maximal renal concentration, the excretion of 1 g of
urea nitrogen requires 40 to 60 ml of water. This means that the inclusion of 10
g of dietary nitrogen (equivalent to about 63 g of dietary protein) in a 2,100 kcal
diet increases the volume of required water by 400 to 600 ml/day. Further, renal
concentrating ability is severely compromised in moderate malnutrition
(Golden, 2001).

Figure 2-2 depicts the effects of protein and energy content on obligatory
urine volume in a multi-level study. The emergency rations tested contained four
energy levels (500, 1,000, 1,500, and 2,000 kcal) and four protein levels (0, 7.5,
15, and 30 percent of total calories). In rations that contained 0 and 7.5 percent
protein, increasing the caloric content of the ration from 500 to 2,000 kcal did
not increase the obligatory urine volume. However, a ration that contained 30
percent protein approximately doubled the obligatory urine volume when the
caloric content increased from 500 to 2,000 kcal (Calloway and Spector, 1954). 

Based on these calculations and considering the renal dynamics discussed in
the previous paragraph, it appears that the 2,000 kcal diet was optimal in terms
of osmotic load when it contained 7.5 percent protein (approximately 40 g of
protein). The osmotic load created by 15 percent protein appears to be toler-
able and this thus becomes the maximum allowable amount. Where water
availability is of real concern, lower levels of protein should be considered
maximal in developing the EFP.

Salt and Total Dissolved Solids Effects on Water Requirement

Sodium chloride (NaCl) in emergency rations requires consumption of suf-
ficient water to dilute the added osmotic content to the level found in plasma. 
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FIGURE 2-2  Influence of caloric and protein content of emergency rations on
urine volume. Excretion of 1 g of urea nitrogen requires 40 to 60 ml of water.

Baker and colleagues (1963) examined the minimal water intake that is needed
to dilute various amounts of dietary salt. They overloaded study participants
with 11.8, 15.8, and 23.8 g of NaCl for 4 days and 32.8 g of NaCl for 10 days in
a 23º C environment. Water was plentiful and was consumed ad libitum. Urinary
and fecal excreta eliminated 47 percent of the total water intake and 92 percent
of the salt intake. Plasma sodium levels remained constant during the course of
metabolic tests, exemplifying the efficacy of renal electrolyte control. Evalua-
tion of water balance indicated that 127 ml of water was required to dilute each
gram of NaCl in a 70-kg adult leading a sedentary existence in a mild environ-
ment. Thus, the 3 g of Na supplied per 2,100 kcal from the EFP would be
equivalent to 7.6 g of NaCl and require 965 ml of water.

Similarly, the human water requirement increases as the total number of
osmotically active particles increases in the diet. Because underground wells,
reservoirs, and streams contain dozens of minerals, the total dissolved solids
(TDS) in water must be considered. Daniels and Layton (1983) have considered
the concentrations of TDS in natural water sources. Although they recommend a
TDS of 1,000 mg/L for field water supplies, many public drinking water sources
in the United States have TDS concentrations exceeding 2,000 mg/L. This indi-
cates that natural field water can have a significant impact on the TDS con-
sumed each day. This should be considered when plans are formulated for the
provision of water with emergency rations.
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Summary of Osmotic Load and Water Requirement

There are a variety of nutrients that can increase osmotic load. Some are in-
tracellular osmotic solutes, such as potassium, magnesium, organic phosphates,
and protein; some are extracellular osmotic solutes such as sodium and its ani-
ons, chloride, and bicarbonate.

Healthy individuals have good renal control of fluid and electrolytes and
maintain body equilibrium within a wide range of fluid, sodium, and potassium
intakes. However, given the probable circumstances of a population in need of
an EFP, body sodium, potassium, and chloride are important components that
need to be monitored when a single food source is used to provide all nutrients.
Given that various water sources with high levels of solids may significantly
increase the osmotic load (Daniels and Layton, 1983), it is important to mini-
mize to the extent possible that contributed by the EFP. 

Electrolytes

Sodium 

Sodium is essential for human health for acid–base balance, body water
balance, and nerve function, and it contributes to the palatability of foods. The
recommendation for sodium is based on general consumption patterns and avail-
able recommendations for maximum intakes (NRC, 1989). Although less than 1
g/day is essential for life, the chronic diarrhea that may be expected in popula-
tions requiring the EFP, along with perspiration losses due to elevated ambient
temperatures and hard work, increase sodium requirements. Furthermore, addi-
tional dietary sodium enhances water retention (Shirreffs et al., 1996) and re-
places sodium losses due to diarrhea. Individuals working outdoors with ele-
vated ambient temperatures lose between 2.3 to 3.4 g Na/L of sweat (Costill et
al., 1976; Dill et al., 1976). Western dietary guidelines suggest sodium intakes
of no more than 2.4 g/day (NRC, 1989). Given that the EFP may be used during
periods of sustained physical activity or in high ambient temperatures, the EFP
should contain a minimum of 1.3 g/1,000 kcal, which is equivalent to 300
mg/EFP bar. This would provide 1 g of sodium for the 1- to 3-year age group
with an average weight of 10 kg and consuming 855 kcal/day (see Tables 2-4
and 2-6). The maximum amount is 1.4 g/1,000 kcal. 

Potassium 

Potassium is essential for fluid balance, nerve transmission, and acid–base
balance. Similar to sodium, potassium is lost in sweat, feces (diarrhea), and
urine, although sweat losses are considered negligible (NRC, 1989). Golden
(2001) suggests that a growing child without pre-existing deficiency may need
about 1.3 g of potassium/1,000 kcal (2.7 g/2,100 kcal). The recommendation for 
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TABLE 2-6  Electrolyte Intake Based on Energy Needs of an Emergency
Relief Food Product (EFP)a

Age Gender

Energy
Requirement
(kcal/day)b 

Sodiumc

(g/day)
Potassiumc

(g/day)
Chloridec

(g/day)
7–12 moc Both 578 0.83 0.96 1.3
1–3 yr Both 855 1.0 1.42 1.9
4–8 yr Both 1,456 2.1 2.43 3.2
9–13 yr Both 1,693 2.4 2.82 3.7

14–18 yr Boys 2,136 3.1 3.56 4.7
Girls 1,931 2.8 3.22 4.2

19–50 yr Men 2,339 3.4 3.90 5.1
Women 1,972 2.8 3.29 4.3

51+ yr Men 2,249 3.2 3.75 4.9
Women 1,929 2.8 3.21 4.2

a  The EFP contains 1.3 g of sodium, 1.7 g of potassium, and 2.0 g of chloride per
1,000 kcal.
b  Estimated energy values from Table 2-3.
c  Based on daily recommendations of no more than 3.0 g of sodium, desirable intake
of 3.5 g of potassium, and chloride on an equimolar basis with sodium (NRC, 1989).

the EFP is 1.7 g/1,000 kcal (396 mg/EFP bar), which is given as a desirable
intake for adults (NRC, 1989) but much above the minimum requirements, and
thus should provide enough to compensate for possible losses due to sweat and
mild to moderate diarrhea. The maximum amount is 2.0 g/1,000 kcal (specified
content + 20 percent).

Chloride

Chloride is lost in diarrhea, as well as with vomiting due to its high
concentration in gastric juice. Chloride is the principal inorganic anion in
extracellular fluid, and is essential for maintaining fluid and electrolyte balance
(NRC, 1989). Although chloride deficiency is rarely observed, its loss mirrors
sodium loss with the exception of that due to vomiting, so it is also important to
ensure adequate intakes of chloride for refugee populations, particularly when
consuming a single-source food product. The minimum amount contained in the
EFP should be 2.0 g/1,000 kcal to match the sodium content on an equimolar
basis. This provides 466 mg of chloride/EFP bar. The maximum amount is 2.2
g/1,000 kcal (specified content + 10 percent). This amount is also equimolar to
the sodium level, as recommended by NRC (1989) (see Tables 2-4 and 2-6). 
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Summary of Electrolyte Content 

Electrolyte content can influence palatability: added sodium in high
amounts results in a very salty-tasting product whereas added potassium in high
amounts results in a bitter-tasting product. If electrolyte losses are extensive due
to chronic severe diarrhea, then therapeutic electrolyte/fluid supplements should
be provided (which is beyond the scope of this report).

The nutrient density recommendations for sodium, potassium, and chloride
provide additional amounts beyond the recommended intakes for healthy people
(NRC, 1989). Because of its bitter taste, food sources should provide the bulk of
the potassium. 

Calcium, Phosphorus, and Magnesium

The nutrient content specifications for calcium, phosphorus, and magne-
sium were derived from the recent evaluation of requirements for these nutrients
as part of the DRI process (IOM, 1997). It is assumed that growth stunting is
present in the targeted populations (Neumann and Harrison, 1994). There are
limited data suggesting that rapid improvement of nutritional status may im-
prove growth, although early stunting is never fully compensated; providing
bone-related nutrients early in relief efforts is potentially of benefit. The EFP
specifications reflect requirements for children (IOM, 1997a).

Data presented in the DRI report (IOM, 1997a) justify the adequacy of the
AI and RDA for calcium and phosphorus, respectively, during adolescence and
adulthood as meeting dietary needs during pregnancy and lactation as well. Ad-
ditional needs are identified during pregnancy for magnesium (IOM, 1997a);
however, the individual minimal nutrient density for magnesium (Table 2-4),
based on adolescent boys, is actually slightly greater than that derived for preg-
nancy assuming an additional 200-kcal intake. Thus, additional needs for preg-
nancy would be met based on the assumption that additional energy (e.g., more
EFP bars) would be consumed. 

Foods such as soybeans and grains should provide the primary source of
these nutrients. However, poor digestibility from plant sources may require
some or all of these nutrients to be added to the EFP as direct ingredients in or-
der to provide the specified levels.

Calcium

Dietary calcium is essential for bone, neuromuscular, and cardiovascular
health, as well as for many biochemical functions (IOM, 1997a). During calcium
deficiency, the key calcium roles in regulatory proteins are protected at the ex-
pense of bone calcium. There is a tight regulation of serum calcium levels
through exchange from and to the bone, resorption by the kidney, and absorption
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from the gastrointestinal tract. Thus, the clinical sign of low calcium status is
poor skeletal development, which affects growth, fracture rates, and subsequent
rates of osteoporosis.

Bone growth and prevention of osteoporosis are related to chronic intakes
of calcium, and there are no data suggesting that suboptimal intakes during a
short emergency situation of less than 15 days would have any effect or that
supraoptimal intakes during the same short time period would significantly im-
prove bone status. Decreased bone turnover occurs in malnutrition (Branca et
al., 1992), but some catch-up (or compensatory) growth is documented with
children when adequate overall good nutritional status is restored (Fjeld et al.,
1989; Golden, 1994). Although the EFP may provide the only source of nutri-
ents for a very short period of time, the addition of calcium is essential to pro-
vide as nutritionally complete a diet as possible.

The minimal nutrient density for calcium is 768 mg/1,000 kcal, which is de-
rived from the AI for children ages 9 through 13 years of 1,300 mg/day (IOM,
1997a). This assumes that these children will consume about 1,700 kcal/day, or
7 to 8 EFP bars (Table 2-3). One bar will contain about 180 mg of calcium.

The source of supplemental calcium used in the EFP should be readily ab-
sorbed (certain food sources may decrease the availability of calcium). The role
of phytate, oxalic acid, and wheat bran in calcium absorption has been studied
(Heaney et al., 1988, 1991; Weaver et al., 1996). Although these compounds
decrease calcium absorption, overall there was no significant physiological ef-
fect on absorption when provided in a mixed diet (Heaney and Weaver, 1989;
Heaney et al., 1990). It is anticipated that cereal grains and legumes will com-
prise the bulk of the EFP, and thus some sources of phytate will be present.
Thus, an increase of 15 percent over the required amount of calcium, 180 mg/
EFP bar, is suggested to compensate. The proposed level for calcium may come
from supplementation of the food sources to no more than 207 mg/EFP bar
(specified content + 15 percent). 

The UL for calcium should be considered since the recipient population
may have low urinary volumes due to dehydration related to diarrhea and inade-
quate fluid intakes (Golden, 2001). Urinary loads of calcium must be considered
due to calcium interactions with other nutrients that may be deficient in target
populations such as iron, zinc, and possibly phosphorus (Golden, 2001). The UL
for calcium for adults is 2,500 mg/day based on the adverse effect of milk alkali
syndrome seen at higher intake levels (IOM, 1997a). Given the concerns related
to renal solute loads discussed earlier, the maximum calcium level should not
exceed 885 mg/1,000 kcal. 

Phosphorous

The recommendation for phosphorus is based on its function in growth of
soft and bone tissues and replacing phosphorus losses, but not on prevention of a
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specific sign or symptom of a nutritional deficiency (IOM, 1997a). The phos-
phorus content of the EFP is set based on the minimal nutrient density of 740
mg/1,000 kcal, which is derived from the RDA of 1,250 mg for boys and girls 9
to 13 years of age based on their estimated energy needs (Table 2-3). One EFP
bar of 233 kcal should contain at least 172 mg of phosphorus in an available
form. The UL for phosphorus for adults is 4,000 mg based on elevated serum
inorganic phosphate levels seen with very high intakes (IOM, 1997a). This level
corresponds to a maximum of 1,900 mg of phosphorus/1,000 kcal. 

Although potential energy and protein ingredients supply phosphorus for
the EFP, the majority of phosphorus from plant foods is in the form of phytic
acid, which is less bioavailable (Wyss et al., 1999; Zhou and Erdman, 1995).
Furthermore, elevated levels of phytate may impair bioavailability of important
trace elements such as zinc. Thus there is a concern about high levels of phytate
phosphorus. Method of food processing may also affect mineral availability.
Kivisto and colleagues (1986) reported that apparent absorption of magnesium
and phosphorus was decreased in an extruded cereal product.

Additional phosphorus to meet the level recommended may be provided by
hydrolyzed phytic acid or soluble forms of phosphorus salts such as sodium hy-
pophosphate. The specified range for phosphorus is 740 to 880 mg/1,000 kcal,
or 172 to 206 mg/EFP bar (specified content + 20 percent). It is assumed that
soybean- and grain-derived ingredients will contribute most of the phosphorus. 

Magnesium

Magnesium is found both in bone (about 50 percent), soft tissue, and extra-
cellular fluid. It is a required cofactor for over 300 enzymes, many of which are
involved with energy metabolism and cellular replication. Absorption of magne-
sium from a typical diet is approximately 50 percent, with fiber decreasing ab-
sorption (Kelsay et al., 1979), ostensibly due to its phytate content. The RDA for
adults is based on balance studies; the minimal nutrient density for magnesium
is based on the requirements of 14- to 18-year-old boys. The recommended
amount of magnesium for this subgroup is 190 mg/1,000 kcal based on the en-
ergy requirement for this group (Table 2-3) and the RDA (410 mg/d) for magne-
sium (IOM, 1997a). This amount provides 45 mg of magnesium/EFP bar. A
higher level in the EFP is allowed if the source is from food ingredients. The
maximum content is 230 mg/1,000 kcal (specified content + 20 percent) in order
to ensure that total intake of added magnesium salts is below the adult UL of
350 mg/day. The UL applies only to magnesium salts added to foods, and is a
level designed to prevent diarrhea associated with magnesium supplementation.
Therefore the maximum amount of added magnesium consumed per day should
be below this level, with the magnesium content coming primarily from the
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TABLE 2-7  Recommended Macromineral Content of an Emergency Relief
Food Product (EFP)

Nutrient

RDA or AIa for
Nutrient Density
(mg/d)

Amount/233
kcal Food
Bar (mg)

Amount/1,000
kcal of EFP
(mg)

Amount/2,100
kcal Ration
(mg)

Calciumb 1,300 180 768 1,620–1,865
Phosphorus 1,250 172 740 1,555–1,865
Magnesium 410 45 190 400c

a RDA = recommended dietary allowance, AI = adequate intake.
b Calcium recommended intake is an AI rather than an RDA.
c The tolerable upper intake level (UL) for magnesium of 350 mg/d applies only to
supplemental magnesium, not to magnesium naturally found in foods.

soybean- and grain-derived ingredients. Table 2-7 summarizes the recom-
mended content for calcium, phosphorus, and magnesium in the EFP.

Trace Elements

Chromium

Although chromium has been shown to potentiate the action of insulin in
vivo and in vitro (IOM, 2001), specific evidence of deficiency in humans has
been reported in only a few isolated cases of patients receiving total parenteral
nutrition and in malnourished infants who responded to oral doses of chromium
chloride (Hopkins and Majaj, 1967). Because of insufficient evidence to set an
EAR for chromium, AIs of 35 µg/day and 25 µg/day for men and women 19
through 50 years of age, respectively, were established based on estimated mean
energy intakes. Adverse effects have not been demonstrated with excess intakes
of chromium per se from food or supplements; consequently, a UL has not been
established (IOM, 2001). 

Early interest in chromium supplementation to improve growth and glucose
utilization in malnutrition has not been applied in current practice (Carter et al.,
1968; Gürson and Saner, 1973). The AI values for chromium were based on
estimating average amounts of chromium in well-balanced Western diets (which
were found to contain on average 13.4 µg/1,000 kcal) (IOM, 2001). Thus a ra-
tion containing a minimum of 13.4 µg/1,000 kcal could be expected to meet or
exceed the chromium requirement for all healthy persons in a similar population.

This value is higher than the 1.04 µg/1,000 kcal recommended by the
Sphere Project as the desirable nutrient density for refugee diets (Sphere Project,
2001). While there is a lack of evidence of deficiency or toxicity and difficulties
in analyzing chromium levels in foods, it is important that a single-source food
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product have some chromium present. It is suggested that the minimum chro-
mium content of the EFP be 13 µg/1,000 kcal (3 µg/EFP bar). The maximum
content is not specified in the event that higher amounts are naturally present in
the EFP ingredients.

Copper

Copper deficiency is frequently observed in malnourished populations, par-
ticularly in children with protein–energy malnutrition (Ashour et al., 1999;
Donma et al., 1990; Squali Houssaïni et al., 1997). Chronic and protracted diar-
rhea leading to copper depletion has been recognized as a particular concern in
infants (Beshgetoor and Hambidge, 1998) and is also a likely risk factor for
marginal copper status in adults. The high prevalence of malnutrition and diar-
rhea characteristic of many groups that will receive the EFP supports the need
for adequate copper intake.

Factorial analysis as well as indicators such as plasma copper concentra-
tions, serum ceruloplasmin concentration, erythrocyte superoxide dismutase
activity, and platelet copper concentration, are the basis for determining recom-
mended intakes for copper (IOM, 2001). 

The minimal nutrient density value for copper was calculated (see Table 2-
4) for the limiting subgroup of women 51 years of age and older. Based on the
RDA of 900 �g (IOM, 2001), the value required to prevent inadequate intake in
almost all individuals in this group would be 470 µg of copper/1,000 kcal. Rec-
ognizing the prevalence of malnutrition and diarrhea that often afflicts popula-
tions in need of an EFP, the EFP should contain 20 percent above this amount,
or 560 µg of copper/1,000 kcal (131 µg/ EFP bar). 

Acute liver failure has been demonstrated in individuals consuming large
amounts of copper. The UL is 1,000 �g of copper/day for children ages 1
through 3 years (IOM, 2001), more than double the proposed levels for this age
group for the EFP (480 µg/855 kcal). The maximum content is 670 µg/1,000
kcal (specified content + 20 percent).

Iodine

Iodine, a component of thyroxin, is essential for thyroid function and mental
development (IOM, 2001). Iodine uptake into the thyroid gland is regulated
from the pituitary by thyroid stimulating hormone (TSH). Thus, iodine is part of
the regulation of thyroxin production. In iodine deficiency, TSH secretion in-
creases and this may eventually lead to goiter as well as impaired production of
thyroid hormones T3 and T4, essential factors for energy regulation and postnatal
brain development (Hollowell et al., 1998). 

In iodine deficiency, including mild deficiency, dietary iodine supplemen-
tation has an immediate impact on thyroid function (Moulopoulos et al., 1988).
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Iodine deficiency during pregnancy increases risk of poor fetal mental and
physical development, including cretinism. Iodine deficiency disorder (IDD) is
considered the most common cause of preventable mental retardation. Iodine
deficiency is well established as a nutritional problem worldwide, regardless of
refugee status (UNICEF, 2000). In 1999, WHO estimated that 740 million peo-
ple per year in 130 countries were at risk of IDD, including 50 million who have
some degree of IDD-related brain damage. Africa, Southeast Asia, and Asia had
the highest concentration of individuals at risk (WHO, 1999b). The use of io-
dized salt, as well as utilization of iodine for water treatment, is common
worldwide. From 1990 to 1998, two-thirds of the households living in IDD-
affected countries had access to iodized salt; 20 countries had 90 percent of their
households with access to iodized salt. 

Iodine is stored in the thyroid gland and deficiency does not occur until that
store has been depleted (Clugston and Hetzel, 1994). Aside from inadequate
iodine intake, protein–calorie malnutrition also may decrease thyroid iodine
levels (Ingenbleek and Malvaux, 1974). Iodine turnover is slow in individuals
with adequate iodine status (Fisher and Oddie, 1969). 

