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2 Abstract

Food and beverage consumption of Canadian Forces soldiers in an
operational setting: Is their nutrient intake adequate?

Introduction

Despite increased metabolic demands, infantry soldiers are known to not eat
enough during military manoeuvres. We undertook this study to examine food
provided and consumed by male soldiers in the Canadian Forces in operational
environments to examine and potentially improve their nutrition.

Methods

Subjects recorded their food intakes using dietary questionnaires during two
exercises. The adequacy of dietary intake and the nutrient value of foods
offered were assessed against Dietary Reference Intakes (DRI).

Results

Soldiers did not consume enough energy, carbohydrate, fibre, folate, vitamin C,
potassium and calcium compared to operational requirements. The combat
rations provided less than the recommended DRI for some nutrients. Food
sources of nutrients were examined.

Discussion

We recommend increasing the quantity of easy-to-eat nutrient-dense foods
while decreasing sodium content. To optimize nutrition and combat readiness,
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new products rich in carbohydrate, potassium, folate and calcium need to be
added.
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3 Abregé

L’apport nutritif des aliments et des boissons consommés est-il suffisant ?
Introduction

Malgré des besoins accrus du métabolisme, on sait que les fantassins ne
mangent pas suffisamment durant les manceuvres militaires. Nous avons
entrepris cette étude afin d’évaluer la nourriture consommée au cours des
opérations par les soldats de sexe masculin des Forces canadiennes dans le
but, éventuellement, d’'améliorer I'alimentation.

Méthodes

Au cours de deux exercices, les sujets ont consigné leur consommation
quotidienne d’aliments a l'aide des questionnaires. La suffisance de I'apport
alimentaire et la valeur nutritive des aliments distribués ont été étudiées d'aprés
les rapports nutritionnels de réference (ANREF)

Résultats

Comparativement aux besoins en contexte opérationnel, I'apport en énergie,
glucides, fibres, folate, vitamine C, potassium et calcium était

insuffisant. Certains des éléments nutritifs fournis par les rations de combat
étaient de¢a de qui est recommandé en fonction des ANREF. Les sources

nutritives alimentaires ont été examinées.

Discussion
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Nous recommandons d’augmenter la quantité d'aliments faciles a manger et
riches en nutriments tout en réduisant la quantité de sodium. Afin d’optimiser la
nutrition et la préparation au combat, il faut ajouter de nouveaux produits riches
en glucides, potassium, folate et calcium.
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4 Introduction and background

On operations, the Department of National Defence (DND)/ Canadian
Forces is responsible for providing nutritious and wholesome food services to

meet the nutritional needs of healthy military men and women.

As few or no commercial food outlets are usually available to Canadian
Forces members while on exercise or deployed missions, it is important that the
Canadian Forces provide palatable nutritious food accepted by Canadian tastes
and culture in order to promote adequate intake of energy and nutrients.
Sustaining health in severe and stressful environments requires adequate
intake of macro and micronutrients to maintain stamina for combat and to fuel
the brain for cognitive performance.

Combat rations are intended to be nutritionally adequate for a period of
up to 30 days, but whether they will sustain the soldier indefinitely is
questionable. For a long time, it was assumed that a soldier would eat an entire
combat ration even under adverse conditions — especially if he was hungry.
However, if soldiers reach the point of desperation where they will eat anything,
it “may be assumed that the stage of optimum nutrition has been left far behind”
(Nindl, Friedl et al. 1997). Devising combat rations for soldiers must consider
both current and future operations with nutrition designed to optimize
operational capability. The development of a combat ration must consider the
increased metabolic demands associated with extreme environmental
conditions and heavy physical and psychological activity (Booth, Coad et al.
2003). Regardless of combat ration formulation, “a ration is no good if it is not
eaten” (Nindl, Friedl et al. 1997).

4.1 Combat Ration Program

Canadian combat rations are shelf-stable foods designed and developed
to meet military members’ physical and dietary requirements, while
incorporating Canadian cultural food preferences as well as common

preferences of the military members. As a primary alternative to a freshly
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prepared meal, combat rations are used when it is not feasible or practical to
serve fresh rations. Specific training or exercise purposes, rapid-response
emergency situations and whén over-riding practical considerations preclude
the use of fresh food necessitate using combat rations. Combat rations are
designed for healthy Canadians who do not require special therapeutic dietary
needs and are not subject to food allergies, food intolerance or food sensitivity.
The meal components offer common foods based on Canadian eating patterns
(DND, 2002).

The food components of the Combat Ration Program include Individual
Meal Packs, Light Meal Combat, arctic and tropical supplements and survival
packets. The Individual Meal Pack (IMP) is shelf-stable for three years and
identified by meal (breakfast, lunch and supper) (Figure 1). The intent of the
IMP is to provide a nutritionally adequate diet, including sufficient energy and
other nutrients for up to 30 days without supplementation with fresh rations. All
components of the IMP are prepared or require limited food preparation or
reconstitution. The retort pouch packaging of the main entrée allows eating the
contents unheated or heated in boiling water or by body heat. Eating the entire
three meals per day provides between 3600 to 4100 kcal. Macronutrient
composition ranges between 35-65 g of protein, 188-282 g of carbohydrate and
18 to 62 g of fat per complete meal (DND 2002). .

The Light Meal Combat (LMC) component supplements IMPs when
arduous activity or severe weather conditions warrant extra energy intake. The
LMCs can also substitute for IMPs for a maximum of 48 hours when the
situation precludes carrying, preparing or disposing of IMP components. The
LMC menus range between 1300 to1471 kcal with 25 to 33 g of protein, 25 to
39 g of fat and 213 to 256 g of carbohydrate per package (DND 2002).

In extreme climatic conditions, the arctic supplement or the (tropical)
ration supplement can provide additional nutrients, energy and fluids (DND
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2002). The starch jelly composition of the basic survival packet provides
emergency sustenance for two days. The air survival food ration consists of the
basic survival food packet and hot beverages for a period of three days. The
Maritime survival ration includes two jelly food packets and a fresh water ration
providing emergency sustenance for five days (DND 2002). See Figure 2 for a
conceptual image of the Combat Ration Program.
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5 Literature review

Canadian Forces soldiers endure a wide range of sustained physical
activities; forced marches, running, carrying heavy loads, crossing rugged
terrain, in combination with stressors such as sleep deprivation, high altitude-
induced hypoxia, extreme ambient temperatures, and restricted food and water
availability during operational missions (Friedl and Hoyt 1997). Military
manoeuvres induce negative energy balance because energy intake is lower
than expenditure (Ainslie, Campbeli et al. 2003). With these contributing factors,
the Canadian Forces require a feeding regimen that will accommodate combat

soldiers and remain suitable for soldiers in less rigorous conditions.

Long periods of physical activity deplete muscle glycogen (Jentjens, van
Loon et al. 2001) compounding the problem of under consumption of food by
military personnel in field environments (Jones, Jacobs et al. 1993; Nindl, Friedi
et al. 1997; Westerterp-Plantenga, Westerterp et al. 1999; Friedl, Moore et al.
2000; Kramer, Lesher et al. 2001; Booth, Coad et al. 2003; Montain and Young
2003). Thus, military forces require a practical solution encouraging adequate
consumption to optimize cognitive and physical performance.

5.1 Energy balance - the risk of underconsumption

The energy expenditure of soldiers is comparable to the energy outlay of
endurance athletes. However, the military nature of the tasks creates a unique
set of circumstances that may extend well beyond the total activity time of an
athlete (Jacobs, van Loon et al. 1989). The athlete normally knows how long
and when his or her event will be held, but for the soldier, the duration of activity
is unpredictable. The negative energy intake of soldiers on operations may
harm health indicators such as the immune system, sex hormones and bone
mineralization, where even short-term fasting can reduce physical performance
(Ainslie, Campbell et al. 2003).
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Other military studies support the negative effect of underconsumption
on performance. In a review of studies with military personnel or subjects
undergoing high energy expenditures, nearly every field training study
demonstrates inadequate energy intakes that are below a North Atlantic Treaty
Organization (NATO) panel recommendation of at least 450 g of
carbohydrate/day (Jacobs, Anderberg et al. 1983; Jacobs, van Loon et al. 1989;
Jones, Jacobs et al. 1993; Nindl, Friedl et al. 1997; Westerterp-Plantenga,
Westerterp et al. 1999; Friedl, Moore et al. 2000; Kramer, Lesher et al. 2001;
Booth, Coad et al. 2003; Montain and Young 2003). See Appendix 1 for review.
The insufficient carbohydrate intake is'hypothesized to be due to inadequate

overall food intake coupled with high-energy requirements.

Multiple and interrelated factors and stresses contribute to the
underconsumption of food in the field directly affecting soldiers’ nutritional
status. Stress is complicated and perceived differently by individuals; some
stressors are more "universal®, affecting all individuals to a greater extent,
whereas some stressors are more individually perceived. Eating is a personal
act with the perception of various stressors influencing an individual’s intake
and may cumulatively impact the entire group. There is no test or any training
devised that helps a soldier achieve the self-knowledge of his strengths and
weaknesses (Friedl, Moore et al. 2000). Knowledgeable and experienced
leadership invigilating an appropriate eating discipline reduces potential

underconsumption.

