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Preface

This report, titled Nutrient Composition of Rations for Short-Term, High-
Intensity Combat Operations, is the product of the work of the Committee on
Optimization of Nutrient Composition of Military Rations for Short-Term, High-
Stress Situations under the auspices of the Standing Committee on Military
Nutrition Research (CMNR). The CMNR was established in 1982 to advise the
US Department of Defense on the need for and conduct of nutrition research and
related issues. This report was produced in response to a request by the US Army
Medical Research and Materiel Command to the Institute of Medicine (IOM) to
convene a committee to review and recommend the nutritional composition of
rations for short-term, high-stress situations. The specific questions posed to the
committee evolved from discussions between the standing CMNR and the Mili-
tary Nutrition Division of the US Army Research Institute of Environmental
Medicine (USARIEM) at Natick, Massachusetts.

A 12-member committee was formed that had expertise on micronutrients,
protein, energy balance and sports nutrition, gastroenterology, clinical medicine,
food processing and technology, eating behavior and intake regulation, clinical
nutrition, dietetics, and psychology. The committee’s task was to conduct a study
to determine the optimal nutrient content of a new combat ration. The committee
first discussed the limitations of the current rations for use during future military
deployments and combat operations and the expected impact of combat opera-
tions on nutrient status, health, and performance. Operating within specific design
constrains, the committee then recommended nutritional composition of a new
ration designed for short-term use by soldiers during high-tempo, stressful
combat missions. The nutritional composition of this new ration was optimized
to best sustain physical and cognitive performance and to prevent possible ad-
verse health consequences, despite limitations imposed by ration design and
mission constraints. The committee focused on dehydration, the gastrointestinal
gut processes, and the function of the immune system as health issues of highest
concern. Also, the committee considered the potential health and performance

ix
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impact of subsistence on this ration during its intended use in combat operations.
Although it was not stated in the questions posed, the committee found that some
of the answers to the questions needed further confirmation with research that
particularly addresses the unique circumstances of combat missions, that is, a
combination of multiple stressors that rarely occurs in nonmilitary operations.
Therefore, the committee proposed very specific areas of research that are critical
to continue improvement of the assault rations.

Among the chief design constraints of this daily ration are that it must fit
within 0.12 cubic feet and weigh 3 1b or less. The ration would be targeted for
use by average male soldier of 80 kg body mass, 16 percent fat, relatively fit,
age range 18—45 years (probably average < 25 years), with no chronic metabolic
disease, but potential incidence of some common food allergies. During combat
operations, the expected daily energy expenditure is 4,000-4,500 kcal/per day,
achieved through intermittent periods of high energy expenditure (> 50 percent
VO, max) mixed with longer periods of low-intensity movement sustained for
20 hours per day. Soldiers will rely on this ration for three to seven days fol-
lowed by one to three days of recovery when they will have access to more
nutritionally complete meals (i.e., ad lib food availability served in field kitchen
setting). These three- to seven-day missions might be repeated several times for
up to a month. To provide context for the recommendations, assumptions of the
characteristics of the soldiers’ diets and health, the missions, and other issues
were formulated that were based on information gathered at open sessions with
sponsor representatives and other military personnel.

The committee carried out its work over 15 months and held three meetings.
The first meeting of the committee was held in conjunction with a two-day
workshop. The workshop was hosted by the USARIEM and the Natick Soldier
Center (NSC) in Natick, Massachusetts, August 11-13, 2004. Speakers addressed
the issues brought to the committee by the USARIEM. These presentations were
the basis for the committee’s deliberations and recommendations and are in-
cluded in this report as individually authored papers in Appendix B. Two addi-
tional meetings of the committee were held on October 21-22 and November
18-19, 2004.

Throughout the project, the committee had the privilege of having access to
information collected directly in the field where soldiers were deployed to mili-
tary missions of the type relevant to its task. For example, a survey that was
designed to collect information on various aspects of eating behavior was con-
ducted in Afghanistan. This very recent data collection was the basis for the
committee’s outlining of the assumptions and, consequently, the development of
the recommendations. The committee would like to express its most sincere
appreciation for the work and professionalism of CPT Chad Koenig, Research
Dietitian of the Military Nutrition Division (MND) at USARIEM. He not only
incorporated the committee’s suggestions into the survey and conducted it, but
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also summarized the survey data for the committee and presented the conclu-
sions at the November meeting.

The committee expresses its appreciation to Douglas Dauphinee, Research
Program Coordinator of the MND at USARIEM, for all the help provided during
the preparations stages of the workshop at USARIEM. Special thanks go also to
Andrew Young, Chief of the MND and representative from the Department of
Defense for this task, for generously giving his time and help and for being
available to clarify the task of the committee. Special thanks are extended to
Scott Montain, Research Physiologist at MND, USARIEM. His assistance was
truly invaluable during the committee’s work. He helped delineate the task and
provided numerous reports and other data to the committee in a timely manner.
In addition, the committee thanks COL Karl Friedl who continues to support the
work of the CMNR and was readily available to provide the appropriate contacts
needed to gather information for the committee.

On behalf of the committee, I sincerely thank the workshop participants and
speakers for addressing topics critical to the completion of the committee’s work.
Each speaker not only provided an excellent presentation, but was available for
multiple interactions during the workshop, prepared a manuscript of the presen-
tation (see Appendix B), and worked with IOM staff throughout the revision
process. These presentations were important reference sources for the committee
and have been used as scientific basis throughout the report.

The committee expresses its deepest appreciation to other staff members at
the Combat Feeding Directorate (CFD), Research, Development and Engineering
Command, NSC, who offered their insights about the multiple questions on food
development at the CFD: Betty Davis, Team Leader of Performance Enhance-
ment and Food Safety; Matthew Kramer, Research Psychologist at Product Opti-
mization and Evaluation Team; and Patrick Dunne, Senior Advisor at the CFD.

In addition, the military leaders that answered and clarified the committee’s
concerns on health issues during current deployments deserve the committee’s
most sincere appreciation. They are Mr. Terry Phelps, Deputy Director of the
Special Operations Command Surgeon; LTC Christopher, Division Surgeon of
the 82nd Airborne Division; and MAJ Steve Lewis, Social Work Officer of the
82nd Airborne Division. Without their contributions many of the health consid-
erations that drove the recommendations would have eluded the committee. We
thank MAJ Lolita Burrell for providing such valuable contacts.

The committee owes a strong debt of gratitude to the Food and Nutrition
Board (FNB) staff for their professionalism and effectiveness in ensuring that
our committee adhered to its task statement, for providing discipline and experi-
ence in helping to assemble the report and effectively respond to reviewers, and
for providing background research support and organizing our meetings. In
particular, we thank Senior Program Officer Maria Oria, who worked tirelessly
on numerous drafts and revisions. Ably assisting Dr. Oria in her efforts were
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Senior Program Assistant Jon Sanders and Research Associate Leslie Sim.
Finally, the committee is also grateful to the overall guidance and continuous
support of Linda Meyers, FNB Director. I also extend my deep gratitude to my
fellow committee members, who participated in our discussions in this study in a
professional and collegial manner, and who approached its task statement with
great seriousness and intellectual curiosity. I appreciated the opportunity to work
with these colleagues from several disciplines, several of whom I would never
have met in my professional research and administration circles.

John W. Erdman, Jr., Chair
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Executive Summary

The success of military operations depends to a large extent on the physical
and mental status of the individuals involved. The physical demands of combat
combined with the mental stress of long days, even if for short-term periods, take
a unique toll on soldiers. Extreme environmental stressors encountered by military
personnel during combat add further complexity. During sustained operations
(SUSOPS), for example, combat foot soldiers carry loads in excess of 50 kg for
three to seven days during missions that often last for about a month under
weather conditions that vary from cold, mountainous to humid, tropical climates;
rest between missions may be as short as two to three days.

An individual’s physiological and nutritional status can markedly affect
one’s ability to maximize performance in sustained high-stress operations and
may compromise mission effectiveness. Appropriate nutrition before and during
missions can reduce adverse consequences of physical and mental stress, but
optimizing soldiers’ nutritional status is a continuous challenge. First, from a
practical standpoint, it is not possible to implement a single recommended dietary
regime before missions. Second, individuals under stress often have diminished
appetites. Soldiers usually burn about 4,500 kcal/day but consume only about
2,400 kcal/day during combat, leaving them in a state called “negative energy
balance.” Finally, the nature of the ration is only one of many factors that deter-
mine eating habits during combat. Many less controllable and unpredictable
factors, such as individual preferences and climate, come into play to reduce
appetite, as was described in the Institute of Medicine (IOM) report, Not Eating
Enough.

The consequences of being in negative energy balance while under the
strenuous circumstances of SUSOPS range from weight loss to fatigue and
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mental impairments, such as confusion, depression, and loss of vigilance. The
military has devoted great efforts to improve the quality of the food rations with
the objectives of providing a palatable ration, encouraging consumption, and
ensuring proper nutrition for soldiers. First Strike Rations (FSRs) are being
developed in collaborative effort by the Combat Feeding Directorate (CFD),
Research, Development, and Engineering Command (RDECOM), Natick Sol-
dier Center (NSC) and the US Army Research Institute of Environmental Medi-
cine (USARIEM) and were conceived as a new strategy to optimize the nutritive
value of rations created for foot combat soldiers. FSRs are being developed as
lightweight rations that contain all essential nutrients and food components with
the idea of sustaining physical performance, postponing fatigue, and minimizing
other adverse health consequences experienced while in SUSOPS. With the
number of SUSOPS increasing, the optimization of these assault rations has
become a high priority. The Department of Defense asked the IOM to appoint a
committee to guide the design of the nutritional composition of the ration for
SUSOPS. Although the focus of this report is soldiers, the recommendations
may be applicable to physically fit nonmilitary personnel under similar conditions
of high-stress, intense physical activity, especially those experiencing negative
energy balance for the repeated, short periods of time outlined here. This may
include firefighters, peacekeepers, and other civilian emergency personnel.

COMMITTEE’S TASK AND APPROACH

Under the auspices of the Standing Committee on Military Nutrition Research,
the Committee on Optimization of Nutrient Composition of Military Rations for
Short-Term, High-Intensity Situations was appointed to recommend the nutri-
tional composition of a new ration designed for short-term use by soldiers during
high-tempo, stressful combat missions. The ration is meant to be used for
repetitive, three- to seven-day missions that include recovery periods of about
24-72 hours between missions. The nutritional composition of this new ration
should be optimized to best sustain physical and cognitive performance and
should prevent possible adverse health consequences, focusing on dehydration,
the gastrointestinal gut processes, and the function of immune system as health
issues of highest concern. Specifically, the committee was asked to respond to
questions about the energy content, about levels and types of specific macro-
nutrients and micronutrients, and about amounts of other bioactive substances
that may enhance performance during combat missions.

To address this task, the committee convened a workshop hosted by the
USARIEM and the NSC in Natick, Massachusetts, August 11-13, 2004, at which
speakers addressed the issues brought to the committee by the USARIEM. These
presentations were the basis for the committee’s deliberations and recommenda-
tions and are included in this report as individually authored papers.
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Box ES-1
Assumptions Regarding Assault Missions

Population

* Soldiers deployed to assault missions are male with an average body weight of
80 kg, approximately 16 percent body fat who are relatively fit and within an
age range of 18—45 years (average < 25 years).

Prior to Assault Mission

e Soldiers may be using dietary supplements and caffeine.

* Immediately prior to a mission soldiers are well hydrated, not abusing alcohol,
but may be using tobacco products.

During Assault Mission

e Soldiers may be on a mission for as many as 24 out of 30 days, with each
mission lasting three to seven days.

* There may be as much as 20 hr/day of physical activity, with an average of 4 hr/
day of sleep. Total daily energy expenditure will be approximately 4,500 kcal.

* Soldiers are likely to have an average energy intake of 2,400 kcal/day.

* Soldiers are likely to have access to 45 L of chlorinated water per day.

* Some soldiers may experience diarrhea, constipation, or kidney stones during
the assault mission.

e Soldiers have different electrolyte intakes before a mission than during a mission;
thus, during a mission a period of biological adjustment may occur.

Ration

e The daily ration must fit within 0.12 cubic feet and weigh 3 Ib or less. It will be
approximately 12—17 percent water but varying greatly from one item to the
other; most items will be energy dense and intermediate in moisture.

e There will be no liquid foods in the rations, although gels and powders may be
provided.

e The food available during recovery periods will provide, at a minimum, the
nutritional standards for operational rations.

To provide context for the recommendations, the committee also formulated
some basic assumptions about the characteristics of the soldiers’ diets and health,
the missions, and other issues, compiled through open sessions and available
literature (see Box ES-1).

The committee used the Dietary Reference Intakes (DRIs) established by
the IOM for active young men as the starting point for nutrient content in formu-
lating the assault ration because these values are the most authoritative, up-to-
date standards available. Further adjustments were then made to meet the unique
needs of soldiers involved in assault conditions.
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ANSWERS TO THE MILITARY’S QUESTIONS

1. Should the energy content of the ration (energy density) be maximized so
as to minimize the energy debt, or is there a more optimal “mix” of macro-
nutrients and micronutrients, not necessarily producing maximal energy
density?

The committee recommends that the basic ration’s energy content be ap-
proximately 2,400 kcal/day. While this level does not maximize energy density,
this is the average daily energy intake that has frequently been reported for
soldiers during training. Choosing this caloric level minimizes the possibility of
discarding food items that might result in inadequate intakes of necessary micro-
nutrients; however, in case ration items are discarded, micronutrients should be
distributed as evenly as possible throughout the food items in the ration (rather
than clustering them in a few items) to prevent significant amounts of individual
micronutrients from being discarded. It should also be emphasized that rations
should only be used over intermittent short terms (three to seven days) that,
together, may last for a total of no more than a month.

To develop the recommendation on the total caloric intake of the ration, the
committee considered health risks and benefits and information regarding the
actual situation in the field. The data included food preferences, degree of satis-
faction, and actual consumption of current rations. Data collected during training
exercises of various military groups indicate that under stressful field conditions
soldiers consume an average energy intake of 2,400 kcal. This level of intake is
not enough to maintain body weight; however, the weight loss is moderate if the
period of low energy intake is not sustained. Taking this information into account,
the committee concluded that a ration with a caloric content of 2,400 kcal—if
designed with adequate macronutrients and micronutrients and eaten entirely
and for short periods of time such as three to seven days for up to a month—
would not pose any health risks.

In addition to the basic ration, the committee recommends provision of high-
carbohydrate supplements for energy (400 kcal) in the form of gels, candy, or
powder to add to fluids. These may also contain electrolytes to maintain balance.
These supplements could serve individuals whose energy intake or need is higher
than the one in the basic ration and could also be used at times during the day
when physical activity peaks and more energy is needed. They could also be
used by individuals who lose excess electrolytes or at times when the climatic
conditions may cause higher electrolyte losses than usual.

Although soldiers would still be in a negative energy balance, little evidence
exists to suggest that a periodic hypocaloric diet, if otherwise adequate in protein
and other essential nutrients, is likely to be harmful when consumed over brief
periods of time, even if some weight loss occurs (< 10 percent of body weight).
It is recommended that weight loss be measured after one month of use, and if
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weight loss is greater than 10 percent for a soldier, he should not be sent on
assault missions until weight is regained to within 5 percent of initial weight.
Also, the ration should not be substituted for Meals, Ready-to-Eat or food ser-
vices that provide a more appropriate diet for longer periods.

2. What would be the optimal macronutrient balance between protein, fat,
and carbohydrate for such an assault ration to enhance performance during
combat missions?

3. What are the types and levels of macronutrients (e.g., complex versus
simple carbohydrates, proteins with specific amino acid profiles, type of fat,
etc.) that would optimize such an assault ration to enhance performance
during combat missions?

Answers to questions two and three will be discussed together. The recom-
mendations regarding distribution, level, and type of macronutrients for the ration
were developed by considering the major health risks that might be posed by
eating a hypocaloric diet in a combat situation.

The typical energy deficit of 50 percent seen in combat operations leads to a
negative nitrogen balance that can result in muscle loss, fatigue, and loss of
performance. To minimize these potential consequences, the committee recom-
mends that the protein level of the ration be 100-120 g total protein (based on
1.2-1.5 g/kg of body weight for an 80 kg average male soldier). This level will
likely spare muscle protein loss as well as attenuate net nitrogen loss and ade-
quately provide for synthesis of serum proteins while the individual is in a
hypocaloric state. In addition, this level of protein will likely maintain the immune
and cognitive functions requiring protein or amino acids. The committee recom-
mends that the protein added to the ration be of high biological value. At this
time, there is insufficient evidence to believe that the addition of specific amino
acids or specific proteins with rapid rates of absorption will be of any additional
benefit; more evidence is necessary before making a recommendation in this
respect.

The carbohydrate content of the ration is an important energy source and
also helps maintain gastrointestinal health. Strong evidence that carbohydrate
enhances cognitive function is still lacking; however, numerous data suggest that
supplementing the diet with carbohydrate throughout periods of continuous
physical exercise and stress not only increases energy intake but also optimizes
physical performance. The committee recommends that the carbohydrate in the
basic ration be 350 g to optimize physical performance. An additional 100 g of
carbohydrate should be available as a supplement. Therefore, the overall recom-
mendation is for 450 g. The committee considers palatability to be the major
consideration in designing the food products to ensure ration consumption; thus,
the food items and the carbohydrate supplement should provide a variety of
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flavors. The amount of fructose as a monosaccharide in the ration should be
limited to avoid the possibility of osmotic diarrhea. Dietary fiber should be 15-17 g
and should include both nonviscous, fermentable fiber (e.g., gums, pectin, B-glucans,
soy polysaccharides) and viscous, nonfermentable fiber (e.g., cellulose, lignin,
hemicellulose).

The primary reason for adding fat to the ration is to provide a readily digest-
ible food source of high energy density. In addition to the essential fatty acids,
fat is required to provide palatability and improve taste so that the ration is fully
consumed. Among the macronutrients, protein and carbohydrate in adequate
levels were considered the priority; the remainder of the macronutrients (up to
the energy level of 2,400 kcal) should be provided as fat. The committee recom-
mends that, after protein and carbohydrate needs are met, the ration should
provide 58-67 g of fat (22-25 percent of energy intake) to be distributed across a
variety of foods. The ration should provide a balance of dietary fatty acids
between monounsaturated, polyunsaturated, and saturated fats, with at least 17 g
of linoleic acid and 1.6 g of o-linolenic acid, recognizing essential fatty acid
needs as well as the undesirable pro-oxidant properties of large amounts of
unsaturated fatty acids. This balance can be determined by food formulation
criteria. There is no recognized benefit to modifying fatty acid type in or adding
structured lipids to the ration.

4. What are the types and levels of micronutrients such as direct antioxidants
(e.g., vitamins C and E, carotenoids), cofactors in antioxidant and other
biochemical reactions with high metabolic flux (e.g., B vitamins, zinc, manga-
nese, copper), or other bioactives (e.g., caffeine) that could be added to such
rations to enhance performance during combat missions?

Table ES-1 shows the recommended levels of micronutrients and other
bioactives. The committee followed a general approach to establish these levels
as described here. They were primarily based on DRIs and then modified by the
committee after considering data about sweat losses and utilization under high
energy expenditure and stress. To provide food developers some flexibility, a
range of levels was recommended for most micronutrients. In most cases, the
ranges are based on the recommended dietary allowance (RDA) or adequate
intake and the 95th percentile of intake of the US population. When the 95th
percentile dietary intake was higher than the tolerable upper level (UL), then the
UL was used as the upper limit of the recommended range.

Exceptions to this general approach include the following: (1) for thiamin,
the committee considered the importance of energy expenditure when setting the
recommendations, while for vitamin B, negative energy balance and the loss of
protein were considered; (2) for vitamin C, the committee added 35 mg to the
RDA to account for the needs of smokers; and (3) for vitamin A, the committee
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TABLE ES-1 Ration Nutrient Composition Recommended by the Committee

Nutrient
or Energy
Intake

Recommended
Amount

Comments

Energy Intake

Macronutrients
Protein

Carbohydrate

Fiber

Fat

Vitamins
Vitamin A

Vitamin C

Vitamin D

Vitamin E
(o-tocopherol)

Vitamin K

2,400 kcal in
basic ration

100-120 g

350 g
100 gasa
supplement

15-17 ¢

22-25% keal
58-67 g

300-900 pg
RAE!

180-400 mg

12.5-15 pg

15-20 mg

No
recommended
level

Additional 400 kcal should be supplemented as
carbohydrate in form of candy, gels, or powder to
add to fluids, or all three.

Protein should be of high biological value.

Preferable to add sources of protein with low-sulfur
amino acids and low oxalate levels to minimize risk
of kidney stone formation.

Additional 100 g should be supplemented as carbohydrate
in form of candy, gels, or powder to add to fluids,
or all three.

Amount of fructose as a monosaccharide should be
limited to < 25 g.

Naturally occurring or added.

A mix of viscous, nonfermentable and nonviscous,
fermentable fiber should be in the ration for
gastrointestinal tract function.

Fat added to the ration should have a balanced mix of
saturated, polyunsaturated, and monounsaturated
fatty acids with palatability and stability the prime
determinants of the specific mixture. Fat should contain
5-10% linoleic acid and 0.6—1.2% o.-linolenic acid.

Could be added as preformed vitamin A or provitamin A
carotenoids.

Highly labile in processed food.

If added to foods, encapsulation should be considered to
prevent degradation through interaction with
pro-oxidants.

Estimates of dietary intake are not available. Range based
on ensuring serum levels of 25-hydroxy-vitamin D.

Should be added to foods since natural foods are mainly
sources of y- rather than o-tocopherol.

Amount in foods would be adequate provided ration is at
least 50% whole foods.2

continued
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TABLE ES-1 Continued

Nutrient

or Energy Recommended

Intake Amount Comments

Thiamin 1.6-3.4 mg Dependent on energy use and intake.

Amount in foods would be adequate provided ration is
at least 50% whole foods.

Riboflavin 2.8-6.5 mg Dependent on energy use.

Niacin 28-35 mg Dependent on energy use. The amount added to the
ration should not be over 35 mg.

Vitamin Bg 2.7-3.9 mg Dependent on negative energy balance and loss of lean
tissue. If a higher protein level is provided, the amount
of vitamin B¢ should be increased proportionally.

Folate 400-560 pg Fortification may be needed.

Vitamin B, No Amount in foods would be adequate provided ration is

recommended at least 50% whole foods.
level

Biotin No Amount in foods would be adequate provided ration is

recommended at least 50% whole foods.
level
Pantothenic No Amount in foods would be adequate provided ration is
Acid recommended at least 50% whole foods.
level
Choline No Amount in foods would be adequate provided ration is
recommended at least 50% whole foods.
level
Minerals

Calcium 750-850 mg Major concern for higher levels is the potential
formation of kidney stones.

Chromium No Amount in foods would be adequate provided ration is

recommended at least 50% whole foods.
level

Copper 900-1,600 pg  If added to foods, encapsulation should be considered
due to its pro-oxidant activity.

Todine 150-770 pg Could be added as iodized salt.