Iodine is rapidly absorbed in the gastrointestinal tract, and excessive iodine
is excreted in the urine. One study suggests that during acute diarrhea associated
with protein–calorie malnutrition, iodine may be poorly absorbed (Ingenbleek
and Malvaux, 1974). Bioavailability of iodine is generally high, although there
are data suggesting inhibition of iodine absorption with soy flour (Shepard et al.,
1960). In some populations, linamarin found in cassava may block thyroid up-
take of iodine, and there are some data indicating that other water-containing
humic substances may block thyroidal iodination.

The most successful method to prevent IDD is iodination of table salt. This
is the recommendation of WHO, whose major emphasis is on total prevention of
IDD through this practice (WHO, 1999b). WHO recommends that in order to
provide 150 �g/day of iodine via iodized salt, iodine concentration in salt at the
point of production should be within the range of 20 to 40 mg of iodine (or 34 to
66 mg of potassium iodate) per kg of salt (WHO, 1996a). The EFP should con-
tain iodine as iodized salt although the iodine could also be added as calcium
iodide, potassium iodide, or potassium iodate. Dietary studies such as that by
Melse-Boonstra and coworkers (2000) indicate that most individuals, regardless
of economic, rural, or urban status, purchase salt for cooking. 

The minimal nutrient density value for iodine is based on the subgroup of
children 1 to 3 years of age and is 105 µg/1,000 kcal. Assuming that iodized
table salt will be used in the EFP and provide at least 50 percent of the specified
sodium content, the EFP will provide more than adequate levels of iodine to
prevent IDD. In the United States, iodized salt contains 194 µg of iodine per g of
sodium (Venkatesh Mannar and Dunn, 1995). Thus, if the source of all the 
sodium in the EFP is from iodized salt, the iodine content of the ration per 1,000
kcal would be approximately 250 µg of iodine. If one assumes that half of the
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sodium in the EFP may come from nonsalt sources, then the total iodine intake
would be half of this, or about 125 µg of iodine/1,000 kcal, which is above the
minimum nutrient density needed. 

The UL for iodine is based on observations of hypothyroidism, thyroiditis,
goiter, and sensitivity reactions (Pennington, 1990). Although little research has
been done on refugee populations, iodination of salt in the United States in-
creased the incidence of excessive iodine intake (Hollowell et al., 1998; Pen-
nington, 1990). The UL for children 1 to 3 years of age is 200 µg/day (IOM,
2001), which results in a maximum content of 230 µg/1,000 kcal (specified
content + 115 percent). If most of the sodium in the EFP comes from added salt,
then it is possible that a mixture of iodized and noniodized salt may be needed to
keep the total iodine content below this level. However, if most of the required
sodium in the EFP comes from other sources, iodine can be provided in other
forms as mentioned previously. 

Iron

Anemia due to iron deficiency represents a major public health problem
worldwide. It has been estimated that more than 2 billion people (over 33 per-
cent of the world’s population) are iron deficient (INACG, 1999). Young chil-
dren and women of reproductive age are at greatest risk. Programs to control
iron deficiency have been implemented in almost all countries; nevertheless,
both anemia and iron deficiency remain endemic among many populations (de
Benoist, 2001). 

Subclinical and clinical consequences of iron deficiency include impaired
physical work performance, developmental delays in infants, cognitive impair-
ment, and adverse pregnancy outcomes (IOM, 2001). Although numerous con-
founding factors make it difficult to establish a clear relationship, iron defi-
ciency has been reported to be associated with reversible abnormalities of
immune function and increased risk of infections (Oppenheimer, 2001; Scrim-
shaw and SanGiovanni, 1997). A recent conference, organized to evaluate the
strength of evidence that iron deficiency causes specific functional outcomes,
concluded that there is a significant body of evidence to support a causal rela-
tionship among iron deficiency, deficits in work productivity, and child devel-
opment; and among severe anemia, malnutrition, and increased child mortality.
However, causal evidence is lacking or contradictory in support of a relationship
between iron deficiency and low birth weight and infectious disease (Stoltzfus,
2001).

The potential adverse effects of excess iron intake also are recognized.
High-dose iron supplements have been shown to reduce zinc absorption if both
are taken without food; however, this inhibitory effect does not occur if they are
consumed with food (IOM, 2001). Similarly, high-dose iron supplements often
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lead to constipation and other gastrointestinal symptoms when taken without
food but usually are not a problem when taken with food (IOM, 2001). 

The possibility that high-dose iron supplementation may have adverse ef-
fects in individuals with severe malnutrition or infectious diseases also has re-
ceived attention (Tomkins, 2000). Smith and coworkers (1989) reported an in-
crease in mortality in children with protein–energy malnutrition who received
supplements of iron and recommended that iron therapy should not be instituted
during the first week of treatment. However, the increase in mortality was not
statistically significant and the dosage of iron supplementation was not reported.
Based on a comprehensive review of published studies on the relationship be-
tween iron and infectious diseases, Oppenheimer (2001) had the following ob-
servations of use to health planners: (1) oral iron supplementation has not been
shown to cause an increased risk of infection in any age group in nonmalarious
countries, (2) oral iron supplementation in malarious regions may carry up to a
50 percent increased risk of clinical malaria if given in therapeutic doses at
times of malaria transmission, and (3) oral iron supplementation in therapeutic
doses to older immunized children and adults in malarious regions may also
carry up to a 50 percent increased risk of other infectious disease. In the studies
in malarious regions showing a significant iron-associated increase in risk of
nonmalarial infectious morbidity, the dosage of oral iron was 3 mg/kg/day for
children 6 months to 6 years of age and 60 mg/day for anemic women. 

Review of nine published and four unpublished placebo-controlled, ran-
domized trials of iron supplementation in malarious areas by an expert panel
convened by the International Nutritional Anemia Consultative Group led to a
consensus statement (INACG, 1999) recommending that oral iron supplementa-
tion should continue to be recommended in malarious areas where iron-
deficiency anemia is prevalent. It was recognized, however, that present evi-
dence is insufficient to rule out the possibility of an increased risk of malarial
illness in some iron-supplemented individuals.

Results of other studies, however, have shown no differences in incidence
or severity of conditions such as diarrhea or respiratory infections associated
with iron supplementation (Berger et al., 2000; Calder and Jackson, 2000; Op-
penheimer, 2001).

It is assumed that as refugees many recipients of the EFP will be iron defi-
cient. Although it is recognized that the deficiency cannot be reversed in 15
days, it is essential that sufficient iron is provided not only to meet basic re-
quirements but also to support the initiation of repletion. The EFP, however,
should not contain excess iron, particularly in soluble forms, because excess iron
promotes oxidative changes leading to destruction of nutrients such as vitamin
C, as well as to the development of rancidity. 

Consideration must also be given to the form of iron used in the EFP. Use
of iron-EDTA appears to have potential as a fortificant, particularly in diets of
low bioavailability. It is less affected by inhibitors of iron absorption and is less
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likely to cause organoleptic problems, and its efficacy has been demonstrated in
several intervention studies (Bothwell, 1999). The possibility of using microen-
capsulated iron should also be considered (Jackson and Lee, 1991) to minimize
problems such as rancidity and inhibit interaction with other nutrients.

Phytic acid, a known inhibitor of iron absorption, will influence the bio-
availability of iron from food products (Reddy et al., 2000). Although various
approaches are available to reduce the phytate content of the EFP, the most
practical approach appears to be fortification of the product at a level of iron that
would ensure a sufficient quantity of absorbable iron. Vitamin C has been
shown to offset the inhibitory effect of phytate on iron absorption (Hallberg et
al., 1989; Siegenberg et al., 1991), thus providing justification for a liberal con-
tent of this vitamin in the product (see later section, “Vitamin C”).

Factorial modeling was used to calculate recommended intake levels for
iron for older infants, children, and adults (IOM, 2001). Using the recommended
intake for adult women during their reproductive years (18 mg/day), the minimal
nutrient density (Table 2-4) is 9 mg of iron/1,000 kcal. Pregnant women would
need higher amounts (12.4 mg/1,000 kcal). The IOM values are based on an
assumed bioavailability of 18 percent for children 1 year of age and older, preg-
nant women during the first trimester, and nonpregnant adults. A mixed protein
diet that includes some heme iron is assumed. For children under 1 year of age,
for whom the diet will contain little meat and primarily cereals and vegetables,
the bioavailability is assumed to be 10 percent; for pregnant women, due to the
increased rates of absorption seen during the second and third trimester, bio-
availability is assumed to be 25 percent (IOM, 2001). 

The provisional recommended daily iron intakes set by the Joint
FAO/WHO Expert Consultation on Human Vitamin and Mineral Requirements
(FAO/WHO, 2000) for diets having 10 percent iron bioavailability are consid-
erably higher: for girls 10 to 14 years of age, 33 mg (19.5 mg/1,000 kcal); for
older adolescents, 31 mg (16 mg/1,000 kcal); and for adult women of reproduc-
tive age, 29 mg (14.7 mg/1,000 kcal). To achieve the young adolescent nutrient
density, the iron content would need to be doubled to take into account the lower
bioavailability. 

Since a generous amount of ascorbic acid is included in the EFP, and use of
an iron source that is well tolerated and more bioavailable is recommended, the
EFP should contain 16.3 mg of iron/1,000 kcal (3.8 mg/EFP bar), assuming 10
percent bioavailablity. This provides the same amount of iron as 9.1 mg/1,000
kcal assuming 18 percent bioavailablility. Given the concern about excess die-
tary iron and possible adverse effects on immune function, as well as possible
food interactions and oxidative changes, the maximum iron content of the EFP
is 17.6 mg/1,000 kcal (specified content + 10 percent). A lower iron content may
be necessary if this range leads to unacceptable oxidative changes in the 
product; however, use of encapsulated iron, as mentioned earlier, could help
prevent this problem.
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Manganese

Dietary manganese is essential to the action of metalloenzymes involved in
the formation of bone and in the metabolism of amino acids, lipids, and carbo-
hydrates. Manganese deficiency has been observed in animals but has only been
produced experimentally in humans, thus little data is available related to defi-
ciency in refugee populations. Early signs of inadequate manganese include hy-
pocholsterolemia and a scaling, blistering rash on the upper torso (Friedman et
al., 1987; IOM, 2001).

Recommended intakes of manganese are based on median intakes due to in-
sufficient data to determine specific requirements and thus are AIs (IOM, 2001).
The minimal nutrient density value is based on the AI for children ages 1 to 3
years (1.2 mg/day) and is 1.4 mg of manganese/1,000 kcal (see Table 2-4). This
would provide 0.33 mg of manganese/EFP bar. The maximum content of the
EFP is 1.7 mg/1,000 kcal (specified content + 20 percent). Risk of elevated
blood manganese concentrations and neurotoxicity are the basis for UL values
which range from 2.33 mg/1,000 kcal for children 1 through 3 years of age to
4.70 mg/1,000 kcal for adult males (IOM, 2001). 

The level specified for the EFP is much greater than that recommended by
the Sphere Project (2001) for a desirable nutrient density of 0.3 µmol/100 kcal
(0.2 mg/1,000 kcal) for refugee diets, but it is within the range found in Western
diets.

Selenium

The biological role of selenium is as a component of various selenoproteins.
Selenoproteins include five glutathione peroxidases, two deiodinases, several
thioredoxin reductases, and selenophosphate synthetase 2 (Behne and Kyriako-
poulos, 2001). These proteins are important in supporting immunocompetence
and defense against oxidative stress, regulation of thyroid hormone action, and
regulation of the redox status of vitamin C and other molecules (IOM, 2000). 

Different populations vary greatly in their dietary intake of selenium,
largely because the selenium content of plant foods depends on the selenium
content of the soil where the food is grown. Meat and fish may be more reliable
sources of selenium; however, their content can be influenced by the selenium
content in feed sources. Intakes of selenium are particularly low in New
Zealand, Finland, and parts of China. Low plasma and hair concentrations of
selenium and low plasma glutathione peroxidase activity are common in these
countries (Thomson and Robinson, 1996; Varo et al., 1994; Xia et al., 1989).
Surveys in other parts of the world suggest that marginal or deficient selenium
status may be widespread (Fordyce et al., 2000; Kvicala et al., 1999;
Maksimović and Djujić, 1997; Ngo et al., 1997). Low selenium intake leading to
severe selenium deficiency is recognized as the major factor contributing to the
development of Keshan disease, a cardiomyopathy that occurs primarily in
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children living in various parts of China (Ge and Yang, 1993). The role of
selenium deficiency in Kashin-Beck disease, a degenerative osteoarticular
disorder that is endemic to certain low-selenium areas of Tibet, is less clear
(IOM, 2000).

Because of the possibility that the selenium status of the population groups
receiving the EFP may be marginal or deficient, it can be argued that the ration
should provide a generous intake of selenium. Additional support for increasing
selenium levels in the EFP is provided by the hypothesized role of selenium in
iodine metabolism, oxidative changes associated with protein–energy malnutri-
tion, and viral infections (Ashour et al., 1999; Beck et al., 2001; Contempre et
al., 1992; Fechner et al., 2001; Golden, 1998; Levander and Beck, 1999; Ngo et
al., 1997; Sive et al., 1993; Tatli et al., 2000; Vanderpas et al., 1990). 

The recommended intakes for selenium are based on the criterion of maxi-
mizing plasma glutathione peroxidase activity (IOM, 2000) and on data from
two intervention studies, one in China and one in New Zealand. Compared to
the RDA values (55 µg/day for girls 14 to 18 years old [IOM, 2000]), intakes
recommended in a preliminary FAO/WHO (2000) report are considerably lower.
Based on the limiting minimal nutrient density (see Table 2-4) of 28 µg of sele-
nium/1,000 kcal (6.5 µg/EFP bar), the minimum amount of selenium should be
at this level for the EFP. The maximum content is 34 µg/1,000 kcal (specified
content + 20 percent). 

Attempts to identify evidence of selenium toxicity in populations living in
seleniferous areas of the world have given conflicting results (Reilly, 1996).
Residents of seleniferous ranches in South Dakota or Wyoming with intakes as
high as 724 µg/day showed no adverse effects associated with their high intakes
(Longnecker et al., 1991). In contrast, endemic selenium toxicity occurring in
China led to biochemical abnormalities at selenium intakes over 750 µg/day and
changes in nails and hair in susceptible individuals at intakes of at least 910
µg/day (Yang et al., 1989). Other signs of chronic toxicity included lesions of
the skin, gastrointestinal tract, and nervous system (IOM, 2000). 

Hair and nail brittleness and loss are the endpoints on which the UL for se-
lenium is based (IOM, 2000). The maximum nutrient density is 103 µg/1,000
kcal based on the UL for children 4 to 8 years of age. The specified range is well
under this maximum. If it is necessary to add selenium to the ration in addition
to that provided by the major ingredients, it is recommended that it be in the
form of selenomethionine, due to its greater bioavailability compared to selenate
and selenite (IOM, 2000). Selenomethionine is the form that has been used in
supplementation trials.

Zinc

Low zinc intakes and marginal or deficient zinc status are found frequently
in developing countries, particularly in young children (Zinc Investigators’ 



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

56 EMERGENCY RELIEF FOOD PRODUCT

Collaborative Group, 2000). However, lack of reliable laboratory biomarkers
has made it difficult to accurately estimate the prevalence and severity of zinc
deficiency (Hambidge, 2000). Evidence for the existence of inadequate zinc
intakes has come largely from zinc supplementation trials (Hotz and Brown,
2001). Consumption of plant-based diets, especially those having a high content
of phytic acid, is considered a major factor contributing to zinc deficiency (Gib-
son et al., 1997; Hambidge et al., 1998). 

Zinc intakes recommended by FAO/WHO (2000) vary depending on the
estimated bioavailability of dietary zinc. Diets are classified as having high (56
percent), moderate (35 percent), or low (15 percent) zinc bioavailability, based
on the dietary content of animal and fish protein, calcium (less or greater than 1
g of calcium/day), and daily molar ratios of phytate to zinc (less than 5, 5
through 15, and greater than 15) (WHO, 1996b). 

Zinc bioavailability of the traditional diets consumed by various groups of
potential EFP recipients may vary considerably. Using the WHO model, esti-
mates of zinc absorption have ranged from 15 percent for diets in Malawi,
Kenya, and Guatemala to 30 percent for diets in Ghana, Guatemala, and Egypt
(Gibson and Ferguson, 1998). Thus, if based on dietary zinc content alone, the
zinc status of these populations might be expected to differ appreciably; how-
ever, other factors such as limited amounts of food and persistent diarrhea may
lead to marginal zinc deficiency even in those populations consuming diets low
in phytate, a known binder of zinc.

An increasing number of supplementation trials have demonstrated the
value of increased zinc intake in promoting linear and ponderal growth in chil-
dren. For example, a meta-analysis of 25 zinc supplementation trials showed
that zinc supplementation had an overall positive effect on change in height
(Brown et al., 1998). Subjects in these trials ranged in age from birth to 13
years, with a mean age of 3.6 years. The mean dose of zinc used for supple-
mentation was 14 mg/day (1.5 to 50 mg/day). 

A positive effect on growth, however, was not observed in all studies (Friis
et al., 1997; Kikafuna et al., 1998). Inconsistent results might be attributed to
inclusion of older children whose rate of growth is slower and to the presence of
multiple deficiencies that would not be expected to respond to supplementation
with a single nutrient (Hotz and Brown, 2001). Some evidence suggests that zinc
supplementation may lead to increased activity levels in young children
(Sazawal et al., 1996) and improved neuropsychological performance in school-
age children (Penland, 2000). 

Because zinc deficiency is associated with diarrhea and impaired immune
response (IOM, 2001), there is considerable interest in the possible therapeutic
or preventive role of zinc in infectious diseases and diarrhea in children in de-
veloping countries. A recent study reported a pooled analysis of all available
published and unpublished randomized controlled trials of the effect of supple-
mental zinc in children less than 5 years of age with acute or persistent diarrhea
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(Zinc Investigators’ Collaborative Group, 2000). In the acute diarrhea trials,
zinc-supplemented children had a 15 percent lower probability of continuing
diarrhea on a daily basis. In the persistent diarrhea trial analysis, zinc supple-
mentation resulted in a 24 percent lower probability of continuing diarrhea and a
42 percent lower rate of treatment failure or death. 

Reports of low dietary intakes of zinc and marginal zinc nutriture in preg-
nant women are of concern (Fitzgerald et al., 1993; Huddle et al., 1998; Kirksey
et al., 1994). Although observational studies have produced strong associations
between poor maternal zinc status and various indicators of poor pregnancy out-
come, supplementation trials have not produced strong or consistent results in
support of dietary zinc supplementation (Caulfield et al., 1998). 

The minimal nutrient density value for zinc is 5.2 mg/1,000 kcal, based on
boys 14 to 18 years of age (Table 2-4). The RDA for zinc (11 mg/day for ado-
lescent boys) is based on estimates that between 30 and 40 percent of dietary
zinc would be absorbed (IOM, 2001). It is doubtful that this level of absorption
would occur with the EFP given the plant-based diet with the expected level of
phytate. Thus, to cover the potential for reduced absorption due to the type of
food ingredients, and due to the presence of gastrointestinal problems in the po-
tential recipient populations, the baseline value is increased by 100 percent, re-
sulting in the specified level of zinc in the EFP of 10.4 mg/1,000 kcal (2.4
mg/EFP bar). This level seems justified on the basis of the demonstrated posi-
tive effects of zinc supplementation on growth and in the treatment and preven-
tion of diarrhea in malnourished children 

Based on estimates of the zinc content of muscle and changes that occur
during malnutrition, Golden (2001) has proposed a level of 13 mg of zinc/1,000
kcal for emergency refugee rations. He concluded that this amount would allow
individuals who do not have an initial deficit of zinc to gain at least 5 g/kg of
body weight/day even with a diet having low zinc bioavailability. A nutrient
density of 13 mg of zinc/1,000 kcal is similar to that in other emergency relief
foods such as Corn Soy Blend and Unimix, and lower than that in BP-5 Com-
pact Food or F100 (Golden, 2001). The level chosen for the EFP bar is similar to
the desirable nutrient density of 9 mg/1,000 kcal recommended by the Sphere
Project (Sphere Project, 2001). 

The ULs for zinc, 40 mg/day for adults with lower values for children, are
adjusted on a weight basis (IOM, 2001). Other reference values developed as
safe upper limits of zinc intake (WHO, 1996b) are higher. The UL for zinc for
children ages 1 through 3 years (IOM, 2001) is 7 mg/day, which is less than the
proposed level for the EFP for this age group (which totals 8.9 mg/day, based on
the estimated energy expenditure for children ages 1 through 3 years).

The UL for zinc is based on the adverse effect of excess zinc on copper
status, recognizing that the studies reported were primarily in adults (IOM,
2001). Although this level of zinc in the EFP appears to be of possible concern,
the expectation that less will be absorbed also holds true for the UL, and thus a
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higher amount will in all likelihood not increase the risk that adverse conse-
quences to copper status will occur, particularly when copper is also added to
the EFP and the EFP will be fed over a short period of time. However, given the
concern about the UL, it is important that the specifications for the EFP be
tightly controlled; the maximum content is 11.4 mg/1,000 kcal (specified con-
tent + 10 percent).