The combination of various stresses affects the food consumption of
soldiers. The many reasons contributing to underconsumption of combat
rations range from the organoleptic qualities of the food, psychological factors
and lack of time. Factors such as menu boredom, inability to work on a full
stomach, lack of water, lack of scheduled meals or time to prepare meals,
anxiety and intentional dieting play a role in reduced intake (Friedl and Hoyt
1997). Soldiers consider ration offering, ease of preparation, taste and
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perceived food value in determining what they will carry (Booth, Coad et al.
2003). Reduced food consumption can be also attributed to operational
anorexia as a generalized stress response to a severe environment, thermal
strain, hypohydration, anxiety, fatigue, aches and pain (Booth, Coad et al.
2003).

Motivation fluctuates amongst soldiers during underfeeding to an extent
that may negatively affect military performance (Montain and Young 2003).
Underfeeding also decreases vigour and increases feelings of confusion
(Booth, Coad et al. 2003) leading to detrimental effects on morale ultimately
impairing concentration and the perseverance for group functioning (Montain
and Young 2003).

Long-term underfeeding has a detrimental effect on soldiers’ physical
performance capability (Montain and Young 2003). Soldiers’ physical
performance capability as indicated by decreased muscle strength, power and
altered sex hormones is seen in long-term negative energy balance when
accompanied with weight loss (Friedl, Moore et al. 2000; Montain and Young
2003). Underconsumption reduces thermal balance, possibly due to limited
availability of an energy substrate and loss of insulation from body fat, thus
allowing more heat loss (Young, Castellani et al. 1998; Ainslie, Campbell et al.
2003). Low energy consumption — especially low carbohydrate intake — can
lead to quicker fatigue time, potentially increasing the risk of injury (Ainslie,
Campbell et al. 2003). Meeting the energy requirements for military personnel
is obviously important in achieving the aim of a mission.

5.2 Carbohydrate and performance

Since soldiers work at various exercise intensities, the metabolism of their
energy source determines the most appropriate fuel for task performance.
During exercise, glucose is the main source for energy where muscle relies

almost entirely on oxidative metabolism. Carbohydrate is used as the primary
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fuel at intensities of more than 65% VO, ma', but is used about equally with fat
at about 60-65% VO3 max. (Maughan 2003). Fat from intramuscular
triacylglycerol, biood-borne free fatty acids from adipose tissue, and glucose
from liver, blood glucose and muscle glycogen provide fuel during prolonged
exercise at intensities of less than 50% VO, max (Maughan 2003). Protein is
used when other free fatty acids and glucose are unavailable (Maughan 2003).
Restoring depleted muscle glycogen between periods of activity maintains
performance levels (Bell, McLellan et al. 2002) and is facilitated by the
increased cell membrane permeability to glucose post exercise (Jentjens, van
Loon et al. 2001).

A timely high carbohydrate intake improves or maintains performance in
- a number of studies involving military personnel and athletes (Jacobs,
Anderberg et al. 1983; Jacobs, van Loon et al. 1989; Montain, Shippee etal.
1997; Bell, McLellan et al. 2002; Booth 2003). Unlike fat, carbohydrate spares
protein and does not increase urine volume or accelerate dehydration seen in
protein utilization during early starvation (Phillips 1994). Unlike body fat, body
carbohydrate stores are limited. Adequate dietary carbohydrate intake is crucial
in maintaining a soldier's capacity to sustain heavy exercise (Friedl and Hoyt
1997). The joint position of the American College of Sports Medicine, American
Dietetic Association and Dietitians of Canada recommends that 7-8 g
carbohydrate/kg/day (for 70 kg athlete) will maintain muscle glycogén and
follow the Nutrition Recommendations for Canadians(ACSM 2000).

Consuming sufficient and successive amounts of carbohydrate and
minerals to support metabolism during prolonged work minimizes the diuresis
associated with semi-starvation diets and maintains physical performance
during several days of underfeeding (Friedl, Moore et al. 2000; Bell, McLellan et

WO, max The maximum amount of oxygen that an individual can utilize in a set period of time
(generally expressed as a volume ie L/min). It is a measurement of the upper limit of aerobic
muscle cell metabolism and is dependent on both the maximal cardiac output and the maximal
arterial-venous oxygen difference at the muscle or tissue level.
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al. 2002) . The depletion of intramuscular glycogen stores during 4.5 days of
military manoeuvres and a low carbohydrate diet can be prevented with an
intake of 3700 kcal with 64% carbohydrate (580g) (Jacobs, Anderberg et al.
1983). Endurance-exercise performance improves significantly when extra
carbohydrate is consumed at mealtime, with a pronounced effect when
carbohydrate is consumed during exercise (Friedl and Hoyt 1997). Soldiers
using a carbohydrate-electrolyte drink during extensive exercise delay fatigue.
(Chryssanthopoulos, Williams et al. 2002). Providing a carbohydrate source
late in exercise - when muscle glycogen is low - postpones fatigue associated
with low plasma glucose and is more apparent when carbohydrate is provided
early during activity (Coggan and Coyle 1987). These positive performance
results suggest that carbohydrate is easily tolerated and can be applied in an
operational setting without generating negative side effects.

Feeding a 12% carbohydrate supplement to soldiers during arduous
training improves their vigilance and mood and decreases confusion
(Lieberman, Falco et al. 2002). It is suggested that carbohydrate
supplementation increases plasma glucose levels available to the brain, thus
increasing brain activity and memory and that increased brain serotonin
contributes to regulating fatigue (Lieberman, Falco et al. 2002). Studies on the
somnolent effects of serotonin are controversial and it is hypothesized that
carbohydrate can improve centrally mediated fatigue in exercising individuals
(Lieberman, Falco et al. 2002). These studies demonstrate that carbohydrate
maintains physical performance; it also plays a role in delaying fatigue and

contributes to positive cognitive functioning.

Dehydration and low endogenous carbohydrate independently impair
endurance exercise performance and marksmanship (Tharion 1993; Montain
and Young 2003). Maintaining hydration appears to have a significant positive
impact on performance, despite expending extra energy carrying the extra
water weight (Bell, McLellan et al. 2002). Studies at Defence Research and

19/127



Development Canada (DRDC) demonstrated that commercial sport drinks
(CSD) provide a readily available source of energy and fluid to supplement the
current Light Meal Combats (LMC), providing both fluid and energy (Bell,
MclLellan et al. 2002). The high proportion of carbohydrate and added
electrolytes in a commercial sports drink could be more advantageous in certain
circumstances than the LMC because the metabolism of carbohydrate is more
important than fat at higher exercise intensities (Bell, McLellan et al. 2002) .
There are no disadvantages to drinking 4 to 8% carbohydrate solution in hot
weather and it may increase voluntary fluid intake (Burke 2001). After heavy
exercise, individuals are more likely to replenish energy by drinking fluids than
by eating solids and in a combat situation, soldiers consume whatever is
easiest to carry, prepare and ingest (Bell, McLellan et al. 2002). The evidence
suggests that mixed meals supplemented with carbohydrate drinks or foods are
important for long-term and overall glycogen status.

5.3 Adding protein to increase glycogen synthesis

Would the addition of protein to recovery drinks improve glycogen
synthesis and improve performance and recovery? Testing a carbohydrate and
protein supplement (CHO+pro) during exercise trials indicates a higher insulin
response compared to the control but is not significant at 60 minutes post
exercise and does not affect the rate of muscle glycogen synthesis during the
early post-exercise recovery period (Jentjens, van Loon et al. 2001). Nor is
there a significant difference in plasma or muscle glucose concentrations
(Jentjens, van Loon et al. 2001). There is no increase in the rate of glycogen
synthesis with a CHO + protein recovery drink, therefore excluding insulin as a
limiting factor for glycogen synthesis (Jentjens, van Loon et al. 200i). Ingesting
1.2 g/kg/hour of glucose post exercise significantly maximizes muscle glycogen
synthesis (Jentjens, van Loon et al. 2001). Adding protein to a beverage
decreases the practical application for soldiers, since more Gl discomfort is
noticed with the CHO + protein drink (Jentjens, van Loon et al. 2001). Avoiding
unnecessary protein intake makes it easier to remain adequately hydrated in
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cold environments (Friedl and Hoyt 1997). The insignificance of altered
glycogen synthesis, the Gl discomfort and hydration factors make additional
protein an unsuitable supplement in a recovery drink — but may be beneficial as
a meal enhancer.

5.4 Using fat to spare muscle glycogen

As described, lower exercise intensity uses more fat than carbohydrate as
the preferred energy substrate and potentially decreases endogenous
carbohydrate requirements, resulting in muscle glycogen sparing and
postponing muscle fatigue (Vogt, Puntschart et al. 2003). Burke et al.
investigated whether enhanced rates of fat oxidation during sub-maximal
exercise after a 5-day high fat diet persisted with high carbohydrate availability.
Despite more fat oxidation, it fails to offer a performance advantage in 30-
minute time trials (Burke, Hawley et al. 2002). Commencing exercise reverts
insulin concentrations to fasting levels and remains at low levels during trials
(Burke, Hawley et al. 2002). As no performance benefit is seen for a short-term
high fat diet, the practice of fat-adaptation strategies by endurance athletes
competing in events of 2 to 3-hour duration is not supported (Burke, Hawley et
al. 2002). Ali subjects reported headaches, lethargy and increased fatigue
during the high-fat treatment compared to the high carbohydrate diet (Burke,
Hawley et al. 2002).