Iron 8-18 mg If added to foods, encapsulation should be considered

due to its pro-oxidant activity. Palatability should
determine the amount in ration foods.
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TABLE ES-1 Continued
Nutrient
or Energy Recommended
Intake Amount Comments
Magnesium 400-550 mg No more than 350 mg of magnesium salts should be
present to meet the minimum daily amount of
magnesium recommended. The rest should come from
food sources. Also, if salt needs to be added and taste
becomes objectionable, encapsulation should be
considered.
Manganese No Amount in foods would be adequate provided ration is
recommended at least 50% whole foods.
level
Molybdenum  No Amount in foods would be adequate provided ration is
recommended at least 50% whole foods.
level
Phosphorus 700-2,500 mg  Because inorganic phosphates may cause diarrhea, it is
recommended that they are added only up to 700 mg.
Intakes above this amount should come from food
sources only.
Potassium Aim to Foods naturally high in potassium should be included
33-47¢g in ration; if added to foods to achieve recommended
levels, taste problems might be encountered.
Selenium 55-230 ug No clear evidence of effects as an enhancer of immune
function or performance.
Sodium 23 g For individuals who lose salt in excess or when in
up to 12 g as extremely hot or strenuous situations, sodium could be
supplement supplemented up to 12 g total. Part of this amount
should be included in the form of candy, gels, or
powder to add to fluids. Palatability will limit addition
of sodium to these products; therefore, salt tablets
should also be provided under medical guidance.
Zinc 11-25 mg If it needs to be added and taste becomes objectionable,
encapsulation should be considered.
Ergogenics
Caffeine 100-600 mg Not more than 600 mg in a single dose.

There is no evidence of dehydration at this level.

IRAE = retinol activity equivalents.
2Whole foods = food items prepared to preserve natural nutritive value.
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recommends a minimum of 300 pg retinol activity equivalents to minimize the
risk of night blindness.

One factor that would affect the micronutrient requirements is sweat and
urine losses. Among factors causing increased sweat volume are exercise inten-
sity and environmental temperature. When there were specific data or estimated
amounts for additional micronutrient losses in sweat or urine during intense
exercise in the heat (e.g., zinc, copper, sodium), then the amount was added to
the recommended upper end level.

The committee recommends the micronutrients be provided in whole foods
and that fortification or the use of supplements be limited to the extent possible.
In cases such as potassium, however, it was recognized that food alone would
not provide enough of a particular nutrient and that some form of supplementa-
tion might be needed. In other cases, such as for the trace elements molybdenum,
manganese, and chromium, no level is recommended because those minerals are
widely distributed in foods and a deficiency is not anticipated during the short
period of intake of these rations.

The committee cautions about the potential for oxidation or interactions
with other nutrients in the ration. Therefore, in addition microbiological tests,
chemical analysis should be performed on the final ration following appropriate
shelf-life studies.

Other Bioactive Substances

The committee reviewed the effects of several bioactive substances other
than nutrients because of their potential benefits in physical or cognitive perfor-
mance. Caffeine is the only component for which there are compelling data
showing effectiveness for combat soldiers; therefore, only caffeine received the
endorsement of the committee.

Some other bioactives (e.g., creatine) are consumed already by soldiers with
the goal of increasing physical endurance. For the most part, their effects are not
clear. The committee recommends that randomized, blinded trials be undertaken
to elucidate the risks, including withdrawal effects, and potential benefits of
creatine and other popular bioactives; ideally, these trials should be conducted
under conditions that mimic combat situations. The flavonoids are a class of
compounds that might provide some benefit as antioxidants against the oxidative
stress occurring during intense exercise and mental activities. Until more in vivo
studies are conducted, foods such as fruits, vegetables, tea, and chocolate, which
contain significant amounts of flavonoids, should be included in rations.

WATER NEEDS

Although the committee was not asked to make recommendations regarding
water needs, the close links between diet, hydration status, and physiological
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function cannot be overlooked. Proper hydration is a major factor in maintaining
sustained mental and physical performance. Water needs are governed by sweat
volume and metabolic rate as well as nutrient intake—primarily protein and salt
intake. In this sense, the nature of the ration will also influence the water needs
during combat; that is, protein and salt intake provide most of the excreted
osmoles as urea and sodium with accompanying anions and, thus, additional
fluid is needed for their excretion. The recommendation for 100-120 g of protein
per day will result in 0.2-0.4 L more urine than would occur with 80 g of
protein. While the protein recommended might add to the needs of water, the
comparatively high level of carbohydrate in the ration compensates for some of
those needs through improved protein utilization and limitation in the need to
excrete sodium salts.

While the committee did not provide specific recommendations for water,
adequate amounts of water must be consumed with this ration to maintain and
optimize physiological function and performance. Considering the expected level
of stress and sweat volumes, and the nature of the ration, water in excess of
4-5 L/day must be available to ensure optimal performance in combat missions
in which energy expenditure is high or carried out in hot and humid environments.

FOOD MATRIX CONSIDERATIONS

Food rations that provide complete nutritional needs for short-term, high-
intensity military operations present a unique challenge to the product developer
and nutritionist. Although the nutrient composition recommended by the com-
mittee (see Table ES-1) will place some constraints on the food forms and
matrixes used, with careful planning it should be possible to provide complete
nutritional needs in a ration with a restricted size and shelf-life of two to three
years. For example, although whole foods should be used to the extent possible,
the recommended levels for some nutrients may dictate the use of fortification
with labile vitamins such as vitamin C as well as with other nutrients such as
folate that are likely to be low in the ration due to the types of foods included.
Fortification with labile nutrients presents a unique challenge because of the
potential interaction with other compounds and decreased bioavailability. Food
developers need to carefully consider the shelf-life of the ration to ensure that
levels of these labile micronutrients are neither above (if storage period is shorter
than anticipated) nor below (due to interactions with other components) the range
of recommended levels. To minimize decreased bioavailability due to inter-
actions, the use of encapsulated forms for some nutrients may be necessary.

Because taste is an important factor when soldiers rate foods and because
this ration is meant to be eaten entirely, providing a variety of acceptable, palatable
products becomes a primary concern. Electrolytes (sodium and potassium) and
other minerals (zinc, calcium, and magnesium) are known to have objectionable
tastes to some, possibly at the levels recommended. The use of appropriate
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chemical forms with better taste or technologies to mask the objectionable taste
should be a high priority for food developers.

In addition to palatability, satiety and food form should also be taken into
consideration for this ration. A mix of carbohydrate-rich and fat-rich foods is
needed to provide a satiating balance in the ration and to avoid overconsumption
of the less-satiating foods. Foods that are included in a ration should have variety
in flavors and textures and should be easy to consume. They should include
familiar items in addition to foods that are already available for athletes, such as
carbohydrate gels or powders to add to fluids for carbohydrate and electrolyte
supplementation. Packaging is also an important consideration for stability, pro-
tection, and for ease of consumption. Overall, the use of existing and familiar
products, packaging, and technologies is advised.

FUTURE NEEDS

The ration recommended by the committee was designed with the best avail-
able data. The majority of the data, however, were derived from studies in which
the environment or the subjects were substantially different from the ones for
which this ration is targeted. The committee believes that further work needs to
be conducted to confirm that the ration provides optimal performance and
maintains health or to have the opportunity of improving the ration by making
necessary adjustments.

The committee finds that, where gaps in knowledge exist, additional data in
the following areas of investigation should prove particularly beneficial to future
development and refinement of an optimal ration: (1) additional knowledge
regarding the unique nutrient requirements during combat operations, (2) deeper
understanding of food preferences under high-stress situations, (3) additional
information on the actual use of the ration in the field, and (4) methods to iden-
tify individuals at greater risk of excess electrolyte loss and kidney stone forma-
tion.

Some of the questions that will help advance knowledge regarding nutrient
requirements during combat operations are: (1) What are effects of hypocaloric,
high-carbohydrate, high-protein diets on performance and health? (2) What are
the effects of micronutrients (e.g., vitamins C and E, B vitamins, zinc, selenium,
iron, and copper), combination of antioxidants, or single amino acids on health
and performance? (3) What are the potential benefits and risks of taking bio-
actives to enhance performance? When conducting such research, the physical
and cognitive performance outcome measurements should be relevant and
appropriate for those conditions (e.g., shot pattern tightness, complex reaction
time, vigilance rather than objective or self-reported measurements of mood
states). Furthermore, the committee emphasizes the importance of conducting
such studies under conditions that approximate circumstances under combat
operations.
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The committee finds that the USARIEM and the CFD, RDECOM, NSC
should continue to follow the existing systematic approach to ration develop-
ment for combat missions. The approach should incorporate early in the design
process issues of palatability and food preferences of end users. To that effect,
the military should consider performing studies to test the performance and
acceptability of the ration under the real circumstances of combat and under
different environments with attention to actual duration of use of such rations.
For a continuous improvement of the ration’s acceptability, more studies could
be conducted to create strategies for the addition of specific nutrients to foods
without compromising palatability. Other critical factors that need studying are
stability of the rations over the long shelf-life required, for which nutrient inter-
actions and packaging should be considered.

Because this ration was designed to be used under unique circumstances, the
actual use of rations with respect to duration and frequency should be monitored
to ensure that they are not used when individuals are in garrison or in other types
of extended missions.
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Introduction

The evolution of warfare strategies and the importance of maintaining the
fitness of soldiers in military operations are the major driving forces behind the
need to continually improve military rations. Also, the level of stress under
military operations may affect food consumption in ways not seen to influence
the food preferences of the general population. Because the factors that define
the eating behavior of soldiers in these environments are still not well under-
stood, ration designs need to be frequently reviewed and revised to adapt to both
the soldiers’ needs and the demands of changing warfare scenarios. While an
understanding of the reasons behind eating behavior observed in the field may be
lacking, military rations, especially for soldiers in combat missions, need to be
customized to address soldiers’ dietary needs and preferences in order to enhance
intake. This report addresses those needs and preferences.

Chapter 1, Introduction, describes the committee’s task and the current con-
cerns of the military regarding improvement of performance under combat,
nutritional makeup of current rations for combat situations, and approaches taken
to improve rations.

THE COMMITTEE’S TASK

The Department of Defense, through the US Army Research Institute for
Environmental Medicine (USARIEM), asked the Institute of Medicine to ap-
point an ad hoc committee to conduct a study to determine the optimal nutrient
content of a new combat ration. The ad hoc committee was to first review exist-
ing rations, their limitations for use during future force military deployments and
combat operations, and the expected effects of combat operations on nutrient

15
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status, health, and performance. The committee was then asked to recommend,
within specific design constraints, the nutritional composition of a new ration
designed for short-term use by soldiers during high-performance, stressful com-
bat missions. The nutritional composition of this new ration would be optimized
to best sustain physical and cognitive performance and to prevent possible adverse
health consequences. This was to be done recognizing that the ration would
likely have a hypocaloric energy content relative to daily expenditure in short-
term assault situations—a limitation imposed by ration design and mission con-
straints. The committee was asked to focus on health issues of highest concern:
dehydration, the gastrointestinal gut processes, and the function of the immune
system. The committee was also directed to keep in mind the potential health
and performance effects on the soldiers subsisting on this ration during its
intended use in combat operations.

To address this task, the committee convened a workshop hosted by the
USARIEM and the Natick Soldier Center (NSC) in Natick, Massachusetts, Au-
gust 11-13, 2004, in which speakers addressed the issues brought to the commit-
tee by the USARIEM. The agenda is included in Appendix A. These presenta-
tions were the basis for the committee’s deliberations and recommendations
and are included in this report as individually authored papers in Appendix B.

Ration Design Requirements

Among the chief design constraints of this daily ration as required by
USARIEM are that it must fit within 0.12 cubic feet and weigh 3 1b (1.36 kg) or
less. The ration is targeted for use by male soldiers who have an average body
weight of 80 kg, approximately 16 percent body fat, are relatively fit, are within
an age range of 18—45 years (average < 25 years), and who have no chronic
metabolic disease but may be vulnerable to some common food allergies. During
combat operations, the expected daily energy expenditure is 4,000-4,500 kcal/
day, achieved through intermittent periods of high-energy expenditure (> 50
percent VO,max) mixed with longer periods of low-intensity movement and
sustained for 20 hours per day. The soldier will rely on this ration during mis-
sions that last for three to seven days, followed by one to three days of recovery
when they will have access to more nutritionally complete meals (i.e., ad libitum
food availability served in a field-kitchen setting). The committee has designed
this ration with the assumption that soldiers might be deployed to such missions
repetitively for a maximum period of one month.

Specific Questions to Be Addressed

The committee task addressed the following four questions:

1. Should the energy content of the ration (energy density) be maximized so

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11325.html

INTRODUCTION 17

as to minimize the energy debt, or is there a more optimal mix of macro-
nutrients and micronutrients not necessarily producing maximal energy
density?

2. What would be the optimal macronutrient balance between protein, fat,
and carbohydrate for such an assault ration to enhance performance dur-
ing combat missions?

3. What are the types and levels of macronutrients (e.g., complex versus
simple carbohydrates, proteins with specific amino acid profiles, types of
fat, etc.) that would optimize such an assault ration to enhance perfor-
mance during combat missions?

4. What are the types and levels of micronutrients such as direct antioxidants
(e.g., vitamins C and E, carotenoids), cofactors in antioxidant and other
biochemical reactions with high metabolic flux (e.g., B vitamins, zinc,
manganese, copper), or other bioactives (e.g., caffeine) that could be
added to such rations to enhance performance during combat missions?

ORGANIZATION OF THE REPORT

The report is organized into an executive summary, chapters, and appen-
dixes. The chapters include an introductory chapter and those chapters that
directly answer the four questions that comprise the task of the committee above.
Appendix B is composed of the written presentations of the workshop speakers;
however, although they were the basis for the committee’s answers to the
military’s questions, they should not be construed as necessarily representing the
views of the committee.

This chapter provides some background information on current knowledge
regarding the eating behaviors of soldiers under the physical and mental stress of
high-intensity operations. The effects of high-intensity operations on performance
as well as relevant ration development strategies are also discussed. Chapter 2
provides responses to the four specific questions posed to the committee. In
addition, Chapter 2 provides a list of specific research needs for each nutrient
that should be of interest to the military. Chapter 3 describes in detail the
committee’s approach to establishing the levels and types of nutrients required,
such as health considerations that were discussed in depth. It also includes a
section on food matrix considerations that are critical for food developers who
will design the rations. Chapter 3 concludes with a section on overall priority
research needs.

The workshop agenda is presented in Appendix A. Appendix B includes the
workshop presentations organized by topic: an introduction to information about
combat rations; the role of carbohydrate, protein, and fat as fuel sources in per-
formance and health enhancement or maintenance; the effects of micronutrients
in performance and health enhancement or maintenance; approaches to improve
the immune function and immune responses; prevention of kidney stones and of
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impairments of gastrointestinal function; and food development considerations,
such as strategies to develop food for individuals under stress and factors that
may increase food consumption. Finally, the biographical sketches of the
speakers and of the committee members are presented in Appendixes C and D,
respectively. Appendix E contains a list of acronyms and Appendix F contains a

glossary.

ENERGY EXPENDITURE AND FOOD CONSUMPTION DURING
MILITARY OPERATIONS OR TRAINING

Data collected during field training indicate that with high energy expendi-
tures of 4,000 kcal/day or more, soldiers tend to consume an average of 3,000
kcal/day, and even less when they depend on operational rations (i.e., rations
designed for a wide variety of operations and settings but consumed for a limited
period of time). In addition to the potential cognitive decrements due to a variety
of stressors during short-term missions, underconsumption may result in a set of
consequences ranging from body protein loss and fatigue to deficits in essential
micronutrients that may impair physiological functions and result in performance
decrements.

The wide range in total energy expenditures of various military groups and
factors that appear to contribute to these differences have been described (Tharion
et al., 2005). Studies in the field suggest that the typical energy intake of military
personnel (soldiers, sailors, airmen, and marines) under a variety of scenarios
and climatic conditions is approximately 2,400 kcal/day, even though energy
expenditures of soldiers in combat units range from about 4,000-7,131 kcal/day
depending on the level of physical activity and environment. Interestingly, these
reports note that measured energy deficits for soldiers, whether they are in train-
ing school or in combat, were significant (Tharion et al., 2005).

Whereas this might seem normal for training situations due to restricted
diets, the reasons for underconsumption during combat are complex, not well
understood, and more difficult to avoid or counter. A Committee on Military
Nutrition Research (CMNR) report (IOM, 1995) analyzed these reasons and
provided recommendations to ameliorate them, focusing largely on the psychology
behind eating behaviors during military activities. If the ration is designed to
maintain health and performance, consumption of the entire ration (compared to
selectively discarding food items) has the advantage of minimizing nutrient
deficits resulting in potential adverse consequences in performance and health.
Whether it is possible to do this in a combat situation remains to be determined.
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IMPACT OF HIGHLY INTENSE OPERATIONS ON
HEALTH AND PERFORMANCE

Physiological Consequences of Combat Operations

As mentioned in other parts of this report, during combat operations soldiers
are often under energy deficit that can affect their health and performance.
Several field studies have attempted to resolve the question of the minimum
energy intake that will maintain military performance for a defined period of
time by measuring either body weight loss or performance levels, or both. During
the Ranger I and II studies (Moore et al., 1992; Shippee et al., 1994) soldiers
completed an eight-week US Army Ranger training program under hypocaloric
states and data on body composition, physical performance, cellular immune
function, and medical problems were collected. In the first study, students were
provided with a single meal of 1,300 kcal (Moore et al., 1992). In the second
study (Shippee et al., 1994), an additional 200 kcal were provided in field exer-
cises, which brought the total daily rations up to 1,570 kcal and 50 g of protein
per day (IOM, 1992). During these two studies daily caloric deficits resulted in
severe weight loss (> 10 percent), although the group that was provided addi-
tional calories and protein experienced less weight loss (12 percent versus 15
percent). Improvements in immune function were also seen with additional calo-
ries and protein. Both studies showed, however, that those severe hypocaloric
states may result in harmful physical and cognitive effects to military personnel
health (Moore et al., 1992; Shippee et al., 1994).

Evidence exists, however, showing that a body weight loss of less than 10
percent has no adverse consequences on health or military performance
(Consolazio et al., 1979; Keys et al., 1950; Taylor et al., 1957). When rations
that are specifically developed for short missions and that provide 2,000 kcal/day
were tested, weight loss was around 3 percent of initial body weight. Although
this weight loss does not present a major health concern, some measurements of
performance were still impaired (Askew et al., 1986). In contrast, the same ration
appeared to present no health concern when used with a carbohydrate supplement
(Jones et al., 1990), even though the energy deficit was still high—approxi-
mately 2,000 kcal.

The loss of body weight as the main consequence of underfeeding during
sustained operations (SUSOPS) results from reductions in both fat and lean body
mass. Fat loss is an essential feature of starvation because body fat acts as an
energy source when energy expenditure exceeds energy consumption. The
reasons for protein loss, however, are not as well understood and such a loss of
body protein could have adverse consequences for military performance. One of
the first studies to illustrate that starvation causes body protein loss was the
Minnesota starvation experiment (Keys et al., 1950). Recently, fat and lean tissue
losses of 1.2 and 1.5 kg, respectively, were reported over a 72-hour SUSOPS
(NindlI et al., 2002). Similarly, 38 percent of the ~12 kg body weight loss that
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occurred during Ranger training (due to severe underfeeding) was attributable to
nonfat tissue loss (Moore et al., 1992). A recent study conducted on the physi-
ological and psychological effects of eating three different menus during 12 days
of military training in a tropical environment (Booth et al., 2003) has been re-
ported. Three groups of Australian Air Field Defense Guards received either
freshly prepared foods, one combat ration pack (CRP), or half of a CRP, respec-
tively, containing 3,600 kcal, 3,600 kcal, or 1,800 kcal. The menus were de-
signed to provide a similar percent of energy from macronutrients as a percent-
age of total energy. There was substantial underconsumption in the CRP group
versus the half-CRP group, which resulted in similar weight loss (about 1.7 and
2.6 percent, respectively), protein catabolism, and immune suppression in both
of these groups; they also reported greater fatigue than the group eating fresh
foods. Despite underconsumption, all groups ate sufficient protein to meet the
military daily recommended intake for protein. It should be noted, however, that
hypocaloric intakes raise protein requirements for maximal protein-sparing, and,
therefore, the standard military daily recommended intake might not be suffi-
cient.

Protein loss is one of the main consequences of combat operations and
minimizing the protein loss might well be one strategy to maintain military
performance. It has been suggested that this could be accomplished by a soldier
storing an appropriate amount of body fat to be used during the mission, prevent-
ing severe body fat depletion, maintaining some level of physical activity, and
increasing protein intake (see Hoffer, 2004 in Appendix B).

Other consequences of stress and underconsumption during combat likely
include impairments in the immune and endocrine systems, dehydration, kidney
stone formation, or gastrointestinal disturbances (see Montain, 2004 in Appen-
dix B).

Impact of Combat Operations on Physical Performance

As described by Montain (see Montain, 2004 in Appendix B), performance
of simple and well-learned motor tasks (e.g., weapon handling) do not appear to
be compromised by sustained operational stress (Haslam, 1982). Endurance time,
however, is frequently impaired during aerobic exercise tasks (VanHelder and
Radomski, 1989), and there is an increased perception among subjects of the
effort needed to perform the same task. Nindl and colleagues (2002) reported a
25 percent lower level of work productivity on a physical persistence task (build-
ing a wall for 25 minutes) when soldiers were fed a hypocaloric diet (a diet that
contained > 50 percent less kilocalories than the soldiers’ energy expenditures)
and allowed to sleep for only 1 hr/day over a four-day period as compared to the
control. This is consistent with the hypothesis that SUSOPS compromise perfor-
mance when tasks are prolonged and monotonous. Independent of energy intake
(Rognum et al., 1986), operational effectiveness is also affected if sleep is inad-
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equate. The sections below describe studies that show various factors affecting
military performance.

Effects of Weight Loss and Energy Intake

Studies with prolonged operations lasting several weeks and associated with
substantial losses of lean body mass (Moore et al., 1992; Shippee et al., 1994)
have shown reductions in physical performance. The caloric deficit and weight
loss associated with SUSOPS scenarios, however, appear to have inconsistent
effects on soldier performance (Montain and Young, 2003). One of the difficul-
ties with these studies is that physical performance is measured with a variety of
tests that may or may not be reliable or indicative of work productivity. In
addition, confounding factors, such as small sample sizes, lead to scores that
were improved with time. Generally, earlier studies of short-term duration sug-
gest that several days of underfeeding have limited ill effect on muscle strength
and aerobic endurance; however, physical performance also depends on the de-
gree of energy deficit and length of the mission.

Shorter duration studies with minimal lean body mass loss generally showed
little or no decrement in muscle strength, power, or fatigability (Bulbulian et al.,
1996; Guezennec et al., 1994; VanHelder and Radomski, 1989). In the study
described above (Booth et al., 2003), no differences were evident among the
three groups in the areas of physical fitness (as tested by chin-ups or sit-ups and
running times), daily activity, sleeping quality, or cognitive function, despite a
weight loss of approximately 3 percent reported in the groups on the CRP diets.
The authors concluded that a 3 percent weight loss after 12 days was unlikely to
be detrimental to military performance, and the loss of protein was not consid-
ered significant.

The lack of performance decrements with short-term operations, however, is
not universal (Legg and Patton, 1987). A SUSOPS scenario lasting less than one
week resulted in reduced maximal aerobic power and endurance (Guezennec et
al., 1994), as have sleep-deprivation studies (Van HEIder and Raomski, 1989).

Earlier studies suggested that if mineral supplements were included in the
ration, health and performance may be maintained over a short period of time
(10 days) (Consolazio et al., 1967a, b). In this case, however, performance was
measured as handgrip strength, which might not be a good measurement of
military performance. No differences, either in time to complete an assault course
or in prone marksmanship performance, were reported when cadet soldiers were
provided 1,500 or 8,000 kcal/day during a five-day scenario (Rognum et al.,
1986). In another study, an 8 percent reduction in maximal aerobic power was
noted when soldiers were restricted to 1,800 kcal/day, but no reductions were
apparent when soldiers were fed 3,200 or 4,200 kcal/day (Guezennec et al.,
1994). Similarly, reductions in shot group tightness on a marksmanship task
were reported after sustained road marching during which soldiers were fed
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250 g/day of carbohydrate, but no change was noted when soldiers consumed a
daily diet with 400 or 550 g of carbohydrate (Tharion and Moore, 1993). Military
performance, measured by aerobic performance, psychomotor and vigilance
tasks, and military performance test scores, were no different for subjects on a
hypocaloric diet (2,400 kcal/day) versus those on eucaloric diets for 7 to 10 days
while energy expenditures were 3,800 kcal/day (Rai et al., 1983).