Additionally, the molar phytate:zinc ratio of the EFP should be less than 10
because higher ratios are associated with suboptimal zinc status (Bindra et al.,
1986; Oberleas and Harland, 1981). Consideration needs to be given to the form
of zinc added to the EFP. Zinc carbonate and zinc oxide are insoluble and poorly
absorbed, whereas zinc sulfate and zinc acetate appear to be better utilized (Al-
len, 1998) and would be the preferred ingredient.

Vitamins

Vitamin A

Vitamin A is required for normal vision, gene expression, reproduction,
embryonic development, growth, and immune function (IOM, 2001). Problems
associated with vitamin A deficiency reflect these functions. For example, vita-
min A deficiency causes blindness as a consequence of xerophthalmia. Vitamin
A deficiency is also associated with increased risk for infectious diseases (Un-
derwood and Arthur, 1996). Conversely, infection may contribute to develop-
ment of vitamin A deficiency as a result of decreased food intake as well as 
decreased absorption, increased utilization, and possibly increased excretion
(Nalubola and Nestel, 1999). 

Vitamin A deficiency is a significant public health problem in many parts of
the world, especially in Africa and Southeast Asia (WHO, 2001). Clinical vita-
min A deficiency affects at least 2.8 million preschool children in more than 60
countries, and it is estimated that subclinical deficiency is a problem in at least
250 million people (Stephenson et al., 2000). School-age children and pregnant
women also are affected. An estimated 250,000 to 500,000 children become
blind each year as a consequence of severe vitamin A deficiency (WHO, 2001).
Importantly, improving the vitamin A status of deficient children, ages 6 months
to 5 years, increases their chances of survival, as shown by the meta-analysis of
eight studies in which the risk of mortality from diseases such as measles and
diarrhea decreased by 23 percent (Beaton et al., 1994).

Many, but not all, studies have shown a beneficial effect of vitamin A sup-
plementation in infectious disease. Meta-analyses by Fawzi and coworkers
(1993) and Glasziou and Mackerras (1993) showed a significant reduction in
mortality from infectious diseases in children given vitamin A. The value of
vitamin A supplementation in improving morbidity, however, is less clear, and
results of various studies have been equivocal. Supplementation has been shown
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to reduce the severity of measles and have a beneficial effect on measles-related
pneumonia. However, a beneficial effect on nonmeasles respiratory infections
has not been demonstrated (Villamor and Fawzi, 2000). WHO (1999a) has rec-
ommended vitamin A supplementation in the management of uncomplicated
measles in areas of known deficiency as well as in all cases of complicated
measles.

Vitamin A deficiency may be an important factor contributing to poor ma-
ternal performance during pregnancy and lactation (Ladipo, 2000; Underwood
and Arthur, 1996), as well as growth deficits in children (Hadi et al., 2000; West
et al., 1988). Vitamin A is also important in iron metabolism. Impaired mobili-
zation of iron stores was found in the presence of vitamin A deficiency (Lynch,
1997), and a significant increase in mean hemoglobin concentration has been
shown in anemic school children given vitamin A supplements (Fishman et al.,
2000; Mwanri et al., 2000). Furthermore, the results of a recent study suggest
that vitamin A may enhance the absorption of iron from cereal-based meals,
possibly by preventing phytic acid from binding iron in the cereals (Layrisse et
al., 2000).

The adverse effects of high vitamin A intake are well recognized. Most
cases of toxicity have occurred because of high-dose supplements taken over a
period of months or years. The possible teratogenicity of high vitamin A levels
consumed during the first trimester of pregnancy is of particular concern. How-
ever, the threshold at which risk occurs is controversial. Most of the data on
birth defects associated with excess vitamin A consumption involve doses equal
to or greater than 7,800 �g of preformed vitamin A/day (IOM, 2001), although
Rothman and colleagues (1995) showed a significantly increased risk for mal-
formation of cranial structures originating from neural crest cells in the infants
of women who consumed more than 4,500 �g/day of preformed vitamin A from
food and supplements during the first trimester of pregnancy. The ULs for
women 14 through 18 and 19 through 50 years of age are 2,800 and 3,000
�g/day of preformed vitamin A, respectively (IOM, 2001). 

The UL for infants is 600 �g/day, based on case reports of infants who de-
veloped bulging fontanels as a result of receiving high-dose vitamin A supple-
ments (IOM, 2001). This value is only slightly higher than the AI of 500 �g/day
for infants 7 through 12 months of age based on estimated intakes for infants
receiving human milk and complementary foods (IOM, 2001). Similarly, the
differences between the ULs for children 1 through 8 years of age and their cor-
responding RDAs are relatively small.

Recommendations for the vitamin A content of diets intended for refugee
feeding vary. Beaton (1995) recommended 380 �g of retinol equiva-
lents(RE)/1,000 kcal as a goal for fortification of the total diet for refugee feed-
ing. This amount would be expected to meet the needs of at least 95 percent of 
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TABLE 2-8  Vitamin A Content Based on Energy Needs of an Emergency
Relief Food Product (EFP)

Age Gender
Energy Requirement
(kcal/d)a 

Recommended Dietary
Allowance for Vitamin A
(�g RAE/day)b

7–12 mo Both 578 500 (AI)
1–3 yr Both 855 300
4–8 yr Both 1,456 400
9–13 yr Both 1,693 600

14–18 yr Boys 2,136 900
Girls 1,931 700
Girls,

pregnant
2,131 750

19–50 yr Men 2,339 900
Women 1,972 700
Women,

pregnant
2,172 770

51+ yr Men 2,249 900
Women 1,929 700

a Estimated energy values (from Table 2-3).
b  Taken from IOM, 2001.

 

individuals and in theory would lead to a 3-month liver reserve. The Sphere
Project (2001) suggested that 500 �g RE/day can be used for planning purposes
in the initial stages of an emergency. In contrast, Golden (2001) recently rec-
ommended that 2,000 �g of retinol/1,000 kcal be added to a ration intended for
emergency feeding.

The vitamin A content of diets and products used for refugee relief also
varies considerably. For example, the approximate vitamin A content of the BP-
5 Compressed Compact Food is 1,025 �g of preformed vitamin A/1,000 kcal
(Golden, 2001); Corn/Soy Blend (new), 1,850 �g; and Unimix, 1,635 �g (Bea-
ton, 1995).

The minimal nutrient density value calculated for vitamin A and based on
the RDA (900 µg RAE/day [IOM, 2001]) is for boys 14 through 18 years of age
(Table 2-4). The value is 420 µg RAE/1,000 kcal. Because the vitamin A status
of many of the potential recipients of the EFP may be marginal or deficient and
because vitamin A is important in situations involving infectious diseases and
diarrhea, the baseline value of 420 µg/1,000 kcal is likely to be too low for many 
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Tolerable Upper Intake Level for
Preformed Vitamin A (�g/day)

Intake of Vitamin A from EFPc Based on
Estimated Energy Requirements (�g/day)

600 289–578
600 427–855
900 728–1,426

1,700 846–1,693
2,800 1,068–2,136
2,800 966–1,931
2,800 1,066–2,131

3,000 1,170–2,339
3,000 1,170–2,339
3,000 1,086–2,172

3,000 1,124–2,249
3,000 964–1,929

c The EFP contains between 500 and 1,000 �g of preformed vitamin A/1,000
kcal (Table 2-4 and IOM, 2001).

crises. It is recommended that the EFP contain a minimum of 500 µg of pre-
formed vitamin A/1,000 kcal (117 µg/EFP bar). The maximum content is 1,000
µg of preformed vitamin A/1,000 kcal (specified content + 100 percent). Caro-
tenoids possibly present in food ingredients do not contribute to this total due to
concern for variable rates of absorption and bioconversion.

Based on assumed energy intakes, the minimum amount exceeds the U.S.
and Canadian recommended intakes for all individuals (see Table 2-8). At the
maximum amount, intakes of pregnant women would not exceed the UL of
3,000 µg/day of preformed vitamin A (IOM, 2001), although the intake of chil-
dren 1 through 8 years of age may be 50 percent above their respective UL for
the vitamin. However, the UL is designed to represent chronic intake—it is not
meant to apply to malnourished individuals who are recipients of fortification or
supplementation programs for the prevention and treatment of vitamin A defi-
ciency (IOM, 2001). 

If one of the initial activities in a relief program was to give children a high-
dose vitamin A supplement (Golden, 2001), it could be argued that the high con-
tent of the EFP would not only be unnecessary but also might increase the risk
of adverse effects. In view of the sponsors’ proposed use of this product such a
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possibility is unlikely. High-dose supplements are in the range of 60,000 µg of
preformed vitamin A administered as a single dose every 4 to 6 months (NRC,
1987); thus the extra amount ingested from food would represent a very small
percentage of the total amount given, and consumption of the EFP is recom-
mended for no more than 15 days. It is very important, however, that the content
of vitamin A in the EFP be monitored carefully to be within the specifications
given. 

Vitamin D

Vitamin D (cholecalciferol) is required for calcium absorption, normal
muscle function, and bone growth (IOM, 1997a). Although human requirements
can be met with adequate exposure to sunlight (Holick, 1994), it is difficult to
monitor and ensure adequate bioconversion. The need for dietary vitamin D for
survivability or bone growth for a 15-day period for which the EFP is intended
is not clear. However, based on the expectation that the target population is
prone to deficiency and a dietary source will enhance the absorption and utiliza-
tion of calcium, it is recommended that the EFP contain vitamin D. Although
not reliably documented, vitamin D deficiency resulting from long periods of
wearing full body clothing and living in environments with significant air pollu-
tion—especially from dust—is possible. 

Clearly, when refugees live close to the equator, vitamin D synthesis is
probably occurring when environmental and cultural conditions allow adequate
skin exposure to the sun. Because of the complexity of estimating true vitamin D
needs in this population, the recommendation for vitamin D content of the EFP
is the AI (IOM, 1997a). Populations in need of the EFP can be expected to have
a high percentage of individuals under 50 years of age. While the AI for vitamin
D is 5 �g of cholecalciferol/day for the adult population 50 years of age and
younger, it is 10 �g/day for those between 51 and 70 years of age, and 15
�g/day for those over 70 years of age (IOM, 1997a). The amount of vitamin D
for the EFP is proposed to be 5.2 �g/1,000 kcal (1.2 �g/EFP bar), based on the
needs for those over 50 years of age; those over 70 years of age were thought to
be too small a group within refugee populations to be used as the basis for the
vitamin D content of the EFP.

Little information is found concerning the bioavailability of vitamin D in
malnourished individuals, so no adjustments were made in the recommendation.
The types of ingredients likely to be used in the EFP strongly support the addi-
tion of vitamin D as cholecalciferol as there may well be no other dietary source
included unless fortified milk solids are used as a protein source. Although dic-
tated by cost, utilization of this form also reduces the potential for toxicity (as
compared to 1,25(OH)2D3, the biologically active form of vitamin D). The EFP
is not formulated as a therapeutic ration, thus individuals with hepatic or renal
disease would need to be treated separately. 
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The UL for vitamin D is 50 �g of cholecalciferol/day (�24 �g/1,000 kcal),
and is based on hypercalcemia at higher levels of intake on a chronic basis
(IOM, 1997a). Since the recipient population is likely to have some sun expo-
sure, this limit should be strictly adhered to, as there is a risk in displaced popu-
lations�due to dehydration�of compromised urinary function (Briend and
Golden, 1993). The maximum content is 5.8 µg/1,000 kcal (specified content +
10 percent). 

Vitamin E

Vitamin E, the primary fat-soluble antioxidant in the body, is essential for
proper immune system function and for maintenance of cell membranes. Defi-
ciencies of vitamin E have been reported in malnourished individuals (Golden,
2001). Furthermore, diarrhea and malabsorption are likely to be present in the
populations served by the EFP. Absorption of vitamin E is known to be low and
varies from 21 to 86 percent depending on the presence of any defects that lead
to impaired absorption. Impaired absorption was taken into account in develop-
ing the recommended dietary intakes (IOM, 2000). Assuming that a smaller per-
centage of the dietary vitamin E in the EFP will be absorbed due to possible
malabsorption, and recognizing that girls 14 to 18 years of age have the greatest
nutrient density need, 20 percent is added to the minimal nutrient density value
estimated for this age group (Table 2-4) of 7.8 mg of d-�-tocopherol/1,000 kcal,
to provide the amount for the EFP of 9.4 mg/1,000 kcal (2.2 mg/EFP bar). The
level of vitamin E should provide adequate antioxidant activity to protect against
the oxidation of PUFAs after absorption. Therefore, an additional 6.6 mg of
vitamin E is added to protect the maximum amount of PUFA at 10 percent of
energy (which is 11 g/1,000 kcal), equivalent to 0.6 mg of vitamin E/g of PUFA.

Since it is recommended that the vitamin E be encapsulated, it is not neces-
sary to provide additional d-�-tocopherol beyond the level specified above to
serve as an antioxidant for the PUFA present in the bar. If it is not encapsulated,
additional vitamin E or other antioxidants will need to be added to protect
against lipid oxidation and subsequent destruction of the vitamin over the shelf
life of the EFP.

The required level of d-�-tocopherol (9.4 mg/1,000 kcal) is well below the
UL for all groups (1,000 mg total �-tocopherol/day [IOM, 2000]). 

Vitamin K

Vitamin K functions as a cofactor for the blood clotting cascade, and a defi-
ciency is marked by reduced levels of blood clotting factors such as prothrombin
factors X, IX, VII, and protein C. Vitamin K is a cofactor for carboxylation of
glutamyl residues on proteins to form �-carboxyglutamyl proteins (Gla). Osteo-
calcin, a Gla protein, is essential for bone formation (IOM, 2001; Olsen, 1994).
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Deficiencies of vitamin K are rare in most parts of the world, and there are
no data validating vitamin K deficiencies in refugee populations. One study
from India showed that breast-fed infants with diarrhea had low levels of pro-
thrombin, suggesting that vitamin K deficiency is independent of antibiotic ther-
apy (Kumar et al., 2001). Children with protein–energy malnutrition also have
low prothrombin levels (Hassanein and Tankovsky, 1973), but this deficiency is
better treated with an increase in dietary protein than with vitamin K. Besides
dietary sources of vitamin K, it has been assumed that the microflora of the gas-
trointestinal tract synthesize menaquinone. With antibiotic therapy—or in the
newborn with a sterile gastrointestinal tract—there is a decrease in vitamin K
availability (Kumar et al., 2001). However, the contribution of the bacterially
produced vitamin K is unknown (IOM, 2001). Thus, dietary sources are recom-
mended, and vitamin K should be added to the EFP. 

Blood clotting is important to survival, especially when there are multiple
opportunities for injury due to military-type conflicts as well as the continued
movement of many refugee populations. Thus, even a 15-day period of vitamin
K supplementation may improve survivability by reducing blood loss due to
prolonged clotting time following injury. There are data suggesting some benefit
for nursing mothers to consume vitamin K to increase levels in their milk. Due
to the limited data, however, the AI is the basis for the vitamin K content of the
EFP.

Food composition data suggest that soybean oil (193 �g of vitamin K/100
g) could provide the vitamin K required in the EFP, thereby limiting the need for
addition of vitamin K (USDA, 1994). Median and mean intakes of vitamin K
have been estimated to be 80 to 120 and 60 to 210 �g/day, respectively, for adult
men, the most limiting group (IOM, 2001). Levels that result in deficiency are
much lower. Given little concern regarding intake above the AI, the minimum
content for the EFP is set at 57 �g/1,000 kcal (14 µg/EFP bar). No maximum
level is set as little evidence of adverse effects of overconsumption has been
identified, except in those taking prescription anticoagulants.

Vitamin C

The function of vitamin C in protecting against oxidative stress, its neces-
sity for wound healing, and its likely role in maintaining normal immune func-
tion (IOM, 2000) make the vitamin particularly critical for recipients of emer-
gency rations. Vitamin C also is known to enhance the absorption of nonheme
iron, which is especially important in populations where iron deficiency is a
major nutritional problem, particularly among women and children (IOM,
2000).

Outbreaks of scurvy have been reported in refugee populations during the
past three decades, often in populations entirely dependent on emergency food
rations found to provide less than 2 mg/day of vitamin C (IOM, 1997b). It is
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difficult to estimate the actual number of scurvy cases that occur, due partly to
lack of adequate surveillance systems in refugee camps, but also because of the
frequent existence of multiple deficiencies. Populations under siege or on the
move are more likely to encounter problems obtaining fresh fruits and vegeta-
bles, the major food sources of vitamin C. Populations in some parts of Africa
may have marginal intakes of vitamin C for considerable periods of time before
an emergency situation occurs. 

The RDA for vitamin C for adults (75 mg/day for women, 90 mg/day for
men) is based on the amount needed to maintain near maximal neutrophil ascor-
bate concentrations with minimal urinary excretion of the vitamin (IOM, 2000).
Recommended intakes for children and adolescents are derived from adult val-
ues based on body weight. The nutrient density needed to meet the needs of the
most limiting group (men over age 50 years; see Table 2-4) is approximately 40
mg/1,000 kcal (IOM, 2000). This level would provide the recommended intakes
of vitamin C for healthy adults and exceed those for children. 

The vitamin C status of EFP recipients is assumed to be marginal given the
likelihood that previous diets were low in fruits and vegetables and the occa-
sional observation of scurvy in some refugee populations. It is also possible that
storage in higher heat conditions and possible oxidation may destroy some of the
vitamin C present in the EFP. Therefore, it is recommended that the vitamin C
content of the EFP be 2.5 times the baseline minimal nutrient density, or 100
mg/1,000 kcal (23.3 mg/EFP bar). This level is similar to that in the BP-5 Com-
pact Food (87 mg/1,000 kcal; Golden, 2001), and slightly lower than that in the
USAID Corn/Soy Blend (106 mg/1,000 kcal [IOM, 1997b]). 

Given that the ULs for children 1 through 3 and 4 through 8 years of age are
400 mg/day and 650 mg/day, respectively, it is unlikely that levels will be above
the UL unless premixing problems arise. Thus, for specifications, the maximum
vitamin C content of 200 mg/1,000 kcal is suggested (specified content + 100
percent).

Vitamin C is the most labile of the water-soluble vitamins, and is easily
oxidized in the presence of moisture, heat, and light. It is anticipated that signifi-
cant losses of vitamin C may occur during storage, but the use of an ethylcellu-
lose-encapsulated vitamin C should provide for minimum storage losses (IOM,
1997b). With the overage recommended, adequate vitamin C will be present for
the recipient. 

Thiamin

Thiamin is centrally involved in carbohydrate metabolism, nucleic acid and
fatty acid synthesis, and membrane and nerve conduction. Anorexia, tiredness,
and weight loss are early symptoms of thiamin deficiency; more severe thiamin
deficiency leads to cardiovascular and neurological symptoms, including mental
changes (Brown, 1990). In adults, beriberi (severe thiamin deficiency) is 
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characterized by varying degrees of peripheral neuropathy and cardiovascular
involvement while sustained deficiency leads to death. In young infants (2 to 3
months of age), beriberi is characterized by cardiac symptoms, cyanosis, vom-
iting, and dyspnea; death can occur within hours of the onset of symptoms (Tan-
phaichitr, 1994). In young, breast-fed infants, beriberi is due to the thiamin defi-
ciency of the mother. Because ethanol is a thiamin antagonist, chronic and heavy
alcohol consumption can lead to thiamin deficiency, manifested as Wernicke-
Korsakoff syndrome (Zubaran et al., 1997). The biological half-life of thiamin is
approximately 9 to 18 days (Ariaey-Nejad et al., 1970). Therefore, consumption
of thiamin-poor diets rapidly leads to poor thiamin status. Thiamin deficiency
(unspecified) in individuals with poor initial thiamin status has been noted in
refugee situations within 2 weeks (Golden, 2001).

Losses of thiamin during cooking may be considerable due to high tem-
peratures and discarding of cooking water (Kimura et al., 1990). Additionally,
thiamin is destroyed by sulfite and chlorite, such as sodium hypochlorite, a dis-
infectant commonly added to water in refugee camps (Dwivedi and Arnold,
1973; Stammati et al., 1992)

Parasitic infections have been shown to be associated with poorer thiamin
status in a sample of young Egyptian men (Hussein et al., 1989). Additionally,
thiamin deficiency has been reported among children with severe gastroenteritis
(Truswell et al., 1972).

Based on the RDA for the limiting group of children ages 1 to 3 years (0.6
mg/day [IOM, 1998]), the minimal nutrient density necessary to meet recom-
mended intakes is 0.6 mg/1,000 kcal (Table 2-4). The thiamin content of the
EFP should be the amount that conservatively meets nutritional requirements
under adverse conditions. Due to possible gastrointestinal problems in the target
population, and potential destruction of the vitamin due to long-term storage and
temperature, the recommended thiamin content is doubled to 1.2 mg/1,000 kcal
(0.28 mg/EFP bar). No UL has been set for this nutrient as there are no data on
adverse effects from food or supplement intake (IOM, 1998). The maximum
content is 1.4 mg/1,000 kcal (specified content + 20 percent).