Vogt et al. evaluated a long-term (5 weeks) high fat (63% fat) and a low-
fat (17% fat) diet on substrate stores in skeletal muscle, substrate selection and
performance capacity in trained endurance athletes. Hypothetically, the
mechanism of action for the observed increased fat oxidation appears to be due
to an increase in activity of carnitine acyltransferase without changes in citrate
synthase and 3-hydroxyacyl-coenzyme A dehydrogenase activities resulting in
a qualitative change in mitochondrial composition (Vogt, Puntschart et al. 2003).
The increased oxidation could also be from a mass action effect by the

increased intramyocellular lipid content of the muscle (Vogt, Puntschart et al.
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2003). Subjects’ performance results remained the same under both diet
regimens of all tested exercise intensities despite increased lipid oxidation
(Vogt, Puntschart et al. 2003).

The results of various trials confirm that muscle adapts to increase its
capacity to oxidize fat in trained subjects (Burke, Hawley et al. 2002).
Increased fat oxidation alone can not sustain intense training and leads to
decreased performance (Maughan 2003). Fat oxidation and blood glucose
oxidation are unable to support the energy requirements of moderate intensity
exercise, which requires available glycogen, thus the individual must consume
adequate carbohydrate (Maughan 2003). Body fat reserves are readily
available to meet shortfalls in dietary fat intake, whereas limited body
carbohydrate stores make adequate carbohydrate intake more critical to sustain
a soldier’'s capacity for continual heavy work (Friedl and Hoyt 1997). Military
studies show that the additional energy intake from fat has no significant effect
on carbohydrate balance, nitrogen balance or water intake and does not
increase fat oxidation. Supplementing rations with fat does not offer a
performance advantage (Montain and Young 2003).

5.5 What are the challenges of getting the soldier to eat?

Getting the soldier to eat adequately, especially enough carbohydrate,
can be challenging. Despite the obvious differences, energy requirements do
not vary greatly when comparing extreme heat or cold environments. The same
difficulty of getting enough food into a soldier is encountered in both climates.
Energy requirements do not decline in the heat, and sweating may increase
requirements over those of thermoneutral environments (Friedl and Hoyt 1997).
It is important to counter heat-induced anorexic effects by increasing soldiers’
energy intakes in hot environments (Friédl and Hoyt 1997). Energy
requirements are estimated to be 4300 kcal/day in the arctic, (Jones, Jacobs et
al. 1993) but decreased fluid water availability decreases total food energy
eaten. Decreased physical performance occurs even with short-term fasting in
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both hot and cold climes (Edwards and Roberts 1991; Ainslie, Campbell et al.
2003), thus presenting another factor to overcome.

Measuring combat ration adequacy in the past was based on whether or
not it maintained body weight (Friedl and Hoyt 1997). Now, militaries are asking
for a performance edge and to get the best value for the unit energy provided.
The reasons contributing to underconsumption include monotony and repetition
of the ration itself (Kramer, Lesher et al. 2001). The environmental
temperature, meal schedules, biological rhythm and the eating situation
(Shukitt-Hale, Askew et al. 1997) are also difficult aspects to control in field
settings, but must be considered when examining overall consumption and
nutritional status.

Military leaders must emphasize the total performance and nutritional
significance attributed to ration éonsumption by reflecting this in military feeding
policy and attitudes. Commanders need to understand that operational
anorexia or reduced consumption can be a stress response to an extreme
environment, hypohydration, anxiety, fatigue or climatic adaptation (Booth,
Coad et al. 2003). With improved feeding policies, doctrine and nutrition
education, commanders and personnel can improve their understanding for
carbohydrate requirements before and during deployment. Soldiers who
consciously eat all their food — thus practicing good food discipline - are more
likely to sustain physical performance than those eating only a portion of their
food (Bell, McLellan et al. 2002).

5.6 Food Intake Survey Techniques

Food intake methodology has many limitations partly, due to logistics in
an operational environment. Dietary intake determination is challenging, and no
“ideal” methods have been reported. A method providing the most accuracy
given the constraints of an operational environment is best. The practical
burden on the respondent and resources for analyses, validity and reliability of
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the methodology are key factors for choosing the most appropriate method
(Woteki 1992). Possible methods for estimating group intakes include the food
frequency questionnaire, 24-hour dietary recall, retrospective diet histories, food
intake diaries, direct observation and wéighed records (Hill and Davies 2001).
The food frequency questionnaire lacks accuracy because it is limited in its
ability to provide quantitative data for nutrient intake (Chu, Kolonel et al. 1984).
For groups, the 24-hour recall method is accurate and reproducible but requires
multiple-day information to determine usual individual intake (Woteki 1992; Hill
and Davies 2001) . Repeating the recalls augments precision, however, the risk
of error due to over- or under-reporting by the subjects remains (Bingham
1991). In studies with military personnel, soldiers tend to under-report energy
intake when fresh food is extra to combat rations. There does not appear to be
under-reporting if there are limited rations (i.e. as much as a soldier can carry
including personal food) (Hill and Davies 2001). False conclusions may be
based on inaccurate reporting, so recommendations must be approached with
caution. Including methods such as direct observation and recording food
weights can provide more accuracy than from recalls alone (Barrett-Connor
1991).

Doubly (isotopically) labelled water experiments are considered a reliable
method to validate the energy component of dietary assessment (Bingham
1991). It assesses energy expenditure and if body fat does not change then this
serves as an indicator for energy intake. Jones et al. confirmed under-reporting
of energy intake with doubly labelled water with Canadian Forces soldiers in the
arctic when supplemented with fresh rations (Jones, Jacobs et al. 1993). Other
studies with controlled rations reported good agreement between energy intake
and energy expenditure (Forbes-Ewan, Morrissey et al. 1989; Hoyt, Jones et al.
1991). Jacobs et al. used a weighed waste bag method to determine food
intake. This modified “tray-return” method accounts for food consumption by
having soldiers dispose of all uneaten food and packaging in a coded bag and

then weighed (Jacobs, van Loon et al. 1989). The energy intake results
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compared favourably to estimates of energy expenditure by direct measure of
O, consumption. An Australian 12-day jungle study also used the waste bag
method and corroborated results with energy expenditure determined by doubly
labelled water (Booth, Coad et al. 2003).

Using pre-coded, self-reported questionnaires to determine intake of
combat rations is considered to be a “reasonably accurate method of collecting
intake data because military ration items are individually packaged, single
serving-sized pouches or bars” (Marriott 1995). The data collected from specific
days of combat ration consumption reflect the exact nature and quantity of
individual foods consumed but do not account for intra-individual variations due
to day of week or season (Marriott 1995). This is likely not problematic, as the
working days of operational soldiers eating combat rations are not punctuated
with weekend routines and expanded menu offerings. In studies done in the
United States, researchers recommended that soldiers should be eating combat
" rations for 10 days before evaluating if they will eat more of one type of combat
ration than another (Marriott 1995) .

5.7 Nutrient intake assessment of groups

To determine the nutrient adequacy, nutrient intakes are compared with
dietary guidelines. The Dietary Reference Intakes (DRI) are used to assess
dietary adequacy of healthy groups by the probability approach or the
Estimated Average Requirement (EAR) cut-point method (Institute of Medicine
2000a) . The EAR is defined as “the average daily nutrient intake level
estimated to meet the requirement of half the healthy individuals in a particular
life stage and gender group” (Institute of Medicine 2000a). This study uses the
EAR values for carbohydrate, protein, iron, vitamin A, vitamin C and folate. Al
values are used for fibre, calcium anq potassium. Mean intakes of groups are
compared to the Adequate Intake (Al) defined as “a recommended intake value
based on observed or experimentally determined approximations or estimates

of nutrient intake by a group of apparently healthy people that are assumed to
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be adequate — used when a (Recommended Daily Allowance) RDA cannot be
determined” (Institute of Medicine 2000a). If the mean intake of the healthy
group is greater than the Al, then the assumption of low prevalence of
inadequacy can be made. If the mean intake is lower than the Al value, it is not
appropriate to assume the extent of intake inadequacy (Institute of Medicine
2000a). The US Department of Defence uses dietary reference standards to
plan menus and assess whether provision of “fortified foods, nutrient
supplement, or special food products are needed in operational conditions” to
emphasize performance enhancement rather than to prevent deficiencies
(Institute of Medicine 2000a).