Most of these studies, however, were not conducted under the stressful cir-
cumstances of actual combat, which might alter the results. As has been noted by
others (Montain and Young, 2003), despite confounding factors, the data avail-
able suggest that moderate levels of weight loss have limited ill effects on the
ability of the soldier to perform tests of accuracy and coordination, anaerobic
power, and endurance.

Effects of Eating Schedule and Nutrient Intake

Time of ingestion and content of the previous meal may be an explanation
for the divergent results described above regarding the effects of varying energy
intake on performance. A study found a relationship in that an increase in energy
(or carbohydrate) intake sustains uphill run time over three days of physically
demanding field training (Montain et al., 1997). Moreover, when provided with
the same amounts of carbohydrate and energy, soldiers who best sustained their
uphill run time performance had eaten carbohydrate during the four hours pre-
ceding the uphill run, while soldiers with the greatest decrement had eaten none
of their rations since the previous night’s meal. The results of this study suggest
that soldiers subsisting on diets at these energy and carbohydrate levels during
high-paced operations are receiving nearly the minimum level of energy needed
to sustain performance, necessitating good food discipline (i.e., eating the food
provided) or acceptable food choices (i.e., eating the carbohydrate-containing
foods), or both, to preserve physical performance.

Effects of Sleep Deprivation

According to recent surveys conducted in the field during combat missions,
some soldiers sleep an average of 4 hr/day; most of them, however, sleep 5-6 hr/
day (personal communication, C. Koenig, USARIEM, November 15, 2004). Cur-
rent military doctrine requires that units operate around the clock during times of
conflict because the success of battlefield operations depends, at least in part, on
maintaining the momentum of continuous day—night operations (US Department
of the Army, 1997), especially with the technological advances that have enhanced
night-fighting capabilities.

A recent CMNR report reviewed the consequences of sleep deprivation on
military personnel (IOM, 2004b). It was noted that depriving humans of proper
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restorative sleep produces attention lapses and slower reaction times, which are
associated with poor performance (Krueger, 1991). Sleep-deprived personnel
lost approximately 25 percent of their ability to perform useful mental work with
each 24-hour period of sleep loss (Belenky et al., 1994). The CMNR report also
noted that, by the end of three days without sleep, combat service members may
be considered totally ineffective in the operational setting, especially if they are
performing complex tasks such as operating computerized command-and-control
centers. Although under SUSOPS this is not the usual sleep interval, decreases in
cognitive function may still be expected given that assault operations providing
little time to sleep can last up to a month.

Over the past several years, the problem of sleep loss and fatigue has esca-
lated due to the increased requirements on military forces caused by reductions
in manpower and other resources (IOM, 2004b). The efficiency of combatants in
SUSOPS can be significantly compromised by inadequate sleep (Krueger, 1991).
Vigilance and attention suffer, reaction time is impaired, mood declines, and
some personnel begin to experience perceptual disturbances. Cognitive abilities
suffer a 30 percent reduction after only one night without sleep, and a 60 percent
reduction after a second sleepless night (Angus and Heslegrave, 1985). In this
way, marksmanship can be compromised by sustained operation activities. Sig-
nificantly impaired marksmanship occurred after 73—74 hr of total sleep depriva-
tion during Navy Seal training (Tharion et al., 1997). Specifically, there was a
greater distance from the center of mass (by 20 percent) as well as increased
dispersion of shot groups, both indicative of reduced marksmanship. These ad-
verse findings occurred despite a 50 percent slower sighting time. In contrast, no
negative results were observed during nine days of SUSOPS (which allowed two
days of no sleep and four hours of sleep for the seven remaining days) on shot
group clustering when troops fired in the prone supported position (Haslam,
1982). The ability to acquire and accurately hit a randomly appearing target,
however, declined progressively during the first two days of the study and was
10 percent below baseline performance (only 5 hits versus 6 of 9 hits) after nine
days. SUSOPS duration may be a factor. Despite soldiers’ rating of the marks-
manship task as more difficult to perform after 48 and 72 hours of SUSOPS, in
another study there was no reduction in the number of randomly appearing tar-
gets hit during the test (Johnson et al., 2001). When task durations extend be-
yond 15 to 20 minutes, performance deteriorations from fatigue become far more
pronounced than when the task durations are shorter (Caldwell and Ramspott,
1998; Wilkinson, 1969; Wilkinson et al., 1966).

Although not all types of performance are affected to the same degree by
sleep loss, the fatigue from prolonged duty periods clearly jeopardizes unit readi-
ness in the operational context. This is especially the case for tasks that are
lengthy, devoid of performance feedback, or boring.
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DEVELOPMENT OF RATIONS FOR MILITARY OPERATIONS

Improvement of Rations Throughout Time

Since the Civil War, and especially after the end of World War II, the US
military has devoted a great deal of effort to develop and improve the existing
rations for soldiers both in combat and in garrison. The military recognized that,
rather than simply providing a nutritionally balanced diet, rations needed to be
targeted to the specific situation in which military personnel operate. The envi-
ronment (i.e., geographical location and climate) was recognized as an important
factor that influenced ration development; changes in warfare tactics have also
resulted in new dietary needs and consumption habits. For example, nutrient
requirements for extended operations in temperate climates might not be the
same as those for short-term extreme conditions during which sweating might be
severe and physical activity strenuous. In 1947 (US Department of the Army,
1947), the military had recognized the importance of maintaining personnel per-
formance as well as the need to provide acceptable foods to adequately maintain
their stability and nutritional needs.

Throughout the ensuing years, many types of rations have been and con-
tinue to be developed to provide for the nutritional needs of soldiers in specific
situations. As components of the Department of Defense, (1) Combat Feeding
Directorate (CFD), Research, Development and Engineering Command, NSC,
and (2) the Operational Ration Business Unit of the Defense Supply Center,
Philadelphia’s Directorate of Subsistence, collaborate to develop, test, evaluate,
procure, and support all military rations. In developing the rations, food tech-
nologists at the CFD collaborate with nutritionists and physiologists at USARIEM,
which has the responsibility of setting the nutrient composition of the rations in
compliance with nutrition standards established by the Surgeon General of the
US Army (US Departments of Army, Navy, and Air Force, 2001). The nutri-
tional standards for rations have evolved as knowledge about human nutrient
requirements has expanded. The Military Dietary Reference Intakes (MDRIs)
are quantitative reference values for nutrient intakes to be used for planning and
assessing diets for the healthy military population.

Operational and restricted rations are designed for military personnel in a
wide variety of operations and settings to be used during limited periods of time.
“Operational” rations are designed to be nutritionally adequate, whereas
“restricted” rations are incomplete and used for shorter periods of time. See
Table 1-1 for a comparison of nutrient reference values and energy levels for
military rations and for the general population (Dietary Reference Intakes or
DRIs). MDRIs are mostly based on the DRIs, with some modifications that
consider the special needs of military personnel.

Increasing the food intake of soldiers during times of high energy expendi-
ture has been a constant challenge for those responsible for developing military
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TABLE 1-1 Military Recommended Intakes for Men in Garrison Feeding,
Operational and Restricted Rations Compared to Recommended Intakes for
the General Population, Men 19-30 Years of Age

Military Operational Restricted
RDA, Al Daily Ration Daily Ration Daily
or AMDR Recommended  Minimum Minimum
Nutrient or Energy (per day) Intake Intake Intake
Energy Intake (kcal) 3,600 3,250 3,600 1,500

Protein (for an
80 kg male) (g)
(% of kcal)

64 (10-30%) 91 (10-15%) 91 (10-15%) 50 (10-15%)

Fat (% of kcal) 25-35% <35% <35% <35%
PUFA (% kcal)

n-3 as o-linolenic 0.6-1.2 % NS NS NS

n-6 as linoleic acid  5-10 % NS NS NS
Carbohydrate (g) 130 (40-65%) NS 494 200

(% of kcal)
Vitamin A (ug) 900 RAE 1,000 RE 1,000 RE 500 RE
Vitamin C (mg) 90 90 90 45
Vitamin D (ug) 5 5 5 3
Vitamin E (mg) 15 15 15 8
Vitamin K (ug) 120 80 80 40
Thiamin (mg) 1.2 1.2 1.2 0.6
Riboflavin (mg) 1.3 1.3 1.3 0.7
Niacin (mg NE) 16 16 16 8
Vitamin B (mg) 1.3 1.3 1.3 0.7
Folate (ug DFE) 400 400 400 200
Vitamin B, (ug) 2.4 2.4 2.4 1.2
Biotin (ug) 30 NS NS NS
Pantothenic Acid (mg) 5 NS NS NS
Choline (mg) 550 NS NS NS
Calcium (mg) 1,000 1,000 1,000 500
Chromium (ug) 35 NS NS NS
Copper (ug) 900 NS NS NS
Fluoride (mg) 4 4 4 2
Iodine (ug) 150 150 150 75
Iron (mg) 8 10 15 8
Magnesium (mg) 400 420 420 210
Manganese (mg) 2.3 NS NS NS
Molybdenum (Lg) 45 NS NS NS
Phosphorus (mg) 700 700 700 350
Potassium (mg) 4,700 3,200 3,200 2,000
Selenium (ug) 55 55 55 28
Sodium (mg) 1,500; 5,000; 5,000-7,000 2,500-3,500

< 2,300 (4,550-5,525)

Zinc (mg) 11 15 15 8

NOTE: Al = adequate intake; AMDR = acceptable macronutrient distribution ranges; DFE = dietary
folate equivalents; NE = niacin equivalents; NS = not specified; PUFA = polyunsaturated fatty acids;
RAE = retinol activity equivalents; RE = retinol equivalents; RDA = recommended dietary allowance.
SOURCE: IOM, 2004a; US Departments of Army, Navy, and Air Force, 2001.
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rations. As mentioned in other parts of this report, palatability is a critical factor
that greatly determines energy intake by soldiers. To adapt the ration items to the
wants and needs of the soldier, an important aspect of ration development is the
information gathered from surveys in the field regarding soldiers’ food prefer-
ences, their acceptance of rations, and their resultant behavior. For example,
Meals, Ready-to-Eat (MREs), which are rations to sustain soldiers for no more
than 10 days and in the absence of food service, have been improved since their
introduction in 1993 as a result of survey findings. The MREs’ menus have
increased from 12 to 24 varieties and now include four vegetarian meals and 150
new items.

One of the surveys (unpublished data) was conducted with soldiers stationed
at Ft. Drum, New York, during a 10-day field training exercise in 1996; the
study tested the acceptability of a new MRE developed as a result of prior stud-
ies that concluded preferences for larger serving sizes and more variety in menus.
This study revealed that an increased number of fruits and snacks were favored
and that a decrease in total calories would be desirable.

Another study with the 28" Combat Support Hospital personnel assessed a
test ration in comparison to that year’s version of the MRE during energy expen-
ditures averaging 4,000 kcal/day for 11 days (Baker-Fulco et al., 2002). The test
ration contained new items and more carbohydrate and less fat than the control
MRE. Subjects increased energy intake as intended but changes in protein intake
were marginal with the test ration. For both rations, underconsumption resulted
in most subjects not meeting the military recommended intakes for a number of
nutrients. This study showed that manipulation of the food items and of the
distribution of macronutrients in the ration could reduce energy deficits in mili-
tary personnel. Studies such as these are critical to determine the food prefer-
ences and the eating behavior of soldiers, such as which items are discarded or
eaten more frequently, in specific situations. Improvements in the MRE and
research efforts in food technology have been described in an earlier CMNR
report (IOM, 1995).

Current Efforts to Improve Rations

Although MREs are envisioned as rations to sustain soldiers in the absence
of food service facilities of field kitchens (as in the case of SUSOPS), MREs are
designed for use for periods of no more than 10 days, at which time field kitchens
or other facilities are to be made available. As the number of SUSOPS has
increased in recent years, the need to reevaluate existing ration designs and
develop a new lightweight ration specifically to meet the metabolic needs of
soldiers during SUSOPS (e.g., three- to seven-day operations) is a high priority.
MREs are not suitable for these operations because of the weight they add to the
already heavy loads that soldiers carry when no resupply is planned. When MREs
were provided for SUSOPS, anecdotal evidence revealed that, in an attempt to
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lighten the loads, soldiers selectively discarded food items; this practice has
become a widespread problem and may result in unbalanced diets that could
possibly jeopardize a soldier’s health or performance or both during an assault
operation.

With these issues in mind, new assault ration prototypes have been under
development by USARIEM and the NSC. The current concept is a lightweight
ration to be eaten “on the go” that, unlike the MREs, requires no preparation.
Items in the current prototype ration include fruit bars, dried fruit, meat pockets,
a dairy bar, and beef jerky. The acceptability of these prototype food items has
been tested in the laboratory and in garrison situations, and the results to date are
promising (personal communication, A. Young, USARIEM, August 11, 2004).
Although it is appropriate to initially conduct such tests, testing under the unique
circumstances of a combat situation is a critical step to confirm acceptability and
revisit the ration design if poorly accepted. Currently, these rations are being
tested in the field, and results from those tests, as well as the recommendations in
this report, are expected to help military food developers and nutritionists opti-
mize the utility of the assault ration.
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Answers to the Military’s Questions

This chapter presents the committee’s conclusions and recommendations
regarding the specific questions posed by the military on the optimal nutrient
composition of the assault ration. Chapter 3 provides additional comments and
suggestions related to food ration development because the success of the ration
is ultimately associated with its acceptability by the soldiers in the field.

The need for specific nutrients is influenced by the health status and specific
scenario and environmental conditions in which soldiers are deployed. To pro-
vide context for the recommendations, assumptions of the characteristics of the
soldiers’ diets and health, the missions, and other issues were formulated. These
assumptions were compiled throughout the deliberations of the committee, open
sessions with sponsor representatives and other military personnel, information
from a field survey conducted in Afghanistan, and available literature. As a
result, a worst-case scenario was constructed so that the recommended assault
ration would diminish, to the extent possible, significant losses of body fat and
protein, which, if allowed to occur, might prevent soldiers completing an assault
mission from being redeployed to a subsequent mission in the immediate
future.

Finally, where the committee identified gaps in the information available,
research needs to establish nutrient requirements and to unravel food technology
challenges are provided. This chapter presents the assumptions, along with the
committee’s conclusions and recommendations, and research needs specific for
each nutrient.

30
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ASSUMPTIONS

The assault ration recommended in this report is designed for healthy male
soldiers with an average body weight of 80 kg, approximately 16 percent body
fat who are relatively fit and within an age range of 18-45 years (average < 25
years) while on military assault missions. As evident in Table 1-1, the ration
recommended does not meet the military recommended nutrient intakes for
garrison in AR 40-25 (US Departments of Army, Navy, and Air Force, 2001)
nor does it meet the recommended nutrient intakes for civilians (IOM, 1997a,
1998, 2000, 2001b, 2002a, 2004). For very active male soldiers in the field, daily
energy intakes rarely are over 3,000 kcal (IOM, 1995) and unpublished data
suggest they average 2,400 kcal (see Montain, 2004 in Appendix B), which in
the event of energy expenditures of 4,500 kcal are significantly hypocaloric.
Prolonged and continuous use of this hypocaloric ration as the sole source of
sustenance at such high energy expenditures will lead to substantial weight loss.
The committee emphasizes that this ration is meant to be used for repetitive
three- to seven-day missions that last for a maximum total period of one month
and that include recovery periods of 24 to 72 hours between missions. With the
expected energy expenditures of 4,500 kcal/day during the missions, it is pos-
sible that some soldiers might lose as much as 10 percent body weight before the
end of the month, even with refeeding between missions; this degree of weight
loss could result in adverse, but mild performance decrements. However, there is
not likely to be any serious consequences for health. Therefore, it is recom-
mended that weight loss be measured after one month of use, and if weight loss
is higher than 10 percent for a soldier, he should not be sent on assault missions
until weight is regained to within 5 percent of initial weight.

Scenarios Before and After Deployment on Assault Missions

The committee assumes that, before being deployed on a mission, soldiers
may be living in one of three general scenarios:

1. A base in the United States or a foreign country in which food is relatively
abundant and consumed on an ad libitum, uncontrolled basis. Soldiers
have ready access to beverages, often including alcohol, and dietary
supplements.

2. A more highly controlled environment in a military theatre of operations.
In such an environment, food consumption is ad libitum from either field
kitchens or conventional foods in a garrison situation. There is a variable
but generally more limited availability of other substances including food
and dietary supplements.

3. A recovery site where soldiers are in the process of rehabilitation from a
prior assault mission. Food choice is even more limited, with fewer menu

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11325.html

32 NUTRIENT COMPOSITION OF RATIONS

items available, and provided ad libitum but in a more controlled envi-
ronment than in the field kitchen. Nevertheless, the amount of food and
calories available are more abundant than while deployed on an assault
mission.

The probability of soldiers deploying from any of these scenarios will no
doubt vary, depending on the theatre of operations for the assault mission.

Diets Prior to Assault Mission

Food Consumption

It is unclear what foods and beverages soldiers would be likely to consume
before an assault mission. Existing literature and soldier interviews indicate that
their food usually comes from a field kitchen. The soldiers may be eating Meals,
Ready-to-Eat (MREs) or hot meals with bread and dessert served in a portable
cafeteria line, but without fresh fruits or vegetables. Food in the pre-deployment
setting is generally provided ad libitum. The committee assumes that the soldiers’
diet prior to the assault mission is ad libitum from a field kitchen without fresh
fruits or vegetables.

Alcohol Consumption

Although military policy strictly prohibits alcohol consumption in the field
operations, some alcoholic beverages are probably available in the local environ-
ment in many theatres of military operations. Some soldiers may have consumed
alcohol in the days immediately before the mission. The likelihood of this
happening depends on whether soldiers are deployed to the mission from a con-
trolled environment or not (see scenarios above). Available information suggests
that excessive alcohol consumption is unlikely to be a major problem among
those being deployed on assault missions in the field. The committee assumes
that soldiers may consume alcohol before the assault mission, but this is unlikely
to be a major problem.

Use of Dietary Supplements and Other Substances

Dietary supplements, caffeine, and other substances such as tobacco may be
available locally from several sources, as well as from shipments from home. As
a result, effects of these on nutrient requirements as well as withdrawal symptoms
may be relevant. The committee assumes that a soldier may use supplements and
caffeine before the assault mission and withdrawal symptoms may interfere with
performance. The general use of tobacco products is also assumed.
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Diets Immediately Before Assault Mission

Existing reports suggest that immediately (i.e., a day or hours) before the
assault mission, soldiers are well hydrated. Indeed, because soldiers know that
fluids are likely to be limited during the mission, with only four to five liters of
water available, they may attempt to overhydrate themselves for a few hours
before the mission. While a soldier could eat in excess or use protein-rich supple-
ments in the period immediately prior to deployment on an assault mission, in
general it has been reported that soldiers pay little attention to nutritional consid-
erations during this time. It has also been reported that approximately 40 percent
of the soldiers increase energy intake (primarily as carbohydrate) prior to deploy-
ment. Alcohol is strictly prohibited, although some alcohol may be available
from the local environment; alcohol use was not reported as a problem. It is
estimated that 20-30 percent of the soldiers smoke and as many as 60 percent
chew or dip tobacco. The committee assumes that immediately prior to a mission
soldiers are well hydrated, often use tobacco products, and do not abuse alcohol.

Scenario During Assault Mission

Duration of Mission

The worst-case scenario is depicted as three- to seven-day missions that will
be repeated several times with little rehabilitation in between missions, leading
to increased physiological stress. Based on experiences in Afghanistan, in a
30-day period soldiers might be in assault operations as many as 24 days. The
committee assumes that a soldier is in an assault mission 24 out of 30 days, with
each mission lasting three to seven days.

Physical Activity and Energy Expenditure

The energy expenditure of soldiers while on an assault mission is reported to
be approximately 4,500 kcal/day due to intermittent periods of high energy
expenditure (> 50 percent VO,max) and periods of low-intensity, sustained
movement. According to the experiences in Afghanistan, during a mission many
soldiers sleep about five to six hours per day; the average sleep time, however,
was four hours. The committee assumes that a soldier is physically active for a
total of 20 hours per day, gets four hours per day of sleep, and expends about
4,500 kcal/day.

Consumption of Ration Food Items

Observational data from testing First Strike Rations (FSRs), a lightweight
ration prototype being developed for assault missions by the US Department of
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Defense Combat Feeding Directorate in Natick, Massachusetts, showed little
wastage at approximately 2,400 kcal when used in military training. Some re-
ports, however, suggest that with other higher-calorie rations, soldiers trade and
selectively discard items (stripping) according to individual preferences. It ap-
pears that there is less stripping of the FSR than was the case in Desert Storm
using MREs in the early 1990s (personal communication, S. Montain, US Army
Research Institute of Environmental Medicine [USARIEM], August 9,
2004). When stripping of rations does occur, the carbohydrate-rich (e.g., can-
dies) and protein-rich (or those entrees that are perceived as high in protein)
meal items are the ones most frequently preserved. Items stripped depend on the
environment; some items are favored in hot climates and others in cold climates.
Relevant to these discussions is the fact that during Ranger Training in which
one MRE per day plus a bread item (1,600 kcal/day) was provided, the rangers
did not discard but rather ate 100 percent of the ration; however, their daily
energy expenditure averaged 4,000 kcal and the period of training in the field
was twice as long (56 days) as the time being considered in this report (Shippee
et al., 1994). Other observations indicate that during recent Iraq missions troops
discarded food items from MREs to carry more ammunition and then became
hungry. It is not known what or how much was thrown away.

The committee assumes that, if palatable, when provided with an assault
ration of 2,400 kcal or less per day, soldiers expending 4,500 kcal per day will
consume virtually 100 percent of the ration.

Accessibility to Water

It is assumed that soldiers have four to five liters of chlorinated water (i.e.,
2-5 ppm chlorine) available during the mission. Water will be resupplied or
obtained from other sources during the mission.

Health Issues

Little specific information is available on prevalence of diarrhea during
recent assault missions in Afghanistan. Cases of diarrhea were reported as being
a problem when soldiers ate local foods. Very few of the cases of diarrhea
resulted in dehydration so severe that personnel had to be evacuated from the
theatre of operation, although many more cases were probably treated medically
in the field. Constipation in the field appears not to be of concern, according to
interviews and information available to the committee. There is little informa-
tion on the prevalence of kidney stones in the field, but it was mentioned as a
concern in anecdotal reports. Some cases of kidney stones, though, were thought
to be not the result of the rations consumed but of some preexisting condition
previous to deployment (personal communication, C. Koenig, USARIEM,
November 19, 2004). It is assumed that cases of diarrhea and kidney stones
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occur during missions and are an important consideration when making recom-
mendations on nutritional composition of assault rations.

Environmental Conditions

The climatic conditions and geographical sites in which combat can take
place vary from hot, dry deserts to cold, high-altitude mountain terrains. Deploy-
ment to these varying environments can affect the nutrient requirements of
soldiers due to differences in fluid intake as well as in sweat and excretory losses
of nutrients. Even more unknown are the effects of these varied environments on
food preferences, acceptability, and eating behavior. Although there was no
attempt to consider all the possible environmental conditions, two environmental
temperatures (20 and 30°C) were assumed in cases in which losses of a particu-
lar nutrient through sweat could be significant. In line with the committee’s
philosophy of assuming the worst-case scenario, when sweat losses of minerals
are significant (i.e., could lead to adverse health effects), an extra amount of the
nutrient was included to cover the losses endured by soldiers engaged in signifi-
cant energy expenditure (4,500 kcal) in warm temperatures.