Riboflavin

Riboflavin plays a central role in energy metabolism because of its role as
the precursor for the coenzymes flavin mononucleotide (FMN) and flavin–ade-
nine dinucleotide (McCormick, 1990, 1994). Both coenzymes function as cata-
lysts for redox reactions, and are involved in numerous metabolic pathways.
Riboflavin coenzymes are necessary for the functioning of the electron transport
chain. Symptoms of riboflavin deficiency can include painful lesions of the lips
and mouth, peripheral nerve dysfunction, and inflammation of the tongue. In
general, deficiencies of riboflavin are associated with deficiencies of other nutri-
ents (IOM, 1998).
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Significant rates of riboflavin deficiency have been documented in a wide
range of populations, including The Gambia (Reddy et al., 1987), northeast
Thailand (Pongpaew et al., 1995), Malaysia (Shahar et al., 1999), Guatemala
(King et al., 1997), and Zimbabwe (Wacker et al., 2000). In an emergency
situation, prior consumption of animal products and green vegetables (major
sources of riboflavin) may be limited or absent; therefore riboflavin deficiency
can be assumed to be present, particularly if the crisis has been long.

In general, the bioavailability of riboflavin is quite high, although both ribo-
flavin and FMN can form complexes with a variety of substances, including
ascorbic acid, tryptophan, zinc, copper, and iron (Jusko and Levy, 1975). Ribo-
flavin is heat stable, and therefore cooking losses are generally minimal, but the
vitamin is susceptible to destruction via oxidation and exposure to light.

Diarrhea and other factors that decrease transit time can cause poor absorp-
tion (McCormick, 1994). Enhanced losses of riboflavin can occur with catabolic
nitrogen losses, and protein–energy malnutrition can be associated with reduced
absorption and utilization of riboflavin (McCormick, 1994). Systemic infection,
even without gastrointestinal involvement, can increase the riboflavin require-
ment (McCormick, 1994).

Since riboflavin plays a central role in energy metabolism, the requirement
should theoretically be related to energy intake and expenditure. Belko and co-
workers (1983, 1984, 1985) examined the effects of dieting and moderate exer-
cise (2.5 to 5 hr/wk) on the riboflavin status of overweight women and found
that both activities increased the riboflavin requirement. In The Gambia, the
seasonality of riboflavin intake may be associated with changes in energy intake
and balance (Bates et al., 1994). Riboflavin requirements may also be increased
by a high carbohydrate:fat ratio (Boisvert et al., 1993). Diets of this type are
common in developing countries, and are frequently found in refugee situations. 

The baseline minimal nutrient density value calculated for riboflavin and
based on the RDA (1.3 mg/day [IOM, 1998]) was for boys 14 through 18 years
of age (Table 2-4). The value is 0.6 mg/1,000 kcal. Under emergency condi-
tions, riboflavin status may often be compromised by weight loss, heavy exer-
cise, diarrhea, and multiple nutritional deficiencies. Therefore, the baseline
value is likely to be too low for many crises. In support of this hypothesis, Bates
and coworkers (1989) reported that riboflavin intakes of 1.8 to 2.5 mg/day were
required to return a group of Gambian subjects to an acceptable mean erythro-
cyte glutathione reductase-activity concentration (EGRAC) of 1.3 to 1.4. Fur-
thermore, Belko and coworkers (1985), studying a group of overweight women
on low-calorie diets (1,200 to 1,250 kcal/day), found that riboflavin intakes of
1.0 mg/1,000 kcal were associated with elevated EGRAC levels, while a diet
containing 1.2 mg/1,000 kcal provided statistically significant improvements in
EGRAC values.

The importance of riboflavin in energy metabolism and its potential de-
struction by heat and light, and the apparent lack of adverse effects of chronic
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consumption at higher than recommended levels (no UL has been established),
suggest that the content of the EFP can be safely doubled to 1.2 mg/1,000 kcal
(0.28 mg/EFP bar). This level should be enough to cover any additional re-
quirements due to physical activity and/or diarrhea, and is comparable to the
riboflavin content of Unimix (1.1 mg/kcal) and Corn-Soy Blend (1.3 mg/1,000
kcal), although lower than F100 (2.0 mg/1,000 kcal) (Golden 2001). The maxi-
mum content is 1.4 mg/1,000 kcal (specified content + 20 percent).

Niacin

Niacin, through its coenzymes nicotine adenine dinucleotide and nicotine
adenine dinucleotide phosphate, plays a central role in energy metabolism, fatty
acid and steroid synthesis, DNA repair, and calcium mobilization (Swendseid
and Jacob, 1994). Severe niacin deficiency gives rise to the classic deficiency
syndrome, pellagra, which is characterized by dermatitis, diarrhea, dementia,
and death. Neurological symptoms include apathy, depression, and memory
loss. Changes in the digestive track can lead to vomiting, diarrhea, and consti-
pation. Early signs of mild deficiency can include ill-defined gastrointestinal
problems, weakness, and lassitude (IOM, 1998). Although the prevalence of
mild and marginal deficiencies has not been well documented, rates are likely to
be relatively high in some maize- and sorghum-consuming populations (in
which niacin deficiency is typically found due to low niacin content along with
low levels of tryptophan), particularly during the “hungry season” (the weeks or
months when the produce from the previous harvest is fully consumed and the
next harvest is not yet ready). The body can convert the amino acid tryptophan
to niacin with about 60 mg of tryptophan being needed to produce 1 mg of nia-
cin, although this may vary by as much as 30 percent (IOM, 1998).

Niacin can be obtained either by consumption of preformed niacin or by
conversion of tryptophan to niacin. Niacin bioavailability varies according to the
form of niacin and the food matrix. In developing countries, many people obtain
most of their niacin from grains, legumes, and green leafy vegetables, and by
synthesis of niacin from tryptophan. In mature maize, and to a lesser degree in
wheat and other cereals, niacin is bound to complex carbohydrates and small
peptides and is biologically unavailable (WHO, 2000). Only about 30 percent of
niacin in maize is bioavailable; however, heat treatment of maize under alkaline
conditions, as is traditionally done in Mexico, greatly increases niacin bioavail-
ability (Carpenter and Lewin, 1985).

Pellagra has often been observed in refugee populations. In 1989 to 1990,
an outbreak of pellagra occurred among Mozambican refugees living in Malawi
(Malfait et al., 1993). During an 8-month period, nearly 18,000 of 286,000 refu-
gees (incidence = 6.3 percent) were affected (CDC, 1991). Incidence of pellagra 
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TABLE 2-9  Recommended Dietary Allowances (RDAs) and Tolerable Up-
per Intake Levels (ULs) for Niacin

Age (yr) RDA (mg of NEa/d) ULb (mg/d)
Niacin Intake from the
EFP Bar (mg NE/d)

1–3 6 10 10
4–8 8 15 16
9–13 12 20 19

14–18, boys 16 30 24
14–18, girls 14 30 22
Adults, men 16 35 26
Adults, women 14 35 26
a NE = niacin equivalents.
b As nicotinic acid/niacinamide added to foods or in supplements only (IOM, 1998).
c Based on a maximum content of 2.9 mg NE/EFP bar (or 12.4 mg/1,000 kcal).
SOURCE: IOM (1998).

was nearly eight times higher for women than men, but children under 5 years of
age were relatively unlikely to be affected. This epidemic was precipitated by a
disruption in local groundnut supply, a source of niacin for the population. More
recently, an outbreak of pellagra in Angola affected both refugee and local
populations (Baquet et al., 2000). Most cases occurred in women (83 percent),
with relatively few children under 15 years of age afflicted (18 percent of cases).
Other pellagra outbreaks were documented during the 1980s and 1990s in Ne-
pal, Zimbabwe, Angola, Malawi, and Mozambique (WHO, 2000).

Because of the central role of niacin in energy metabolism, niacin require-
ments bear a theoretical relationship to energy. However, no research has ex-
amined the influence of energy expenditure or intake on niacin requirements
(IOM, 1998). Additionally, inadequate iron, riboflavin, or vitamin B6 status re-
duces the efficiency of the conversion of tryptophan to niacin, although the
magnitude of these effects has not been established (IOM, 1998).

The limiting subgroup for niacin is boys 14 to 18 years of age (Table 2-4),
with a minimal nutrient density needed of 7.5 mg of niacin equivalents
(NE)/1,000 kcal. The UL for niacin refers only to nicotinic acid or nicotinamide
added to foods or taken as supplements. Thus concern about adverse effects
would only arise with the amount of nicotinic acid or nicotinamide added to the
EFP. 

Because niacin deficiency is likely to be highly prevalent in many refugee
populations, the minimal nutrient density is increased by 50 percent to 11.2 mg
NE/1,000 kcal (2.6 mg NE/EFP bar). Table 2-9 provides the estimated amount
of niacin intakes from the EFP based on the energy intakes estimated in Table 2-
3. Given that not all the NE included in the EFP will be as an added ingredient,
it is probable that the UL for nicotinic acid/niacinamide will not be exceeded at
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this level of total niacin intake. However, it is important that the level contained
in the EFP be carefully monitored and not be exceeded by more than 10 percent.
The maximum content is 12.4 mg/1,000 kcal (specified content + 10 percent). 

Golden (2001) has recommended 18 mg/1,000 kcal of niacin. The niacin
content of other emergency products ranges from 10 mg/1,000 kcal (F100) to 27
mg/1,000 kcal (Oxford SK8 biscuit). The recommended level for the EFP is
within the range of these other recommendations.

Vitamin B6

Vitamin B6, a group of six compounds of which the pyridoxine forms are
the most prevalent in plant-based foods, is important in a wide variety of meta-
bolic processes, including normal protein metabolism and glucose production
(IOM, 1998). Adequate vitamin B6 status is also required for optimal conversion
of tryptophan to niacin. Hemoglobin synthesis is dependent on adequate vitamin
B6 status, and severe deficiency of vitamin B6 can lead to hypochromic, micro-
cytic anemia. Poor vitamin B6 status is associated with compromised cell-
mediated immune function. In cases of severe deficiency, infants can suffer
convulsions, while symptoms in adults include depression, confusion, irritabil-
ity, stomatitis, and cheilosis (IOM, 1998).

Little research has been conducted to examine the prevalence of vitamin B6
deficiency in developing countries. In periurban Egypt, 38 percent of 70 women
had low vitamin B6 levels in breast milk, and low values were associated with
poorer mother–infant interaction (McCullough et al., 1990). In Indonesia, ap-
proximately 40 percent of rural third-graders had plasma pyridoxal phosphate
values (the most widely used vitamin B6 status index) indicative of deficiency
(Setiawan et al., 2000). Vitamin B6 deficiency was observed in 26 percent of
young female Chinese textile workers (Ronnenberg et al., 2000). In Europe, the
SENECA study found that more than 50 percent of the elderly in some geo-
graphical areas had vitamin B6 deficiency (Haller et al., 1991). The results of
these studies suggests that pre-existing deficiencies of vitamin B6 can be as-
sumed to be present in refugee populations.

Vitamin B6 is available from a wide range of plant and animal foods. The
forms of vitamin B6 in eggs, fish, and poultry are highly bioavailable. Plant
pyridoxines are less bioavailable and may decrease absorption of the more
bioavailable forms of the vitamin (Gregory, 1998). In developing countries, the
principal sources of vitamin B6 are likely to be starchy staples and legumes.
Food processing and storage adversely influence the vitamin B6 content of some
foods (Leklem, 1996). Vitamin B6 in food is unstable under neutral or alkaline
conditions.

Since vitamin B6 is absorbed by a nonsaturable, passive process that occurs
primarily in the jejunum, the presence of parasites or diarrhea may have little
effect on vitamin B6 absorption, although it has not been well explored. In order
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to support the role of vitamin B6 in amino acid metabolism, some investigators
have proposed an increased requirement for vitamin B6 coincident with increas-
ing protein intake. Several studies have documented a relationship between in-
creased protein intake and decreased vitamin B6 status. However, the precise
mathematical relationship remains unclear (IOM, 1998). Several studies have
examined the influence of physical activity on vitamin B6 status and metabo-
lism, and have shown little or no relationship (Manore, 2000), although exercise
is theoretically linked to increased vitamin B6 requirements. 

Based on the RDA of 1.5 mg/day for the limiting subgroup of women 51
years of age and older (IOM, 1998), a minimal nutrient density value was cal-
culated (see Table 2-4). Under the assumptions of the method, the value required
to prevent inadequate intake in almost all individuals in this life stage and gen-
der group would be 0.8 mg of vitamin B6/1,000 kcal. Given concern about losses
in food processing and storage, the EFP should contain 50 percent more, or 1.2
mg/1,000 kcal (0.28 mg/EFP bar). 

Large doses of oral vitamin B6 have been associated with a range of nega-
tive outcomes. The UL is 30 g/day as pyridoxine for children ages 1 through 3
years (IOM, 1998), much higher than the proposed level for the EFP. Therefore,
adverse effects related to vitamin B6 should not be a problem. The maximum
content is 1.4 mg/1,000 kcal (specified content + 20 percent).

Folate

Folate is a collective term for a family of compounds that are structurally
and functionally related to pteroylmonoglutamic acid. Folate is involved
physiologically in DNA synthesis, purine synthesis, and amino acid interconver-
sions, including the synthesis of methionine from homocysteine (IOM, 1998).
Folate deficiency leads to megaloblastic anemia, elevated homocysteine, in-
creased risk of neural tube defects, and possibly increased risk of other con-
genital disorders, cancer, and vascular disease (IOM, 1998).

Major sources of folate include green vegetables and legumes. The absorp-
tion of food folate requires the conversion of polyglutamyl folates to monoglu-
tamyl forms, which are then absorbed at physiological levels by a saturable
transport process (Gregory, 2001). The bioavailability of food folate varies
widely by food and may be influenced by processing of the food matrix (Cas-
tenmiller et al., 2000; Gregory, 2001). Folate absorption can be adversely ef-
fected by unidentified factors in food and by alcohol consumption. Overall, the
bioavailability of food folate is estimated at about 50 percent (IOM, 1998). In
contrast, synthetic folate in fortified foods is highly bioavailable (�85 percent
[IOM, 1998]). 

Rates of folate deficiency in developing countries are largely unknown and
may be less common than deficiencies of many other micronutrients because of
the relatively low cost of legumes and greens, which are major dietary sources. 
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TABLE 2-10  Recommended Dietary Allowances (RDAs) and Tolerable
Upper Intake Levels (ULs) for Folate

Age (yr)
RDA (µg
DFEa/d)

ULb (µg synthetic
folate/d)

Synthetic Folate Intakec

(µg/d)

1–3 150 300 265
4–8 200 400 452
9–13 300 600 525

14–18, boys 400 800 662
14–18, girls 400 800 599
Adults, men 400 1,000 725
Adults, women 400 1,000 611
a As dietary folate equivalents.
b As folate added to foods or in supplements only (IOM, 1998).
c Based on a maximum of 80 µg DFE/emergency relief food product bar (or 340
µg/1,000 kcal).
SOURCE: IOM (1998).

However, seasonality, local dietary traditions, or other health conditions may
lead to observable rates of deficiency in some populations. In western Vene-
zuela, 91 percent of individuals in a single Bari Indian community were assessed
as folate deficient, whereas very little (5 percent) deficiency was observed in a
second community (Diez-Ewald et al., 1997). In Malawi, 21 to 34 percent of
anemic pregnant women were folate deficient (van den Broek and Letsky,
2000). 

Vitamin B12 deficiency leads to functional folate deficiency because vitamin
B12 acts as a cofactor in recycling folate (IOM, 1998). Early research also sug-
gested an adverse effect of zinc deficiency on folate absorption. However, sub-
sequent work has failed to replicate this result (Gregory, 2001).

Using the method previously outlined, the minimal nutrient density value
for folate is based on the RDA of 400 µg/day (IOM, 1998) for girls 14 through
18 years of age (Table 2-4). The minimal nutrient density value is 207 µg of
dietary folate equivalents (DFE)/1,000 kcal (IOM, 1998). To cover the potential
for additional reduced absorption due to gastrointestinal problems, the baseline
value is increased by 50 percent and the recommended level of folate for the
EFP is 310 µg DFE/1,000 kcal (72 µg DFE/EFP bar). 

The UL for folate is 1,000 µg/day for adults, and lower values for children
are adjusted on a metabolic weight basis (IOM, 1998) (Table 2-10). The UL for
folate is for folate added to foods or taken as supplements only. The UL for
children ages 4 through 8 years (IOM, 1998) is 400 µg/day, which is less than
the proposed level for the EFP. The UL is based on reports of adverse effects of
high levels of folate masking the irreversible neurological damage seen in cases
of vitamin B12 deficiency. Since some of the folate in the total amount per food
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bar may be contributed by food sources, it is assumed that this level will not be
exceeded. However, given a concern for inadequate mixing, the maximum con-
tent is 340 µg DFE/1,000 kcal (specified content + 10 percent). If synthetic fo-
late is used, these values should be divided by 1.6.

Vitamin B12

Vitamin B12 is required for methyl transfer to folate; for conversion of ho-
mocysteine to methionine; and for synthesis of succinyl CoA, the Krebs cycle
intermediate, from L-methylmalonyl CoA. Vitamin B12 deficiency can lead to
megaloblastic anemia and neuropathy. Neuropsychiatric symptoms can include
irritability, fatigue, apathy, and emotional instability (IOM, 1998). Cognitive
and neuropsychiatric complications can precede anemia by a considerable pe-
riod of time. As many as 90 percent of individuals with clinically observable
vitamin B12 deficiency present neurological complications (IOM, 1998).

Nearly all naturally occurring vitamin B12 must be obtained by consumption
of animal products, although vitamin B12 may be present in small amounts in
some plant products via contamination by microorganisms (IOM, 1998). In
much of the developing world, animal products are not routinely consumed due
to poverty. Some individuals do not consume meat for religious and cultural
reasons. 

Vitamin B12 is efficiently stored in the liver, and losses are minimized in the
healthy individual through enterohepatic recirculation. However, because vita-
min B12 is secreted in the bile as a part of normal digestion, individuals can be-
come deficient due to poor resorption (and absorption) of the vitamin (Stopeck,
2000). Helicobacter pylori infection of the gastrointestinal tract may be an im-
portant cause of adult vitamin B12 deficiency, and treatment of atopic gastritis
with antibiotics can be an effective means of reversing B12 malabsorption (Kap-
tan et al., 2000; Suter et al., 1991). In the United States, an estimated 10 to 15
percent of persons aged 60 or older suffer from vitamin B12 deficiency, mostly
due to poor absorption (Baik and Russell, 1999).

When initial vitamin B12 stores are abundant, deficiency due to malabsorp-
tion or a vegetarian diet can take years to manifest. However, when low stores
are combined with low intake or malabsorption, deficiency occurs more rapidly.
In rural Mexico, where consumption of animal products is limited, increased
incidence of low levels of vitamin B12 in human milk and plasma and decreased
holotranscobalamin II have been noted (Allen et al., 1995; Black et al., 1994).
High rates of deficiency among children were attributed to maternal malnutri-
tion. In an urban Mexican population, 12 percent of nonpregnant, nonlactating
women had low plasma B12 values (Casanueva et al., 2000). In Guatemala, 47
percent of lactating women had low plasma B12 values, 31 percent of breast milk
values were low, and 32 percent of mothers had low holotranscobalamin II 
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values (Casterline et al., 1997). In Malawi, 16 percent of anemic pregnant
women were vitamin B12 deficient (van den Broek and Letsky, 2000). In Kenya,
the vitamin B12 content of human milk was very low (Neumann and Harrison,
1994). Epidemiological research in Zimbabwe also suggests that vitamin B12
deficiency may be a public health problem in that country (Savage et al., 1994).

The significance of adequate vitamin B12 stores is indicated by research on
Dutch children who were raised on a macrobiotic diet during the first 6 years of
life (Louwman et al., 2000; van Dusseldorp et al., 1999). Subsequently, these
children consumed lacto-ovovegetarian or omnivorous diets. However, when
assessed during adolescence, vitamin B12 status remained low and cognitive
function was shown to be impaired. The authors speculated that poor vitamin
B12 status was the combined effect of low stores from the macrobiotic period
and somewhat low subsequent intakes (van Dusseldorp et al., 1999). However,
other nutrients were also deficient during the macrobiotic dietary period. 

In summary, limited consumption of animal products as a result of poverty
concomitant with high rates of diarrhea and gastrointestinal infection due to
parasitic and other enteric diseases will likely predispose populations in devel-
oping countries to vitamin B12 deficiency, and certainly to a lack of stores of the
vitamin. 

Little information is available on consumption of high levels of vitamin B12
from either food or supplements and associated adverse effects; therefore data
were inadequate to establish a UL for this vitamin (IOM, 1998).

The minimal nutrient density value for vitamin B12 is based on the RDA for
girls 14 to 18 years of age (2.4 µg/day [IOM, 1998]), and is 1.2 µg/1,000 kcal
(see Table 2-4). However, given the concerns about lack of stores and the prob-
ability of a high level of vitamin B12 deficiency, higher levels are indicated to
ensure that an adequate amount of the nutrient is absorbed and that stores are
replenished to the extent possible. Vitamin B12 is very stable in foods. Therefore,
it is recommended that the baseline value be increased by a factor of 10 to 12
µg/1,000 kcal (2.8 �g/EFP bar). The maximum content is 14.4 µg/1,000 kcal
(specified content + 20 percent).

Pantothenic Acid

Pantothenic acid is required for the synthesis of coenzyme A (CoA), which
functions in a broad range of enzymatic processes, many of which involve lipid
metabolism (IOM, 1998). CoA is ubiquitously distributed in cells, is required by
most forms of life, and is hydrolyzed in the gut to pantothenic acid. 
Therefore, pantothenic acid can be obtained from a wide range of foods, and
pantothenic acid deficiency is thought to be unusual. 