The tolerable upper intake level (UL) is the highest level of chronic daily
nutrient intake unlikely to cause a risk of adverse health effect to aimost all
individuals which can be tolerated biologically (Institute of Medicine 2003).
When planning diets, the UL should not be exceeded in order to minimize
adverse effects. By planning a menu with a nutrient density that is adequate for
a sub-group with the highest needs — such as the infantry - it is possible that a
substantial proportion of some of the other subgroups will consume diets that
exceed the UL (Institute of Medicine 2003). Knowing how much of the offered
food is actually consumed, and the resulting distribution of nutrient intakes,
allows planning for desired distribution of usual intake (Institute of Medicine
2003). The strenuous nature of soldiers’ work makes sodium most relevant in

this study.

5.8 The way ahead

Canadian Forces personnel require adequate nutrients plus an efficient
and reliable energy source for optimal military performancé during extreme
conditions and high exercise intensity. [n the literature reviewed, adding protein
or consuming a high fat diet has not demonstrated any performance,
physiological or psychological advantages. Complaints of gastrointestinal
upset, mood disturbance and general unease have been reported with
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increased proportions of protein and fat. In the absence of positive effects,
increasing protein and fat intake is not warranted in military operations.

The evidence presented indicates that a diet high in carbohydrate is best
able to meet the demands for blood glucose and muscle glycogen
replenishment, as meals and as carbohydrate supplementation with food and
drinks. A high carbohydrate diet for a soldier comprises 50 to 60% of an
estimated energy requirement of 4000 kcal, as carbohydrate is 500 g to 600 g
and meets the minimum recommended carbohydrate intake of 450 g (Nindl,
Friedl et al. 1997). It also agrees with other suggested intakes of 7to 8 g
carbohydrate/kg body weight/day and Jacobs findings of 580 g
carbohydrate/day (Jacobs, Anderberg et al. 1983; ACSM 2000). Based on this
research, soldiers undergoing strenuous activity need to consume
approximately 500 g of carbohydrate/day as a minimal threshold amount to
maintain blood glucose levels. Ideally, this is coupled with consuming ~4000+
kcal of energy a day.

Carbohydrate supplementation is suitable for high intensity exercise with
no disadvantage at lower intensities. Maintaining adequate blood glucose levels
demonstrates positive physical and cognitive performance advantages. In
addition, accepted foods supplemented with a commercial sports drink can

meet practical applications.
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6 Rationale

6.1 Research rationale

The energy expenditure of an operational soldier compares to an
endurance athlete, so maintaining muscle glycogen and appropriate blood
glucose levels to optimize military relevant tasks is important.
Underconsumption in the field compounds this problem and creates a greater
challenge of finding practical and convenient ways to encourage adequate
energy intakes. .

There are multiple risks - such as decreased performance, thermal
balance deregulation, fatigue and impaired vigilance - when soldiers do not eat
enough. Therefore, optimizing carbohydrate as a fuel choice provides the best
metabolic insurance in maintaining glucose availability to active muscles and
the capability of enduring sustained operations. Carbohydrate’s protein-sparing
ability decreases muscle breakdown and allows ingested protein to be used for
muscle growth and repair (Phillips 1994). Ensuring adequate and regular
access to high carbohydrate foods provides a reliable energy source to carry
out the soldiers’ mission.

The fast changing geopolitical situation may increasingly require the
Canadian Forces to react and deploy quickly with a greater reliance on the full
range of combat rations to deliver food services to our troops (DND 2003). To
meet the operational requirements and stressors, soldiers need access to
adequate nutrition. The Canadian Forces requires Canadian-specific data to
validate the composition and consumption of combat rations. There are no

known military studies that compare dietary intake with menu offerings.
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6.2 Specific aim

The purpose of the study is to determine the intakes of macronutrients

and micronutrients of Canadian Forces soldiers when consuming combat

rations on operations. The study is designed to compare combat ration intake

of soldiers against combat ration menu offerings and Dietary Reference Intakes

(DRIs) to determine nutritional adequacy.

6.3 Research objectives

The purposes of the study are to:

a.

determine what food, beverages and supplements Canadian Forces
members are consuming on exercise or deployed operations;
analyze the intakes of macro- and micronutrients of Canadian Forces
soldiers when consuming combat rations;

analyze the macro- and micronutrients of the foods discarded before
subjects go on operations;

compare food, beverage and personal food intake against combat
ration menu offerings provided by DND;

compare nutrient intake between subjects who consume personal
foods and those who do not;

compare intake of macro- and micronutrients to recommended
nutrient intakes for operational environments;

validate food consumption survey data with sub-study of “waste-bag”
method; and,

report pre-manoeuvre body weights, heights and waist

circumference.

In addition the study will:

a.
b.

identify foods that are accepted, rejected and preferred, and
identify foods that are brought from “home” as personal foods.
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6.4 Significance

The findings will be a basis on which to recommend food service policy and
menu standard changes in the Canadian Forces to promote the most nutritious
intake of combat rations for operational performance. Optimized consumption
may result in better nutrition for soldiers, thus increasing their mission
readiness.
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7 Subjects and methods

7.1 Ethics

Approval of ethics by boards from McGill University and the Department of
National Defence were received prior to starting the study. It is recognized that
the military is a captive audience and special efforts to disassociate soldiers’
participation from their duty requirements were made very clear. Written
consent from all subjects was obtained (Appendix 2 and 3). McGill University
Ethic’s form is found in Appendix 4. The Department of National Defence’s
ethics approval is found in Appendix 5.

7.2 Subject recruitment

Soldiers and officers (of 2 Royal Canadian Regiment and 3 Princess
Patricia Light Infantry) were briefed about the study and provided detailed
instructions on how to participate. The soldiers’ military status and active duty
dictates their participation on a training exercise or operation. Military
personnel were asked to participate in the study; however, it was made very

clear that there was no institutional pressure to participate.

Inclusion criteria: Male soldiers who were operational, eating combat rations

and taking part in operational rotations during the study period were included as
potential subjects. Soldiers who are medically unfit were not permitted to
deploy to the field, therefore enabling eligibility of all operational soldiers.

Exclusion criteria: Female soldiers were not included in this study since the low

numbers in the CF (12.1%) and even lower numbers in combat arms units (1-
8% depending on military occupation code) do not allow a significant
representation with enough statistical power (DND 2004). One female infantry

soldier participated in Exercise Narwhal but she was not included in the study.
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7.3 Study design

This study was done in two parts - first, a pre-test in Wainright, Alberta
and second, the larger study as part of Exercise Narwhal in Pangnirtung
Nunavut. In both scenarios, male infantry soldiers were part of a military
exercise during the data collection
The protocol included;

a pre-test during a military exercise;

evaluating 24 hr food records;

observing food waste in a stationary setting (base camp);
recording discarded food prior to exercise activity; and

® a o T o

calculating nutrient intake from food records.

in both settings, military subjects were surveyed about the foods, beverages
and supplements they consumed during an operational setting. Feeding was
provided from combat rations. A food intake questionnaire (Appendix 6) was
used to record food consumption over the evaluation periods.

7.3.1 Pre-test setting

The pre-test was performed from 7 to 11 June 2004 in the Canadian
Forces training area of Wainright, Alberta. The military exercise involved
section attacks and field craft training. The weather was mild and sunny with
temperatures around 20° C for 7 to 9 June and rainy with temperatures around
10C for 10 and 11 June. Soldiers lived in austere conditions, sleeping outdoors
without tents and travelling on foot. All the soldiers’ essential equipment for
survival and performance of military tasks were carried in rucksacks weighing
between 32 and 62 kg.

7.3.2 Pre-test design

The pre-test validated the study protocol and the reliability of self-
reporting of a food intake questionnaire. Feasibility of the study was determined
by evaluating logistical aspects, volunteer rates and time estimations. Two
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validation exercises to determine reliability and variability were completed and
are explained below. The pre-test ensured completeness and ease of use for
the self-reported questionnaire. Completed questionnaires were quantified for
dietary intake and calculated for nutrients. A food intake questionnaire recorded
either one or two 24-hr periods of food consumption.

Soldiers (n=72) were assigned to one of three groups depending on their
Company/Platoon.

1. All subjects from A Company (n= 46) were to eat only the combat
rations and not to supplement with other foods brought from home. This main
group was subdivided into 2 groups to:
a. determine within person variability: A Company 3 Platoon (n=26)
was given (2) 24-hour self-reported food intake questionnaires for
a total 2-day intake survey; and

b. validate self-reported intakes: A Company, Platoons 1 and 2
(n=20) disposed of all their uneaten food and packaging waste in
labelled bags for comparison to their 24-hour self-reported
intakes.

2. The 26 subjects from C Company were given a 24-hour food

intake questionnaire. This group was permitted to eat personal foods

(Figure 3).

7.3.3 Waste bag measurement

To determine the validity of the self-reporting, researchers matched
items in the labelled garbage bags with the responses in the questionnaire. Un-
eaten food from combat rations was weighed using a “Mettler* PE 6000 digital
scale. The scale was calibrated with 3 kg of known weights from Quality
Engineering and Test Equipment (QETE) and certified for limited use to £0.2 g.
(Appendix 7)
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Reported intakes in the questionnaires were verified for agreement by
using a chi-square test. There was no significant difference between reported
food intakes and waste bag records (Appendix 5).