Physiological Compensation for Changes in Electrolyte Intake

Electrolyte, especially sodium, intake in garrison and on mission may be very
different. Adaptation to a lower level of intake is fairly rapid as reequilibrium of
serum levels occurs quickly (e.g., within a few days for potassium and sodium; Luft
et al., 1979; Ruppert et al., 1994). It is assumed that soldiers have different electro-
lyte intakes before a mission than during a mission but that the period of biological
adjustment to these changes will be relatively short and thus of little consequence.

Assault Ration

Size and Weight Limits

The daily assault ration for sustained operations could be distributed in various
components but must fit in 0.12 cubic feet (e.g., a 6-inch cube) and weigh no
more than 3 1b (1.36 kg). Packaging material constitutes 0.181 kg of the 1.36 kg.
It is assumed that the ration is on average approximately 12—17 percent water,
varying greatly from one item to the other; most items are energy dense, inter-
mediate moisture food products with negligible packaging material weight.

Form of Food

In addition to food products of intermediate moisture, gels or powders high
in carbohydrate and/or electrolytes that can be added to water and candy are
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possible food forms that can be used in an assault ration. The committee assumed
that there will be no liquid foods in the rations, and that gels, powders, or candy
are alternate forms of food.

Micronutrients

Electrolytes may be supplemented as candy, gels, or powders to be added to
fluid. It is assumed that all other required micronutrients, however, are provided
within the food items making up the basic ration.

Food Consumption During Recovery After Deployment on Assault Missions

It is difficult to determine whether soldiers consciously attempt to gain
weight during recovery or rehabilitation after missions. Anecdotal information
indicates that after an assault mission and during recovery, soldiers generally eat
to appetite if food is readily available, and most do not attempt to gain or lose
weight. A complete reversal of the deficits incurred during the assault mission
may not occur during the 1-3-day recovery period of time. For example, a report
from recent operations in Afghanistan suggests that personnel are re-deployed
on repeated assault missions with little time for recovery between missions.
Thus, soldiers would rarely have adequate time to build up bodily stores for the
next assault exercise. The committee assumes that food consumption after return
from an assault mission will not allow for complete rehabilitation. However, it is
also assumed that the food available during recovery will provide at a minimum
the nutritional standards for operational rations as delineated in AR 40-25 (US
Departments of Army, Navy, and Air Force, 2001).

QUESTION A

Should the energy content of the ration (energy density) be maximized so
as to minimize the energy debt, or is there a more optimal mix of macro-
nutrients and micronutrients, not necessarily producing maximal energy
density?

RECOMMENDATION: The basic ration’s energy content should be
approximately 2,400 kcal/day. While this level does not maximize energy
density, this is the average daily energy intake that has frequently been
reported for soldiers during training. Choosing this caloric level minimizes
the possibility of discarding food items that might result in inadequate
intakes of necessary micronutrients; however, in case ration items are
discarded, micronutrients should be distributed as evenly as possible
throughout the food items in the ration (rather than clustering them in a
few items) to prevent significant amounts of individual micronutrients from
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being discarded. It should also be emphasized that rations should only be
used over intermittent short terms (three to seven days) that, together, may
last for a total of no more than a month.

Options for the Energy Content of the Ration

The committee discussed options that provide different macronutrient pro-
files and caloric content to meet the needs of soldiers on assault missions. Given
the weight and size constraints of the ration (0.12 cubic feet, 1.36 kg) and unique
circumstances encountered in the assault scenario, three options that represent
the spectrum of possibilities were developed, and the most feasible option based
on review of expected benefits and drawbacks was identified.

The first option was to design a ration that would provide enough energy
(i-e., 4,500 kcal) to meet the expected needs during the mission. The advantage
of such a ration, if it were eaten completely, would be that soldiers would
maintain energy equilibrium and avoid the adverse consequences of a periodic
hypocaloric diet. The major disadvantage of this first option would be that when
food items are discarded, as is often the case when higher-calorie rations are
provided, nutrients would be discarded as well, potentially resulting in inadequate
intakes of essential nutrients. Therfore, a major challenge with this scenario is to
design a ration of sufficient palatability so that it is eaten in its entirety. When
soldiers in the field do not consume all of their ration items when they are
provided with enough MREs to meet their energy needs (personal communica-
tion, C. Koenig, USARIEM, November 19, 2004), then the risk of soldiers
discarding foods containing rich sources of essential nutrients and increased risk
for nutrient deficiency cannot be dismissed. Although it might be possible to
design a ration in which nutrients are equally distributed among items, the
acceptability of such a ration would be low compared to a ration that included
foods that offer variety and familiarity (see Chapter 3, Food Matrix Consider-
ations). Given the routine practice of stripping based on food preferences, provid-
ing a ration with a variety of highly acceptable products that ensures 100 percent
consumption is more important than providing a ration with a high caloric value
that may result in important components being discarded.

A second option was to design a ration that would provide the usual energy
needs of soldiers when not on assault operations; such energy needs are assumed
to be approximately 3,500 kcal/day. The major advantage of this second option
is that it would create a comparatively small energy deficit when energy expen-
diture is at the level of 4,500 kcal/day. However, this option design presents the
same challenges as the one above, namely to design a ration that is fully eaten
when the caloric content is higher than what they would normally eat. Given the
challenge of designing a highly acceptable ration that is fully eaten by soldiers
under stress in an assault operation, and due to concerns about selective discard-
ing of some items in the ration, this is also not a viable design.
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The third energy level option would provide as a basic ration 2,400 kcal/day,
with a supplemental source of energy. Observations in the field indicate that
during training and with 3,600 kcal (3 MREs), a soldier’s voluntary energy
intake is approximately 2,400 kcal/day, even when the energy expenditure is high
(>7,000 kcal for marines at high altitudes and cold temperatures or ~ 6,000 kcal
for Army rangers in warm temperatures) (see Montain, 2004 in Appendix B);
therefore, 2,400 kcal/day represents an energy level at which virtually all of the
ration should be consumed (personal communication, A. Young, USARIEM,
August 9, 2004). The ration would include 100 to 120 g of protein, 350 g of
carbohydrate, and the remainder as fat (approximately 22-25 percent) (see ques-
tions B and C and Box 2-1) for a total of 2,400 kcal, as well as the micronutrient
recommendations which follow (see questions D and E).

BOX 2-1
General Design of the Recommended Assault Ration
Basic Ration:
Protein 100-120 g (400—480 kcal; 17—20% kcal)
Carbohydrate 350 g (1,400 kcal; 58% kcal)
Fat 58-67 g (520—600 kcal; 22—25% kcal)
Water 105 g (assuming an average of 17% moisture)
Total weight (kcal) 613-642 g (2,400 kcal)
Carbohydrate (and Electrolyte) Supplement:
Carbohydrate 100 g (400 kcal)
Water 17 g (assuming an average of 17% moisture)
Sodium up to 12 g (based on palatability)
Potassium up to 3.3—4.7 g (based on palatability)
Total Weight (kcal) 117 g (400 kcal)
Salt Tablets (Available Through Medical Personnel):
Sodium uptoi2g
Potassium upto4.7g
Total Weight 16.7 g
Packaging: 181 g
Total Weight 0.95 kg

Total Energy Content 2,800 kcal

NOTE: This ration is intended for use over three- to seven-day missions for up to
a month. Prolonged and continuous use of these rations as a sole source of sus-
tenance may lead to substantial weight loss. Constraints: weight of 3 Ib (1.36 kg)
and volume of 0.12 cubic feet.
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To provide an energy level closer to the level of energy expended, 400
additional kcal should be supplemented to the basic ration, increasing the total
energy content of the ration to 2,800 kcal/day. This can be accomplished with
the addition of supplements in individual, small packages with a total amount of
up to 100 g (400 kcal) of carbohydrate in four forms: as a powder to be dissolved
in a liquid, as a gel, as candy, or as some combination of these depending on the
delivery system. Although soldiers would still be in a negative energy balance,
little evidence exists to suggest that a periodic hypocaloric diet, if otherwise
adequate in protein and other essential nutrients as specified in the following
sections, is likely to be harmful when consumed over brief periods of time
(repetitive three to seven days, up to a month), even if some weight loss occurs
(< 10 percent of body weight). However, with the expected energy expenditures
of 4,500 kcal/day during the missions, it is possible that some soldiers might lose
as much as 10 percent body weight before the end of the month, even with
refeeding between missions; this degree of weight loss could result in adverse,
but mild, performance decrements. However, this level of weight loss is not
likely to be of any serious consequences for health. Therefore, it is recommended
that weight loss be measured after one month of use, and if weight loss is higher
than 10 percent for a soldier, he should not be sent on assault missions until
weight is regained to within 5 percent of initial weight.

Rationale for Energy Content

Energy expenditures of soldiers during combat assault missions have been
reported to be high (about 4,500 kcal/day). The committee based its recommen-
dation for energy level on the premise that, to maintain health and performance,
it is critical that soldiers have adequate nutrient intakes and that, based on expe-
rience, in this type of military operations voluntary daily energy intakes approxi-
mates 2,400 kcal.

While it is possible to construct a ration with up to 4,500 kcal within the
constraints of weight and size, given the research reviewed and anecdotal infor-
mation, soldiers would most likely selectively discard unwanted items (“cherry
pick”) and, in this way, would likely consume less of essential nutrients. A
strategy to avoid nutrient inadequacies due to stripping would be to design a
ration with nutrients equally distributed among items. While this might appear
ideal and highly desirable from the nutritional standpoint, it is unlikely that a
ration can be designed that, in addition to having nutrients equally distributed, is
also palatable and acceptable, two key requirements to enhancing intake. Typi-
cally, nutrients in palatable, commercially available products are not equally
distributed. To maximize acceptability and encourage consumption, the ration
should contain a variety of foods that are similar to those commercially available
rather than relying on the “bar” type of product fortified to contain the recom-
mended levels of all nutrients. Moreover, given the fact that water needs increase
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with caloric intake, a lower calorie ration may be advantageous. Providing a
ration with a variety of highly acceptable products that ensure 100 percent con-
sumption is more important than providing a ration with a high caloric value that
may result in important components being discarded.

Given the weight and volume restrictions and considerations described
above, a 2,400 kcal basic ration is the most nutritionally appropriate choice
among the three options discussed above (i.e., energy content of 4,500, 3,600,
and 2,400 kcal). Recent experience with prototype FSRs at approximately similar
levels of energy content (approximately 2,400 kcal) indicates that selective
discarding of menu items in the rations was not widely practiced (personal com-
munication, A. Young, USARIEM, August 9, 2004). A ration of 2,400 kcal,
although hypocaloric, will be above the basal level necessary for covering rest-
ing metabolism in all individuals in the military. Since the caloric deficit is not
likely to be sustained for more than three to seven days at a time during the
assault mission, the concern about the potential inadequate intake of important
nutrients when stripping a higher caloric ration outweighs the concern about the
effects of multiple hypocaloric periods.

In addition to the enery content of the basic ration of 2,400 kcal, an addi-
tional 100 g (400 kcal) of carbohydrate would be a readily available source of
carbohydrate. This supplemental energy source could be consumed on a periodic
basis in bolus doses to keep energy (and electrolytes) at more satisfactory levels
or as a supplement of energy for individuals with even greater caloric expendi-
ture. Also, such energy-dense snacks appear to be particularly popular among
the troops (personal communication, C. Koenig, USARIEM, November 19, 2004).

Even with such a low-caloric ration, specific items containing concentrated
sources of a particular nutrient may be selectively discarded, leading to an
increased risk of nutrient deficits. This is particularly true for items other than
high-carbohydrate foods. Therefore, to further ensure the maximum consump-
tion of all essential nutrients in the ration, the micronutrients and macronutrients
should be distributed as evenly as possible; this should be accomplished without
compromising acceptability across menu items in the ration.

Research Needs Related to Energy Content

e Test the acceptability of the prototype assault ration under field condi-
tions and determine the actual amounts eaten. The extent of discarding
ration items under combat conditions needs to be evaluated in field sur-
veys, and the findings must be taken into account in ration development
and refinement.
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QUESTIONS B AND C

What would be the optimal macronutrient balance between protein, fat,
and carbohydrate for such an assault ration to enhance performance during
combat missions?

What are the types and levels of macronutrients (e.g., complex versus
simple carbohydrates, proteins with specific amino acid profiles, type of fat,
etc.) that would optimize such an assault ration to enhance performance during
combat missions?

Protein

RECOMMENDATION: The protein level of the ration should be 100-120 g
total protein (based on 1.2-1.5 g/kg of body weight for an 80 kg average
male soldier). This level will likely spare muscle protein loss as well as
attenuate net nitrogen loss and adequately provide for synthesis of serum
proteins while the individual is in a hypocaloric state. In addition, this level
of protein will likely maintain the immune and cognitive functions requiring
protein or amino acids.

The committee recommends that the protein added to the ration be of
high biological value. At this time, there is insufficient evidence to believe
that the addition of specific amino acids or specific proteins with rapid rates
of absorption would be of any additional benefit; more evidence is necessary
before making a recommendation in this respect.

Background

The multiple stressors (e.g., sleep deprivation, increased energy expendi-
ture, hypocaloric diet) during short-term combat missions may result in decre-
ments of mental and physical function that would compromise military success
and may even jeopardize lives. Optimizing the ration’s protein and carbohydrate
levels may be particularly important for muscle performance and cognitive func-
tion. The Recommended Dietary Allowance (RDA) for dietary protein set by the
Institute of Medicine (IOM) of 0.8 g/kg of body weight per day (I0OM, 2002a)
and the safe amount of dietary protein to maintain body weight and nitrogen
balance set for healthy persons in international dietary standards of 0.75 g/kg of
body weight per day (FAO/WHO/UNU, 1985) do not necessarily apply to indi-
viduals under stress. The combination of physical and psychological stressors
during combat missions presents a complex and unique situation. Nutritional
needs and impact on performance in such situations have yet to be examined.
Therefore, until more data become available, the committee concluded, it is
prudent to include liberal amounts of protein high in biological value to avoid
possible short-falls.
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Limited energy intake (approximately, 2,400 kcal/day) combined with high
levels of physical activity results in energy deficits of about 50 percent for a
three- to seven-day assault mission and can result in muscle loss and impair-
ments in performance. Muscle loss during simulated sustained operations has
not been clearly demonstrated (Montain and Young, 2003; Nindl et al., 2002),
but this is possibly due to the poor sensitivity of the methodology used to esti-
mate losses. Other evidence, however, suggests that such energy deficits will
result in muscle loss.

Many classical studies have demonstrated the importance of energy balance
for body nitrogen balance (Butterfield and Calloway, 1984; Todd et al., 1984).
Nitrogen balance could clearly not be maintained over the long term when energy
intake was 15 percent less than expenditure, and nitrogen balance was shown to
be better maintained when energy balance was positive or at least zero (Todd et
al., 1984). Presumably, a major source of this nitrogen loss would be from the
body’s predominant and readily accessible source of nitrogen, muscle protein.
Energy restriction over longer time periods results in loss of lean mass during
very low-calorie dieting (Layman et al., 2003); however, the metabolic mechanisms
remain to be delineated. Animal studies also showed similar findings (Anthony
et al., 2000). These perturbations in muscle metabolism due to energy deficits
may occur very rapidly, as evidenced by the immediate signs of muscle catabolism
stimulated by a 20 percent energy intake reduction in a study that included males
and females (Tipton et al., 2003). Taken together, these findings suggest that
soldiers participating in missions during which energy intake is half of the energy
output would be losing nitrogen; most nitrogen would be from muscle protein,
although some might also come from the gastrointestinal or other internal organs.

In addition to the effects due to a hypocaloric diet, the loss of muscle protein
may also be exacerbated by the intensity of the physical activity. Evidence from
studies on very strenous physical activity and muscle metabolism in rats
(Anthony et al., 1999) suggests that, rather than increasing protein utilization,
the physical activity involved in prolonged military missions may be detrimental
to muscle protein metabolism. Although sports experts advise athletes to con-
sume approximately 1.5 g protein per kg every day (ACSM/ADA/DA, 2000),
which is nearly twice the RDA (IOM, 2002a), insufficient evidence was found to
conclude that high-level physical activity alone increases the normal protein
requirement. More recent reviews have come to the same conclusion (Fielding
and Parkington, 2002; Tipton and Wolfe, 2004).

It thus appears that the energy deficit combined with the stressful situation
found in combat alters muscle protein metabolism during missions of this type.

Rationale for the Level of Protein

Although there is a great deal of controversy over the protein requirements
for athletes and active individuals, it is a reasonable and conservative hypothesis
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that increased protein intake would be advantageous in a situation in which the
substantial energy deficit is exacerbated by high levels of physical activity (see
Hoffer, 2004 in Appendix B).

Lean Tissue and Nitrogen Balance. Under eucaloric conditions, the RDA
for protein (0.8 g/kg/day) (IOM, 2002a) will maintain lean tissue and normal
values of its usual physiologic and laboratory markers—Ilean tissue maintenance
and nitrogen balance—but this amount of protein might not be adequate when
energy is restricted. As mentioned above, improvements in protein metabolism
may be produced by increasing the protein intake. A recent study demonstrated
that a greater proportion of weight lost during energy restriction came from fat
rather than lean mass when protein intake was increased (Layman et al., 2003).
Although this study was conducted on obese individuals, most of whom were
female, in weight loss situations and they did not involve exercise, it may be
inferred from the data that under mild energy deficits a higher level of protein in
a diet is protein sparing.

The level of protein intake that will be necessary to assure nitrogen balance
depends on the severity of the energy deficit but it will be somewhat greater than
the RDA of 0.8g/kg/day (IOM, 2002a). At severe energy deficits of less than
50 percent of total energy expenditure, an intake of about 1.5 g/kg of body weight
will maximize protein sparing effects (Hoffer et al., 1984). This study showed
that moderately obese females on a diet to lose weight for periods of up to
4 weeks with caloric intakes of about 600-800 kcal and twice the energy expen-
ditures achieved nitrogen equilibrium at 1.5 g/kg ideal body weight but not at
0.8g/kg protein (under eucaloric conditions). It has also been shown that in se-
verely burned patients there is no further protein sparing when 1.4 g protein/kg
versus 2.3 g protein/kg are provided (Patterson et al., 1997). Increases in energy
expenditure through physical activity do not markedly alter protein requirements;
thus, despite a likely energy deficit of 50 percent under combat mission condi-
tions, protein intakes of somewhat less than 1.5 g/kg body weight/day would
probably be sufficient for optimal sparing of lean tissue. Parenthetically, at this
level of 1.5 g protein/kg body weight/day, this is also the maximal level of
protein sparing found during severe catabolic illness and during repletion of
malnourished subjects (Bistrian and Babineau, 1998; Wolfe et al., 1983). Thus, a
recommendation of 1.2-1.5 g protein/kg body weight/day (i.e., 100-120 g total
protein daily for an average body size of 80 kg) for the assault ration would be
the committee’s best estimate to attenuate net nitrogen and lean body mass loss
at the recommended energy level. This amount is in fact the intake by the average
American (although, in percentage, is greater than the average intake). Although
it can be argued that a high protein level will increase energy expenditures due to
protein thermogenesis, based on a regression analysis by Westerterp (2004), the
difference in thermogenesis for a diet with 0.8 or 1.5 g/kg of protein is estimated
to be about 40 kcal, a rather small difference compared to the overall energy
expenditures.
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Synthesis of Serum Proteins. Over the expected short-term duration of
assault missions, achievement of nitrogen balance may not be a sufficient crite-
rion to establish the desirable protein level for the ration. Another criterion to be
considered is the proper functioning of antioxidant systems. The stress response,
whether due to intense physical activity or systemic inflammatory response lead-
ing to oxidative stress, may impair the amino acid and protein component of the
antioxidant systems (Jackson et al., 2004). The glutathione redox cycle is one
such antioxidant system and one of the most important body defense systems
against metabolic stress. Glutathione is a tripeptide composed of the amino acids
cysteine, glutamate, and glycine. Cysteine is the rate-limiting amino acid for
glutathione synthesis (Lu, 1998). It has been postulated that feeding diets mar-
ginal in protein may affect glutathione synthesis given its need for a constant
amino acid supply to produce the peptide (Jackson et al., 2004). The existence of
an adaptation period to lower protein diets in experimental studies is well known.
For example, when switching from a usual protein intake of 1.13 g/kg/day to the
lower intake of 0.75 g/kg/day, nitrogen balance was negative for the first few
days and reestablished after 10 days (Gibson et al., 2002). Other studies have
found similar results (Pacy et al., 1994); nitrogen balance is restored by reducing
whole-body protein turnover and net protein catabolism, which maintains the
endogenous rate of indispensable amino acid synthesis (Gibson et al., 2002).
However, although the plasma levels of albumin, HDL apolipoprotein Al,
retinol-binding protein, transthyretin, haptoglobulin, and fibrinogen are main-
tained, the synthetic rates of nutrient transport proteins are not (Afolabi et al.,
2004). In their latest study in which on days 3 and 10 the usual protein intake
was decreased, erythrocyte glutathione concentrations and synthetic rates
decreased by day 3 and recovered by day 10, but erythrocyte concentrations of
the constituent amino acids of glutathione were still elevated at day 10, suggest-
ing that functional changes occurred that were related to this lower level of
protein intake (Jackson et al., 2004).

Although not studied in this experimental model, amino acid availability
would also be an important factor in optimizing immune function (Moldawer et
al., 1978). Prior to going into combat missions, trained soldiers will likely have a
protein intake greater than the 1.13 g/kg used in these studies. They then will
undergo metabolic or physical stress that will exacerbate the need for essential
amino acids to mount an optimal stress response. This greater need constitutes
an additional reason to provide a higher protein level than the RDA.

In summary, it is likely that neither nitrogen balance nor synthesis of serum
proteins will be maintained with the RDA level of protein intake when consuming a
hypocaloric diet under a highly stressful scenario. A high protein intake not only
will spare muscle protein but also will contribute to energy needs. Although some
of the findings are ambiguous, a higher protein level may also help improve immune
function (Booth et al., 2003; Keenan et al., 1982) and cognitive function (Dye et al.,
2000; Fischer et al., 2002; Holt et al., 1999; IOM, 1995; Keys et al., 1950).
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Food Quality. Maintaining nitrogen balance and serum protein synthesis
are, by themselves, valid reasons from a physiological standpoint to recommend
a high protein level for this ration. Equally important is the need to enhance the
sensory properties of food items to optimize acceptability. Food items with higher
amounts of protein may in fact encourage higher consumption since a ration
composed of foods that are naturally high in protein, such as meats, poultry, and
nuts, introduces a variety of flavors and textures that have been shown to en-
hance food intake (Sorensen et al., 2003).

In conclusion, both from a physiological and food quality standpoint, a
higher-protein ration is superior. There is little reason to believe that a hypocaloric
diet, if otherwise adequate in protein as justified above and in other essential
nutrients, presents any potential for harm when consumed over multiple brief
periods of time (repetitive three- to seven-day periods for up to a month) even if
some weight loss occurs. However, with the expected energy expenditures of
4,500 kcal/day during the missions, it is possible that some soldiers might lose as
much as 10 percent body weight before the end of the month, even with refeeding
between missions; this degree of weight loss could result in adverse, but mild,
performance decrements. However, this level of weight loss is not likely to be of
any serious consequences for health. Therefore, it is recommended that weight
loss be measured after one month of use, and if weight loss is higher than 10 per-
cent for a soldier, he should not be sent on assault missions until weight is
regained to within 5 percent of initial weight.