Epidemics of deficiency, however, have occurred when food choice was se-
verely restricted. During World War II, prisoners of war in Asia suffered symp-
toms that were attributed to pantothenic acid deficiency (Plesofsky-Vig, 1999).
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More recently, Afghan refugees who were provided white wheat flour without
other supplemental food suffered similar symptoms (Golden, 2001). Deficiency
can lead to headache, irritability, fatigue, insomnia, nausea and vomiting, hypo-
glycemia, and paresthesia of the extremities (IOM, 1998).

Absorption of pantothenic acid occurs by active transport at low concentra-
tions, is saturable at higher concentrations, and is passive (Fenstermacher and
Rose, 1986). The effects of diarrhea on absorption of pantothenic acid are un-
known.

The minimal nutrient density value for pantothenic acid is based on the AI
for girls 14 to 18 years of age (5 mg/day [IOM, 1998]) and is 2.6 mg/1,000 kcal
(see Table 2-4). The importance of pantothenic acid in energy metabolism, the
potential for decreased absorption due to gastrointestinal symptoms or disease,
and the lack of reported adverse effects of chronic consumption at higher than
recommended levels (no UL has been established) suggest that the content of the
EFP can safely be increased by 50 percent to 3.9 mg/1,000 kcal (0.9 mg/EFP
bar). The maximum content is 4.7 mg/1,000 kcal (specified content + 20
percent). 

Biotin

Biotin is a cofactor for four adenosine triphosphate-dependent carboxylases
(IOM, 1998). This nutrient is necessary for normal cell growth, glucose homeo-
stasis, and DNA synthesis. Biotin deficiency has been shown to be teratogenic in
a variety of mammalian species (Mock et al., 1997).

Severe biotin deficiency is rare in the industrialized countries; it occurs due
to unusual conditions such as metabolic abnormalities, heavy and sustained in-
take of avidin from raw egg white, and total parenteral nutrition without biotin
supplementation (IOM, 1998). In developing countries, severe protein–energy
malnutrition may be accompanied by poor biotin status and impaired carboxy-
lase activity (Velázquez, 1997; Velázquez et al., 1995). Marginal biotin defi-
ciency may be fairly common; a substantial proportion of pregnant women in
Iowa exhibited evidence of biotin depletion as pregnancy progressed (Mock et
al., 1997). The prevalence of biotin deficiency in both industrialized and devel-
oping countries is unknown. A study in rat models has documented an adverse
effect of biotin deficiency on n-6 PUFA metabolism (Mock, 1990).

Biotin is present in a range of animal and plant foods, but for most foods the
precise biotin content and its bioavailability are poorly understood (Said, 1999).
Free biotin is nearly 100 percent bioavailable (Zempleni and Mock, 1999).
However, much of the biotin in foods is protein-bound and bioavailability is not
known (IOM, 1998).

The minimal nutrient density value for biotin is based on the estimated
needs of women 51 years of age and older. Based on an AI of 30 µg/day for this
group, the baseline value would be 16 µg/1,000 kcal (IOM, 1998). To cover the
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potential for reduced absorption due to gastrointestinal problems, the minimal
nutrient density value is increased by 50 percent to the recommended level for
the EFP of 24 µg/1,000 kcal (5.6 µg/EFP bar). The maximum content is 28.8
µg/1,000 kcal (specified content + 20 percent). No UL has been established for
biotin; concern about excess intake is unwarranted in this situation. 

Choline

Choline is involved in the synthesis and release of acetylcholine (a neuro-
transmitter), and is a precursor of phospholipids and sphingomyelin (important
constituents in cell membranes), and also synthesis of the methyl donor, betaine
(IOM, 1998). The human body has a limited capacity for de novo choline syn-
thesis and rates of synthesis may not be sufficient to meet the needs of at least
some individuals (Zeisel, 2000). 

Large amounts of choline are transferred from mother to fetus during preg-
nancy, and considerable amounts are delivered later to the child via human milk
(IOM, 1998). Therefore, adequate maternal intakes of choline are needed to
protect the mother against deficiency and to provide the infant with the choline
required for normal development. Animal models have demonstrated the im-
portance of adequate choline intake for normal brain development (Blusztajn,
1998). In the rat, choline deficiency adversely influences brain development at
two times during growth: during late gestation (12 to 17 days) and postpartum (6
to 30 days) (Jones et al., 1999; Zeisel, 2000). Prenatal effects appear to be per-
manent (Blusztajn, 1998).

The choline content of foods is poorly characterized, and the bioavailability
of many choline-containing compounds in foods is unknown (Zeisel, 2000).
However, eggs contain significant amounts of choline, as do liver and peanuts
(IOM, 1998). 

Free choline is absorbed from the small intestine (Le Kim and Betzing,
1976). The influence of diarrhea, bacterial overgrowth, and parasitic infection
on choline absorption is unknown, but it can be assumed to be adverse. No re-
search has been done on the prevalence of choline deficiency in either industri-
alized or developing countries.

The minimal nutrient density value for choline is based on the AI for the
subgroup of men over 50 years of age (550 mg/day [IOM, 1998]), and is 244
mg/1,000 kcal of choline (see Table 2-4). As with other water-soluble vitamins,
to cover the potential for reduced absorption due to gastrointestinal problems,
the minimal nutrient density value is increased by 50 percent. Therefore, the
minimum content is 366 mg/1,000 kcal (85 mg/EFP bar). The maximum content
is 439 mg/1,000 kcal (specified content + 20 percent).
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Conclusion

The recommendations for the nutrient content and energy sources contained
in this chapter meet the goal of the report: to develop a high-energy, nutrient-
dense food product that would be nutritionally adequate for all people 7 months
of age and older. The recommendations are designed to provide all known nutri-
ents in quantities to satisfy the needs of the most vulnerable life stage and gen-
der group. In addition, levels of nutrients were frequently increased above the
minimal nutrient densities to compensate for poor bioavailability, processing
and storage losses, and reduced absorption due to mild diarrhea, infections, or
parasites. However, as was described in the beginning of this chapter, the nutri-
tional content is not the highest priority in the design of the ration—in terms of
importance, it comes after safety, palatability, ease of delivery, and ease of use.

An additional characteristic that may also be critical is cost. Since this
product is intended to be an emergency stop-gap to be used no longer than 15
days while a more permanent food supply line is put in place, if cost is a consid-
eration, it is recommended that food ingredients be analyzed for nutrient content
and supplemented only as necessary. It should be assumed that the recom-
mended amounts and sources are considered optimal, but other factors take
precedence in the final formulation.
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3
Processing and Packaging of
the Emergency Food Product

Developing energy-dense nutritional foods that can be packaged and stored
for extended periods of time in environments that vary from arctic to tropical
presents a challenge to the processor. In an emergency situation these products
must also meet the nutritional needs of all age groups from infants to adults, and
be sufficiently palatable to be consumed for up to two weeks as the sole food.
Nutrient profiles for an emergency food product (EFP) can and have been
developed (see Chapter 2), but the required useful life of the product will be met
only through careful consideration and selection of ingredients, processing
techniques, and packaging materials. Key considerations include microbio-
logical and chemical safety, dispersability, and ease of use.

DESIRABLE CHARACTERISTICS OF AN
EMERGENCY RELIEF FOOD PRODUCT

The use of a few nutrient-dense products in a variety of emergencies by re-
lief organizations such as the United Nations High Commissioner for Refugees,
the World Food Programme of the United Nations, and the International Com-
mittee of the Red Cross and Red Crescent, has resulted in anecdotal information
about the desirable characteristics of such foods. These characteristics should be
taken into consideration during prototype development in order to develop a
superior EFP. Historically, some of the most important emergency relief food
products available in Europe, particularly the most successful one—the Norwe-
gian BP-5—were not developed with food relief in mind. They were intended to
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be rations stowed in lifeboats for use in the event of passengers and crews hav-
ing to abandon ship. Nevertheless, their use in the field during diverse emergen-
cies, such as the Ethiopia and Eastern Sudan famine of 1985 to 1986 and the
more recent Balkans conflicts, have permitted an evaluation of their efficacy
from the standpoint of nutrition, acceptability, ease of delivery, and some practi-
cal aspects such as potential for diversion seldom discussed in refereed publica-
tions. The following sections provide some aspects that representatives from
various relief organizations urged be considered in developing specifications for
the EFP.

Packaging the EFP for Airdrop or Surface Delivery

Considering that the EFP is for use at the onset of emergencies, when infra-
structure destruction and security considerations make it impossible to run
feeding centers, the EFP should be available in a packaging modality amenable
to low-altitude airdrop as well as delivery on land. There have been attempts to
configure EFPs in ways that facilitate air delivery without damaging the product
upon impact on the ground or hurting the intended recipients. Such packaging
must also allow for dissemination of the product over a wide area so that it may
reach many people. (Past experience indicates that concentrating the drop in the
form of parachuted pallets, for example, contributed to hoarding, thus defeating
the primary objective of ample distribution of the food relief, and also contrib-
uted to its diversion to unintended uses).

Packaging the EFP to Discourage Diversion

Information provided by relief organizations indicate that the high energy
content of some EFPs, the density of nutrients in them, and the ease with which
they may be carried has resulted in these products being collected by military
combatants in emergency situations involving armed conflict. Biscuit-type EFPs
are easily diverted to become military rations in emergencies involving armed
conflict to the detriment of and even at a risk to the intended civilian recipients.
The diversion is facilitated when the shape and size of the unit makes it easy to
fit into the side pockets of military wear; rectangular, thin presentations seem to
be best suited for this purpose. In addition, the use of eye-catching, glittery,
space-age packaging materials encourages such diversion. It has been, therefore,
the consensus among representatives of several relief agencies that the shape
and size of the outside package of a successful EFP should be uncomfortable to
carry in military pockets and should be made of nonlustrous materials. Further-
more, separation of the ration into smaller portions that cannot easily be
rewrapped after opening also discourages diversion while aiding in apportioning
the ration among children and adults.
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Packaging to Facilitate Distribution and Consumption of
the EFP and Reuse of its Secondary Package

Based on information from relief organizations, other anecdotal considera-
tions for a superior EFP are the size of the unit and the potential for reuse of the
secondary package. It is important that the size of the total unit and its break-
down into meal portions are designed so that adults can apportion it to individ-
ual sittings. Meal-size portions should be scored to facilitate partitioning them
for children.

It is also important that the primary and secondary packages be able to serve
additional uses in emergency situations. For example, a combustible primary
package for emergency rations has found use in various emergencies as fuel for
cooking. The secondary package may also be put to good use by recipients. For
example, tin cans used to package emergency rations have been used as contain-
ers for water, as storage boxes, and even as metal shingles for building roofs
after being pounded flat. In addition, from the technical standpoint, this type of
secondary packaging might be very helpful in maintaining the integrity of the
EFP against impact and pressure damage, insect and rodent attack, and other
environmental challenges during transport, storage, and delivery. Therefore, the
secondary package for the EFP should be designed such that it could afford sec-
ondary uses to the recipients.

Characteristics of Similar Ration Products

Conventional and novel technologies were considered for manufacturing
the EFP. Combining some of these technologies may be the best approach to
optimize the stability of the product and preserve its nutritional and sensory
qualities. Dehydration, infusion, compression, and cold extrusion are some
examples of processing technologies to be considered. These processes have
been tested by the U.S. Army to obtain calorie-dense rations (Briggs et al., 1986;
Schulz et al., 1992). A caloric density of 1.1 kcal/cc can be obtained using
dehydration and compression. Higher caloric densities (up to 5 to 6 kcal/cc) are
also possible using extrusion. The U.S. Air Force General Purpose (GP)
Survival Packet ration for aircraft and life rafts, in turn, includes a variety of
compressed bars such as a shortbread bar, a chocolate chip bar, a granola bar,
and a corn flake cereal bar. The GP is designed to be consumed for periods of
less than 5 consecutive days and contains approximately 100 g of carbohydrate
and a low protein level (< 8 percent of calories) to counteract the effects of
starvation and to conserve body water. This ration provides 1,447 kcal with 18 g
of protein (5 percent of calories), 202 g of carbohydrate (56 percent of calories),
and 64 g of fat (39 percent of calories). Its storage requirement is 5 years at
80º F and 1 month at 140º F (SBCOMM, 2001a).
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The Meal Ready-to-Eat, Individual (MRE) is the standard military ration
developed to support the individual soldier in all the U.S. Armed Forces (Army,
Air Force, Navy, and Marine Corps). The MRE replaced the C Ration in the
early 1980s and has since been continuously updated. It is designed to serve as
the sole source of food for up to 10 days in a field environment, until group
rations are available. Its use has in many situations been for longer—up to 145
days were reported during the Gulf War in 1993. Feedback from Operations
Desert Shield and Desert Storm suggested that soldiers would consume more if
their preferences were taken into account (IOM, 1993).

Improvements have focused on revising items to make the rations more
acceptable and to expand variety (SBCOMM, 2001b). For example, the MRE
bread is a pouch bread (Natick Research, Development, and Engineering Center,
1993) that contains glycerol, sucrose esters, lipids, and sorbic acid to extend
shelf life up to 3 years, and has received high hedonic ratings (Hallberg and
Chinachoti, 1992). This is now in every MRE ration. The average equilibrium
pH and water activity of this bread are 5.0 and 0.86, respectively. The bread is
further preserved by controlling oxygen content and initial microbial load
(Hallberg et al., 1990; Powers and Berkowitz, 1990).

In an investigation to develop a high-energy biscuit for use as an EFP in
disaster relief, low-moisture (3.5 percent) biscuits were prepared using a
traditional baking method, with formulation and processing strategies as the
means to control caloric density and sensory quality (Young et al., 1985). The
products were highly acceptable to sensory panels made up of children both in
England and India. This shows that traditional processing methods—perhaps in
combination with some of the novel MRE technologies described above—can
be used to produce baked EFPs such as biscuits having desirable sensory and
nutritional qualities and long shelf life.

Role of Water Activity, Water Mobility, and Water
Content in Packaged Food Products

Three aspects of water are important to consider in describing a food
system: water activity (aw), water mobility, and water content. Water activity is
defined as the ratio of partial pressure of water in the product over that of pure
water at the same temperature. The concept of aw was first put forward in the
early 1950s, as a means of explaining the availability of water for chemical and
biological reactions. It has been a useful tool in the food industry for many years
and it is particularly useful when dealing with intermediate and high moisture
biological systems (Ruan and Chen, 1998; Taoukis et al., 1988). The rate-
limiting step in a chemical reaction is frequently associated with the mobility of
water and its ability to participate in those reactions. At low aw, the binding of
water (monolayer moisture) to components of the system makes it unavailable
as a solvent. As aw increases, water exists in multilayers and is more mobile.
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Solvation and reactant mobility increase, so biological and chemical changes
occur. This classic general relationship between moisture content, aw, and
reaction rate was characterized over 30 years ago (Labuza, 1971).

Water activity is used to predict the stability of food systems and quality
changes likely to occur. However, in the past 10 years there have been numerous
papers pointing out the limitations of the concept (Frank, 1991; Ruan and Chen,
1998; Slade and Levine, 1991). There are practical and theoretical concerns
because aw measurement assumes that the food system is at equilibrium, a
condition where the partial vapor pressure above the food system is the same as
that of the water within it (Ruan and Chen, 1998). Since most food systems are
not in equilibrium, this frequently does not hold true.

Water mobility, as measured by nuclear magnetic resonance, is thought to
be a more accurate way of determining the “availability” of water. Slade and
Levine (1992) proposed the “polymer” approach to describe the role of water in
food systems as a plasticizer that affects the glass transition temperature, which,
in turn, could help explain the relationship between moisture and reaction rates
(Nelson and Labuza, 1994).

In practice, the use of aw as a means to predict product stability remains
important, while the polymer science approach can be viewed as a more
generalized theoretical explanation (Reid, 1995). Water activity is a better
indicator of food product susceptibility to spoilage than is water content. Dried
foods normally contain 2 to 20 percent moisture, corresponding to aw in the
range 0.20 to 0.60. In contrast, intermediate moisture foods (IMFs) normally
contain 15 to 40 percent total moisture and have an aw of 0.60 to 0.85
(Jayaraman, 1995; Karel, 1973; Sloan et al., 1976).

PROCESSING CONSIDERATIONS

Moisture control, mostly by dehydration, to lower the aw of the product is
considered critical to attaining the required shelf life of the EFP of 2 to 3 years.
The basic principle underlying drying and IMF technologies is the premise that
water—the universal solvent—can become a limiting factor for spoilage and
pathogenic microbial growth in foods when it is adequately reduced to low
enough levels (Bone, 1973; Davies and Birch, 1976; Erickson, 1982; Gould,
1985; Rahman and Labuza, 1999). This reduction in moisture content and aw is
sometimes accompanied by the use of other preservation factors such as
chemical preservatives (e.g., antimicrobial agents, antioxidants, or antibrowning
compounds), reduction of oxygen by vacuum and/or gas flushing techniques
with maintenance through means of oxygen barrier packaging and/or oxygen-
absorbent materials (oxygen scavengers), pH adjustment, and selection of
packaging designs that protect the food from light, moisture, and environmental
contamination. In the case of the EFP, moisture plays a critical role in
determining microbial, sensory, chemical, and physical stability.
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Extrusion

High-temperature, short-time extrusion cooking has been extensively
applied in IMF and dried food production. Basic phenomena in extrusion
cooking have been described by many (Harper, 1978, 1979, 1988; Linko et al.,
1981; Rossen and Miller, 1973; Smith, 1982). In an extruder, the raw food
material is subjected simultaneously to heat, pressure, and shear within a short
time. Desirable product functional characteristics are typically controlled by
altering the feed composition and extrusion process parameters. Water is always
an integral part of physicochemical processes (e.g., gelatinization of starch and
protein denaturation and plasticization) that determine the final textural
characteristics of an extruded product.

Extrusion can be applied to produce foods having various moisture levels,
from dry IMF products (e.g., puffed snacks and ready-to-eat breakfast cereals) to
soft, moist ones. Production of modern IMFs can belong to either one of three
categories: (1) moist infusion, in which solid food pieces are soaked and/or
cooked in a solution having low aw, (2) dry infusion, where initial dehydration is
followed by soaking the food in a solution having low aw, and (3) blending, in
which the components are weighed, blended, cooked, and extruded (Erickson,
1982). Extruded IMF products are also considered thermally processed as high-
temperature, short-time (HTST). This not only helps to further preserve the
product from potential microbial growth and adverse enzymatic action, but also
can help reduce the amount of preservatives that would be necessary otherwise.
HTST processes are rapid by definition, so little destruction of vitamins or loss
of protein quality are expected. According to Harper (1988), heat-stable B
vitamins and pantothenic acid are stable under extrusion conditions. However,
oxidation of ascorbic acid or carotenoids could occur, particularly in puffed
products, so puffed processing is not recommended for the EFP.

It may be possible to hot extrude some combination of the ingredients, such
as a protein and carbohydrate mixture, and then combine it with other
ingredients (e.g., fat) in a compressed bar. Microencapsulation might be used for
some nutrients and flavors that are mixed into a compressed bar formulation,
given that most encapsulation materials are not intended for heat-processed
foods. Spray coating of some ingredients after heat processing might also
provide ways of incorporating heat labile ingredients during manufacturing of
the EFP, as is done in breakfast cereals (Caldwell et al., 2000). Thus, the more
stable vitamins might be included in the extrusion mix and others incorporated
later (e.g., ascorbic acid and thiamin).

Maillard Browning Reaction

The Maillard reaction leads to brown color and to the appearance of new
odors and flavors. The reaction involves reducing sugars and amino acids. It is a
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series of reactions that start with the formation of Amadori compounds from
aldose or hexose carbonyl compounds condensing with free amino groups of
amino acids or protein. The condensing product is a Schiffs base that later be-
comes aldosylamine, and this, in turn, is converted into ketosamines in the
Amadori rearrangement. The final step involves formation of melanoidins,
which are brown nitrogenous polymers or copolymers. Due to the complexity of
Maillard reactions and their dependence on multiple factors (e.g., pH, tempera-
ture, composition of the medium, and moisture), it is difficult to predict the ex-
tent of browning. Sugars with different degrees of reducing power greatly influ-
ence the reaction kinetics. Water also affects it in a variety of ways. For
example, a concentration of solids increases the reaction rate because of a reac-
tant concentration effect; further concentration of solids leads to a reduced rate
as the reactant mobility is decreased. In highly concentrated systems, the Mail-
lard reaction is inhibited or retarded until, at some point, caramelization is more
likely to occur than Maillard.

Generally, the activation energy of the Maillard reaction increases with de-
creasing moisture content, suggesting that mobility retardation may be the rate-
limiting factor (Labuza and Saltmarch, 1981). There is an aw range where
maximum Maillard reaction occurs that depends on: (a) the extent of the dilution
effect at the high-moisture end, and (b) the limited mobility of reactants at the
low-moisture end. For instance, the maximum aw range in apple is 0.53 to 0.55,
whereas in dried anchovy it is 0.93 (Labuza, 1980). Unfortunately, most of the
data available on reaction kinetics of the Maillard reaction is limited to aw values
higher than 0.3 (Eichner and Karel, 1972; Warmbier et al., 1976). This suggests
that if the EFP had an aw below 0.3, it would have an extended shelf life. Addi-
tionally, not much information is available on very high moisture systems that
are believed to have slower reaction rates. From an equilibrium consideration, a
Maillard reaction is not favored at high moisture because the advanced reaction
and the early formation of a Schiff base involve removal of water (Hodge and
Osman, 1976).