7.3.4 Exercise Narwhal setting

To situate the environment, Exercise Narwhal was a joint sovereignty
exercise including the Army, Air Force and Navy and took place in Pangnirtung,
Nunavut from 17-28 August 2004. As part of the scenario, troops searched for
and collected fake debris from a failed foreign satellite launch, as well as

escorted a fictional unauthorized foreign vessel from Canada's northern waters.

Over 250 military personnel, civilian researchers and media lived in the
local elementary school for the exercise. For the purposes of the combat ration

study, only personnel attached to the Army were included.

The food intake evaluation period was from 25 to 28 August 2004. The
infantry performed operational rotations with full rucksacks and weapons. This
essential gear weighed between 32 and 62 kg. Soldiers were on foot in the
tundra with limited support from all-terrain vehicles operated by Canadian
Forces Rangers. Foot travel was estimated at 5 to10 km in the mountainous
region. The weather was cold and snowy in the mountains on 25 August with a
low of -8°C and a high of 5°C. The 26-28 August period was cool and clear
with temperatures from just under freezing to a high of 7°C. Soldiers slept on
the tundra in bivy bags. As part of the exercise, some soldiers were required to
board the HMCS Montreal on (Friday 27 Aug 04) and did consume fresh rations

for one meal.

7.3.5 Main study - Exercise Narwhal

Military subjects (n=72) were surveyed about the foods, beverages and
personal foods they consumed while deployed to the field. Subjects were

assigned study numbers and were given two 24-hour food intake
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questionnaires to complete (for a total two-day intake survey). The 24-hour
period was determined to start with the first meal the soldier ate while out in the
field. Subjects were free to supplement with foods outside the combat rations
provisions if they wished. They were instructed to include them in their
consumption reporting. During the evaluation period no additional fresh
supplementation was brought in. At this time, soldiers did not have access to
the local ecoriomy of Pangnirtung.

7.3.6 Discarding combat rations

Soldiers were given 48 hours of combat rations the night prior to
deploying to the field. The practice of “stripping rations” or discarding combat
rations before packing them into rucksacks is done to lighten the infantryman's
load and to exclude foods that he does not think he needs or will eat. The
subjects put their discarded “stripped rations” into labelled bags so that
“botentia| nutrients” not taken with them could be calculated. Researchers
counted and logged the items by study number for input into CANDAT for
nutrient analysis.

When a discarded main course or dessert was not recorded by type or
name when logging information, the default was Meatballs in Gravy and
Strawberry Rhubarb Compote. These selections were chosen because they
represent the closest selection of a mean nutrient value for a combat ration
menu choice. This occurred in 8 instances for the main meal and 90 times for
the fruit desserts.

7.4 Anthropometric measurements

Anthropometric measurements included height, weight and waist
circumference. The anthropometric measurements were used to assess Body
Mass Index (BMI) and provide a value from which to estimate energy needé.
All soldiers were measured in sock feet, T-shirt and combat pants.
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In the pre-test, measurements were taken one day prior to the exercise
in accordance with weight and height measurement protocol (Appendix 9) by a
trained CF medical assistant using a Health-o-Meter balance beam scale,
| stadiometer (Boca /Raton, Florida) and a non-stretch tape measure.

For Exercise Narwhal, the measurements were taken upon return from
the exercise. The measures were done in accordance with weight and height
measurement protocol by a trained Canadian Forces medical assistant and two
dietitians using a wall measure for height with a removable headpiece, a SECA
812 digital scale (Hamburg, Germany) and a non-stretch tape measure. The
scale was verified to manufacturer’s tolerance against known weights at the CF
Quality Engineering and Test Establishment (QETE).

Because the exercises were of a short duration, there likely was no fat or
fat free-mass loss and any weight loss could be attributed to a change in
hydration status. Thus, weighing subjects before or after the exercise would not
make a difference in their normal body weights. It was not possible to obtain

weight measures just before and just after the exercise in either setting.

7.5 Dietary intake measurement methods

The survey tool was a self-reported questionnaire with close-ended
direct questions based upon menu iterﬁs. Open-ended entries for additional
foods, beverages and foods brought from home or outside of the combat ration
provision (i.e. granola and energy bars, protein powders, sports drinks,
vitamins) and water were included. Figure 4 provides an example of a page in
the questionnaire.

All items in the combat rations are packaged with determined weights.
This approximates weighed food records and “provides a solid basis for nutrient
assessments” (Institute of Medicine 2000a). Subjects were instructed to
complete the food intake questionnaire with respect to the type and to estimate
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the percentage quantity of combat rations items they consumed and to record
all food eaten during the 24-hour periods.

7.6 Quantification of dietary intake

The survey tool was a self-reported questionnaire with close-ended
direct questions based upon menu items. Open-ended entries for additional
foods, beverage and supplements brought from home or outside of the combat
ration provision (i.e. granola and energy bars, protein powders, sports drinks,
vitamins) and water were included. All foods included in the combat ration
packs were coded and entered in S.l. measurements (metric weights) into the
CANDAT v.5 nutrient analysis program (Godin London Inc 1985-2000). Dietary
analysis was performed using the CANDAT database. The nutrient analysis of
foods specific to combat rations was added to the CANDAT database. The
nutrient analyses of these combat ration-specific foods were either laboratory
analyses for chemical composition or nutrient calculations the manufacturer
provided. Where nutrients were missing, such as for folate, inferences were
made using the Canadian Nutrient File. Commercially or commonly available
foods were analyzed using the Canadian Nutrient File. When the actual main
course meal was not indicated, in 2 cases in the questionnaire, and 8 cases in
the discarded or “stripped” items, a default mean of Meatballs and Gravy was
used as this meal was closest to the average nutrient values of the main meals
offered. Strawberry Rhubarb Compote was used as the default dessert in 1
instance when dessert was not indicated in the questionnaire. This fruit dessert
was used 90 times as the default dessert in the discarded rations, as the name

of the dessert was not recorded in the logging.

Some conversions were required in order to compare vitamin A intakes
to DRI requirements. Current nutrition labels still contain international units (1U)
rather than being harmonized with the DRI measurement of retinol activity
equivalents (RAE). To determine the RAE content of foods, 1Us were converted

as follows. First, the vitamin A source was determined to be of vegetable or

371127



animal origin. If the vitamin A source was of vegetable origin, the IU was
divided by 20 to convert to RAE mcg. Animal origin vitamin A activity is
contributed by retinol; therefore the RAE mcg is calculated by dividing the U by
3.3. For mixed sources of vitamin A, the ratio of animal and vegetable source
was determined, the RAE calculated for each source and then added together
(USDA 2004).

DND provided a nutrient analysis of the combat rations for whole meals
(Appendix 10). These tables were not used, as they do not list individual food
composition. They use complete meals (everything in the package), which are
homogenized and subsequently analyzed as one unit offering. The CANDAT
database using the Canadian Nutrient file was used for comparison to soldier
intake, because it was necessary to have data on individual foods and not
whole meals as some soldiers only ate a portion of the complete meal.

7.6.1 Measurements

We calculated the nutrient intake per day for the following nutrients:
energy kcal;

protéin g;

fat g;

carbohydrate g;

fibre g;

vitamin A RAE mcg;

vitamin C mg;

T@ ™~ 0o a0 T o

calcium mg;

iron mg; and
j. folate /IDFE mcg.

7.6.2 Energy requirements

Using activity recalls estimating metabolic equivalents (METs) in order to
convert to a physical activity level (PAL) in the total energy expenditure (TEE)

equation resulted in implausible energy requirements. The TEE equation used
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by the Institute of Medicine is not compatible in estimating metabolic
equivalents (METs) and converting to a PAL in active soldiers. The estimated
energy requirements for this study were derived from the mean of doubly
labelled water studies with particular attention given to the Canadian Forces
arctic study by Hoyt and Jones (Hoyt, Jones et al. 1991). (See Appendix 1 as
described in Literature Review).

7.6.3 Nutrient requirements and adequacy

The DRI values were used to assess adequacy of various intakes. Using
the Estimated Energy Requirement (EER) of 4400 kcal/day/soldier, the
macronutrient recommendations were based on the DRIs Acceptable
Macronutrient Distribution Range (AMDR). The Acceptable Macronutrient
Distribution Ranges (AMDRs) for adults are 45 to 65% carbohydrate, 10 to 35%
protein and 20 to 35% fat (Institute of Medicine 2002) (Institute of Medicine
2003). The reference weight of 80 kg for a soldier established requirements for
iron.

Estimated average requirement (EAR)s for carbohydrate, protein, iron,
vitamin A, vitamin C and folate were used to establish cut-points and determine
the percentage of SUbjects at risk for inadequate intake. The Al levels were
used for fibre, calcium and potassium to assess the risk on inadequacy where
possible. The UL was used to determine the risk of overconsumption for
sodium. All the reference values are listed in Tables 1, 2 and 3.