Rationale for the Source of Protein

Evidence from acute metabolic studies in fasting subjects suggests that
increased muscle protein synthesis and net muscle protein synthesis result from
provision only of indispensable amino acids. That is, dispensable amino acids
are unnecessary to stimulate muscle protein accretion (Borsheim et al., 2002;
Tipton and Wolfe, 2001; Tipton et al., 1999, 2003). Furthermore, acute meta-
bolic studies of fasting subjects showed that, following resistance exercise, 6 g
of indispensable amino acids resulted in amino acid uptake that was more than
double that of 20 g of whole proteins (Borsheim et al., 2002; Tipton et al., 2004).
Another recent study showed that indispensable amino acids, when combined
with exercise, ameliorated the amino acid release from muscle in response to a
20 percent energy deficit (Tipton et al., 2003). Although the addition of amino
acids might benefit performance, however, the use of amino acids as a source of
protein might not present additional benefits over and above the high-protein
ration recommended by the committee.

The committee considered the addition of some specific amino acids, such
as branched amino acids, glutamine, or arginine, because their consumption
might result in physiological effects of interest. For example, glutamine has been
promoted as an immune-enhancing nutrient, particularly when catabolic stress is
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present as in trauma or infection; however, most of this benefit has been shown
with glutamine delivered by parenteral routes (Novak et al., 2002) so that high
serum glutamine levels could be achieved. Since the gastrointestinal tract
metabolizes glutamine, it is difficult to achieve sufficient oral intake of glutamine
to alter serum levels. Therefore, most clinical trials of oral glutamine have not
been effective. Furthermore, glutamine is quite unstable and has a short shelf-
life. Arginine has also been promoted for its immune-enhancing properties. It
has some ability to improve hospital outcome in postsurgical patients, but only
when provided with other putative immune-enhancing nutrients (Beale et al.,
1999; Heyland et al., 2001; Heys et al., 1999). When provided alone, arginine
has not been beneficial (Luiking et al., 2005) except in incidences of sepsis in
critically ill patients. In addition, postsurgical patients are clinically much more
susceptible to infection than are soldiers. Thus, inclusion of arginine as an amino
acid supplement to the ration is not a high priority at this time.

Finally, the branched-chain amino acids isoleucine, leucine, and valine have
been purported to improve skeletal muscle metabolism. The committee, however,
concluded that at levels greater than those in 1.2 g/kg/day of high-biological-value
protein, which contains 15-20 percent branched-chain amino acids, there is little
likelihood that further provision of branched chain amino acids would be effective.

When whole proteins are added to food items, the biological value of the
protein is an important consideration. Whole protein of high biological value is
recommended for the ration. Examples include soy, casein, whey, and egg. Pro-
tein sources need to be relatively low in sulfur amino acids to maintain elevated
urinary pH, because this decreases risk of stone formation. Although soy protein
would be a good option as a protein source because it is low in sulfur amino
acids, its relatively high level of oxalate could also increase the risk of stone
formation (Massey et al., 2002). Net protein synthesis might also be influenced
by the speed with which protein is absorbed (slow- versus fast-absorption protein)
(Dangin et al., 2003). The committee concluded that, at the high level of protein
intake recommended and with the high energy deficit, the rate of absorption
from the small intestine will not significantly affect protein deposition.

Research Needs

* Investigate the effects of the higher protein level recommended compared
to maintenance protein intakes under high energy expenditure situations
resulting in hypocaloric conditions and stress on muscle loss, physical
and cognitive performance, and immune function. Muscle loss should be
assessed by state-of-the-art techniques such as dual energy X-ray
absorptiometry or whole-body nitrogen measurement. Physical perfor-
mance should be assessed by measurement of maximal oxidative capacity,
endurance, and strength. Immune function should be measured by both in
vitro and in vivo methods.
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* Continue research efforts on the potential to improve physical and cog-
nitive performance and immune function by supplementing diets with
indispensable amino acids compared to supplementing with whole
protein.

e Conduct further research on the potential benefits of adding specific
amino acids in addition to protein when subjects are consuming a
hypocaloric diet under the environmental conditions and high-stress situ-
ations of combat missions. There is suggestive evidence obtained under
significantly different conditions that warrants continuing research,
specifically with arginine for immune enhancement and wound healing,
and glutamine for intestinal function and immune function.

* Investigate the influence of individual variability on the effect of high-
protein diets on performance in hypocaloric states.

* Study body composition and physical activity as factors that influence
protein sparing and prevention of muscle loss.

Carbohydrate

RECOMMENDATION: The carbohydrate in the basic ration should be
350 g to optimize physical performance. An additional 100 g of carbohydrate
should be available as a supplement. Therefore, the overall recommenda-
tion is for 450 g.

The committee considers palatability to be the major consideration in
designing the food products to ensure ration consumption; thus, the food
items and the carbohydrate supplement should provide a variety of flavors.
The amount of fructose as a monosaccharide should be less than 25 g to
avoid the possibility of osmotic diarrhea. Dietary fiber should be 15-17 g
and should include both nonviscous, fermentable fiber (e.g., gums, pectin,
B-glucans, soy polysaccharides) and viscous, nonfermentable fiber (e.g.,
cellulose, lignin, hemicellulose).

Background

Carbohydrate as an Energy Source. Carbohydrate is the major energy
source for skeletal muscle and the brain. After ingestion, carbohydrate is digested
into monosaccharides in the small intestine, absorbed, transported in the blood to
the liver by way of the hepatic portal system, and then either removed by the
liver or released into the circulation (Williams, 2005). Monosaccharides can be
stored as glycogen in the liver or muscle or be used as immediate fuel by muscle
and brain cells. Muscle glycogen is metabolized anaerobically through glycolysis in
the cytoplasm, where glucose is converted to lactic acid units with the formation
of small amounts of adenosine triphosphate (ATP), and aerobically, through
glycolysis in the cytoplasm and the tricarboxylic acid cycle-electron transport

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11325.html

48 NUTRIENT COMPOSITION OF RATIONS

system in the mitochondria, resulting in the production of substantially more
ATP (Powers and Howley, 1997; Wilmore and Costill, 1999).

In skeletal muscle, anaerobic glycolysis can produce a limited supply of
ATP at a rapid rate compared with aerobic glycolysis, which can produce a
greater amount of ATP, but at a slower rate (Powers and Howley, 1997;
Williams, 2005, p. 91; Wilmore and Costill, 1999). Hence, short-term, high-
intensity exercise, in which ATP is needed rapidly, relies predominantly
on anaerobic glycolysis, while longer endurance activity relies predominantly on
aerobic glycolysis. Glucose (or carbohydrate) ingested during exercise enters
directly into these muscle metabolic pathways rather than being stored as muscle
glycogen (Williams, 2005). Thus, carbohydrate is a versatile, important energy
source in muscle for a wide array of physical activities.

Glucose is also the obligatory energy substrate for the brain (Rosenthal et
al., 2001). Because glycogen levels in the brain are low compared to liver and
muscle, a constant supply of glucose from the blood is necessary. Blood glucose
is tightly regulated by hormonal control (insulin and glucagon) to maintain levels
in a narrow range for optimal usage by brain cells. It has been proposed that high
cognitive demand may activate specific brain areas and deplete glucose in that
area, resulting in cognitive dysfunction (Rosenthal et al., 2001). Functional magnetic
resonance imaging has been used to show that the brain oxygenation state is
altered by hypoglycemia (Rosenthal et al., 2001). Whether increased cognitive
demands during physical activity alter brain glucose needs is unknown.

Carbohydrate for Physical Performance. In the muscle, stored carbohydrate
(glycogen) can be used for both anaerobic (short-term, high-intensity) and aerobic
(endurance) activity (Powers and Howley, 1997; Williams, 2005; Wilmore and
Costill, 1999). During rest, carbohydrate supplies about 15-20 percent of the
muscle’s energy need, while during moderate intensity exercise, carbohydrate
use increases to over 50 percent and becomes greater as the intensity of exercise
is increased (Williams, 2005). Muscle can also draw glucose from the circulation
and from the liver to augment energy production. Carbohydrate is more efficient
than fat as a fuel, and the rate of supply of ATP for muscle contraction is faster
than that of fat. Therefore, maintaining muscle glycogen and blood glucose levels
is important for optimal physical performance.

Muscle glycogen levels are directly related to the amount of carbohydrate in
the diet. On high-carbohydrate diets (80 percent of total energy), more muscle
glycogen is stored compared to a normal carbohydrate diet (55 percent of total
energy) (Bergstrom et al., 1967). Early studies found that endurance perfor-
mance (time to exhaustion) (Ahlborg et al., 1967; Bergstrom et al., 1967) or
ability to maintain optimal running pace (Karlsson and Saltin, 1971) was directly
related to the initial muscle glycogen level in the exercising muscle.

Athletes ingesting a low-carbohydrate diet (40 percent of total calories) were
not able to maintain muscle glycogen levels compared with athletes who ingested
a high-carbohydrate diet (70 percent of total calories) (Costill and Miller, 1980).
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Diets low in carbohydrate and low muscle glycogen levels were associated with
suboptimal performance (Costill and Miller, 1980; Costill et al., 1988). The
consumption of either normal or amplified food rations (increased calories and
the proportion of carbohydrate) showed no difference in the effect on muscle
glycogen level during 4.5 days of field exercises, although in both cases muscle
glycogen was severely depleted (Jacobs et al., 1983). These data suggest that
extra carbohydrate is used immediately for energy production in muscle, rather
than being stored as muscle glycogen. Sufficient carbohydrate is important for
maintaining optimal performance during sustained military operations (see
Tipton, 2004 in Appendix B).

Carbohydrate Supplementation to Optimize Performance. Because those
engaged in strenuous physical activity require an increased amount of carbohydrate
to optimize performance, carbohydrate is often supplemented, especially in the
form of beverages that also serve to maintain hydration. As reviewed by Coyle
(2004 in Appendix B), carbohydrate ingestion has been shown to benefit perfor-
mance of moderate- to high-intensity continuous or intermittent exercise lasting
more than one hour. Convertino et al. (1996) recommended that carbohydrate be
ingested at a rate of 30-60 g/hour to maintain carbohydrate oxidation and delay
fatigue. Friedl and Hoyt (1997) reviewed the history of military nutrition research
in the past century and concluded that one way to deal with the reduced energy
intake (< 3,000 kcal/day) during field training when energy expenditure could be
4,000 kcal/day or higher was to provide soldiers with a carbohydrate-electrolyte
beverage supplement. Typical carbohydrate intake of soldiers in the field is about
300 g/day (Friedl and Hoyt, 1997), which would fall short of the 464—-608 g/day
or more that may be needed as cited in the next section, Rationale for the Level
of Carbohydrate. Therefore, some means to supplement carbohydrate in the diet
would appear critical for optimizing performance of soldiers in the field.

Although most research studies examined the effect of supplemental carbo-
hydrate on sport or exercise performance (Coyle, 2004 in Appendix B), research
has demonstrated that carbohydrate will also improve performance on military
tasks. Tharion and Moore (1993) randomly assigned 15 male soldiers to a 250,
400, or 550 g carbohydrate diet (with total caloric content and protein constant)
for a four-day period. These subjects performed a marching exercise on a tread-
mill for up to 4 hours at the rate of 3.5 mph while carrying a 45 kg backpack.
Accuracy and speed for a rifle shooting test were assessed before and after the
exercise. A significant deterioration in shooting performance occurred after the
exercise when the 250 g carbohydrate diet was followed, but there was no sig-
nificant decrement in performance for the 400 or 550 g carbohydrate diet.

To evaluate the effect of supplemented carbohydrate on total food intake
and activity, the voluntary energy and carbohydrate intake of Marines who were
randomly assigned to either a carbohydrate-beverage supplement or a noncaloric
placebo beverage during an 11-day field training exercise was estimated, along
with energy expenditure (Tharion et al., 2004). Both groups received a similar
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total amount of carbohydrate in the food ration. Energy expenditure was assessed
by doubly labeled water techniques. Exercises included bouts of repetitive lifting
of a 45 kg weight, running, calisthenics, and routine manual work. The total
carbohydrate ingested by the carbohydrate-supplemented group averaged 470 g
(293 g in the ration, 177 g supplemented), and the corresponding values for the
placebo group were 317 g (310 g and 7 g, respectively). Total energy intake of
the carbohydrate-supplemented and the placebo groups was 3,120 kcal (13.1 MJ)
and 2,670 kcal (11.2 MJ), respectively. Total energy expenditure was 4,380 kcal
(18.4 MJ) and 3,840 kcal (16.1 MJ) for the carbohydrate-supplemented and the
placebo group, respectively, with no significant difference between groups. The
carbohydrate-supplemented group consumed an additional 153 g of carbohydrate
and 450 kcal (1.9 MJ)/day of energy. Thus, providing a carbohydrate beverage
may reduce energy and carbohydrate deficits that commonly occur during field
training (Tharion et al., 2004). It should be noted that this increase in carbo-
hydrate intake was concomitant with a slight decrease in protein intake (105 g
protein intake in the placebo group versus 93 g in the experimental group).
Although such a slight decrease might not result in adverse effects, the commit-
tee cautions that protein intake should remain at the recommended level and
should not be compromised when a carbohydrate supplement is provided to
increase energy intake.

In another study of military subjects, 27 infantry soldiers were fed diets
containing approximately 2,600 kcal/day during three days of field training in
hot humid conditions (30°C, 60 percent relative humidity) (Montain et al., 1997).
The soldiers were randomly assigned to groups receiving a carbohydrate-
electrolyte, placebo, or water beverage. The carbohydrate-electrolyte beverage
provided an additional 1,000 kcal/day. The groups ingested on average a total of
462, 175, and 217 g/day of carbohydrate, respectively, while fluid intake was not
different among the groups. Soldiers drinking the carbohydrate-electrolyte
beverage were more likely to maintain their performance during the uphill run
and the marksmanship performance.

Environmental factors also affect the amount of carbohydrate needed.
Montain and Young (2003) summarized a study of Askew et al. (1987) who
showed that soldiers who ingested carbohydrate-electrolyte drinks compared to a
placebo during four days at an altitude of 4,100 m consumed 250 additional
grams of carbohydrate and covered more distance during a two-hour run than the
placebo group. In hot environments, greater muscle glycogen use during exer-
cise in the heat (41°C) than in cold conditions (9°C) has been demonstrated in a
number of studies (Febbraio et al., 1996, Fink et al., 1975). Although two studies
have reported that supplemental carbohydrate during exercise in the heat did not
improve performance (Febbraio, 2001; Febbraio et al., 1996), the addition of
204 g of carbohydrate in water was found to be more effective in maintaining
cycling performance over two hours than water or carbohydrate alone (Fritzsche
et al., 2000). These last results suggest that carbohydrate supplementation during
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endurance performance in the heat, when dehydration is not a factor, benefits
performance by increasing blood glucose uptake and oxidation. Thus, supple-
mental carbohydrate in a fluid should provide a valuable energy source in field
situations that require continuous physical activity.

Carbohydrate for Cognitive Performance. Nutrient influences on psycho-
logical and behavioral functions have been reviewed (Dye and Blundell, 2002)
and the results of trials exploring nutrient effects on commonly assessed aspects
of cognitive performance summarized. Cognitive performance functions include
reaction time (simple and complex), vigilance/attention, information processing,
memory, reasoning, and psychomotor performance. Nutritional interventions that
increase blood glucose appear to improve reaction times in a few studies, while
carbohydrate-rich foods may impair reaction times under some circumstances in
other studies. Still others find either no effect or improvement (Dye and Blundell,
2002). Similarly, various studies of vigilance and attention found that high-
carbohydrate meals, compared to low-carbohydrate meals, led to performances
that were better, worse, or no different. Memory is improved when glucose is
given, but carbohydrate in other forms has had more variable effects (Dye and
Blundell, 2002).

These generally inconclusive results are not surprising given that the studies
typically involved very brief (often, one meal) nutritional interventions usually
of unstressed adults in sedentary conditions, in addition to varying the method-
ologies and nutritional manipulations. Importantly, “It is also clear that cognitive
performance is normally well protected by a regulatory process that maintains a
stable output” (Dye and Blundell, 2002).

Studies of the effects of nutritional interventions on cognitive performance
in more challenging settings of high-energy output and physical or psychological
stress are therefore more germane to the uses of the assault ration. Such studies
offer situations that are more analogous to the demands of assault missions in
that they may draw on the participants’ resources to the point at which cognitive
decrements might ordinarily be observed.

Other reviews have pointed out that, although performance benefits from
supplemental carbohydrate can often be ascribed to effects on metabolism, other
factors may also play a role (Coyle, 2004; Kaplan, 2004 in Appendix B). In this
regard, several studies have reported the benefits of supplemental carbohydrate
feeding when fatigue is not due to a lack of aerobic or anaerobic carbohydrate
energy. The exercise tasks used in these studies are general stop-and-go, high-
intensity exercise (Coyle, 2004). Performance benefits in this case may be due to
preventing a decline in cognitive function. For example, in one study subjects
ingested either a carbohydrate-electrolyte beverage or placebo before and during
a shuttle-running protocol (Welsh et al., 2002). The carbohydrate-electrolyte
beverages (overall ~127.5 g supplemented carbohydrate) enhanced performance,
and there was a self-reported reduction of perceived fatigue (assessed by Profile
of Mood States [POMS] and improved motor skill performance). In a random-
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ized cross-over design, a high-carbohydrate (8.5 g/kg body weight/day) diet was
compared to normal carbohydrate diet (5.4 g/kg body weight/day) over the course
of 11 days, including seven days of intense physical training (Achten et al.,
2004). The high-carbohydrate diet resulted in better maintenance of running
performance and global mood state (assessed by the POMS test). Both groups,
however, were on fairly high-carbohydrate diets (e.g., for an 80 kg person ap-
proximately 432 g and 680 g, respectively).

Using a within-subjects design, changes in reaction times after 100-minute
runs were assessed in well-trained athletes, but gender was not specified
(Collardeau et al., 2001). The reaction time trials consisted of (1) simple reaction
time, where subjects were instructed to lift their thumb off a button in response
to a stimulus, and (2) choice reaction time, where subjects were instructed to
move a handle in one of four directions as indicated by an arrow on a computer
screen. The time to respond to the stimulus was the criterion measured. Subjects
received 8 ml/kg body weight of a solution prior to the session followed by a
2 ml/kg body weight every 15 minutes. The solution contained either 5.5 percent
carbohydrate (glucose, fructose, maltodextrins) or placebo, with equal electro-
lyte content. While no effect of supplementation was observed on simple reaction
time, the carbohydrate solution (but not the placebo solution) was associated
with a significant improvement in complex reaction time immediately after the
exercise session, as well as a smaller increase in ratings of perceived exertion
over the session.

In another study, 143 young healthy male soldiers were randomly assigned
to one of three groups who were given the following supplemented beverage:
6 percent carbohydrate (2.1 g/kg), 12 percent carbohydrate (4.2 g/kg), or placebo
beverage. Over the 10-hour study, subjects performed a 19.3 km road march and
two 4.8 km runs interspersed with rest and other activities (Lieberman et al.,
2002). Vigilance as measured by reaction to an auditory signal improved in a
dose-related manner with the percentage of carbohydrate. The negative compo-
nents of mood (confusion, lack of vigor) as assessed by the standardized POMS
test were reduced with the additional carbohydrate. Although carbohydrate
supplementation appeared to enhance cognitive performance in individuals
engaged in sustained, intense physical activity (Lieberman, 2003), it should be
noted that no eucaloric control was used. Thus, increased energy intake may
have produced the improvements in vigilance and mood.

It is important to note that the POMS test was designed to measure changes
in mood states occurring over a period of a week or more (Lorr et al., 2003) and
that it was originally designed to measure mood states among psychiatric patients.
Since then, it has been used to measure mood changes in other populations
(including sport psychology studies of athletes and studies of medical patients).
POMS has not been validated to assess psychologically healthy individuals or to
assess changes within shorter time frames (e.g., pre- and postexercise bouts). In
addition, the POMS test assesses self-rated emotional states rather than objec-
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tively measured neurocognitive performance. While both are psychological
domains, they typically are treated separately and there is usually little reason to
assume that findings in one domain apply to the other.

Rationale for the Level of Carbohydrate

Carbohydrate Needs for Intense Physical Activity. The new Acceptable
Macronutrient Distribution Range (AMDR) of the Dietary Reference Intakes
(DRIs) (IOM, 2002a) states that normal, healthy adults should get 45-65 percent
of their calories from carbohydrates. The amount of carbohydrate that others
have recommended for athletes is 60—70 percent of total energy intake (Anonymous,
1991). It has been suggested, however, that the daily recovery amount of carbo-
hydrate for athletes be expressed in grams per kilogram body weight, and the
amount recommended should depend on the level of training (Burke et al., 2004).
Using this approach, recommendations for recovery from moderate-duration, low-
intensity training are 5-7 g/kg body weight/day, moderate to heavy endur-
ance training 7-12 g/kg body weight/day, and extreme exercise (defined as > 4
hr/day) 10-12 g/kg body weight/day (Burke et al., 2004). For an 80 kg man, the
amount of carbohydrate for recovery from moderate to heavy endurance training
would be 560 to 960 g. Reviews of diet surveys of nonendurance and endurance
male athletes showed daily carbohydrate intakes of 5.8 and 7.6 g/kg body weight/
day respectively, which, for an 80 kg male athlete would range from 464 to 608
g (Burke et al., 2004). Given the weight and volume constraints of the ration and
needs for other nutrients, the committee recommends including 350 g/day of
carbohydrate in the basic ration. This level, however, will not be sufficient to
meet the needs of soldiers in high-intensity military operations. In addition to the
350 g in the basic ration, the committee recommends including an extra 100 g of
carbohydrate as supplements in the form of gels, candy, or powder to be added to
beverage. In this way, the total recommended amount of carbohydrate is 450 g.
This amount is the minimal amount of carbohydrate needed to meet the needs of
soldiers experiencing intense physical activity.

Carbohydrate Needs for Cognitive Function. Although some studies described
above have found that carbohydrate may improve vigilance and reaction time,
improvements in other cognitive domains associated with carbohydrate consump-
tion have not been found. Hence, there is a lack of conclusive results on the
effect of carbohydrate on cognitive performance. Also, most studies have relied
on subjective methodologies that have not been validated for the scenarios of
concern. The committee recommends that researchers seeking to determine the
effects of carbohydrate on cognitive function develop and use tests that fall
within the domain of neurocognitive functioning (e.g., attention, vigilance, short-
term memory, reaction time, problem-solving ability) rather than the emotional
domain (e.g., depression, anxiety, anger). In summary, although some studies
have found that carbohydrate may improve vigilance and reaction time, there is
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no conclusive evidence to recommend specific levels of carbohydrate to enhance
cognitive function.

Rationale for Type of Carbohydrate

The type of carbohydrate in the food ration menu items should be a mixture
of complex and simple carbohydrates so that the food is palatable (not too sweet).
Fructose as a monosaccharide should be limited due to the association between
dietary fructose and diarrhea (Skoog and Bharucha, 2004). Some studies have
found that dietary glucose increases the absorption of fructose, so the recom-
mended use of a mixture of carbohydrates should limit the malabsorption of
fructose (Skoog and Bharucha, 2004; Truswell et al., 1988). Because reports that
consumption of 25 g of fructose as a monosaccharide for three consecutive days
caused malabsorption symptoms in healthy adults (Born et al., 1994), the amount
of fructose as a monosaccharide should be less than 25 g.

The supplemental carbohydrate should be available in easily digestible
forms, such as powder to mix in with water (to a 4-8 percent solution) (Coyle
and Montain, 1992), in carbohydrate gels, or in candy. A study by Murray and
colleagues in which gastric emptying of exercising subjects was measured after
drinking water or carbohydrate beverages suggests that gastric emptying signifi-
cantly decreases after the 8 percent carbohydrate beverage; this decrease was not
observed with either water or 4 or 6 percent carbohydrate beverages. The authors
concluded that such a delay is not optimal for fluid replacement (Murray et al.,
1999). Therefore, the concentration (and possibly type of carbohydrate) should
be an important consideration when developing a carbohydrate beverage. As
mentioned in the section above, supplemental carbohydrate delivered in fluid
form should provide the most benefit to performance compared to carbohydrate
alone (Fritzsche et al., 2000).