One of the nutritional implications of this reaction is a possible decreased
digestibility and the loss of reactive amino acids, such as lysine (Kaanane and
Labuza, 1989; Labuza 1994; Saltmarch and Labuza, 1982). This has been re-
lated to the cross linking of proteins, as demonstrated in freeze-dried meat (Bar-
nett and Kim, 1997). In related work using an MRE chicken-a-la-king stored for
3 years between 4º and 30º C, Barnett and Kim (1997) reported that textural and
sensory deterioration occurred much before the observed decrease in nutritive
value. The Q10 (i.e., the increase in the rate constant as temperature is increased
by 10º C) in military MREs has been reported as 3 to 4, suggesting that under
abusive storage conditions, a decrease in nutritive value in terms of reduced di-
gestibility and loss of lysine can occur.

From the lysine-loss data, an estimation of the loss in nutritive value of the
proteins in chicken meat heated at 73º C for 8 days in a high concentration of
reducing sugar has been calculated to be about 13 percent (Barnett and Kim,
1997). If the above Q10 is assumed for the browning reaction, heating for 8 days
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at 73º C would correspond to a storage for 22 years at an ambient temperature of
23º C, which exceeds the military shelf-life requirement of 3 years (ambient).
Unfortunately, this information applies to chicken protein, but the EFP would
contain only vegetable proteins. Therefore, the validity of this effect would need
to be tested using EFP prototypes and conditions of storage and use simulating
those expected during actual use of the EFP. Nevertheless, the key implication
of this issue is that although the sensory quality may decrease and the nutritive
value, to a lesser extent, may also be reduced because of the Maillard reaction,
proper selection of ingredients for the EFP can help minimize sensory deteriora-
tion (e.g., appearance of brown color and firmer texture) and keep its nutritional
quality from being adversely compromised.

Microencapsulation

Microencapsulation provides a physical barrier to oxygen, metal catalysts,
and other pro-oxidants. This type of technology has been used in the food
industry for many years, but a wide range of patented processes have been
developed in recent years (Brazel, 1999; Risch and Reineccius, 1995). The
protection of nutrients and other unstable additives is made possible by
microencapsulation formulations that can allow controlled release of the nutrient
during digestion as well as preserve it during storage (Deasy, 1984; Kondo,
1979). By using microencapsulation, flavor, color, and texture can be improved,
thus making the product more acceptable.

The selection of shell material for microencapsulated nutrients will depend
on the material being protected, processing needs, and storage stability concerns
(Brazel, 1999). Capsule shell-wall materials are food additives by definition, and
include polysaccharides (e.g., alginates, agarose), proteins (e.g., caseinates,
zein), and fats. The water or oil solubility of the component to be protected will
dictate the shell material composition (Brazel, 1999). 

Diffusion of oxygen and catalysts in the aqueous matrix of a food is de-
pendent on the amorphous or crystalline nature of the aqueous phase (Shimada
et al., 1991), and it has been proposed that the glassy-rubbery transition tem-
perature (Tg—the temperature at which a rigid, amorphous, glassy material be-
comes molten and rubbery) plays a key role in governing oxidation of lipids
embedded in the matrix (Roos and Karel, 1991). The free volume theory implies
that gas diffusion through intermolecular spaces in the barrier (i.e., the continu-
ous matrix in a dried micro-emulsion containing the oil droplets) depends on the
glassy or rubbery state. As a glassy amorphous material undergoes a glass tran-
sition it gains a greater intermolecular freedom that can be described as the in-
crease in molar free volume. A crystalline solid is a perfect barrier to diffusion
and thus diffusion rate would depend on the intricacy of the barrier. In a system
where water and oxygen diffusion occur simultaneously, the penetration front of
water into a glassy, hydrophilic region would result in a decrease in Tg, with
possible swelling or other structural change (e.g., collapse) at the hydration front
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as the polymer relaxes, transforming into a rubbery material depending on the
time frame of the relaxation process with respect to diffusion time. This is ex-
pected to have a strong influence on oxygen diffusion (Chinachoti, 1998).

Therefore, migration of oxygen and other small molecules depends on
polymer chain flexibility that can “flip-flop” according to local chain mobility,
which creates openings or holes for small molecules to travel through. This mo-
bility depends on the state of hydration. 

The microstructure of microencapsulated oil has been reported to be a criti-
cal factor (Hardas et al., 2000, 2002; Ponginebbi et al., 2000). Oxidation rates of
surface and encapsulated lipids have been shown to follow various mechanisms
depending on the physical integrity and mobility of the matrix. Hence, the effect
of moisture on oxidation of surface and encapsulated lipid fractions can vary
widely (Hardas et al., 2002). 

Vitamins and minerals are often encapsulated to prevent unpleasant flavors
and to prevent oxidation. Labile components such as fat-soluble vitamins are
blended with lipids in emulsion droplets as part of the encapsulation process.
Proper selection of surfactants that are antioxidants is advised, and care must be
taken to ensure emulsion stability. To prevent easy moisture penetration, the
encapsulation matrices should not have a low Tg. However, for enhanced
bioavailability, they should disintegrate upon rehydration in the mouth or upon
adding water. Capsule materials that ensure release of the nutrient during
digestion are usually hydrophobic fats or waxes, but some cellulose and protein
derivatives can be used (Brazel, 1999). 

Microencapsulation has been shown to greatly retard the oxidation of some
oils that are rich in unsaturated and polyunsaturated fatty acids (Lin et al., 1995;
Velasco et al., 2000). Typically, the oil is homogenized in water with the aid of
an emulsifier and the resultant mixture is rapidly dried—most often in a spray
drier—to yield a powdered, encapsulated product. Numerous encapsulation for-
mulas have been tried; those that result in the highest amount of oil in the core
of the particle have the best stability. Combination of antioxidants such as �-
tocopherol (Han et al., 1991) and ascorbic acid or �-tocopherol and ascorbyl
palmitate (Kaitaranta, 1992) may be used for additional protection. However,
very few investigations have focused on the effect of storage and antioxidants on
the oxidation of surface (free) and encapsulated lipids in microencapsulated fish
oil (Velasco et al., 2000). In addition, the physical changes from amorphous to
crystalline discussed above are factors that remain to be further investigated in
order to improve product stability.

Coating or encapsulation is routinely done in the manufacture of fortifica-
tion nutrients and flavors, but because the techniques are proprietary, it is diffi-
cult to find specific studies in the scientific literature. The primary reasons for
encapsulation are to prevent interactions with other nutrients, prevent losses due
to oxidation or moisture, and to minimize undesirable flavors from vitamins or
minerals. The type of coating or capsule used is dependent on the compound,
and to a lesser extent, the matrix (Meyers, 1998). Vitamin C (ascorbic acid) is
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most often coated with fat or Ethocel to provide stability against oxidation. Vi-
tamin K encapsulated in gum acacia is available on the market.

Stable Nutrient Forms

Stable nutrient forms, other than encapsulated, may also include metal
chelates such as sodium iron EDTA (NaFe EDTA), which has been shown to be
effective in reducing anemia, particularly in diets high in phytates, without
adversely affecting other minerals (Davidsson et al., 1994, 1998; Hurrell et al.,
2000). Iron chelates have been tested in various feeding situations and found to
enhance absorption of soluble iron fortificants, such as ferrous sulfate or ferrous
fumarate. For example, both NaFeEDTA and Na2EDTA were effective
enhancers of iron absorption from cereal foods (Davidsson et al., 2001a, 2001b;
Hurrell et al., 2000). Ascorbic acid had a similar effect in high-phytate foods
(Davidsson et al., 2001a, 2001b; Hurrell et al., 2000).

MICROBIOLOGICAL CONSIDERATIONS

The addition of small amounts of solutes and dehydration are two main
methods of decreasing aw and of increasing osmotic pressure in a food system to
inhibit microbial growth. Reduced availability of water contributes to impaired
microbial growth, and hence it has been used widely as a microbiological safety
parameter (Beuchat, 1987; Gould, 1985; Lenovich, 1987; Troller, 1987; Troller
and Christian, 1978). However, aw is not a universal parameter but rather an
empirical one (Franks, 1982). The efficacy of manipulating aw is limited to
certain types of microorganisms and is affected by food composition and
environmental conditions (Andrews and Pitt, 1987; Corry, 1978; Vaamonde et
al., 1982), and by the presence of microbial inhibitors (Leistner, 1995). Hence,
there is no single minimum aw for inhibiting microbial growth that can be
applied to all foods and all microorganisms.

It is generally accepted that bacteria are more susceptible to osmotic effects
than are molds and yeasts (with some exceptions). For IMF products, the main
pathogenic bacterium of concern is Staphylococcus aureus, which can produce
serious food poisoning if a significant amount of its enterotoxin is ingested. S.
aureus, implicated in 20 to 40 percent of all foodborne illness outbreaks in the
United States (Lavoie et al., 1997), is able to grow at an aw as low as 0.85.
Additionally, yeasts and molds, particularly the xerophilic kind (those that prefer
dry ambient conditions), survive and grow in moisture-limited environments.
The lowest aw values at which mold growth may occur, albeit very slowly, are
0.61 to 0.62 (Pitt and Christian, 1968), whereas mold sporulation does not take
place at aw less than 0.75 (Pitt, 1975).

In addition to aw, factors influencing microbial survival and growth have
been investigated with respect to water mobility, the translational or rotational
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motion of water molecules (Lavoie et al., 1997; Pham et al., 1999). It has been
demonstrated that water mobility may influence transport of nutrients to
microbial cells and hence growth. Under conditions of limited moisture, mold
spore germination and mycelial growth strongly correlate with water mobility
(Pham et al., 1999). For the EFP, the type and composition of ingredients used
will influence the interaction of solids with water, thereby affecting water
mobility and aw, and thus the survival and potential growth of pathogenic
microorganisms. More importantly, should spores or vegetative cells of
microorganisms able to withstand dry conditions survive the processing, they
could germinate and grow during storage if moisture is not properly controlled
in the product and other provisions, such as addition of preservatives, are not
made to inhibit microbial growth. To minimize the risk of biological hazards, a
multiple hurdle approach is highly recommended (Leistner, 1995). In this
approach, also called the combined methods approach, several factors are used
together to inhibit microbial growth, such as thermal processing, plus aw, storage
temperature, preservatives, and packaging. For the EFP, it can be expected that
there will be little, if any, opportunity to control storage temperature and
ambient humidity. On the other hand, the cost of production and materials
(including packaging) that would be incurred in making an IMF-type EFP might
be too high, and there would also be a price to pay in terms of product shelf life
and safety. As pointed out earlier, dehydration and IMF technologies can only
stop microorganisms from growing but do not necessarily inactivate them.
Consequently, and although an EFP having IMF characteristics should not be
ruled out as an option, the optimal approach to the microbiological stability of
the EFP would be a product design having an aw value lower than those in the
IMF range (e.g., 0.4) and to add some preservatives. 

CHEMICAL STABILITY CONSIDERATIONS

Lipid Oxidation

Auto-oxidation of lipids occurs in foods largely via a self-propagating free
radical mechanism. Since direct reaction of unsaturated linkages in lipids with
oxygen is energetically difficult, production of the first few radicals needed to
start the propagation reaction must occur through some catalytic mechanism
(Nawar, 1996). It has been proposed that the initiation step may take place by
decomposition to free radicals of preformed hydroperoxides via metal catalysis
or heat, by exposure to light, by direct reaction of metals with oxidizable
substrates, or by mechanisms where singlet oxygen is the active species
involved (Nawar, 1996).

Upon formation of sufficient free radicals, a chain reaction is initiated by
the abstraction of hydrogen atoms at positions alpha to double bonds followed
by oxygen attack at these locations. The result is production of peroxy radicals,
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ROO�, which in turn abstract hydrogen from �-methylenic groups or other
molecules, RH, to form hydroperoxides, ROOH, and yield R� groups that react
with oxygen, and so on. Due to resonance stabilization of the R� species, the
reaction is usually accompanied by shifting in the position of double bonds
resulting in the formation of isomeric hydroperoxides that often contain
conjugated diene groups.

Lipid oxidation gives rise to formation of a number of breakdown products,
some of which are responsible for various off-flavors known as rancidity
(Nawar, 1996). Even if only a single type of substrate is involved (e.g., one
unsaturated fatty acid), the rate and pathway of its oxidation will depend on
many factors that include its molecular structure (i.e., the number and location
of double bonds), concentration, type of oxidant, oxygen tension, temperature,
surface area, pH, time, physical state, and pro- and antioxidants present (Nawar,
1996).

Numerous antioxidant compounds have been studied, including �-
tocopherol, �-tocopherol acetate, ascorbyl palmitate, butylated hydroxytoluene,
butylated hydroxyanisole, di-t-butylhydroquinone, green tea catechins, and
flavonoids, with mixed results (Lindsay, 1996). Briefly, it appears that the
degree of oxidation inhibition apparently attained with antioxidants is affected
by the method used to measure it and on the system studied.

Effect of Moisture on Lipid Oxidation

Although moisture reduction may discourage or inhibit microorganisms
from growing in a food during storage, the moisture that remains may promote
some chemical reactions such as nonenzymatic browning and enzymatic
reactions. Depending on the system, these reactions are normally slowed down
at low aw values, and, in general, at aw < BET1, the rates can be very slow and
the product may remain in good condition through extended storage if it is
properly formulated, processed, and packaged.

There is one exception, however, with respect to oxidative deterioration of
lipids and fat-soluble nutrients. It has been shown that lipid oxidation can be
increasingly high at moisture levels below a “critical aw” (Nelson and Labuza,
1992a, 1992b). This critical aw value is reached when a reduction in the moisture
content is accompanied by a decrease in the oxidation rate up to a minimum. At
moisture levels below this point, oxidation may rise again. Thus, there is a line
of demarcation for lowering aw: in the aw range of 0.2 to 0.3, lipid oxidation is
likely to be accelerated, whereas at aw between 0.3 and 0.6, lipid oxidation and
other deteriorative reactions are minimized. There are a number of proposed
explanations for this effect that implicate the state of hydration of catalysts (e.g.,

                                                          
1 Brunauer-Emmett-Teller value, normally 4 to 5 percent moisture (Brunauer et al., 1938).
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metals) and hydroperoxides, phase transition, mobilization of pro- and
antioxidants, and diffusion-related phenomena (Fritsch, 1994). 

In the case of the EFP, oxidative changes in the lipid phase would be of
concern when unsaturated lipids and minerals are present in significant amounts,
for not only could they lead to adverse changes in flavor and acceptability, but
also to production of toxic by-products and destruction of fat-soluble vitamins
(Gregory, 1996). Therefore, although products at an intermediate moisture range
may be more appealing in sensory quality, they may also be more prone to
spoilage, browning, and other reactions. On the other hand, lowering the water
content of the product to a dry state (< 5 percent moisture) may promote lipid
oxidation. A solution to this dilemma would be to develop a dry product (< 5
percent moisture) in which lipids and pro-oxidants are kept separate by means of
physical barriers, such as in encapsulation. Use of antioxidants also may be
necessary depending on the level of saturation of the lipids. Additionally, the
packaging method and materials used would play an important role in the
oxidative stability of the EFP (Burke, 1990). The advantages of a dry product
must be weighed against the fact that, for a thirsty recipient, eating it may be an
unpleasant experience.

It should be noted that in the event the product is amenable to hydration
before consumption, its microbiological safety should be evaluated. Potential
growth of pathogenic microorganisms after rehydration—particularly if the
product is not immediately consumed—could pose serious health risks,
especially for recipients having impaired immune systems and vulnerable
subgroups such as young children and the elderly.

Because of the above considerations, it is advisable that the lipids and
pro-oxidants (e.g,. added mineral ingredients) in the EFP be kept physically
separated within the product during manufacturing and subsequent storage by
encapsulation of the minerals. Careful design of the encapsulation materials
will be required so that they cover the intended ingredients efficiently, hold their
integrity under the selected processing conditions, and disintegrate upon
consumption so that nutrients are made physiologically available. Further
protection against oxidation of unsaturated fats and vitamins in the EFP may be
accomplished through a combination of microencapsulation, use of suitable
antioxidants, development of stable emulsion prior to drying, and appropriate
packaging.

Nutrient Stability During Processing and Storage

Experimental data on vitamin stability and degradation kinetics have been
extensively reviewed (Karmas and Harris, 1988; Kirk, 1981; Villota and
Hawkes, 1992). The nutritional quality of dehydrated foods is a function of
temperature, light, oxygen, moisture, and the physicochemical state of the water
(Bluestein and Labuza, 1988). The various chemical forms of added nutrients
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are subjected to degradation differently (Gregory, 1996). The description below
reflects some major aspects of the degradation kinetics of nutrients related to the
effect of moisture.

Experiments have been conducted on the effects of long-term storage at
4.4º, 21.1º, and 37.8º C, nutritional quality, oxidative and browning reactions,
and sensory quality of fruit cake and chocolate brownies (Salunkhe et al., 1979).
When stored in retort pouches at 37.8º C , the approximate half-life for thiamin
was 30 months (fruit cake) or 15 months (chocolate brownies); for riboflavin
and niacin, the half-life was less than 30 months in both products. However, the
products were unacceptable due to off-flavor, dryness, and rancidity at about the
half-life time for thiamin (at this point, rancidity had doubled). This indicates
that the shelf life of this type of product could be less than 6 months when stored
in a hot environment (e.g., 37º C), and that additional deterrents such as
dehydration, reduction of aw, and others might be necessary to provide vitamin
stability.

Fat-soluble vitamins, particularly vitamins A and E, exhibit stability similar
to unsaturated fat. Their degradation rates significantly increase with increasing
aw values from very low (~0) to 0.4. Temperature can also greatly influence their
destruction; their activation energy is in the range 10 to 25 kcal/mol and
decreases with increasing aw. In the presence of metal catalysts, the degradation
kinetics of vitamin A are not affected if the aw is kept adequately low so that the
catalyst is immobilized (Kirk, 1981; Labuza, 1971). 

In the case of water-soluble vitamins, their degradation is dependent on the
state of the water (free to act as a solvent for reactants and catalysts or bound)
and the aw in the system. Degradation of thiamin seems to be enhanced when a
Maillard-type browning is observed, which is to say, when reactants are mobile.
A study by Kirk (1981) indicated that when thiamin, vitamin A, and riboflavin
are used in fortification of dehydrated foods, very little degradation (< 2 percent
loss) takes place at an aw in the range 0.1 to 0.4 and storage in paperboard boxes
at 30º C. However, at a higher temperature (37º C), a significant decrease in
vitamin retention was observed with an increasing aw over the same range.
Ascorbic acid degradation studies in a dry model food system indicated that the
rate of degradation of this nutrient increased with increasing relative humidity of
storage or increasing initial moisture content (Purwadaria et al., 1979).

Therefore, based on the information available, some conclusions may be
advanced regarding retention of nutrients that will need to be confirmed when
the exact prototypes of the EFP are developed. First, to ensure nutrient
retention, aw may need to be kept lower than 0.4; the lower the aw, the more
stable some of the nutrients would be. This is more critical in tropical and arid
areas, where storage of the EFP at elevated temperatures could accelerate the
degradation process. In addition, this low aw would be in agreement with that
necessary to provide protection against microbial growth in the EFP. A higher
aw (e.g., up to 0.6) may be used if there are compelling reasons to do so and its
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influence on stability and shelf life of the EFP are determined. Second, it
might be possible to apply microencapsulation technology to add additional
oxygen barriers to labile components such as fat-soluble vitamins, always
keeping a low aw (< 0.4) in the product. Third, for water-soluble vitamins, it is
most critical that water mobility be kept low again by keeping aw adequately low
(< 0.4), and that minerals are encapsulated. Minerals are unlikely to be
influenced by aw, since they are stable during most processing and storage
regimens.

Testing of EFPs must be conducted throughout the expected shelf life of
the EFP and under conditions of delivery and storage simulating actual use,
to ascertain the initial content and stability of nutrients. Standard
methodologies for determining vitamin and mineral content are well described
in the literature, and appropriate procedures, such as those used for nutritional
labeling, can be applied to the EFP. Determining bioavailability of
micronutrients from the EFP is not a feasible outcome of its development and
manufacture, given the complex issue of such testing (Van Campen and Glahn,
1999).

ACCEPTABILITY CONSIDERATIONS

The characteristics of a food product (i.e., appearance, flavor, and texture),
the conditions under which it is consumed, and the appeal that it has for a
specific consumer determine its acceptance. Measurement of liking, described
below, is used during product development to predict consumer response before
investments are made in equipment, production, and distribution (Stone and
Sidel, 1993).

Measurement of Liking

Preference and liking are generally thought to be almost the same, and
techniques used for their measurement are often similar (Peryam, 1998).
However, preference implies a choice between products, without considering
how well liked each one is. Therefore, measurement of the degree of liking, or
“hedonic value,” is a means of determining not only whether one food is
preferred to another, but how acceptable or well liked it is. 