7.7 Statistical analysis

CANDAT files and food intake questionnaire results were exported to the
SAS Statistical Analysis v 8.02, 2001 program (Cary NC) via Microsoft Excel
(Program).. Descriptive statistics include means, medians and standard
deviations. Student’s {-tests were used to compare mean intakes between the
combat ration only group and the combat ration and personal foods group.
Significance was set at p<0.05.
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To evaluate the adequacy of the diet using the cut-point method with EARs,
statistical adjustments were performed to estimate the distribution of usual
intakes after eliminating the effect of within-subject variability. The nutrient
intake data were transformed, adjusted and then back-transformed on SAS v.
8.2 to estimate the between-person and within-person and total standard
deviations for the group data. The adjusted distribution of intakes was then
used to analyze and compare nutrient intakes at the group level to the Dietary
Reference Intakes (DRI) (Institute of Medicine 2003). A chi-square test was
used to determine agreement between waste-bag findings and reported
questionnaire dietary intakes.
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8 Results

“The results section will highlight response rates, anthropometric data, and
macronutrient and vitamin and mineral intakes of the two study groups. Two
similar study sites were chosen; the first in Wainright, Alberta and the second in
Pangringtung, Nunavut.

The main study, Exercise Narwhal, was a large-scale sovereignty exercise
in Canada’s arctic during the summer. Because of the remote location of the
main study, difficult logistics and a compressed time line, the researchers
wanted to ensure that all methodology and logistics had been carefully
considered. Therefore, a pre-test was first conducted to validate methods and
to ensure reliability and consistency in patterns. The sites were similar because
they involved infantry training exercises where the subjects lived outdoors in
temperate weather and were on foot.

At the first site in Wainright, subjects ate combat rations during the pre-test.
They ate the Individual Meal Packs (IMP) and did not have access to the Light
Meal Combat (LMC). Subjects, in A Company, were instructed not to bring any
personal food with them. At the second site, Exercise Narwhal, subjects ate

IMPs and LMCs and were free to consume personal foods.

Exercise Narwhal's results are examined. Then, a comparison between
Exercise Narwhal and the pre-test are reviewed. Finally, the two studies are
combined and discussed.

8.1 Respondents

The subjects were all healthy active male soldiers who ranged in age from
18 to 42 with a mean age of 26 years. The response rates of the pre-test and
Exercise Narwhal are described below in Figures 5 and 6. Both the pre-test
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studies and Exercise Narwhal had final response rates of 69 and 92%
respectively, with few dropouts.

8.1.1 Pre-test response rates

In Wainright, 72 soldiers initially participated in the pre-test study
resulting in a volunteer rate of 95%. Questionnaires from 50 participants were
collected for a completion rate of 69%. Even though there were no dropouts,
22 questionnaires were not retrieved due to the intense operations at the end of
the-exercise.  The weather had turned rainy and cold and the pace of final
operations was rapid and demanding. As a result, some questionnaires were
lost (Figure 5).

8.1.2 Respondents Exercise Narwhal

In Pangringtung, 78 soldiers initially participated in the study for a
volunteer rate of 63%. Questionnaires from 72 subjects were collected for a
response rate of 92%. There were 3 dropouts in the study as the participants
cited they did not fhink they were appropriate subjects since they remained in
garrison (base camp) during the study and would not be as active. Three other
questionnaires were not returned, as the participants were only accessible by
helicopter (Figure 6).

8.2 Anthropometric data

Anthropometric data, such as height, weight and waist circumference can
be used as a starting point for general standards and specific requirements,
such as determining estimated energy requirements or body fatness. Subjects’
measurements for height, weight and waist circumference were examined.

Body mass index (BMI=body weight in kg/height in m?) and waist
circumference are good indicators for health risks due to overweight and
obesity in a normal population. The physical demands of a soldier make them
akin to athletes with greater muscle masé and their BMI may be high even
though body fat is not excessive (Witt and Bush 2005). The anthropometric
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. characteristics from the 50 pre-test subjects (Table 4) and 72 Exercise Narwhal
subjects (Table 5) were similar for age, height, weight, waist circumference and
BMI. These subjects were healthy, robust young men.

The combination of a BMI 225 and abdominal circumferences 2 94 ¢cm (in
men) is associated with being overweight and poses greater risk for adverse
health (WHO 2000; Zhu, Wang et al. 2002) . The above criteria from the World
Health Organization indicate that 20% of Exercise Narwhal subjects were
overweight even though 61% of Exercise Narwhal's subjects had a BMIz 25.
Only 8% of the pre-test subjects fit the criteria of an abdominal circumference
294 cm and BMI 225. Using Canadian references for body weight classification
indicates that 5.5% of Exercise Narwhal and 6% of the Pre-test subjects had
waist circumferences >102cm and a BMI >30 (Health Canada. 2003) (Table
60). For future studies, other clinical measures such as skin fold tests or
bioelectric impedance measurements may help in identifying the prevalence of
excess body fat and whether overweight is a problem with infantry soldiers.

8.3 Exercise Narwhal nutrient intakes

Sixty-six percent of subjects included personal foods in their dietary intake
during Exercise Narwha! and 24% did not. Table 1 describes the nutrient
intakes of those two subgroups of subjects during'Exercise Narwhal. The first
group (n=48) of subjects ate combat rations and personal foods (CR+PF
group). The combat rations consisted of Individual Meal Packs (IMP) and the
Light Meal Combat (LMC). Personal foods could include any foods outside the
combat menu offerings, such as snack items from home or foods bought on the
local economy. All subjects were free to bring personal foods. The intake of
nutrients derived from personal foods, combat rations and then totals of the two
are separately categorized on the left side of Table 1.
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The second subgroup (CR group) of subjects (n=24) ate only combat
rations and chose not to consume any personal foods even though they were
free do so. The midsection of Table 1 details the nutrient intakes.

The dietary reference intakes (DRI), energy estimates and nutrient
composition of the total menu offerings are listed on the far right of Table 1.

8.3.1 Macronutrients

Soldiers involved in Exercise Narwhal performed operational rotations on
foot with full rucksacks and weapons, resulting in an estimated energy
expenditure of about 4400 kcal. Energy intake for both the combat ration and
personal food (CR+PF) group and combat ration (CR) group were too low to
meet the energy needs for activity performed. This corroborates earlier military
studies that show soldiers do not eat enough. The mean macronutrient intakes
for the CR+PF and CR groups respectively were 47% and 51% carbohydrate,
16% and 14% protein, 38% and 35% fat.

Fat. As a percentage of energy intake, mean fat intakes were higher than
recommended for adult men and this may be a result of the high overall energy
intake coming from solid food. Most diets include beverages containing
carbohydrates, but participants’ diets differed as they consumed few
carbohydrate rich drinks (Gray-Donald, Jacobs-Starkey et al. 2000). When
carbohydrate rich beverages like sports drinks or juice are consumed in a
normal diet, it increases the proportion of carbohydrate represented as energy
intake and reallocates the macronutrient distribution. (i.e. Drinks reduce the
ratio of energy from fat and increase the percentage of energy from
carbohydrate).

Carbohydrate. Personal foods contributed almost half of the carbohydrates to

the CR+PF group’s total intake. Despite that, the CR+PF group consumed a
mean intake of 414 g carbohydrate, almost 100g carbohydrate /d more than the

44/127



CR only group, however, this difference was not statistically significant owing to
the variability in individual diets.

Protein. All subjects exceeded the Estimated Average Requirement (EAR) of
0.669/kg/d for protein. While both groups consumed adequate protein, those
eating personal foods consumed a mean intake of 140 g protein, an average of
48 g more. Although this difference is statistically significant (t=0.010), there
are no real nutritional benefits to consuming this higher protein diet. The fact
that only half of the protein the CR+PF group consumed came from combat
rations shows that protein rich personal foods such as energy bars, nuts/seeds,
tuna and meat jerky are used to supplement combat rations (Table 1).

Fibre. Since fibre offerings in the IMPs and LMCs total 36 g, it would be difficult
to meet the adequate intake (Al) level of 38 g fibre/d without eating all foods
offered or with supplementation from personal foods. The mean total fibre
intakes for both groups did not meet the Al levels. The soldiers consumed 20 g
and 16.5 g fibre respectively. Because there are not many fruit and vegetable
portions or other high fibre foods in the current IMP and LMC formulation,

makes it difficult to consume the recommended amount of fibre.

8.3.2 Vitamins and minerals

Potassium. Both groups consumed potassium levels below the Al level of
4700 mg. Despite the CR+PF group consuming approximately 66% of their
potassium intakes from personal foods, the total mean intake for this group was
3985 mg and still below the Al. Those consuming only combat rations had an
intake significantly lower with an average of 1800 mg potassium (t=0.002).
Since both groups mean consumption intakes were below the Al levels, no
evaluation of the adequacy of intake for the groups can be made (Institute of
Medicine 2000). For those nutrients with only Al levels provided, one can only
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be sure there is a low probability of deficiency if the mean value for the group is
above the Al.