Rationale for Amount and Type of Dietary Fiber

The adequate intake (AI) for dietary fiber is based on 14 g dietary fiber/
1,000 kcal, a level that has been shown to decrease risk of cardiovascular disease
by virtue of its presence in foodstuffs in the gut (IOM, 2002a). Although the
consumption of high amounts of total dietary fiber is desirable to reduce the risks
of chronic diseases, in the case of short-term missions, avoiding diarrhea and
constipation and decreasing stool weight are of greater concern to the military.
Therefore, it is recommended that the range of dietary fiber in the assault ration
be based on a minimum amount to avoid constipation to the extent possible and
on estimates of the intake of young men in the US population. It is assumed that
these amounts should prevent diarrhea and constipation. The estimated median
intake and the 95th percentile intake from the Continuing Survey of Food Intake
for Individuals in 1994—1996 (CSFII, 1998) in the United States for men 19-30
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years old is 17.4 and 32.3 g/day of total dietary fiber, respectively (IOM, 2002a).
When adjusted for the lower energy intake of the soldiers (approximately
2,400 kcal) compared to the normal population (median and 95th percentile
intake of 2,718 and 4,374 kcal, respectively [IOM, 2002a]), the median intake
and the 95th percentile would be approximately 15 and 17 g/day, respectively.

The type of fiber is also important. Both viscous and nonviscous fiber typi-
cally found in foods of plant and vegetable origin are important (IOM, 2002a).
The available literature suggests that the viscous (liquid-like but thick and resis-
tant to flow), nonfermentable fiber can alter blood glucose and cholesterol con-
centrations and optimize laxation; nonviscous, fermentable fiber can also impart
beneficial effects, such as act as immunomodulators. Beta-glucan might be in-
cluded as an example of a nonviscous, fermentable fiber. Beta-glucan has been
evaluated as an immunostimulant and can be fermented into short-chain fatty
acids in the large bowel, which improves intestinal function (i.e., acts as
prebiotics) (Brown and Gordon, 2003; Frank et al., 2004). In addition,
B-glucan may decrease blood cholesterol levels, and, therefore, the risk of coro-
nary heart disease. The Food and Drug Administration recently recognized these
benefits by approving the health claim that B-glucan may reduce the risk of
coronary heart disease (Food Labeling. Specific Requirements for Health Claims.
21 C.F.R. §101, 2002).

Based on the median and 95th percentile intake adjusted for energy intake, the
committee recommends including total dietary fiber in the range of 15-17 g/day.
The committee concluded that a mixture rather than a single source of fiber
might be better tolerated physiologically and may help prevent constipation.
Therefore, the committee recommends that the amount provided include non-
viscous, fermentable fiber (e.g., gums, pectin, B-glucans, soy polysaccharides)
as well as viscous, nonfermentable fiber (e.g., cellulose, lignin, hemicellulose).

Research Needs

* Investigate the type of carbohydrate (disaccharides versus starches) that
best enhances physical and cognitive performance.

* Determine whether specific fiber types will reduce the incidence of diarrhea.

* Determine the carbohydrate “dosing/delivery” schedule (e.g., continuous
versus bolus) that will contribute to best improving physical and cogni-
tive performance.

* Confirm the effects of carbohydrate on performance and cognition under
conditions analogous to the high-stress situations of military operations.

Fat

RECOMMENDATION: After protein and carbohydrate needs are met, the
ration should provide 58-67 g fat (22-25 percent of energy intake) to be
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distributed across a variety of foods. The ration should provide a balance of
dietary fatty acids between monounsaturated, polyunsaturated, and saturated
fats, with at least 17 g linoleic acid and 1.6 g a-linolenic acid, recognizing
essential fatty acid needs as well as the undesirable pro-oxidant properties
of large amounts of unsaturated fatty acids. This balance can be determined
by food formulation criteria. There is no recognized benefit to modifying
fatty acid type in the ration or to adding structured lipids.

Background

The primary reason for fat in the ration is to provide a readily digestible,
palatable, energy-dense source of calories to help soldiers perform physically
and cognitively demanding military operations. Since appetite may be depressed
under conditions of high-intensity physical activity and stress, maximal con-
sumption of the ration is a primary goal. Fat provides a highly palatable source
of calories that can be expected to promote ration intake. Among energy sources,
fat has been shown to be less satiating (Gerstein et al., 2004; Mattes, 2004 in
Appendix B), which should increase consumption under field conditions. In
addition, recent studies indicated that greater satiety results from consumption of
foods higher in protein and carbohydrate than fat (see also Chapter 3). While the
desire to increase ration consumption as much as possible would support the
addition of a higher level of fat, increasing the fat content would result in a
decrease in the amount of carbohydrate or protein in the ration. The committee
believes that, although increasing consumption is desirable, satiety is only one of
the many factors that influence consumption, and the available data do not yet
provide an unequivocal answer. A better understanding of the influence of nutrient
composition on satiety is needed before considering it as the basis for nutrient level
recommendations.

Other roles of fat must be considered as well. The ration must also satisfy
essential fatty acid needs. In addition, dietary fat is frequently the vehicle for
intake and absorption of fat-soluble vitamins. It can be assumed, however, that
healthy young men will have adequate fat-soluble vitamin stores and that, as
depot fat is utilized to meet energy needs, such fat will be the main source of fat-
soluble vitamins. Thus, this role of dietary fat is not of consequence, although
some supplementation with fat-soluble vitamins beyond what is naturally present
in the food items may be required.

Rationale for Level of Fat

Fat as a Fuel Source. Several factors were taken into consideration in set-
ting the fat level. First, the levels of macronutrients recommended are meant to
optimize protein and carbohydrate intake. The rationale for setting the levels of
protein and carbohydrate in the ration are described in detail earlier in this chapter.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11325.html

ANSWERS TO THE MILITARY’S QUESTIONS 57

Briefly, they are based on the facts that the physical demands of high-intensity
military operations require a high contribution of protein to preserve lean mass,
and that a high contribution of carbohydrate will maintain vigilance and physical
performance. The committee concludes that, after protein and carbohydrate needs
are met, fat should be used to maximize palatability and energy density.

Maintaining carbohydrate availability to muscle is critical for sustained,
intense, physical activity. Numerous studies show that carbohydrate benefits per-
formance. For example, Coyle and colleagues (1986) demonstrated that feeding
carbohydrate during prolonged strenuous exercise results in high enough carbo-
hydrate oxidation to delay fatigue. Hawley and colleagues showed improved
performance capacity with high-carbohydrate diets (Hawley et al., 1997).
Whether the improvement in performance occurs because the intake of carbohy-
drate spares muscle glycogen or because blood glucose levels are maintained is
still not clear. Conversely, fat feeding induces a higher rate of fat oxidation and a
rapid repletion of muscle triacylglycerol stores (Hawley, 2000). Carbohydrate,
however, is more efficient than fat as a fuel and carbohydrate’s rate of supply of
ATP for muscle contraction is faster than that of fat. Among the macronutrients
used as fuel, fat offers the advantage of providing the highest amount of calories
per gram; that is fat, provides 9 kcal/g of energy compared with 4 kcal/g for
protein and carbohydrate. A recent theory suggests that high-fat feeding (= 65
percent energy) provides an alternate fuel source, which might help to preserve
muscle glycogen or slow its rate of use (Burke and Hawley, 2002; Helge, 2000).
Accordingly, there might be some advantage to manipulating the diet to modify
the pattern of fuel utilization to preserve or enhance performance. Currently,
however, evidence in support of this theory is not convincing. A recent review of
the literature concluded that fat adaptation over one to three days was not suffi-
cient to elicit the purported metabolic shift in favor of fat utilization (Burke and
Hawley, 2002). Likewise, fat adaptation over a longer period (more than seven
days) did not provide performance benefits, and in some cases led to perfor-
mance decrements. Switching from fat adaptation to high-carbohydrate intake
did result in higher rates of fat oxidation and concomitant muscle glycogen
sparing; however, this strategy did not benefit physical performance (Helge,
2000; see Helge, 2004 in Appendix B).

Two studies compared the effects of high-fat versus high-carbohydrate feed-
ing on cognitive outcomes during endurance training. In both studies, subjects
were able to complete the training, but those on high-fat feeding experienced
higher perceived exertion and reported that they required more mental effort to
complete the task than those on high-carbohydrate feeding (Marsh and Murlin,
1928; Stepto et al., 2002).

During military operations, high energy expenditure is likely to occur in the
context of an energy deficit. None of the studies cited above considered the dual
burdens of intense physical work and energy deficit on physical performance.
This situation is somewhat unique to the military, and few research studies have
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investigated this interaction; however, one study in men who traversed the
Greenland icecap on cross-country skis pulling sleds is instructive (Helge et al.,
2003). The men were in energy deficit of approximately 1,000-1,500 kcal/day
and consumed 30-40 percent energy as fat and 50-60 percent energy as
carbohydrate. This macronutrient mix was sufficient for the men to complete
their task.

Another study with distance runners varied the amount of dietary fat (17 per-
cent, 31 percent, or 44 percent energy as fat) to maximize energy and nutrient
intakes. Energy intakes were lower than energy expenditure under all feeding
conditions, over approximately 30 days. However, energy intakes were higher
on the medium- and high-fat diets, and subjects reported being less hungry on
them. While on the 31 percent fat diet, male runners consumed 2,900 kcal/day,
and intakes of essential fatty acids and vitamins were adequate (Horvath et al.,
2000). For the purposes of energy delivery, it seems desirable to provide 30—40
percent of the energy in the ration as fat. Increasing the fat beyond this level does
not appear to improve physical or cognitive performance. In addition, a period of
14-21 days is needed to metabolically adapt to a high-fat diet, which is beyond
the period of intermittent use for this ration (Phinney et al., 1983). Given the
energy recommendation of 2,400 kcal/day as well as protein and carbohydrate
needs for health and performance, a ration providing 22-25 percent energy as fat
appeared to be a reasonable level of intake. This level of total fat will likely
provide acceptable palatability while serving as an important source of energy.
In support of this level, the energy density of the average man’s food is 1.91 kcal/g
(Ledikwe et al., 2005) which is similar to the recommended ration’s energy
density of 2.03 kcal/g (1,360 g [total weight]-181 g [packaging] = 1,179 g;
2,400 kcal/1,179 g = 2.03 kcal/g).

Fat and Palatability. An ongoing concern for the military is that soldiers do
not eat enough during field operations IOM, 1995), particularly during high-
intensity combat situations (Popper et al., 1989). Intense physical activity and
stress are known to reduce food intake in trained athletes (King et al., 1997);
however, the combined effects of highly intense physical activity, acute stress,
and energy deficit on appetite mechanisms are poorly understood. Again, this
combination of factors is rarely encountered outside the military context and has
been seldom studied. Since both hunger and the motivation to eat may be com-
promised in soldiers during high-intensity field operations, it seems prudent to
maximize the palatability of the ration to the extent possible.

It is well known that taste is a primary determinant of food choices (Glanz et
al., 1998). Energy-dense foods such as fats are generally preferred over low-
energy foods and seem to enhance overall food intake (Drewnowski, 1997).
Nevertheless, there is considerable individual variation in the preferred level of
fat in specific foods and for the diet as a whole (Cooling and Blundell, 2001;
Mela and Sacchetti, 1991). The biological and personal factors that contribute to
these differences are not well understood and need further study.
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For the purposes of this report, typical intakes could be considered as an
index of acceptable levels of fat in the diet. The mean estimated fat intake of
young adult men in the general population is 33 percent (IOM, 2002a). Also,
evidence from population studies suggests that diets providing less than 30 per-
cent energy as fat can be well tolerated, particularly by highly motivated indi-
viduals. In the Women’s Health Initiative, participants in the intervention group
adhered to a diet providing approximately 25-27 percent energy as fat for five
years (Women’s Health Initiative Study Group, 2004). The FSRs, which are
under development by the USARIEM, provide approximately 27 percent energy
as fat. The military reports that FSRs are almost completely consumed in limited
field tests (personal communication, C. Koenig, USARIEM, November 19,
2004). Whether the FSR provides the preferred level of fat for elite war fighters
is unknown and should be ascertained in future studies. Nevertheless, based on
previous experience, it is reasonable to assume that a ration providing 22-25
percent energy as fat will be relatively well accepted by soldiers in the field.
Every effort should be made to optimize fat content and palatability of the ration
design.

Rationale for Type of Fat

The polyunsaturated fatty acids (PUFA) omega-6 (n-6) and omega-3 (n-3)
are essential in the human diet. The ration should contain, at a minimum, the
recommended amounts of linoleic and a-linolenic acid to satisfy essential fatty
acid needs. The effects of fatty acid type, including n-3 and n-6 fatty acids, on
physical and cognitive performance, immune function, and gene expression.
There is some evidence that feeding n-3 fatty acids improves endurance per-
formance in rats (Ayre and Hulbert, 1996) and increases aerobic capacity and
intracellular fatty acid transport in skeletal muscle (Clavel et al., 2002); how-
ever, the evidence for these effects in humans is extremely limited (Lukaski et
al., 2001). Other evidence suggests that n-3 fatty acids, especially in combina-
tion with protein supplements, increase muscle mass and protect against muscle
wasting in cancer patients (Barber et al., 1999; Fearon et al., 2003). Although
these findings are provocative, they have little application to the military context
at this time.

Recommended intakes of PUFA for the assault ration are thus set at the Al
for men ages 19-30 years and should be at least 17 g/day of n-6 PUFA (as
linoleic acid) and 1.6 g/day of n-3 PUFA (as o-linolenic acid) (IOM, 2002a). In
addition, the committee believes the ration should provide for the potential health
benefits of PUFA related to cardiovascular disease without unduly increasing
potential pro-oxidant activity (IOM, 2002a). To that end, the committee recom-
mends that the AMDR for these fatty acids (5-10 percent of energy from linoleic
acid and 0.6—1.2 percent of energy from n-3 fatty acids [as a-linolenic acid; IOM,
2002a]) be taken into consideration in formulating food products for the ration.
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The effects of structured lipids (including medium-chain triglycerides and
conjugated linoleic acid) on exercise performance were also considered. Studies
reviewed by Jandacek (IOM, 1994) and more recent data (Vistisen et al., 2003)
found no improvement in performance with structured lipids. The committee
concluded that there is insufficient evidence at this time supporting a benefit of
these lipids on performance. The committee recommends that the ration contain
a balance mix of saturated, polyunsaturated, and monounsaturated fatty acids,
with palatability and stability the prime determinants of the specific mixture.

Research Needs

* Study the combined effects of intense physical activity, acute stress, and
energy deficit on hunger and appetite.

* Explore the potential role of n-3 and n-6 fatty acids in immune and brain
function.

* Investigate the biological and personal factors that influence food prefer-
ences and diet palatability.

* Develop a systematic approach to optimizing ration palatability, which
would incorporate the wants and needs of end-users, early in the design
process.

QUESTION D

What are the types and levels of micronutrients such as direct antioxidants
(e.g., vitamin C and E, carotenoids), cofactors in antioxidant and other bio-
chemical reactions with high metabolic flux (e.g., B vitamins, zinc, manganese,
copper), or other bioactives (e.g., caffeine) that could be added to such rations
to enhance performance during combat missions?

Vitamin A

RECOMMENDATION: The assault ration should contain at least 300 g
retinol activity equivalents (RAE)/day and no more than 900 ug RAE/day
based on prevention of night blindness and the current RDA.

Background

Vitamin A is essential for vision, growth, cellular differentiation, integrity
of epithelial cells, and the reproductive and immune systems. The RDA is set at
900 ug RAE/day for men (IOM, 2001b) based on the amount required to main-
tain a body pool in well-nourished subjects with liver reserves of 20 ug RAE/g
(estimated four months of body storage) (Haskell et al., 1997; IOM, 2001b). The
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Tolerable Upper Level (UL) for men was established at 3,000 pg of preformed
vitamin A per day based on risk of liver abnormalities (IOM, 2001b).

In National Health and Nutrition Examination Survey (NHANES) III, the
median and the 95th percentile dietary intake of vitamin A for 19- to 30-year-old
men in the United States was 744 and 1,487 ug RAE/day, respectively (IOM,
2001b). There is no evidence of vitamin A inadequacy among the adult US popula-
tion. An early symptom of actual deficiency is night blindness; that is, the inabil-
ity to adapt to night vision due to impaired regeneration of rhodopsin. Although
vitamin A deficiency is not a public health problem in the United States, it is a
continuous concern in developing countries, and when diets are inadequate,
supplementation reduces the risk of mortality of children and infants.

Rationale for Levels of Vitamin A

As much as 90 percent of vitamin A total body stores is in the liver (Olson,
1987), and liver stores of vitamin A are high in the US population. Using radio-
isotopic methods, researchers have estimated the retention of consumed vitamin A
to be 50 percent (Bausch and Rietz, 1977; Sauberlich et al., 1974). There is little or
no evidence of vitamin A inadequacy among the adult US population (IOM, 2001b).

An adequate level of vitamin A is critical for successful performance of
certain tasks in the military. For example, optimal night vision is a consideration
that may determine vitamin A requirements for the combat ration. Although
there is a clear association between vitamin A deficiency and night blindness,
the high liver stores exhibited by the US population would ensure an adequate
supply of vitamin A to peripheral tissues. Moreover, there are no known reports
of night blindness among the troops. Nevertheless, to err on the conservative
side, the committee recommends a level of vitamin A that would prevent night
blindness. Studies on adaptation to darkness in developing countries or clinical
research studies (Batchelder and Ebbs, 1943; Blanchard and Harper, 1940; Hume
and Krebs, 1949; Sauberlich et al., 1974) indicate that 300 ug RAE is the median
intake in adults to prevent night blindness (i.e., the Estimated Average Require-
ment [EAR] because an RDA for night blindness prevention could not be calcu-
lated due to the high variability in the data) (IOM, 2001b). This level, 300 pg
RAE, should be considered the minimum amount in the short-term assault rations.
The committee recommends an upper limit of 900 ug RAE/day. This level repre-
sents the RDA for men, which is estimated to provide four months of liver stores
of vitamin A for 97-98 percent of the population (IOM, 2001b). There are no
toxicity concerns at these levels.

Food Form

The sources of vitamin A could be included as preformed vitamin A or
provitamin A carotenoids. All of these forms could be found naturally in foods
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(e.g., animal-derived foods, fruits, vegetables, and cereals); food could also be
fortified to achieve a level of vitamin A within the recommended range.

Vitamin C

RECOMMENDATION: The assault rations should include a vitamin C level
of 180-400 mg. This level considers the current RDA for US males 19-30
years old, 90 mg/day, plus 35 mg/day to account for the higher vitamin C
requirements of smokers; to establish the lower limit of the range (180 mg),
another 50 percent was added due to the potential degradation of vitamin C
over the shelf-life of the ration. The upper level is the 95th percentile dietary
intake of vitamin C. To minimize its interaction with pro-oxidants in the
ration and further degradation, encapsulation of vitamin C should be con-
sidered. If shelf-life of the ration is such that degradation would not occur,
then a lower amount (< 400 mg) should be considered as the upper end of
the range.

Background

The biological function of vitamin C comes from its ability to donate reducing
equivalents to reactions, including reduction of reactive oxygen that damages
cells. Vitamin C is the electron donor for eight enzymes involved in collagen
hydroxylation, carnitine biosynthesis, and hormone and amino acid biosynthesis.
Vitamin C deficiency is characterized by impairments in connective tissue,
specifically impairment of collagen synthesis. Vitamin C has also been shown to
affect components of the immune response (I0OM, 2000). The RDA for vitamin
C was based on maintaining near-maximal neutrophil concentrations with mini-
mal urinary loss at 90 mg for men. The median intake and the 95th percentile
intake of US males ages 19-30 is 127 mg and 400 mg, respectively. The UL is
set at 2 g/day based on a criterion of gastrointestinal disturbance (IOM, 2000).

Rationale for Levels of Vitamin C

Vitamin C as Antioxidant. Although the properties of vitamin C as an anti-
oxidant suggest that a high level of vitamin C intake might prevent oxidative
damage and muscle injury associated with high-intensity exercise, recent studies
have indicated that supplementing the diet with vitamin C at doses of 200 and
1,000 mg does not affect markers of muscle damage, soreness, or interleukin
(IL)-6 after eccentric exercise (Thompson et al., 2001, 2004). In addition, con-
trary to the antioxidant theory, other studies suggest that high-dose vitamin C
supplementation could result in pro-oxidant adverse effects (Childs et al., 2001).

Vitamin C could exert an antioxidant effect by serving as an electron donor
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to oxidized vitamin E that is created (in reaction to oxidative stress) during
exercise (Evans, 2000). The combination of vitamin C (500 mg) and vitamin E
(up to 1,200 international units [IU]), however, shows mixed effects on signs
and symptoms of muscle damage (e.g., muscle soreness and swelling were not
affected, whereas maximal voluntary isometric contraction force and eccentric
contractile torque and work were affected by the supplementation) (Shafat et al.,
2004). The potential benefits of antioxidant supplementation were investigated
in a study that provided ultramarathon runners with vitamins E (300 mg) and C
(1,000 mg) for six weeks. The supplemented group was protected from lipid
oxidation as evidenced by the lower level of F2-isoprostanes; however, there
was no marked effect on inflammatory markers, muscle damage markers. or
DNA damage markers (Mastaloudis et al., 2004a, b). For a more detailed expla-
nation of these studies, the reader is referred to Traber and Mastaloudis (2004) in
Appendix B. Similar findings were reported by Dawson et al. (2002). Animal
studies show that intake of vitamin E alone after stress was more effective in
lowering lipid peroxidation than other treatments, including vitamin C supple-
mentation. In addition, an IOM committee (IOM, 1999) concluded in a letter
report that there is little evidence to support the idea that supplementation with
vitamin C beyond the military nutrient reference value (90 mg/day) would pro-
tect against short-term acute oxidative stress. The committee concurs with this
conclusion and finds that, although future studies may prove that under certain
circumstances supplementation with vitamin C or vitamin E or both might prove
beneficial, at this time there is no consistent evidence that either of the vitamins
alone or in combination enhances performance or health. Since the time of publi-
cation of that letter report, there has been no evidence to the contrary.

Vitamin C and Immune Function. The effectiveness of vitamin C against
the common cold is also a matter of controversy. To date, supplementation with
vitamin C has not been unequivocally shown to reduce the incidence or severity
of the common cold (Hemila, 1994, 1997; Hemila et al., 2002; Takkouche et al.,
2002)—except perhaps in those with low vitamin C intakes (e.g., males in the
United Kingdom) (Hemila, 1997). Furthermore, significant effects on other
aspects of the immune function have not been proven (I0M, 2000).

Vitamin C and Tobacco Consumption. One factor that the committee con-
sidered to be important in determining the level of vitamin C in the ration was
the fact that most soldiers are, or become, tobacco users while being deployed.
According to two studies using radiolabeled tracer ascorbic acid in healthy male
smokers and nonsmokers, the metabolic turnover of the vitamin C was about
35 mg/day greater in smokers than in nonsmokers (Kallner et al., 1979, 1981).
Considering the high percentage of smokers among US soldiers, the committee
decided to factor in an additional 35 mg/day for the recommended level of
vitamin C.
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Food Form

Due to issues involving the lack of stability of vitamin C, an additional
50 percent over the desired intake level would need to be added to the food
(IOM, 1997b), resulting in approximately 180 mg/day (125 + 60) in the ration.
The 95th percentile intake for adult men in the United States is 400 mg/day. The
committee believes that this amount will not increase the risk of stone formation
since a review of the evidence for an RDA concluded that levels below
1,000 mg/day are considered safe based on risk stone formation (Levine et al.,
1996). The committee recommends that food developers aim at including 180 mg
but no more than 400 mg of vitamin C in the ration. If shelf-life of the ration is
such that degradation would not occur, then a lower amount (< 400 mg) should
be considered as the upper end of the range to avoid potential for increased stone
formation.