In the 1950s, considerable work was done at the U.S. Army Quartermaster
Food and Container Institute to establish methodology for predicting soldiers’
food choices (Peryam and Girardot, 1952). The relevance and reliability of the
hedonic scale method, based on known rating scale methods used in psychology,
were established through extensive field testing of army rations of all types
(Peryam and Pilgrim, 1957). Since the development of the technique, the nine-
point hedonic scale has been used extensively and validated by numerous
studies of food products. Although there are still issues regarding its use, it
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remains one of the most useful tools for determining consumer acceptance
(Lawless and Heymann, 1999; Meilgaard et al., 1999; Stone and Sidel, 1993).

In hedonic rating, testers are presented with a continuous or discrete scale
with nine marked points, where 1 is “dislike extremely,” 5 is “neither like or
dislike,” and 9 is “like extremely” (Peryam and Pilgrim, 1957). Other points are
like or dislike “very much,” “moderately,” or “slightly.” Testers are asked to
respond to the food product on this scale and express their honest opinion of
liking. They are reassured that there is no correct answer. The data are then
interpreted numerically and analyzed statistically.

Interpretation of hedonic testing results is open to debate. At what value on
the nine-point scale does a product become unacceptable, and when is it an
excellent product? According to Peryam (Peryam and Girardot, 1952; Peryam
and Pilgrim, 1957), a hedonic rating less than 4.5 is unacceptable, while an
ordinary staple food would range between 6.25 and 7.25. Interpretation is based
on the food product; some items, such as candy and ice cream, would be
expected to achieve averages higher than 7.25 or be poor prospects.

Prediction of food consumption is an area of continuing research in both
food and behavioral sciences. Cardello and colleagues (2000) pointed out that
food preference and acceptability testing may not be a successful indication of
consumer behavior towards consumption. However, affective tests of liking
remain an integral part of food product development and marketing. Cardello
and coworkers (2000) found that predicting consumer behavior toward foods in
real-life situations is difficult and that standard methods of determining liking in
controlled situations may not be reliable. In the case of the EFP, it will not be
possible to test the product in a real-life situation. However, testing under
conditions similar to those used by the U.S. Army for GP Survival Packets and
MREs is recommended. 

Shelf-Life Testing

The length of time that a product is acceptable and meets consumer
expectations of its quality is considered to be its shelf life (Labuza, 1982).
Procedures for determining shelf life comprise microbiological, chemical, and
sensory testing to give an objective point for stating that the product does not
meet expected quality. In general, microbiological and sensory endpoints are
used. Criteria for determining shelf life must be determined prior to starting the
process. However, moisture content, aw, lipid oxidation, and vitamin losses can
be correlated with sensory changes and serve as indices of stability (Giese,
2000). 

A standard guide for shelf-life determination by sensory methods is being
considered by the ASTM E-18 Committee (1997), which describes criteria and
experimental design considerations for real-time and accelerated shelf-life
testing. For products expected to have an extended storage time, such as the
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EFP, accelerated testing is needed (Labuza and Schmidl, 1985). The concept
behind these tests is that subjecting foods to a controlled environment in which
temperature or humidity, for example, is higher than normal causes an increased
deterioration rate. At least one characteristic (e.g., sensory quality, vitamin
content, or oxidative rancidity) must be measured analytically so that a
prediction model can be built (Labuza and Schmidl, 1988; Ragnarsson and
Labuza, 1977). Based on the accelerated testing, a prediction of the storage
stability of the product can be made. Other models are available: Nelson and
Labuza (1994) examined two models for determining the effects of aw on shelf
life, while others (Cardelli and Labuza, 2001; Duyvestyen et al., 2001; Gacula,
1975a, 1975b; Gacula and Singh, 1984) have evaluated the Weibull Hazard
Analysis proposed for use in shelf-life testing by Gacula in 1975. 

The critical issue for the EFP is maintenance of eating and nutritional
quality. Shelf-life testing for the product, therefore, should be based on both of
these criteria, as well as on microbiological safety for an at-risk population.
The suggestion made by the U.S. Army to use its facilities at various overseas
locations to test the EFP among local populations, so that its acceptability by
populations having diverse ethnic and cultural backgrounds can be evaluated,
seems to be a realistic method to evaluate the prototypes.

PACKAGING CONSIDERATIONS

EFP Configuration and Packaging

The EFP will be used in environments that exhibit a wide range of
temperature and humidity conditions, including extreme environments, often
characterized by a lack of a delivery infrastructure. Therefore, all packaging
components must be capable of withstanding a wide range of temperatures
(Riordan, 1970) and physical abuse. In addition, these food items will be
delivered by various modes of transportation, including airdrop. Separate
packaging, or more likely, additional packaging, may be necessary for EFP
airdrop operations.

The first step in defining packaging requirements is to define a product
configuration for product delivery and the use and protection requirements for
each component. The starting point in the configuration for the EFP is a daily
ration required to provide 2,100 kcal along with proteins, lipids, vitamins, and
minerals to maintain nutritional status. This unit must be protected for a 3-year
shelf life, and because of the product’s dual susceptibility to moisture and
oxygen, moisture and oxygen must be removed from the product environment
before or during packaging and essentially excluded throughout its storage life.
The ration is likely to be a low-moisture product (< 5 percent) that achieves
microbiological stability through limited aw (< 0.4), and includes polyun-
saturated fatty acids, which are prone to oxidation. Moisture should be restricted
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through the initial formulation. Oxygen, on the other hand, must be removed
during the packaging operation by drawing a vacuum, flushing with nitrogen, or
both. A high barrier to both moisture and oxygen transmission is also essential
to protect the product post-packaging.

Oxidation of food components is curtailed in low-oxygen environments, as
described earlier. Oxygen levels below 1 percent have been found to reduce
oxidation sufficiently to provide stability for unsaturated fatty acids (Brody,
1989). Some molds can grow at oxygen levels as low as 0.1 percent and produce
mycotoxins (Nielsen et al., 1989). Oxygen levels of 0.2 to 0.5 percent (2,000 to
5,000 ppm) can be achieved using vacuum and vacuum plus gas flush
technologies for solid products. Initial oxygen concentrations at these levels can
be obtained for porous products as well, but degassing of these products (i.e.,
gas losses by the product itself) may quickly raise the initial oxygen
concentrations into the 1 to 2 percent range. Salame (1974) suggested that dried
foods required protection to restrict oxygen gain to a maximum of 5 to 15 ppm
and could tolerate a maximum moisture gain of 1 percent over their shelf life. 

Acceptably low oxygen levels can be maintained only with packaging mate-
rials having sufficient barrier properties. The initial oxygen level and the upper
limit of oxygen to be permitted in the package must be set in specifying actual
barrier requirements. The necessary oxygen barrier to limit oxygen influx to 10
ppm over 3 years for the EFP would require an essentially perfect barrier to
oxygen. More realistically, to maintain an oxygen level below 2 percent for the
expected 3-year shelf life of the EFP at 23º C (70º F) in a 10×10×5-cm con-
figuration, which yields 500 cc (450 cc for a product having an approximate
density of 1.0 and a 50-cc allowance for primary wraps), and assuming a
pouch surface area of 400 cm2, for example, and an initial oxygen concentra-
tion of 0.1 percent, sufficient barrier is achieved with a maximum oxygen
transmission of 0.00088 cc/100 in2/day.

Such a barrier can be achieved using glass, metal, or thick films of high-
barrier polymers. Glass packaging would be inappropriate for the EFP because
of excessive weight, field disposal, and fragility. Rigid metal or plastic contain-
ers are contraindicated for similar reasons. This leaves flexible materials: alumi-
num foil, high-barrier polymers, and metalized films. The optimal choice for
barrier and cost reasons is an aluminum foil laminate (Lampi, 1977; Szcze-
blowski, 1971).

To be sufficiently thick, high-barrier polymers such as ethylene vinyl alco-
hol or polyvinylidene chloride would be too costly and too bulky. “Metalized”
films, in turn, can be prepared with excellent barrier properties if—and only if—
the metalization completely covers the substrate. Typically, these films would be
able to provide moderate, but not sufficient, barrier for use in the EFP. There-
fore, aluminum foil would be the choice material.

Aluminum foils range in thickness from 4.3 µm (0.00017 in) to 150 µm
(0.0059 in). By industry definition, rolled aluminum becomes foil at a thickness
below 152.4 µm (0.006 in). Foils exhibit pinholes as a function of thickness.
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When foils are rolled to gauges below 10 µm, the incidence of pinholes
increases exponentially (Anderson, 1988). Studies conducted in 1961 and 1985
showed that improvements in rolling techniques reduced the incidence of
pinholes for thin foils (Anderson, 1988). For example, approximately 200
pinholes were observed per square meter with 9-µm foils in 1961, whereas a
similar performance was obtained with 8-µm foils in 1985.

Foils are considered impermeable at a thickness of 25.4 µm (0.001 in) and
above. At 8.9 µm (0.00035 in), the water vapor transmission rate (WVTR) is
equal to or below 0.065 cc/m2 (0.02 cc/100 in2)/day at 37.8º C (100º F) (Brody
and Marsh, 1997). These values drop if foil is laminated to appropriate
polymeric materials. The thickness for the foil layer, therefore, could be within
the range 8.8 to 18.0 µm (0.00035 to 0.0007 in), which provides the needed
barrier at the lowest thickness, and therefore, at the lowest cost. Within this
thickness range, foils still exhibit minor pinholes (Anderson, 1988), but
lamination with polyolefin provides sufficient protection from influx of oxygen.
At a thickness of 0.00035 in, aluminum foil was reported to present pinholes of
approximately 0.00004 in2/100 in2. Marsh (1996) calculated that a 1-mil
polypropylene coating applied to a foil substrate with an effective surface area
for permeation of 0.00004 in2/100 in2 of film would exhibit reduced
transmission values of 0.0076 cc/100 in2/day/atm for oxygen and 0.00002
cc/100 in2/day/atm for water vapor. These transmission rates are expected to be
sufficient to maintain an oxygen level below 2 percent and to provide acceptable
protection against moisture influx for 3 years at 23º C.

Aluminum foil is fragile and prone to tearing unless it is protected. A tough
polymer—toughness being defined as the area under the stress strain curve
(Marin and Sauer, 1954)—can provide both puncture and tear protection to
aluminum foil. Two applicable polymers are polyethylene terephthalate
(polyester) and polyamides (nylon). According to Lampi (1977), a 0.0005-in
thick film laminated to the outside of the foil via extrusion or adhesives would
provide sufficient protection: an O2 transmission rate below 1 cc/100
in2/atm/day (15.5 cc/m2/day) and a WVTR below 0.05 cc/100 in2/day.
Compared to the numbers given in the paragraph above, and by current
standards, these specifications for barrier properties appear to be high. However,
the apparent discrepancy is easily resolved after considering that Lampi’s values
represented an untested level. The verification of low water and oxygen
transmission was through sensory testing rather than permeation testing
(Szczeblowski, 1971). Additionally, the limit of permeation detectability in the
1970s was lower than today. In 1970, the level of oxygen transmission
detectability was 0.003 cc/100 in2/day (0.0456 cc/m2/day); in 2001 the level of
detectability was 0.00003 cc/100 in2/day (0.0005 cc/m2/day) (personal
communication, MOCON, 2001). Foil laminates, therefore, would have
measured below the limits of detectability in the earlier work.
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As a result of the above discussion, a trilaminate structure that has been
extensively tested for long shelf-life food applications is recommended for the
EFP (Lampi, 1977; Szczeblowski, 1971). Because lamination costs are related
to quantity, primarily because short-run set-up charges can render lamination
costs prohibitive, the trilaminate currently used by the military is recommended
(from inside to outside: 0.003- to 0.004-in thick polyolefin/0.00035- to 0.00078-
in thick aluminum foil/0.0005-in thick polyester [Natick Research,
Development, and Engineering Center, 1993]). Other laminations with the
recommended properties are also applicable, including the enhanced laminate
currently recommended by the military that uses both polyester and nylon for
additional protection against distribution (mechanical) forces. The package
should be nitrogen flushed, and residual oxygen must not exceed 0.5 percent.

A notch in the package seal must be provided to facilitate opening by EFP
recipients, who would likely have no scissors or other tools at their disposal.

Individual EFP Bars

Although the EFP has been designed to provide 2,100 kcal/day to recipients
as a daily ration of approximately 450 g, it should be divided into smaller units
for a number of reasons. First, considering that most people would normally eat
more than one meal during the course of the day, dividing the daily ration into
smaller portions provides for multiple meals. Second, it facilitates feeding
children who need smaller amounts to meet energy needs. Third, it helps prevent
the entire ration from being exposed when only part of it is going to be
consumed. Therefore, it is suggested that the ration be divided into equal
portions having the shape of bars. To facilitate packaging, nine bars would be
appropriate. To further facilitate division of portions for young children, each
individual bar should be centrally scored across the width of the bar to provide
two 116-cal portions upon breaking it.

Each one of the nine bars should be wrapped in a primary
packaging�defined as the package that is in intimate contact with the product
(Saroka, 1999)�that does not need to be a barrier material. (Lampi [1977]
defined the pouch and carton used for retort pouches as the “immediate
container” in the EFP application, the immediate container would include this
primary wrap, the barrier container for each daily ration, and the bundling bag
for multiple days or people.) It is recommended that this primary wrap be pulp-
based and have a moisture-barrier coating. Individual bars could be wrapped in
polyethylene or wax-coated paper (Fennema and Kester, 1991) as an unsealed
wrapping similar to the inner wrapping of a candy bar. This wrap would provide
a minor moisture barrier for individual bars after the EFP trilaminate is opened.
More importantly, it would separate individual bars for easier access and would
prevent microbial contamination from insects, handling, and surroundings. In
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addition to separating individual bars, the wrappings could be used by refugees
or victims of emergencies to start fires for cooking or providing heat.

The secondary packaging is defined as that which bundles the primary
packages (Saroka, 1999). A daily supply of nine bars should be packaged
together under a nitrogen flush or vacuum into a barrier package to provide
the barrier against oxygen and moisture needed for extended shelf life. The
secondary packaging could be a pouch having a similar construction to that of
the trilaminate pouch utilized by the military for long shelf-life rations, which
consists, from the inside out, of polyolefin, aluminum foil, and polyester or
nylon (defined above). This daily supply is considered a “unit.”

Five-Day EFP Package for Distribution

Anecdotal evidence provided by relief agencies indicates the convenience
of grouping five daily rations into a single bundle. The rationale for this
selection is that it permits 5 days worth of food for a single individual or 1 day
of feeding a five-member family to be distributed as a unit. In addition, it is
desirable to have a distribution-bundled package that is not easily carried by
soldiers or personnel for which the EFP is not intended. Therefore, it is
recommended that five EFP daily rations be bundled into a monoaxially- or
biaxially-oriented polyolefin bag. The bag should be notched to facilitate
opening.

A rigid container could be used for the bundling instead of the polymeric
bag. This could be a rigid plastic or metal container. Although such containers
would add weight, they offer additional protection against rodents and may also
serve additional purposes after consumption of the EFPs, such as carrying water.
This option becomes especially attractive if such use (e.g., as a water carrier)
replaces or precludes a separate delivery of such items.

Shipping Containers

Eight bundles of five EFPs each will be placed into a shipping container
to constitute a case. The shippers could be of corrugated construction,
sufficient to pass distribution protocols of ASTM International or the
International Safe Transit Association. Their dimensions will depend upon the
actual shape of the bars, which is not specified in this performance-based
recommendation. It is anticipated that single-wall, C-flute corrugate would
suffice. Each shipper will weigh in the vicinity of 40 lb. Shipping containers
could also be constructed of metal so that they can be recycled for use as storage
or water containers as suggested by anecdotal evidence.
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Pallets

Shippers will be assembled onto a pallet for transport. Pallets will be of
construction and dimensions to provide efficient transport, with overhang and
underhang restricted to a maximum of 2 in. Approximately 50 cases will be
placed on a pallet. Pallets may be unitized using stretch wrap, banding, adhesive,
or other means.

Airdrop

Naked Rations

Depending upon the ultimate shape and density of the EFP, it should be
possible to airdrop individual EFP packs in ways similar to MREs, using the
Triad (tri-wall aerial distribution system) that was used to airdrop food in Bosnia
(Roos, 1993). Individual MREs were found to fall with a terminal velocity of 58
mph, which was suitable for delivery. The tri-wall distribution container was
used to transport the MREs, but was not included in the drop. This method may
be applicable if the terminal velocity of the EFP is found to be sufficiently low
to allow for safe delivery. However, given the caloric density requirements of
the EFP, it is anticipated that it will be a heavy product such that additional
packaging protection will be required for air delivery in this manner.

Flutter Packs

The World Food Programme developed a plastic film tube package with
unequal amounts of food product sealed into each end. The length of tube be-
tween the product catches air during free fall and slows the descent. The unequal
product weights cause a precessing (whirling) motion that absorbs energy during
the free fall, thus the package name. However, because the weight of product
delivered using this system is less than that of the EFP, its applicability for EFP
delivery must be tested.

Wing Packs

Alternate configurations to the Flutter Pack may be developed that provide
sufficient wind resistance to slow descent to a safe level.

Bubble Packs

Bubble packs or suitable cushioning material may be layered such that im-
pact is attenuated as successive layers absorb impact and rupture. This would
constitute an individual pack adaptation of the airbag approach that has been
developed for bulk delivery (see below). Dimensions of bubbles, pressure of
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enclosed gas (which would change with altitude), and strength of substrate that
will rupture must all be determined to prove efficacy for specific ration configu-
rations (single or multiple) and specified drop heights. Drop height may be ex-
tended if terminal velocity is acceptable.

Cushion Packs

Additional cushioning materials may be employed to attenuate impact to
acceptable levels for EFP delivery. These cushions could be composed of a vari-
ety of materials (thermoset or thermoplastic foams, rubber, cellulosic), compos-
ites, or constructions (such as paperboard honeycomb, mentioned below). Two
considerations are required for suitability, however: the integrity of the EFP and
the safety of the delivery. Unless remote delivery is assured, the airdrop must
not present a hazard to the intended recipients.

Bulk Drops

Cushion

The steady descent velocity experienced with parachute airdrops is about 28
ft/sec (Lee, 1992). Ground impact at this velocity requires an energy absorber to
dissipate the impact energy. An evaluation of cushioning materials by Ellis and
coworkers (1961) concluded that paperboard honeycomb was the most cost-
effective, all-around, airdrop, energy-dissipating material. A majority of U.S.
Army airdrops are delivered by the Container Delivery System, which has a
2,000-lb payload and uses honeycomb protection. Other cushioning materials
may also prove adequate, but any material will require evaluation to assure
proper loading and effectiveness under the environmental conditions that may
be expected during the airdrops.

Foam

The U.S. Army evaluated alternatives to cushions because of specific short-
comings. Cushioning materials take up substantial warehouse space, are labor-
intensive to use (primarily for equipment loads that require assembly, but would
be less of a concern with uniform loads for items such as the EFP), and may
degrade in high humidity (especially the paperboard honeycomb). Foams offers
an alternative that overcomes these difficulties (Goldberg, 1990). As mentioned
above, testing would be necessary to determine loading and use conditions. 

Air Bag

Another option for airdrop impact reduction is air bags. This option utilizes
the restricted venting of the air bag to reduce impact forces. Complex air bags
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using vent control and/or gas injection, and augmented air bags using paper-
board honeycomb or other cushioning, have been found to improve the perform-
ance of simple air bags by decreasing peak gravity forces (Lee, 1992). Such
systems offer further alternatives for bulk air drops of the EFP that could be
evaluated when prototypes are prepared.

COST CONSIDERATIONS

The goal of this report is to develop an EFP that has an optimal nutritional
profile and could meet the most severe environmental, storage, and logistic con-
ditions. However, it is recognized that the requirements to produce such a so-
phisticated product are substantial. If funds are limited, a high unit cost can
dramatically reduce the quantity of rations available to a needy population.
Given this concern, the technical specifications recommended in this report
should be considered optimal; however, the sponsoring agencies may choose to
consider developing EFPs prepared and packaged to less stringent specifications
if cost becomes a primary consideration. Under these circumstances, an EFP
packaged in airtight foil bags inside a water-repellent paperboard box, for exam-
ple, would allow greater quantities of products to be procured for a fixed cost
and would be adequate in many relief situations, particularly for disaster relief.
However, in this case, the long shelf-life objective and possibly also the goal of
prepositioning supplies around the world would have to be modified by the
agencies. 
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4
Performance Specifications

ITEM DESCRIPTION

This product—the high-energy, nutrient-dense emergency relief food
product (EFP)—is intended to provide a compact, self-contained, high-energy,
nutrient-dense emergency food for refugees and victims of disasters for a short
duration at the initial stages of an emergency. The expected use period is 3 to 7
days, with a maximum use of up to 15 days. The product may be used in
climatic extremes from arctic to tropical. The EFP is expected to be the sole
source of food during the period of use and to provide adequate energy, protein,
fat, vitamins, and minerals to promote survivability. The product may be
consumed directly or crumbled to make a gruel or porridge.

The EFP must be suitable for a wide age range—from infants over 6 months
through older adults. 

The EFP must be provided in a format acceptable to people from a wide
range of ethnic, cultural, and religious backgrounds.