Sodium. Sodium intake for virtually all subjects was high. Sodium intakes for
64 of the 72 Exercise Narwhal subjects exceeded the tolerable upper limit (UL)
of 2300 mg with the majority of sodium coming from combat rations. The UL is
the highest level of continuing daily nutrient intake that is likely to pose no risk
of adverse health effect (Institute of Medicine 2003) . There is great variability
in the salt from sweat of individuals, making it difficult to set precise quantities of
sodium required to replace lost electrolytes yet not exceed the needs for all
military personnel (Consolazio, Matoush et al. 1963; Verde, Shephard et al.
1982; Sawka and Montain 2000; Noakes 2004). The literature is not definitive
on the amount of sodium highly active people should consume, but it is known
that for less active people, consuming above the UL increases adverse health
risks (Institute of Medicine 2004).

Calcium. Both groups had mean calcium intakes below the Al value of 1000
mg, whether or not they supplemented with personal foods. Consuming less
than 1000 mg of calcium does not necessarily indicate inadequacy as explained
previously (Institute of Medicine 1997). The CR+PF group consumed
significantly more - with a total of 849 mg (p> 0.033) calcium - than the CR
group who consumed 579 mg of calcium. (Table 1) About 350 mg of calcium
came from their personal foods in the CR+PF group.

Iron. Only 2 of the 72 subjects did not meet the estimated average
requirement (EAR) of 7.8 mg for iron. The CR+ PF group consumed
significantly more iron than the CR group, but both groups had high intakes of

iron so this is not a factor for concern.
Vitamin A. Intakes for vitamin A could not be statistically adjusted to estimate

the distribution of usual intakes from observed intakes for the two groups, owing
to its very skewed distribution of intake; therefore, no comment can be made on
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the cut-point EAR of 625 mcg vitamin A RAE or the Al of 900 mcg vitamin A
RAE. The raw means of the CR+PF group consumed 338 mcg vitamin A RAE,
or about 100 mcg vitamin A RAE more than the CR only group, but this was not
statistically significant. Vitamin A sources are derived from fruit, vegetables, and
animal foods such as liver and egg yolk. Since it would be difficult to bring
these fresh foods into the field, it is unlikely that soldiers would improve their
vitamin A intake from personal foods. However, personal foods contribute
almost half of the vitamin A intake, mostly coming from fortified sources like
energy bars.

Vitamin C. Overall, vitamin C consumption was inadequate. Despite a high
mean intake of vitamin C, 44% of the CR+PF group and 50% of the CR group
did not meet the estimated average requirement (EAR) of 75 mg for vitamin C.
As with the vitamin A, if there are no fresh fruits or vegetables available, it is
difficult to consume adequate vitamin C — other than with the vitamin C fortified
drink crystals.

Folate. The EAR of 320 mcg/d for dietary folate equivalent (DFE) was not met
by 33% of the CR+PF group or by 48% of the CR group.

Overall, when the subjects consumed only combat rations their intakes
met the EAR for protein and iron, but a large percentage of subjects did not
meet the EAR for vitamin C and folate or the Als for fibre, calcium and
potassium. Virtually all subjects exceeded the UL for sodium.

8.4 Pre-test nutrient intakes compared to Exercise Narwhal
nutrient intakes

Table 2 describes nutrient intakes during the pre-test. In Wainright, the
combat rations for the pre-test consisted only of the Individual Meal Packs
(IMPs) and did not include the Light Meal Combat (LMCs). The CR+PF group
(n=10) ate combat rations and personal foods.
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The CR group (n=40) ate only combat rations, as they had been instructed
not to consume any personal foods. The following section serves to address
the macronutrient, and vitamin and mineral intakes of the two groups. Table 2
mirrors Exercise Narwhal's format in Table 1, sequentially listing nutrient
intakes from the CR+PF and CR groups with the DRIs and total nutrient
availability from the combat menu offerings.

8.4.1 Macronutrients

As with Exercise Narwhal, the pre-test groups’ energy intakes were
found to be low for the level of activity, and the macronutrient distributions for
both groups were almost identical (Table 2). Similar to Exercise Narwhal, the
percentage of energy from fat in the pre-test was high at 35%. Fibre intake for
both groups was also relatively low and did not meet the Al. The similarity in
nutrient intakes in Exercise Narwhal and the pre-test demonstrate consistency
in eating patterns when comparable groups are in different training situations.

8.4.2 Vitamins and minerals

Potassium and sodium. Potassium and sodium intakes for both the pre-test
group and Exercise Narwhal group were similar. Virtually all subjects were
above the UL for sodium, which is believed to be a level at which the normal
population starts to have risks associated with overconsumption, but the UL is
not based on highly active people and thus may not be accurate for soldiers
engaged in exercises. Most of the sodium was derived from combat rations but
the addition of personal foods increased total sodium intake. For the pre-test,
the difference in sodium intake between the CR+PF and CR groups was not
significantly different (p=0.051).

Calcium. Without a good source of calcium in the combat rations, pre-test
group means were below the Al level and, as expected, not different to Exercise
Narwhal.
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Iron. Personal foods contributed to increased iron intake (Table 2) but this

difference was not statistically significant (p=0.053).

Vitamins A and C and folate. As with Exercise Narwhal, personal foods
contributed to total vitamin A intake. Despite means that appear adequate for
vitamin C, 20% of CR+PF group and 35% of the CR group did not meet the
EAR of 75 mg vitamin C after adjusting for normal distribution. The EAR is not
used as an individual intake goal but as a cut-point method to assess the
dietary adequacy of a healthy group. For individuals, usual intake at this level is
associated with a 50% risk of inadequacy. Folate DFE intake was higher for the
pre-test groups than Exercise Narwhal. Even so, the adjusted means for the
pre-test study show that 20% of CR+PF group and 18% of CR group did not
meet the EAR of 320 mcg for folate (Table 2).

8.5 Combined research site data

With similar nutrient intake data, anthropometry and austere training
situations, Exercise Narwhal and the pre-test data were pooled to increase the
sample size and statistical power. The t-test comparing the pooled CR+PF and
CR groups indicates that the differences in nutrient intake are statistically
significant for all but fibre and vitamin C (Table 3). The data show that personal
foods supplemented the combat rations offerings and provided extra energy,
protein, fat, calcium, iron, potassium, sodium, folate and vitamin A. The
increased consumption of ~800 kcal of energy in the CR+PF group appears to
be derived from foods high in protein and fat, as those nutrients are also
significantly higher. Almost half of the protein and fat intake was derived from
personal foods in the CR+PF group. As vitamin C rich products are found in
fresh fruits and vegetables and would be difficult to include with personal foods,
intake is not significantly higher in the CR+PF group. Subjects who ate personal
foods in addition to the combat rations consumed more nutrients overall.
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8.6 The top ten foods contributing to nutrient intake

To define the individual food sources of nutrients in the diet, an analysis
was done to rank the foods in terms of quantity of nutrients consumed for the
two groups: Exercise Narwhal and the pre-test (Table 8). Both study groups
obtained the bulk of their nutrients from similar food sources. To show where
the greatest proportions of nutrients come from, the top ten foods are ranked for
each nutrient category (i.e. Calcium, with the top ten foods providing that
nutrient). The left-hand column lists the food rank according to nutrient
consumption during Exercise Narwhal with the food in the adjacent column.
The “per subject” heading in column 2 is the value obtained by dividing the total
nutrient amount consumed by all 72 subjects to determine an average nutrient
amount consumed per subject. Under the heading “Pre-test rank”, is listed the
ranking of that food compared to where it ranked in the pre-test. The most
right-hand column lists the food item and rank within the pre-test.

The contribution of food to nutrient intake at the group level is related to
the frequency and portion size of the foods. If a food is eaten in smaller
portions or infrequently, the food contribution to that nutrient and to the total diet
may be minimal, despite the food being a good source of the nutrient. For
example, Crunchy Cereal Type 3 offers 176 mg calcium per 50 g serving but
only supplies an average of 32 mg/subj/d (Table 8) because only a fraction of
the soldiers ate this food during the study. In contrast, food consumed in large
quantity and frequency may be an important source of a nutrient, despite having
a small amount of that nutrient in a food — example, candy bars.
Chocolate/Candy bars are eaten frequently and therefore provide considerable
amounts of energy, carbohydrate and fat — nutrients expected from a candy bar.
However, because of the quantity of candy bars consumed, they also provide
significant calcium, folate and fibre — nutrients not normally associated with
candy bars. When examining the food list and corresponding nutrient
contribution, it shows that some foods which are not well recognised sources of
a particular nutrient may provide a considerable amount of some nutrients such
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as the chocolate/ candy bars providing calcium and folate or peanut butter
providing fibre.

Chocolate/candy bars are frequently listed as one of the top ten foods
providing a significant proportion of the diet's energy, carbohydrates, calcium,
folate, fat, fibre, potassium and vitamin A. All foods eaten were analyzed
individually and not grouped by like item. However, if the individual types of
candy bars were grouped under one heading, the impact would appear even
greater. The high frequency of menu exposure and consumption make
chocolate/candy bars, normally thought of as a nutrient-poor food, a popular
food and results in significant food value to the combat rations. The
chocolate/candy bars do not offer major nutrient contributions for iron, sodium
and vitamin C. Another food that offers nutritional impact to the soldiers’ diets is
peanut butter, as it provides significant food value and is listed in the top ten for
energy, protein, fat, fibre, folate, iron and potassium.