Dried fruits that naturally contain vitamin C could be included in the ration;
ration foods can also be fortified with vitamin C. If fortification is considered,
vitamin C may be coated with various substances, such as ethyl cellulose,
cyclodextrins, or lipids, to prevent contact with iron, copper, or nickel. As
explained in Chapter 3, encapsulation of vitamin C slows its degradation under
high heat and moisture conditions and protects it from oxidation by metals.

Research Needs

* Investigate the potential synergistic effects of a mixture of antioxidants
on physical performance and immune function in a randomized trial.

* Conduct studies on the effects of vitamin C supplementation with high
dietary levels of the vitamin, rather than pharmacological levels. Before
conducting such studies, valid markers of antioxidant activity that will
permit comparison of studies across laboratories are needed.

* Explore the use of vitamin C supplementation to prevent colds in young
people.

* Determine the stability of vitamin C in the food under extreme environ-
mental conditions during shelf-life of rations.

* Investigate the effects of smokeless tobacco use on vitamin C.

Vitamin D

RECOMMENDATION: The assault ration should contain 12.5-15 ug of
vitamin D based on the amount of vitamin D needed to maintain a serum
level of 70 nmol /L of 25(OH)D and on the amount shown to maintain serum
25(0OH)D levels in military personnel assigned to submarine duty over a
three-month period.
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Background

Vitamin D is essential in that it maintains normal serum levels of calcium
and phosphorus. Other roles of vitamin D, such as in immune disorders and
cancer, are still not clear, although there is enough evidence from studies with
animal models to suggest important functions (Deluca and Cantorna, 2001;
Griffin et al., 2003; van Etten et al., 2002). The endogenous synthesis of pre-
vitamin D from 7-dehydrocholesterol by the action of ultraviolet B (UVB) light
on skin is a major contributor to the pool of vitamin D in the human body.
People with dark skin, however, have high melanin levels that block UVB light;
thus, they tend to be at risk of vitamin D deficiency due to a decrease in the
amount of UVB light that is available for cutaneous vitamin D synthesis. In
addition, the number of sunlight hours also affects the amount of endogenous
synthesis. Therefore, latitude and season are factors that should be considered
when determining the amount needed in the assault ration.

Unlike most other nutrients, estimates of dietary intake are not available
from NHANES or the CSFII. Estimates of average vitamin D intakes for men
19-30 years old based on modeling of food and supplement intake from two
nutrition surveys (NHANES III from food and supplements; CFSII from food
only) have been made, and are 8 and 4.8 ug/day, respectively (Moore et al.,
2004). Due to the numerous factors that affect vitamin D status, in 1997 the Al
for adults was derived by increasing the amount shown to maintain adequate
levels of serum 25(OH)D (> 30 nmol/L) in women during winter in Nebraska,
3.3 to 3.4 pg/day, to a total of 5 ug to cover the needs of adults 19-50 years
regardless of exposure to sunlight. The UL of 50 pg/day was based on vitamin D
intakes resulting in hypercalcemia (IOM, 1997a).

Rationale for Levels of Vitamin D

Using assumptions required to estimate vitamin D intakes (Moore et al.,
2004), intakes of men 19-30 years old appear to approach the Al level of 5 pg/day.
It is possible, however, that some soldiers may enter missions with low levels of
serum 25(OH)D. Although liver storage could be expected to ensure sufficient
amounts of vitamin D during short-term assault missions, recent epidemiological
studies showed prominent vitamin D deficiency (defined as serum 25 (OH)D
levels less than 37.5 nmol/L) in US adolescents, especially among African
Americans (37 percent compared to 6 percent and 22 percent for white and
Hispanic adolescents, respectively) (Gordon et al., 2004). Higher frequencies of
insufficiency in the African-American population (Calvo and Whiting, 2003)
and lower serum concentrations of 25(OH)D in the Mexican-American popula-
tion (Reasner et al., 1990) as compared with the white population, are of concern.
Because the level of sunlight will vary with the particular environment of mili-
tary missions (e.g., desert versus mountainous environments), it is appropriate to
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assume the conservative scenario that most vitamin D will be derived from
the diet.

In addition to concerns about vitamin D status for some subpopulations
within the military, based on new studies experts are now questioning whether
the cutoff for the accepted criterion of adequacy, serum concentration of
25(0OH)D, should be higher (e.g., > 80 nmol/L) (Holick, 2004) than that used in
1997 (> 30 nmol/L) when the current Al was established (IOM, 1997a). This
criterion of adequacy was based on estimates of intake and the related 25(OH)D
serum levels of women in Nebraska (> 30 nmol/L), where sunlight is more
limited. The question, however, remains whether this level indicates optimal
health. A recent intervention study reported that during winter an oral intake
level of 12.4 pg/day was required to sustain serum 25(OH)D levels at or above
an average of 70 nmol/L (Heaney et al., 2003). Others have recommended that
indicators of chronic disease, rather than levels 25(OH)D, might provide a better
basis to establish the AI (Specker, 2005). The possible need for amounts in
excess of the Al, along with reports of apparent vitamin D deficiency in adoles-
cents and young men, suggests that the level of vitamin D for the assault ration
be set at 12.5 ug/day, a level that should maintain serum vitamin D levels at
70 nmol/L without depending on sunlight exposure or body liver stores to con-
tribute to available vitamin D. In support of this, a study with submariners
showed that a dietary intake of 15 pg of vitamin D could generally maintain
serum concentrations of 25(OH)D for three months. Using the conservative
assumption that sunlight exposure during missions may be lacking, to prevent
depletion of body stores and to remediate possible previous inadequate intakes,
particularly in African-American soldiers, the committee recommends that the
ration contain from 12.5 to 15 pg of vitamin D. The lower level of the range is
based on possible benefits to optimal health and is based on the amount of
vitamin D needed to maintain a level of 70 nmol/L of 25(OH)D in serum over
time, while the upper end of the range is based on an amount shown to maintain
serum 25(OH)D levels in military personnel assigned to submarine duty over a
three-month period (15 pg). The committee recommends that, as the new data
indicating the need for reviewing the Al and the UL are further evaluated, the
military consider revising the range in light of such deliberations.

Food Form

Very few foods are good sources of vitamin D. Most vitamin D in the diet
comes from fortified foods, with the exception of small amounts in animal
products. Cereals and milk products are typically fortified with vitamin D in the
United States, whereas in other countries, margarine and other staples are forti-
fied. It is envisioned that food items in the ration will need to be fortified with
vitamin D.
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Research Needs

* Evaluate the effect of clothing on vitamin D status parameters in soldiers
while in field operations.

* Evaluate vitamin D status of soldiers in the field in different environ-
ments, particularly after deployments in cold weather, at high latitudes,
and at high altitudes where sunlight will be limited.

e Examine ethnic differences in vitamin D status in these military
environments.

Vitamin E

RECOMMENDATION: The ration should contain a level in the range of
15-20 mg of o-tocopherol, based on the RDA to prevent erythrocyte lysis
and on dietary intake levels. If necessary, this form can be added into the
food products because natural foods are limited in this form of tocopherol.

Background

The main role of vitamin E (by definition, a-tocopherol; IOM, 2000) is as
an antioxidant that prevents the propagation of free radical formation, a process
that may be related to many of the chronic diseases of aging, such as cardio-
vascular disease, cancer, and diabetes. Overt signs of vitamin E deficiency occur
very rarely in humans and have not been reported as a result of low dietary
intakes, except when combined with moderate to severe malnutrition. Individuals
who have overt signs of deficiency of vitamin E, due to a genetic abnormality in
vitamin E transport or to fat malabsorption, develop scaly skin and eventually
neurological symptoms. The RDA for vitamin E is set at 15 mg for men 19-50
years of age. This requirement was based on maintaining plasma tocopherol
concentration at a level that limited hemolysis in red blood cells due to peroxide
exposure to less than 12 percent. According to NHANES III serum data, this
amount would ensure that at least 95 percent of the population is protected
against vitamin E deficiency. The median and the 95th percentile dietary intake
of o-tocopherol are 9 and 19 mg/day, respectively, for men 19-30 years of age
(NHANES 1II; 10M, 2000). The UL of vitamin E was established at 1,000 mg
based on hemorrhagic effects.

Rationale for Levels of Vitamin E

Vitamin E as Antioxidant. High levels of physical activity create oxidative
damage, and, as with vitamin C, vitamin E requirements might differ for indi-
viduals under physical stress. Although dietary vitamin E appears to have a
protective role against oxidative stress, the studies conducted until now have not
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clearly shown a benefit either in reducing muscle injury due to exercise or in
improving performance (Sacheck and Blumberg, 2001). The effect of vitamin E
on exercise-induced changes in creatine kinase (CK), oxidative damage to lipids,
and markers for DNA damage is uncertain. One study showed that supplement-
ing 800 IU/day of vitamin E for 60 days actually promoted lipid peroxidation
and inflammatory markers after a triathlon, as evidenced by an increase in plasma
F,-isoprostanes and IL-6; however, there was no effect on performance (Nieman
et al., 2004).

The existing data on the effects of vitamin E as an antioxidant and enhancer
of performance often come from studies that used pharmacologic doses of the
vitamin. An added difficulty comes from appropriately choosing antioxidant
indicators of oxidative stress and muscle damage. For example, Cannon et al.
(1990) questioned whether an increase of CK after exercise reflects undesirable
muscle damage. Their research comparing young and old subjects (Cannon et
al., 1990) suggests that the increase in CK might be due to the need to clear
damaged proteins with an increase in muscle protein turnover (Cannon et al.,
1991). There are studies that show that supplementation with vitamin C and E
together (compared to vitamin C or E alone) is more effective in protecting from
oxidative stress due to regeneration of vitamin E by vitamin C. For more details,
the reader is referred to the section on vitamin C above.

Vitamin E and Immune Function. Vitamin E has been investigated as a
potentiator of immune function. At levels from 60-800 mg/day for 4-8 months,
vitamin E was shown to increase immune status markers in the elderly; no
adverse effects were reported (Meydani et al., 1997, 1998). Studies have also
specifically looked at the effect of vitamin E on the incidence of common colds.
A recent study found that supplementing the diet with 220 mg/day during one
year lowered the incidence of common colds in elderly nursing home residents
(Meydani et al., 2004). Another study, however, reported no beneficial effect of
supplementing the diet of noninstitutionalized elderly individuals with the same
amount (Graat et al., 2002). Unfortunately, most studies have been conducted
with the elder population, and data on effects of vitamin E supplementation on
the immune system of young adults are scarce.

The committee concludes that there is no clear evidence that providing high,
pharmacologic levels (> 60 mg) of vitamin E in the ration is efficacious whether
to improve performance or to enhance the immune function. Therefore, the level
recommended is based on the RDA for this age group and dietary intake validated
by chemical analysis of duplicate samples. The committee does not consider
using the UL for the general population (1,000 mg/day) (IOM, 2000) as reason-
able due to reports on the risk of hemorrhage, increased prothrombin time, and
interruption of blood coagulation (Booth et al., 2004). A recent meta-analysis
(Miller et al., 2005) suggests that such high amounts of vitamin E may be associ-
ated with other adverse events, including increased death rate. Therefore, rather
than using the UL, the committee based the upper limit of the recommendation
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on chemically measured dietary intakes. It is recognized that, although the RDA
was set at 15 mg/day, dietary intakes are likely underestimated. For example, in
Holland, chemical testing showed that conventional menus contained 20.9 mg of
a-tocopherol (van het Hof et al., 1999). The committee concluded that these data
justify setting a range of 15-20 mg/day of vitamin E for combat rations. There
are concerns also with the use of aspirin, or other drugs with anticoagulant
properties, in combination with vitamin E due to the potential additive, adverse
effects on coagulation.

A recent study showed that plasma o-tocopherol disappearance was faster in
smokers compared to nonsmokers and that these rates correlated with plasma
ascorbic acid concentration in smokers but not in nonsmokers. The authors con-
cluded that smokers have an increased requirement for o-tocopherol (Bruno et
al., 2005). At this time, however, it is premature to recommend the addition of a
specific amount of o-tocopherol due to smoking.

Food Form

Since many common food sources are generally low in o-tocopherol, it is
expected that the committee recommendation will not be met by the foods in the
ration. Because only the o-tocopherol form of vitamin E can be transported by
transfer proteins in the liver, and other forms (-, -, and 3-tocopherols and the
tocotrienols) will be excreted, foods should be fortified with vitamin E as
o-tocopherol. Other forms (B-, y-, and, d-tocopherols and the tocotrienols) will
be present as natural components of food in the ration.

Research Needs

* Investigate the potential synergistic effects of a mixture of antioxidants
in a randomized trial on physical performance and immune function.
Before conducting such studies, valid markers of antioxidant activity that
will permit comparison of studies across laboratories are needed.

* Conduct studies on the effects of vitamin E supplementation on physical
performance and immune function using more physiologic levels of the
vitamin (15-60 mg), rather than pharmacologic levels.

* Explore the use of supplementation of vitamin E to prevent colds in
young people.

e Determine if smokers need supplemental levels of vitamin E.

* Study the use of aspirin by individuals consuming a diet high in vitamin
E, since the action of both may affect coagulation.

* Further study adverse events associated with vitamin E.
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Vitamin K

RECOMMENDATION: The committee assumes that enough vitamin K
would occur naturally in the ration foods; therefore, additional vitamin K is
not necessary.

Background

Vitamin K acts as a cofactor during the synthesis of blood coagulation
enzymes. The median and 95th percentile dietary intake for men 19-30 years old
are 101.1 and 181.3 pg/day, respectively (NHANES III; IOM, 2001b). The Al is
based on dietary intake data for healthy individuals and was established at
120 pg/day for adult men. There have been no adverse events reported, so no UL
was established (IOM, 2001b).

Rationale for Levels of Vitamin K

Turnover from lipid fraction is rapid and hepatic reserves deplete rapidly if
the intake of vitamin K is restricted (Usui et al., 1990). The committee believes
that for the short terms of the combat mission, however, it is not essential to add
vitamin K to the ration because it is stored in the liver and is naturally present in
foods. In addition, vitamin K deficiency is rare.

Thiamin

RECOMMENDATION: Assuming an energy content of 2,400 kcal in the
assault ration and an average energy expenditure of 4,500 kcal/day, the
assault ration should contain a level of 1.6-3.4 mg of thiamin.

Background

Thiamin is essential in the metabolism of carbohydrate and branched-chain
amino acids. Thiamin is a coenzyme that affects the cardiovascular, muscular,
nervous, and gastrointestinal system (Tanphaichitr, 1999). The RDA for men
ages 19-30 years is set at 1.2 mg/day thiamin (IOM, 1998). The 95th percentile
intake of thiamin is 3.4 mg/day for men between the ages of 19-30 years (I0M,
1998). Thiamin deficiency signs and symptoms include anorexia, weight loss,
mental dysfunction, muscle weakness, and cardiovascular effects. A UL was not
set because there have been no sufficient data on adverse effects associated with
thiamin consumption.
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Rationale for the Levels of Thiamin

Thiamin is required for the metabolism of carbohydrate (conversion of pyru-
vate to acetyl CoA), branched-chain amino acids, and fat (tricarboxylic acid
[TCA] cycle enzymes). There are no metabolic feeding studies examining the
amount of thiamin required to maintain good status in active individuals. The
EAR for thiamin is based on the need for 0.3 mg thiamin/1,000 kcal (IOM,
1998), assuming individuals were in energy balance. Rather than basing the
amount in the assault ration on its caloric level, given the restriction in energy
intake of soldiers, a recommendation for thiamin based on energy expenditure is
a reasonable approach. Assuming a 4,500 kcal/day energy expenditure, a mini-
mum recommended daily intake of 1.6 mg of thiamin/day would be calculated,
based on increasing the EAR of 0.3 mg/day/1,000 kcal by 20 percent for twice
the assumed CV of requirements for thiamin of 10 percent (0.3 mg/day/1,000
kcal x 4.5 x 120 percent = 1.6 mg/day needed) (IOM, 1998). In addition, based
on NHANES III data, the 95th percentile intake of thiamin is 3.4 mg/day for men
between the ages of 19 and 30 (IOM, 1998). Using these numbers, the committee
concluded that 1.6-3.4 mg/day of thiamin, which is above the current RDA for
men (1.3 mg/day), would cover the thiamin needs of the soldiers. There are no
reports available of adverse effects from consumption of excess thiamin by
ingestion of food or supplements (IOM, 1998). Thiamin can be either naturally
occurring in food or added to the food.

Riboflavin

RECOMMENDATION: Assuming an energy content of 2,400 kcal in the
assault ration and an average energy expenditure of 4,500 kcal/day, the
assault ration should contain a level of 2.8-6.5 mg of riboflavin.

Background

Riboflavin is an essential nutrient due to its function as a coenzyme in
numerous redox reactions. Riboflavin is involved in numerous metabolic path-
ways and in energy production. Signs and symptoms of deficiency include sore
throat, hyperemia and edema of the pharyngeal and oral mucosal membranes,
cheilosis, angular stomatitis, among others (McCormick, 1999). The RDA in
healthy males of ages 19-30 years is 1.3 mg/day riboflavin (IOM, 1998). The
95th percentile intake of riboflavin is 6.5 mg/day for men between the ages of 19
and 30 (IOM, 1998). A UL has not been set because there is insufficient data on
adverse effects associated with riboflavin consumption.
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Rationale for Levels of Riboflavin

Riboflavin is important for physical activity because it is involved in carbo-
hydrate, protein, and fat metabolism, and in the conversion of vitamin B, and
folate to their active forms (IOM, 1998; Manore, 2000). Data from Belko et al.
(1985) provided information about riboflavin needs under conditions of low
energy intake and exercise. This study used the same level of energy restriction
experienced by the soldiers (approximately 50 percent of energy needs). Thus,
their estimate based on energy intake was used for the calculation of riboflavin
needs. This differs from the approach used in developing the EAR (and thus, the
RDA) (IOM, 2000) in which estimates were based on requirements at normal
activity levels where a relationship to energy intake was not demonstrated. Using
the recommendations in Belko et al. (1985) and an energy intake of 2,400 kcal/day,
soldiers on assault missions would need approximately 2.78 mg of riboflavin to
maintain good nutritional status (1.16 mg riboflavin X 2.4 = 2.78 mg). In addi-
tion, according to NHANES III data, the 95th percentile intake of riboflavin is
6.5 mg/day for men between the ages of 19 and 30 (IOM, 1998). Using these
numbers, the committee agreed that 2.8—-6.5 mg/day of riboflavin would cover
the need of the soldiers. This range is above the current RDA for riboflavin (1.3 mg)
for men 19-30 years old. There are no adverse effects associated with riboflavin
consumption from food or supplements (IOM, 1998). Riboflavin can be either
naturally occurring in food or added to the food.

Niacin
RECOMMENDATION: Assuming an energy content of 2,400 kcal in the

daily ration and an average energy expenditure of 4,500 kcal/day, the assault
ration should contain a level of 28-35 mg of niacin equivalents (NE).

Background

Niacin is an essential precursor of nucleotides that are key components of
redox reactions, ATP synthetic pathways, and adenosine diphosphate ribose
transfer reactions. The RDA for men ages 19-30 years is set at 16 mg/day of NE
(I0OM, 1998). The 95th percentile intake of niacin for men between the ages of
19 and 30 years is 45 mg/day (NHANES III; IOM, 1998). Deficiency manifests
itself as pellagra with signs and symptoms like rash, diarrhea, or constipation
associated with changes in digestive tract as well as neurological symptoms such
as fatigue and loss of memory. Due to flushing that has been seen in studies of
subjects given an excess of the vitamin, the UL is set at 35 mg/day of NE from
forms added to foods or as supplements only.
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Rationale for Levels of Niacin

Niacin (NAD and NADP) is required for the metabolism of carbohydrate
(glycolysis and electron transport) and fat (B-oxidation of fats) and for protein
synthesis. No metabolic feeding studies examined the amount of niacin required
to maintain good status in active individuals. In addition, no studies have exam-
ined the impact of dieting and exercise on niacin status. The EAR for niacin was
determined to be 4.8 NE/1,000 kcal, assuming that individuals were in energy
balance (IOM, 1998). Because the energy intake of soldiers is low during mis-
sions, basing the recommendation for niacin on energy expenditure instead of
intake would be a reasonable approach. Assuming a 4,500 kcal/day energy
expenditure, a minimum recommended daily intake of 28 mg of niacin/day would
result, based on increasing the EAR of 4.8 mg/day/1,000 kcal by 30 percent for
twice the assumed CV of requirements for thiamin of 15 percent (4.8 mg/day/
1,000 kcal x 4.5 x 130 percent = 28.1 mg/day needed) (IOM, 1998). Since the
UL of niacin (35 mg/day) is below the NHANES III 95th percentile intake of
niacin for men 19-30 years old (45 mg/day) (IOM, 1998), the committee recom-
mends a range of 28-35 mg/day of niacin. This recommended range is above the
RDA (16 mg/day) and below the UL for this age range (35 mg/day). Thus, it
should ensure adequate amounts and minimal risk of adverse effects. If adequate
amounts of niacin are provided, endogenous synthesis of niacin from tryptophan
will be minimized. The niacin can be either naturally occurring or added to the
food. A minimum of 28 mg should be present in the ration, and not more than
35 mg be added to foods.

Vitamin B,

RECOMMENDATION: Based on an estimated body protein loss of approxi-
mately 52 g/day due to the soldiers’ negative energy balance and a mini-
mum protein intake of 100 g/day, the assault ration should contain a level of
2.7-3.9 mg/day of vitamin B; if a higher protein level is provided, this
amount should be increased proportionally.

Background

Vitamin B is an essential coenzyme for metabolism of amino acids, glycogen,
and sphingoid bases. It is essential for immune and nervous system function and
affects gluconeogenesis, niacin formation, red cell metabolism, and steroid function.
Classical signs and symptoms of deficiency of vitamin B, include stomatitis,
cheilosis, glossitis, irritability, depression, and confusion (Leklem, 1999). The
RDA set for healthy normal men 19-30 years is 1.3 mg/day of vitamin B, (IOM,
1998). The 95th percentile intake of vitamin B is 3.91 mg/day for men between
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the ages of 19 and 30 (NHANES III; IOM, 1998). The UL, based on the risk of
developing sensory neuropathy, is 100 mg/day of vitamin B, (IOM, 1998).