The EFP will be consumed under worldwide environmental extremes. It is
essential that this item be produced in accordance with Good Manufacturing
Practices applicable to ready-to-eat food products.

There are five characteristics critical to development of a successful EFP.
These are listed in order of importance. The EFP must be:

1. Safe
2. Palatable
3. Easy to dispense
4. Easy to use
5. Nutritionally complete.
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PERFORMANCE REQUIREMENTS

Nutrition

The EFP must provide a nutritional profile as described in Table 4-1. Each
unit (nine bars) will provide 2,100 kcal.

Shelf Life

The packaged EFP shall meet the minimum shelf-life requirement of 36
months at 21º C (70º F).

Appearance

1. Exterior – The EFP will be a bar of a rectangular shape that promotes
efficient packing. The color of the bar will depend on the ingredients and
processing methods used. Artificial colors are not recommended, and it is
required that the product not be white or cream-colored. The product, if
dispersed in water, must not resemble milk.

2. Interior – The EFP shall be a compressed, cold-extruded, or baked
product of essentially uniform composition.

3. General – The packaged EFP shall be free from foreign material such
as, but not limited to, dirt, insect parts, hair, wood, glass, or metal. The product
shall show no evidence of excessive heating (materially darkened or scorched).

Odor and Flavor

1. The EFP shall be slightly sweet with blended cereal flavor from the base
ingredients, and no distinct flavor notes attributable to the protein source or
vitamin and mineral additions may be present. Flavorings may be used, but
should not be strong or unusual (i.e., not targeted for a specific population).

2. The EFP shall be free from foreign odors and flavors such as, but not
limited to, burnt, scorched, rancid, sour, or stale.

Texture

The texture of the bars will depend on the ingredients and processing
methods used. When crumbled, particle size should be large enough to make a
porridge-like product when dispersed in water, and not small enough to
resemble milk. The EFP shall be sufficiently firm and resilient to withstand
delivery via various modes of transportation (air, land, and sea) including low-
altitude airdrop. It must maintain structural integrity through short periods of
extreme temperatures.
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Size 

The EFP dimensions shall be such that a unit will deliver 2,100 kcal and be
divided into nine bars, each bar scored to yield two equal portions. Each portion
will contain approximately 116 kcal. The total net weight of the unit (2,100
kcal/EFP) shall be approximately 450 g (~50 g/EFP bar).

Acceptability 

A prototype of the finished product shall be tested by the procuring agency
and must receive a hedonic score of 6.0 or better on a 1.0- to 9.0-point scale,
where 9.0 represents “like extremely” when assessed by likely target
populations under conditions simulating field use (e.g., during 3 to 7 days’
consumption).

Nutrient Content 

The nutrient content is described in Table 4-1. The overall description is:

� Energy content – The EFP shall be designed as a 2,100-kcal unit.
� Moisture content – The moisture content shall not be greater than 9.5

percent. Water activity shall not be greater than 0.6.
� Protein content – The protein content shall be not less than 63 or greater

than 80 g/2,100-kcal unit (8 to 9 g/EFP bar). The protein must have a minimum
Protein Digestibility-Corrected Amino Acid Score of 1.0.

� Lipids – The lipids must be 22 percent by weight minimum (approxi-
mately 40 percent of kcal, 82 to 105 g/2,100 kcal unit, or 9 to 12 g/EFP bar).
The source of lipids must not be lard, tallow, other animal fats, or similar
animal-based products. The ratio of linoleic acid to �-linolenic acid shall be 5:1
to 10:1.

� Carbohydrates – The remaining calories will come from carbohydrates
as specified in Table 4-1. 

� Vitamins and minerals – As specified in Table 4-1.
Note: Vitamin E must be encapsulated (or stabilized) for stability. Separate

encapsulation is also necessary for ascorbic acid and for metals: iron (as NaFe
EDTA), chromium, copper, manganese, selenium, and zinc.

� Caloric density must be between 233 and 250 kcal/50 g bar (2,100
kcal/unit).

Additives

Additives must be consistent with guidelines of both the U.S. Food and
Drug Administration (FDA) and Codex Alimentarius, and comply with the 
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TABLE 4-1  Nutrient Specifications for a High-Energy, Nutrient-Dense,
Emergency Relief Food Product (EFP)a

Nutrient

Minimum Required
Nutrient Density/EFP
Bar (50 g)

Maximum
Required 
Nutrient 
Density/EFP Bar
(50 g)

Minimum Required
Nutrient 
Density/1,000 kcal

Energy 233 kcal 250 kcal
Fat 9.1 g

(35% of calories)
11.7 g 
(45% of calories)

39 g 
(35% of calories)

Proteinb 7.9 g
(13.5% of calories)

8.9 g 
(15% of calories)

34 g 
(13.5% of calories)

Total carbohydrates 100–125 g 
(40–50% of calories)

Total sugars 7–11.7 g 
(12–20% of calories)

14.7 g 
(25% of calories)

30–50 g 
(12–20% of calories)

Glucose 2 g 8.5 g

Lactose 4 g

Monosaccharides 5.8 g

Sodium 0.30 g 0.33 g 1.3 g

Potassium 0.40 g 0.47 g 1.7 g

Chloride 0.47 g 0.51 g 2.0 g
Calcium 180 mg 207 mg 768 mg

Phosphorus 172 mg 206 mg 740 mg
Magnesium 44 mg 54 mg 190 mg

Chromium 3.0 µg 13 µg
Copper 131 µg 156 µg 560 µg
Iodine 24.5 µg 53.6 µg 105 µg



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

PERFORMANCE SPECIFICATIONS 133

Maximum 
Allowed Nutrient
Density/1,000
kcal

Minimum Required
Nutrient 
Density/2,100 kcal

Maximum 
Allowed Nutrient
Density/2,100
kcal Comments

2,100 kcal 2,100–2,250 kcal/9 bars
50 g 
(45% of calories)

82 g 
(35% of calories)

105 g 
(45% of calories)

Saturated fat > 10% of
calories; PUFA 7–10%
of calories from vege-
table oil; LA:LNA ra-
tio of 5:1 to 10:1

38 g 
(15% of calories)

71 g 
(13.5% of calories)

80 g 
(15% of calories)

PDCAAS � 1.00

210–263 g

63 g
(25% of calories)

63–105 g 
(12–20% of calories)

131 g 
(25% of calories)

Palatability requires the
use of sugar or high
fructose corn syrup

18 g 6 g/g of Na; from malto-
dextrins 

17 g 36 g Should be present only if
milk solids are used

25 g 53 g < 25% by weight of car-
bohydrates

1.4 g 2.7 g 3.0 g EFP should not taste
salty

2.0 g 3.5 g 4.2 g EFP should not taste
bitter

2.2 g 4.2 g 4.6 g Equimolar to sodium
885 mg 1,620 mg 1,865 mg Phosphate, citrate, or

carbonate salt forms
890 mg 1,555 mg 1,865 mg Nonphytate form
230 mg 
(< 167 mg as

supplement)

400 mg 480 mg 
(< 350 mg as

supplement)

Only supplemental Mg
contributes to UL

27 µg
670 µg 1,180 µg 1,410 µg
230 µg 220 µg 480 µg

continued
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TABLE 4-1  Continued

Nutrient

Minimum Required
Nutrient Density/EFP
Bar (50 g)

Maximum
Required 
Nutrient 
Density/EFP Bar
(50 g)

Minimum Required
Nutrient 
Density/1,000 kcal

Ironc 3.7 mg 4.2 mg 16 mg

Manganese 0.33 mg 0.40 mg 1.4 mg
Selenium 6.5 µg 7.9 µg 28 µg
Zinc 2.4 mg 2.7 mg 10.4 mg

Vitamin A 
(preformed)

117 µg 233 µg 500 µg

Vitamin D 1.2 µg 1.4 µg 5.2 µg
Vitamin E 2.2 mg 16 mg
Vitamin K 14 µg 60 µg
Vitamin C 23.3 mg 46.6 mg 100 mg
Thiamin 0.28 mg 0.33 mg 1.2 mg
Riboflavin 0.28 mg 0.33 mg 1.2 mg
Niacin 2.6 mg 2.9 mg 11.2 mg

Vitamin B6 0.28 mg 0.33 mg 1.2 mg
Folated 45.2 µg 49.7 µg 194 µg

Vitamin B12 2.8 µg 3.4 µg 12 µg
Pantothenic Acid 0.9 mg 1.1 mg 3.9 mg
Biotin 5.6 µg 6.7 µg 24 µg
Choline 85.3 mg 102.3 mg 366 mg

a The energy content of the EFP is specified as 4.5 to 5 kcal/g, which provides a range of
2,100 to 2,250 kcal per 9-bar ration (EFP). It is important to note that calculation of nutrient
density for all other nutrients is based on the minimum energy requirement for the EFP of
2,100 kcal (IOM, 1995). Calculations based on information in the text may differ slightly
from the numbers presented in the table due to rounding.
b Protein digestibility-corrected amino acid score (PDCAAS) is a method described by
FAO/WHO (1989) for protein evaluation that is based on the essential amino acid require-
ments of the 2- to 5-year-old child. The use of this method of protein evaluation by U.S.
food manufacturers has Food and Drug Administration approval. 
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Maximum 
Allowed Nutrient
Density/1,000
kcal

Minimum Required
Nutrient 
Density/2,100 kcal

Maximum 
Allowed Nutrient
Density/2,100
kcal Comments

18 mg 34 mg 38 mg Encapsulated as
NaFeEDTA suggested

1.7 mg 2.9 mg 3.5 mg
34 µg 60 µg 72 µg Selenomethionine form
11.4 mg 22 mg 24 mg Sulfate or acetate; molar

ratio of Zn:phytate
< 15

1,000 µg 1,050 µg 2,100 µg Does not include caro-
tene

5.8 µg 11 µg 12 µg Cholecalciferol form
34 mg 0.6 mg/g PUFA
120 µg

200 mg 210 mg 420 mg Encapsulation required
1.4 mg 2.5 mg 3.0 mg
1.4 mg 2.5 mg 3.0 mg
12.4 mg 23.6 mg 26.0 mg Maximum only refers to

added nicotinic acid
1.4 mg 2.5 mg 3.0 mg
213 µg 406 µg 447 µg Maximum only refers to

added folate
14.4 µg 25.2 µg 30.2 µg
4.7 mg 8.2 mg 9.8 mg 
28.8 µg 50.4 µg 60.5 µg
439 mg 769 mg 923 mg Choline could be pro-

vided as lecithin
c Iron requirements based on FAO/WHO (2000) for adolescent girls, which assumes 10%
bioavailability.
d Assumes that folate provided will be as a food fortificant and thus will be synthetic folate,
which is 1.6 times more available than naturally occurring food folate.
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specifications set forth in the Food Chemicals Codex (National Academy Press,
Washington, D.C.).

PROHIBITIONS

The EFP shall contain no sensitive ingredients that would limit its intended
use for diverse populations. No alcohol shall be incorporated in it, nor any meat
products used.

PROCESSING REQUIREMENTS 

Bars shall be prepared through extrusion, compression technology, or
baked.

Units will be prepared consisting of nine bars of approximately 233 kcal
each, with central scores that allow easy division to 116-kcal portions.

It is desirable that the EFP be amenable to being made into a gruel by
crumbling the bar and mixing with water.

PACKAGING REQUIREMENTS

The EFP will be subjected to environments that exhibit a wide range,
including extremes, of temperature and humidity, and to delivery conditions that
will often be characterized by lack of infrastructure. Therefore, all packaging
components must be capable of withstanding temperature and physical abuse. In
addition, the EFP will be delivered using all modes of transportation, including
airdrop. Separate packaging, or more likely, additional packaging, may be
employed for airdrop requirements.

Primary Packaging

Each 2,100-kcal daily EFP unit will be prepared as nine equal-sized bars,
each centrally scored to allow breaking into two segments. The nine bars will be
individually wrapped to facilitate handling of individual bars, while reducing
contamination to additional bars, through human, insect, animal, or microbial
intervention. The primary wrap need not be a barrier material, and it is
recommended that it be pulp-based, with a moisture-barrier coating. The coating
may be polyolefin or wax-based. This primary package, after use, may also
serve as an energy source through combustion. Polyethylene- or wax-coated
paper both provide similar heating value as comparable weights of fuel oils. The
package will be nitrogen flushed. Residual oxygen must not exceed 3 percent (2
percent if feasible).
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Secondary Packaging 

A daily supply of nine bars will be packaged under a nitrogen flush or a
vacuum, into a barrier package, to enhance product shelf life. The secondary
packaging will be a pouch construction similar to the trilaminate construction
utilized by the military for long shelf-life rations: from inside to outside, 0.003-
to 0.004-in thick polyolefin, 0.00035- to 0.0007-in thick aluminum foil, and
0.0005-in thick polyester or nylon. The pouch material shall be FDA-approved
for food use and shall show no evidence of delamination or degradation when
heat sealed or fabricated into pouches. Pouches that contain the nine bars may be
preformed or formed on line. The pouches will have an inside dimension
sufficient to hold the nine individually wrapped bars. The pouch shall be made
by heat-sealing three edges (two sides and bottom) with 3/8-in- (+/- 1/8 in) wide
seals. The heat seals shall be made in a manner that will ensure hermetic seals.
The pouch shall maintain its integrity and air tightness of the side and bottom
seals when tested by appropriate methods. The side and bottom seals shall have
an average seal strength of not less than 6.0 lb/in, and no individual specimen
shall have a seal strength of less than 5.0 lb/in. A V-, C-, or U-shaped tear notch
at least 1/32-in deep, located 3/4 to 1 in from the top edge of the pouch
(excluding the lip) shall be made on one or both side seals. The distance
between the inside edge of the tear notch and the inside edge of the seal shall be
no less than 1/8 in. One side of the open end of the pouch may be provided with
an extended or fold-over lip, extended not more than 1/8 in (+/- 1/16 in) to
facilitate opening and filling. In order to discourage diversion of the product, the
pouch must be of a neutral color (e.g., off-white, tan); no bright, attractive colors
or shine may be used.

A multiple set of bars, sufficient for a 5-day supply of nine bars per day
(i.e., five pouches containing nine bars each) will be packaged together and
constitute the distribution unit called a “bundle.” The five trilaminate pouches
will be bundled into a low-density polyethylene bag to provide either a 5-day
individual EFP supply or a daily ration for a family of five members. The film
used to prepare the bundle will be monoaxially or biaxially oriented, with
machine direction oriented across the pouch. Filling will therefore be
accomplished on a horizontal wrapping machine. A V-, C-, or U-shaped tear
notch at least 1/32-in deep, located 3/4 to 1 in from the top edge of the pouch
(excluding the lip) shall be made on one or both side seals. The notch will allow
easy opening by propagating the notch tear across the bundle bag.

As an alternative, the outer package may be a reusable, semi-rigid
polyolefin container which could be used for storage and/or water transport. 

A third option is to utilize a metal outer package, such as a tinplate box with
a cover. The cover shall be easily removable. This container may also have
multiple uses, such as storage and/or water carrier. 
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Tertiary Packaging

Rations will be available in two formats: Ground delivery and airdrop. 

� Ground delivery – Eight bundles consisting of five pouches each (each
pouch contains five daily units) will be placed in a 4×2 configuration in a
corrugated shipping container that constitutes 1 case. Approximately 50 cases
will be placed on a pallet. The shipper will be sufficient to contain the rations
and allow stacking to five pallets high in similar environmental temperature and
relative humidity extremes as experienced in the Guam, Italy, and Maryland
storage facilities used by the U.S. Agency for International Development. 

� Airdrop – Pouches (five units each) or bundles (five pouches each) may
be packaged for low-altitude airdrop using appropriate package protection to
simultaneously provide impact protection for the EFP and reduce the terminal
velocity to a level that prevents injury to recipients on the ground. Testing must
be conducted to verify adequate protection.

Labeling

The secondary and tertiary packaging shall carry simple, graphic
instructions on how to open the package and on alternative ways to consume the
product (i.e., directly or as a porridge). A disclosure of the energy nutrient (fat,
carbohydrate, protein) content by weight, in metric units, must be made on the
basis of 1 day’s ration (2,100 kcal). In addition, each pouch shall carry a
complete list of ingredients, the net weight of the unit, in grams, and any other
information required by the purchasing agency. 

MISCELLANEOUS INFORMATION

Ingredients may be determined by bid from potential manufacturers to
provide the nutritional profile and other characteristics defined above. The
product will be distributed among multiple ethnic and cultural groups.
Therefore, alcohol or animal products other than milk may not be used. Foods
containing known allergens, such as peanuts, should be avoided.

The vitamin and mineral mix must be encapsulated to provide required
product shelf life and avoid objectionable odors or flavors.

Recommended ingredients:

� Cereal base: wheat flour, corn, oat flakes or flour, rice flour
� Protein: soy products, such as concentrates, isolates, or TVP; milk solids,

casein, or derivatives
� Lipid sources: partially hydrogenated soybean or cottonseed oil, flaxseed

oil (source of omega-3 fatty acids), canola oil, sunflower oil
� Sugars: sucrose, glucose, high-fructose corn syrup, maltodextrins



Copyright © National Academy of Sciences. All rights reserved.

High-Energy, Nutrient-Dense Emergency Relief Food Product 
http://www.nap.edu/catalog/10347.html

PERFORMANCE SPECIFICATIONS 139

� Baking and leavening agents, if needed
� Vitamin and mineral premix as specified in the nutrient profile (see

Table 4-1).

The product must be prepared using Good Manufacturing Practices and
maintain suitability as a food for the shelf life of the product. 

Note: This performance specification is written to facilitate innovation from
suppliers. It is recommended that off-the-shelf ingredients and materials be util-
ized where possible.
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Appendix
Biographical Sketches of
Subcommittee Members

Barry L. Zoumas, Ph.D. (chair) is the Alan R. Warehime Professor of Ag-
ribusiness in the Department of Agricultural Economics and Rural Sociology at
The Pennsylvania State University. Dr. Zoumas’ academic training is in human
nutrition and chemistry. He has direct expertise in development of the type of
food product under study. He was Director of Research and Development and
later Corporate Vice-President of science and technology at Hershey Foods Cor-
poration, where he was in charge of development of the Hershey bars for the
space program before joining Penn State. He is coauthor of a book on candy
bars. He also has ample international experience as a visiting scientist in nutri-
tion programs for developing countries with the Food and Agriculture Organi-
zation of the United Nations and as an advisor on agricultural development to
the U.S. Agency for International Development for the Caribbean and other
Latin American countries. He has served as Chairman of the American Institute
of Nutrition and several industrial associations, and is a member of the Institute
of Food Technologists, the American Association for the Advancement of Sci-
ence, the American Chemical Society, the American Society for Nutritional Sci-
ences, and the International Food and Agribusiness Management Association.

Lawrence E. Armstrong, Ph.D. is an Associate Professor in the Depart-
ments of Physiology, Neurobiology and Exercise Science and of Sport, Leisure,
and Exercise Sciences, University of Connecticut. He has a doctorate in human
bioenergetics and specializes in physiological responses involving exercise, die-
tary intervention, heat tolerance, temperature regulation, and acclimatization to
heat. His research deals with laboratory and field studies of metabolic, ventila-
tory, cardiovascular, fluid-electrolyte, and strength perturbations, viewed in light
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of physical training, cardiorespiratory fitness, and hydration status. He teaches
courses in exercise physiology and metabolism. Dr. Armstrong is a former
member of the Committee on Military Nutrition Research. He is also a member
of the American College of Sports Medicine, American Physiological Society,
and the Aerospace Medical Association. 

Jeffrey R. Backstrand, Ph.D. is an Associate Professor in the joint Ph.D.
Program on Urban Systems at the University of Medicine and Dentistry of New
Jersey. Previous to this position he was Assistant Professor and Director of the
Public Health Nutrition Program at the New York University Department of
Nutrition and Food Studies. His academic training is in nutritional anthropology.
His research interests are sociocultural determinants of food intake and food
sources of micronutrients in developing countries. He has conducted research
and has supervised several Ph.D. dissertations and M.S. theses dealing with
various aspects of food preferences in Korea, Niger, and Mexico. He has written
papers on fortification and growth in children in developing countries, with an
emphasis on Mexico. He is Chair of the Public Nutrition Research Interest Sec-
tion, American Society for Nutritional Sciences and a fellow of the Society for
Applied Anthropology. He is also a member of the American Anthropological
Association, the American Public Health Association, the Association for the
Study of Food and Society, and the Council on Nutritional Anthropology

Wanda L. Chenoweth, Ph.D. is Professor of Nutritional Sciences in the
Department of Food Science and Human Nutrition, Michigan State University.
Her area of expertise is clinical dietetics, and her research interests are in min-
eral bioavailability and clinical nutrition. She has conducted research also on the
effects of processing on the nutritional quality of various food ingredients. Dr.
Chenoweth is a member of the American Society for Nutritional Sciences,
American Dietetic Association, and the Institute of Food Technologists. She is a
member of the Committee on Military Nutrition Research.

Pavinee Chinachoti, Ph.D. is Professor of Food Physico-chemistry, De-
partment of Food Science and Nutrition, University of Massachusetts, Amherst.
Dr. Chinachoti teaches food processing at the graduate and undergraduate levels.
Her research focuses on characterization of phase transitions and the role of
water on food quality and stability, particularly in cereal polymers and products.
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