Rationale for Levels of Vitamin B,

Vitamin B is required for the metabolism of carbohydrate (gluconeogenesis
and glycogen breakdown) and protein (transamination reactions). Thus, vitamin
B¢ is important in helping to provide energy to exercising muscles (Manore,
2000). Based on the recent metabolic feeding data by Huang et al. (1998) and
Hansen et al. (2001), in order to maintain adequate vitamin B, status, 0.019-
0.020 mg B/g protein was required in sedentary young women who were weight
stable and consuming 70-85 g protein/day. The committee assumes that the
soldiers will be consuming 2,400 kcal/day while expending 4,500 kcal/day.
Under these conditions, the soldier is exercising vigorously and losing weight.
Using data collected on male soldiers consuming 1,600 kcal/day and expending
4,500 kcal/day, Nindl et al. (2002) found a loss of 1.5 kg fat-free mass (FFM) in
three days. In order to calculate the amount of body protein lost in the Nindl et
al. study (2002), the committee assumed that 50 percent of this FFM weight was
water loss. Assuming a nitrogen-to-lean tissue ratio of 30:1 and a 6.25 factor to
convert nitrogen to protein, there would be a protein loss of 156 g in 3 days or
52 g/day in this study. In applying these data to the combat assault situation
posed here, the committee assumed about 33 percent less protein was lost (100 g
or 33 g/day), since intake of energy (2,400 kcal/day) and protein (100 g/day)
would be higher. Thus, protein metabolism would include components of both
dietary protein (100 g) and protein lost from the body (33 g) for a total of 133 g
protein. Using a requirement of 0.020 mg B/g protein (Hansen et al., 2001),
2.7 mg/day of B, of would be needed to metabolize 133 g of protein. In
NHANES III data, the 95th percentile intake of vitamin B is 3.91 mg/day for
men between the ages of 19 and 30 (IOM, 1998). Using the calculations above
and the 95th percentile intake of vitamin B, providing 2.7-3.9 mg/day B, would
cover the needs of the soldiers. This range falls above the current RDA for
vitamin By (1.3 mg/day) and below the UL for vitamin B, (100 mg/day).
Vitamin B, can be either naturally occurring in food or added to the food.

Research Needs

e Determine the requirements of niacin, riboflavin, thiamine, and vitamin
B when individuals are consuming a hypocaloric diet under the environ-
mental conditions and high-stress situations of combat missions (e.g.,
intense physical activity, high energy expenditure, reduced caloric intake,
and hot and humid conditions).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11325.html

ANSWERS TO THE MILITARY’S QUESTIONS 75

Folate

RECOMMENDATION: The assault ration should contain 400-560 ug of
folate (either as food folate or folate added to foods), based on the current
RDA for folate and the 95th percentile intake for folate.

Background

Folate is essential in single-carbon transfers in the metabolism of nucleic
and amino acids. The RDA for healthy men 19-30 years of age is 400 pg/day of
dietary folate equivalents (DFEs) (IOM, 1998). The 95th percentile intake of
folate is 564 ug/day for men between the ages of 19 and 30 (NHANES; IOM,
1998). The UL for folate is 1,000 pg/day from fortified food or supplements
(I0OM,1998).

Rationale for Levels of Folate

Folate is involved in a number of metabolic processes associated with physical
activity. Folate is important for red blood cell (RBC) formation and, thus, for the
transport of oxygen to the working muscle. Folate is also involved in the synthesis
of pyrimidine and purine nucleotides, protein synthesis, and normal cell growth.

As reviewed by the IOM (1998), naturally existing folate from food is only
50 percent bioavailable. Folate added to foods fortified with folic acid has much
higher bioavailability, about 85 percent (i.e., a bioavailability ratio of 1.7). When
a mixture of folic acid plus food folate is consumed, as in the assault ration,
dietary folate equivalents are estimated as follows:

ug of DFEs provided = pg of food folate + (1.7 X pg of folic acid)

This formula can also be used to calculate the EAR. No metabolic feeding
studies have examined the amount of folate required to maintain good status in
active individuals. In general, studies examining dietary intakes of active males
report that mean intakes of folate are adequate (Manore and Thompson, 2000).
These adequate intakes can be attributed to the relatively high-energy intakes of
these individuals. Poor folate status has been associated with depression in
healthy subjects between the ages of 15 and 39 (Morris et al., 2003) and poor
cognitive function (Calvaresi and Bryan, 2001) but data are mixed (Malouf et
al., 2003). NHANES III data, which were collected before folate fortification,
indicate that the median and 95th percentile intake of folate from foods is 277
and 564 pg/day for men between the ages of 19 and 30, respectively (I0OM,
1998). Based on the RDA and the 95th percentile intake, providing 400-564 pg/day
of folate to soldiers would cover their folate needs.
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Food Form

Folate occurs naturally in food or can be added to the food. The formula
described above should be used to derive the dietary folate equivalents from
food, which takes into consideration the availability of both the food folate and
the added folic acid.

Vitamin B,,

RECOMMENDATION: The committee assumes that enough vitamin B,,
would occur naturally in the ration, if some of the protein is of animal
source and, therefore, that additional vitamin B,, is not necessary.

Background and Rationale

Vitamin B, is necessary for RBC formation, normal cell growth, and proper
folate metabolism. The RDA for men between the ages of 19 and 30 is 2.4 pg/
day vitamin B, (IOM, 1998). There is no UL for vitamin B,, (IOM, 1998). In
normal, healthy men vitamin B,, stores have been estimated as sufficient for 2
years (IOM, 1998); the risk of depletion over a few days is low. Thus, there is no
compelling reason to add B,, to the ration to supplement what would occur
naturally in food.

Biotin
RECOMMENDATION: The committee assumes that enough biotin would
occur naturally in the ration foods; therefore, additional biotin is not necessary.

Background and Rationale

Biotin is required for a number of metabolic functions related to physical
activity. It is required for the metabolism of carbohydrate (gluconeogenesis),
amino acid (leucine degradation), and fat (TCA cycle), and for fat synthesis. No
metabolic feeding studies have examined the amount of biotin required to main-
tain good status in active individuals. In addition, no studies have examined the
impact of dieting and exercise on biotin status. There is no UL for biotin.
Currently, the Al for biotin is 30 pg/day for men (I0M, 1998).

Pantothenic Acid (CoA)

RECOMMENDATION: The committee assumes that enough pantothenic
acid would occur naturally in the ration foods; therefore, additional
pantothenic acid is not necessary.
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Background and Rationale

Pantothenic acid (CoA) is required for the metabolism of carbohydrate
(gluconeogenesis and glycolysis), fat (B-oxidation, TCA cycle), and protein. No
metabolic feeding studies have examined the amount of pantothenic acid required
to maintain good status in active individuals. In addition, no studies have exam-
ined the impact of dieting and exercise on pantothenic acid status. There is no
UL for pantothenic acid. Currently, the Al for pantothenic acid is 5 mg/day for
men (IOM, 1998).

Choline

RECOMMENDATION: The committee assumes that enough choline would
occur naturally in the ration foods; therefore, additional choline is not
necessary.

Background and Rationale

Choline accelerates the synthesis and release of acetylcholine, an important
neurotransmitter involved in memory storage, muscle storage and muscle con-
trol; its deficiency is marked by changes in liver enzymes. The Al for choline is
550 mg/day for men between the ages of 19 and 30. The UL for choline is 3.5 g/day
for adults 19 years of age or older, based on fishy body odor and hypotension
(I0M, 1998).

Calcium

RECOMMENDATION: The assault ration should contain 750-850 mg of
calcium. This range is based on a factorial approach to estimating calcium
requirements and potential sweat losses during prolonged exercise, also
taking into account concerns about renal stone formation.

Background

The Al for men 19-30 years of age is 1,000 mg/day based on balance studies
to determine intakes at which there are gains in bone mineral content. The UL
for adults was established at 2,500 mg/day based on the risk of nephrolithiasis
(formation of renal stones) (IOM, 1997a).

Intestinal absorption of calcium is enhanced at low levels of calcium intake
(approximately 300 mg) due to an active transport process in the proximal small
intestine, resulting in an increased fractional absorption of calcium (Ireland and
Fordtran, 1973). Absorption of additional calcium from higher intakes occurs via
passive cell-mediated diffusion not requiring the action of 1,25-dihydroxyvitamin
D, (calcitriol).
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Calcium requirements in the field are based on a number of factors that
affect its absorption as well as its excretion via urine and sweat. Sweat losses
may be appreciable given the expected level of energy expenditure and possible
environmental heat. In addition, renal stone formation has been reported in troops
deployed to the Middle East (personal communication, C. Koenig, USARIEM,
November 19, 2004). Therefore, the major concerns considered in deriving the
recommended range for calcium in the assault ration are sweat losses and the
prevention of renal stone formation.

Rationale for Levels of Calcium

Effect of Energy Expenditure on Calcium Absorption and Excretion. Some
evidence is available that indicates the fractional rates of calcium absorption are
slightly higher in response to aerobic exercise in endurance trained athletes than
in the untrained (Zittermann et al., 2002). In spite of this increase, however,
markers of bone collagen formation were decreased in that study. Other studies
have shown a slight but significant increase in 24-hour renal calcium excretion
in trained young men compared to matched untrained control subjects (Zittermann
et al., 2000) who also had higher calcium absorption rates as well as plasma
calcitriol levels. Thus, it appears that endurance exercise at levels less than that
expected in the soldier during active assault periods may result in both increased
calcium absorption and increased urinary calcium excretion and decreased bone
formation. These studies did not evaluate the extent of increased losses of calcium
via sweat due to the high energy level expended.

Effect of Calcium Lost via Sweat. Calcium concentration of sweat in soldiers
has been measured (Armstrong et al., 1992). Sweat calcium concentration declines
as the volume of sweat increases. Intermittent exercise over 6 hours at 30°C
resulted in a lower concentration of calcium in sweat with higher volumes of
sweat, decreasing from 250 mg/L at a sweat rate of 0.37 L/hour to 70 mg/L at a
rate of 0.62 L/hour (Armstrong et al., 1992).

Methodological problems may, in part, be responsible for differences in
estimated calcium losses via sweat in the few available studies (Consolazio et
al., 1966; Shirreffs and Maughan, 1997). Additionally, urinary calcium excretion
in response to changes in sweat volume declines (Armstrong et al., 1992; Bullen
et al., 1999). Unfortunately, compensatory changes in calcium absorption have
not been estimated. For soldiers who are assumed to be sweating due to heavy
prolonged exercise in hot, humid climates, it is important to ensure adequate
calcium intakes to replace these potential calcium losses.

Effect of Sodium Intake. High sodium chloride intake has been shown to
result in increased urinary excretion of calcium in hypertensive individuals (Kurtz
et al., 1987). Quantitatively, 100 mmol (2,300 mg) of sodium as sodium chloride
increased urinary calcium excretion by 1 mmol (40 mg) in postmenopausal
women (Nordin and Polley, 1987). While this appears to occur at moderate and
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high calcium intakes, it is not evident at lower calcium intakes (less than
300 mg/day), possibly due to modulation by parathyroid hormone (Dawson-
Hughes et al., 1996).

Based on the results of Nordin and Polley (1987), the potential increased
loss (i.e., 80-240 mg/day) due to the high sodium content of the diet (4—12 g)
will not be considered in setting the minimum amount of calcium for the assault
ration for the following reasons:

* increased urinary losses will be balanced to some extent by increased
fractional absorption of calcium due to the higher level of physical
activity expected (see above); and

* there is concern about the increased risk of hypercalciuria and renal stones
when fluid restriction is combined with a comparatively high amount of
dietary calcium, such as the daily median dietary intake for calcium for
young men in the United States (954 mg; IOM, 1997a). Although it might
appear to be sensible and without adverse consequences to provide this
level when the recommended daily level of sodium (AI = 1,000 mg;
IOM, 1997a) is also close to the median intake of sodium, under conditions
of fluid restriction the potential for adverse effects cannot be overlooked.

Effect of Dietary Protein Level. Although increased dietary protein intake
increases calcium excretion (Linkswiler et al., 1981; Margen et al., 1974; Walker
and Linkswiler, 1972), this effect of protein is due in part to the content of sulfur
amino acids and it was demonstrated at protein intake levels higher than the
range recommended for the assault ration (100-120 g/day). Also, more recent
research suggests that the calciuretic effect of protein is partly explained by
increased calcium absorption, and that calciuretic effects are considerably
modified by long-term adaptation (Dawson-Hughes et al., 2004; Kerstetter et al.,
2005). Thus, this potential effect will not be considered further in establishing a
range for the assault ration.

Effect of Calcium Intake on Fat Oxidation. Recent studies evaluating the
effect of consumption of dairy products and weight loss have implicated calcium
in enhancing whole-body fat oxidation (Davies et al., 2000, Melanson et al.,
2003; Zemel et al., 2000) while other studies have not (Jacobsen et al., 2005)
except only for fecal fat excretion. This is an area of recent interest and little has
been well established; however, given the concern with maintaining body weight
to the extent possible while in combat missions, the potential adverse effects of
higher calcium intakes on body weight should continue to be investigated. At the
same time there is also evidence that losses in bone mass are attenuated on
hypocaloric diets when calcium intakes are relatively high (Ricci et al., 1998);
these effects should also be evaluated.

Effect of Lower Levels of Calcium Intake on Calcium Balance. A recom-
mended daily dietary intake level of approximately 800 mg/day should result in
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both passive as well as active absorption, assuming that vitamin D included in
the food packet of the ration is provided in the same food items and is at or
above 5 ug per day (IOM, 1997a).

Effect of Calcium Intake on Stone Formation. High intakes of calcium
along with possibly lower than normal urinary volumes due to water scarcity
may result in hypercalciuria and consequently renal stone formation. Based on
observations in military field hospitals in Iraq and Afghanistan (personal com-
munication, C. Koenig, USARIEM, November 19, 2004), a comparatively high
incidence of renal stone formation (urolithiasis) has been noted in soldiers in
these theaters of operation, possibly due to lower fluid consumption concomitant
with significant losses of sweat due to high environmental temperatures and a
high level of physical activity.

Renal stone formation is due to crystallization of calcium oxalate, calcium
phosphate, or both (Tiselius, 1997). Urine supersaturated with these components
enhances crystal formation and growth. The most important determinants of
supersaturation in forming calcium oxalate crystals are the presence of high
amounts of oxalate, calcium, citrate, and magnesium, and for calcium phosphate
crystals, urinary pH, high amounts of calcium, phosphate, and citrate. Citrate
inhibits growth of both types of renal stones, while magnesium inhibits growth
of calcium phosphate stones (Tiselius, 1997). Increasing urine volume to greater
than 2 L has been shown to halve stone recurrence following first idiopathic
calcium stone episodes (Borghi et al., 1996).

Renal oxalate stone formation is also enhanced with higher intakes of
oxalate, particularly in individuals who are intestinal hyperabsorbers of oxalate
(Siener et al., 2003). Endogenous synthesis of oxalate, while a factor, is not the
significant component contributing to calcium oxalate stone formation. There is
controversy regarding the contribution of both dietary oxalate and dietary
ascorbic acid to urinary oxalate (Holmes, 2000; Williams and Wandzilak, 1989).
A study by Baker and colleagues (1966) which showed about 40 percent of the
urinary oxalate is from ascorbate breakdown has been criticized because there is
question about the pH to which urine samples were exposed prior to analysis for
oxalate when estimates of breakdown rates from ascorbate to oxalate were made
(Holmes, 2000). Hepatic synthesis is estimated to be 10-20 mg/day, with esti-
mates of urinary oxalate derived from the diet via intestinal absorption varying
from 10-20 percent (de O G Mendonca et al., 2003) to 67 percent (Holmes et al.,
1995). Recent studies have shown that lower calcium diets (400 mg compared to
1,000 or 1,200 mg per day) lead to increased oxalate absorption, probably due to
the decreased amount of unabsorbable calcium-oxalate complexes formed, thus
allowing more free oxalate to be absorbed and subsequently excreted, thereby
contributing to oxalate stone formation (Borghi et al., 2002; Holmes et al., 2001).

Determination of Estimated Needs. The committee’s concern about stone
formation stems from the soldiers’” high volumes of sweat and possibly curtailed
fluid intake. Therefore, risk of stone formation is a major factor in determining
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the recommended range for calcium. The expected loss of calcium due to signifi-
cant sweat production is also a major factor. While the AI of 1,000 mg for this
age group (IOM, 1997a) is at a level which, in normal situations, does not lead to
hypercalciuria, given the environmental temperatures in the field and the energy
expenditure expected, a lower level of calcium intake than the Al is recom-
mended. Although exercise involving weight-bearing activity itself will result in
less bone loss, the level of calcium should be as high as possible to prevent bone
resorption, given that the ration may be consumed for a total of up to 24 days in
a 30-day period. The level should be above 400 mg/day to minimize oxalate
absorption and below 1,200 mg/day to minimize the risk of stone formation.
Intake between these two levels (e.g., 800 mg/day) should provide for oxalate
binding in the gut as well as diminishing bone loss resulting from hypercalciuria
brought on by the potential level of dehydration expected in this environment. A
range of 750-850 mg of calcium is thus recommended. This level assumes a
sweat loss of 6.5 L/day in acclimatized individuals expending approximately
4,500 kcal/day under temperatures of approximately 20°C (IOM, 2004). In hotter
environments (e.g., 30°C), sweat loss is assumed to be 10.5 L/day on average
(I0OM, 2004).

While additional sweat losses of calcium with higher ambient temperatures
may result, no further increase in the calcium content of the ration is recom-
mended. In all likelihood, the total fluid intake may not increase equivalently,
resulting in increased urinary concentration and enhancing the risk of stone
formation. Under these conditions, the additional sweat will have lower concen-
trations of calcium, and less additional calcium will be lost. It is also assumed
that, due to the increased level of physical activity and any additional body
demand for calcium, fractional absorption of calcium will increase to cover some
of the additional sweat losses.

In summary, the level of 750-850 mg/day of calcium is recommended. This
level will minimize hypercalciuria while allowing for both active and passive
absorption. It also will enhance gut formation of unabsorbable calcium-oxalate
complexes in asymptomatic individuals considered oxalate hyperabsorbers.

Food Form

Most of the calcium in foods comes from dairy products. The ration will
likely have cheese spreads but not in quantities enough to meet the level of
calcium recommended. In addition, cereals and fruits have some calcium. In
order to achieve the amount of calcium recommended in the ration (750-850 mg),
ration items, such as cereals will have to be fortified with calcium; such fortified
products are already commercially available and therefore acceptability is not
anticipated to be an issue.
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Research Needs

*  While enhancements to encourage fluid intake need to be sought, additional
research is needed on the relationships between calcium, magnesium,
and phosphorus on the maintenance of bone mineral density in hot envi-
ronments resulting in significant sweating. This should include deter-
mining the appropriate levels of intake to maintain bone mineral density
while diminishing hypercalciuria to the extent possible.

Chromium

RECOMMENDATION: The committee assumes that enough chromium
would occur naturally in the ration foods; therefore, additional chromium is
not necessary.

Background

Chromium is essential because it promotes the action of insulin so that the
body can utilize fats, carbohydrates, and protein. Chromium is a potentiator of
insulin activity (Mertz, 1969, 1993; Mertz et al., 1961). It is hypothesized to
function by complexing with a low-molecular-weight chromium-binding sub-
stance that binds and activates the insulin receptor of insulin-dependant cells.

The Al for chromium is based on estimated mean intakes and is 35 ug/day
(IOM, 2001b). No UL was established due to few known serious adverse effects.
Also, evidence of deficiency in humans is limited to individuals on prolonged
total parenteral nutrition therapy. In these cases, individuals affected developed
weight loss and peripheral neuropathy that was reversed upon chromium
administration.

Rationale for Levels of Chromium

The committee does not consider it necessary to provide supplemental
chromium in the ration in spite of its possible role in potentiating the effects of
insulin. It is assumed that, because of the wide distribution of chromium in foods
(Anderson et al., 1992), food items in the ration will have enough chromium to
meet the needs of soldiers. Given the lack of reports indicating deficiencies in
individuals in the population, concerns about inadequate intake while consuming
food based diets are minimal, especially for the short terms of combat missions.
Additionally, there is no conclusive evidence that chromium supplementation
enhances performance (Clarkson, 1997; Lukaski, 2001).
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Research Needs

e Determine whether supplementation with chromium affects physical per-
formance for individuals on a hypocaloric diet under the environmental
conditions of combat missions.

Copper

RECOMMENDATION: The assault ration should contain copper at a level
in the range of 900-1,600 Lg/day based on the RDA and potential sweat
losses.

Background

Copper is a component of many metalloenzymes that act as oxidases, such
as amine oxidases, ferroxidases, and superoxidase dismutase. Due to the ubiquity
of copper, its deficiency affects many physiological functions: outcomes of
deficiency include connective tissue defects, anemia, and immune and cardiac
dysfunction. Copper deficiency in humans is rare but has been seen in premature
infants and in patients receiving parenteral nutrition (IOM, 2001b). Even in the
absence of signs and symptoms of deficiency, various immune system parameters
may be altered (Percival, 1998) if copper status is deficient. Copper toxicity,
which can also occur, results in increased lipid peroxidation and DNA damage.

The RDA is based on a factorial method and is set at 900 pg/day for men.
The factorial method takes into account the amount needed in the diet to replace
obligatory losses (i.e., losses from sweat, hair, nails). The UL level for men is
10 mg/day and is based on a level that presents no toxicity to the liver (I0OM,
2001b). Susceptibility to copper toxicity depends on numerous factors, including
the efficiency of absorption and expression of copper transport and storage pro-
teins (Bremner, 1998). The median intake and the 95th percentile of intake of
men 19-30 years old in the US is estimated to be 1,630 and 2,650 pg/day,
respectively (NHANES III; IOM, 2001b).

Rationale for Levels of Copper

There is no consistent evidence of deficient copper status in the US popula-
tion. Also, there is no strong evidence that inadequate copper intake leads to in
any chronic disease (Jacob et al., 1981). Although copper status could affect
energy metabolism based on its presence in key enzymes involved, there is no
scientific literature supporting a benefit from supplementing copper on either
cognition or physical performance.

Some evidence indicates that excess copper may have a pro-oxidant effect
through catalyzing the formation of hydroxyl groups (Bremner, 1998). A recent
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study explored the effects of a high copper diet, in which supplements of 7.0 mg/
day (compared to 1.6 mg/day) were given. After almost five months of a high-
copper diet, subjects had a lower concentrations of neutrophils (as a percentage
of total white blood cells) and a lower concentration of IL-2 receptor; in addition,
their antibody titer after influenza immunization decreased (Turnlund et al.,
2004).

A study by the military reported that under hot conditions, sweat, skin and
hair copper losses may increase several fold from the average basal amount of
250 pg/day to up to 1,600 pg/7 hour at 37.8°C (Consolazio et al., 1964). It is not
known, however, whether such high increased losses are sustained.

Given the concern about possible pro-oxidant effects of large amounts of
added copper, it is not recommended to raise the level of copper in the assault
ration above the level to replace the high obligatory losses. As mentioned above,
there are reports of higher copper losses in the heat (up to 1,600 pg/7 hr at
37.8°C). The committee concludes that these losses need to be considered and
recommends an upper limit of 1,600 pg/day in the ration. Levels above this
might result in interferences with the bioavailability of other nutrients (see Food
Form section below).

Food Form

The committee assumes that copper will occur naturally in food items of the
assault ration. Copper is a pro-oxidant and catalyzes unsaturated fat and oil
oxidation, as well as ascorbic acid oxidation; it could also interfere with bio-
availability of other minerals, such as zinc, although this has not been proven in
humans at the levels recommended here (Lonnerdal, 2000). Furthermore, this
would occur most likely only if fortification is needed, an unlikely event since
copper would be naturally present in food in sufficient amounts.

Research Needs

* Measure copper sweat losses in studies which simulate the environment
encountered by soldiers in similar types of operations (e.g., intense
physical activity, high energy expenditure, reduced caloric intake, in hot
and humid conditions) in order to evaluate the additional requirements
for copper.

Iodine

RECOMMENDATION: The assault ration should contain 150-770 ug of
iodine. This range is based on the RDA and the 95th percentile intake from
food sources.
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Background

Iodine is essential for the diet because it is a component of thyroid hormones
and therefore involved in many key biochemical reactions critical to life. Most
iodine deficiency disorders affect growth and development due to insufficient
thyroid hormones. The most severe disorders affect the developing brain. The
RDA is set at 150 pg/day for men 19-50 years of age. It was estimated from
thyroidal radio-iodine accumulation in turnover studies. The UL was established
at 1,100 pg/day based on elevated concentrations of thyroid stimulating hormone.
The median dietary intake and the 95th percentil