Most subjects consumed bread. Bread appears in the top ten lists of
nutrients for providing energy, protein, fat, fibre, sodium and iron on a per
subject/d basis. The folate-enriched bread provides between 112.8 and 216.4
mcg dietary folate equivalents (DFE) per subject. The pre-test group consumed
more bread per subject than the Exercise Narwhal group, explaining the greater
percentage of folate contribution from bread. Despite bread ranking in the top
for providing carbohydrate, it averages between 16 and 30 g
carbohydrate/d/subject — a small contribution when the aim is to consume
~500+g carbohydrate /d. Main meals were the largest contributors to sodium in
the diet. The foods providing the most sodium were pepperoni, macaroni and
cheese, spaghetti, turkey stew, cheese tortellini, beef jerky and Ritz Bits
crackers. The high-sodium instant soup mixes are absent from the list because
they were rarely consumed. Overall, the foods frequently listed in the top ten
items of various nutrients offer more nutrient density to the diet. Replacing or
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enhancing foods frequently eaten with a higher level of nutrient density can
improve overall nutrient intake.

8.7 Discarded rations

Before soldiers head to the field, they will discard or “strip” combat rations
they believe are not beneficial to them — this can be food and packaging
considered too heavy, unpalatable foods, foods that are time-consuming to
prepare or to eat. During Exercise Narwhal, soldiers stripped 1017 g 463 of
- combat rations, lightening their food load by about 500 g/d (not including
packaging). By analyzing the food that was left behind, it is estimated that
soldiers do not have access to many nutrients such as an extra 1367 kcal/d of
energy or 245 g/d of carbohydrate. In other words, if food is stripped from their
rucksacks before leaving for the field, they cannot eat it. The nutrient analysis
of the stripped foods for a day per subject is summarized in Table 10.

The most commonly stripped foods — whether ranked by frequency,
energy or carbohydrate content - were foods in small packages containing
simple sugars such as jams, honey, sugar and condiments. None of the
condiments offered any significant food value. Subjects complained the
condiments were fiddly and weighed too much. The frequencies that the items
were discarded are listed in Table 9.

Drink crystals were discarded 49 times and hot chocolate 41 times. This
contributes to a loss of potential nutrients, as drink crystals and hot chocolate
were ranked high for providing energy and carbohydrates. They would have
ranked higher had people wanted to use them. Bread was discarded 37 times,
yet bread was a major contributor of energy, carbohydrates, fat, protein, fibre,
folate, potassium and iron in the diet (Table 9). This suggests that there is
more bread in the combat rations than a soldier will eat. Foods requiring
preparation time such as rice, potatoes and pudding were also discarded
frequently (33, 38, 34 times respectively) even though they were less frequently

52/127



provided in menu offerings. It is difficult to determine exactly how many times
each soldier would have been offered the specific food item, but the side dishes
of rice and potatoes are offered a total of 7 times in 17 menus and pudding is
offered only twice. Soldiers complained the small and clumsy packaging such
as with the rice, potatoes and pudding were annoying to prepare, generated too
much garbage and took too long to be ready.

8.8 Nutritional adequacy of combat rations (as provided)

versus recommended intakes

The following addresses the overall adequacy of the combat rations
compared with recommended intakes. The nutrient requirements were
determined in several of ways. Estimated energy expenditure of 4400 kcal is
derived from the literature, with the acceptable macronutrient distribution ranges
(AMDR) calculated from this figure. Based on the Institute of Medicine’s Dietary
Reference Intakes, the estimated average requirement (EAR) for iron (adjusted
for athletes), vitamin A, vitamin C and folate were set as target nutrient intakes.
When EARs were unavailable, adequate intake (Al) levels were used to assess
nutrient sufficiency for calcium, fibre, potassium and sodium. The upper
tolerable limit (UL) was also used as a cut-off for sodium. The target nutrient
intake amounts are located in the mid column of Tables 1 and 2. The nutrient
analysis of the combat rations are listed on the rightmost columns of Tables 1
and 2 — where the Individual Meal Packs (IMP) and Light Meal Combat (LMC)
are listed separately and then combined for a total.

When the IMPs and LMCs are offered together, the total nutrient profile of
the combat rations improves and is adequate for most nutrients but too high in
sodium. The potential energy offering increased to 5571 kcal and the
macronutrient distribution for protein, fat and carbohydrates is 12%, 31% and
61% respectively. The total fibre offering increases to 36g and vitamin A to 475
mcg vita’min A RAE. The IMP and LMC combination increases the potassium
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offerings and puts the potassium to sodium ratio to 1:1.77 which is still below
the recommended ratio of 1:1 (Institute of Medicine 2004).

However, when only IMPs are offered, as in the case of the pre-test, the
IMPs alone do not meet the estimated energy requirement of 4400 kcal by ~360
kcal. IMPs, independently, do not provide sufficient fibre at 28 g/d. The DRI Al
of 38 g fibre/d is based on 14g fibre/1000 kcal/d with for a reference 2700 kcal
diet (Institute of Medicine 2002). Using a target energy intake of ~4000 kcal/d
for soldiers corresponds to 56+g of fibre/d. Extrapolating the DRI
recommendations for fibre to extremely high-energy intakes would result in
amounts of fibre that would be difficult to consume in an omnivorous diet and
impracticable in situations where access to water may be limited. With only 814
mg/d of calcium and 4021 mg of potassium potentially available in the IMP,
individuals would likely not meet Al levels even by consuming the entire IMP but
would exceed the UL for sodium by over 5000 mg. However the DRIs for
sodium are set to a sedentary population and not for situations of heat
acclimatization, heavy workloads and high sweat rates where extra sodium may
be tolerated (Institute of Medicine 2004). If the IMPs are to be used without
LMC supplementation during operations, the nutrient profile needs to be
enhanced to include more fibre, calcium and potassium to improve the
probability of consuming the necessary quantities of these nutrients with less
food. Although the nutrients are present when both IMPs and LMCs are
offered, they are not consumed in their entirety, putting soldiers at nutritional
risk if these rations are eaten on a continual basis.
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9 Discussion

Combat rations feed military personnel when fresh food is unavailable or
impractical. This study is aimed at determining the intake of food, beverages
and supplements in an operational environment and comparing this to combat
ration menu offerings and nutrient recommendations. Through the analysis of
dietary intake questionnaires, the nutrient intake of soldiers was measured.

Anthropometric measurements as assessed by BMI and waist
circumference indicate an adequately nourished group with lower prevalence of
overweight than the general Canadian male population. Seven percent of
Exercise Narwhal and 6% of the Pre-test subjects’ had a BMI>30 combined with
a waist circumference >102 cm compared to 10.9% and 24.2% of Canadian
men aged 20 to 24 years and 25 to 34 years respectively who were obese
(BMIZ30) (Statistics Canada 2005). Being below the national average for
overweight is likely due to the physical nature of a soldier's work and having
more muscle mass. Obesity is a known risk factor for a number of serious
diseases such as cardiovascular diseases, hypertension, type 2 diabetes,
dyslipidemia and gallbladder disease (Birmingham, Muller et al. 1999). While
the Canadian Forces study population is leaner than the Canadian population,
there is still risk associated with obesity and feeding plans must consider this.

9.1 Assuring accurate dietary evaluation

Estimating dietary intake can be done in numerous ways although
accurate reporting of food intake is disputed in nutrition research (Westerterp
and Goris 2002). The research design in this study minimized errors for
estimating energy and nutrient intake (Hulley 2001). We reduced errors in
nutrient intake estimation by validating a dietary intake questionnaire, using
standardized food package weights, and comparing package waste with intake
questionnaires.
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Reported food intake was validated for agreement with the waste bag
(modified “tray-return”) method (Forbes-Ewan, Morrissey et al. 1989) in the pre-
test to reduce the error of under- or over-reporting (Beaton 1994; Westerterp
and Goris 2002). Soldiers recorded the food they consumed in the
questionnaires and then deposited all packaging and any leftover food into bags
labelled with their study numbers. Each waste bag was compared to the intake
questionnaire and any food waste was weighed. Examining the completed
guestionnaires with packaging and food waste showed good agreement with
chi-square tests and provided confidence in the accuracy of the reporting.

Subjects recorded 2 days of food intake with known portion weights,
reducing the sources of error and bias and maintaining between-subject
variation (Nelson, Black et al. 1989; Tarasuk and Beaton 1991; Beaton 1994).
As questionnaires included all combat menu choices, any misinterpretation of
food items or portions eaten was minimized.

The similar intakes from both the Exercise Narwhal and the pre-test
groups suggest homogeneity and consistency in patterns, thus strengthening
the argument for adjusting the combat ration formulation to meet the needs of
the infantry soldier.

In order to have the most appropriate nutrient composition data, we
examined data provided by the Department of National Defence (DND). A
homogenized whole meal laboratory nutrient analysis was performed for DND
but it indicated higher values than CANDAT nutrient analysis for most nutrients
other than iron, potassium, sodium and vitamins A and C. There were
discrepant values between calcium and fibre in comparison with the nutrient
analysis by CANDAT. Considering that the laboratory analysis was done using
a homogenized whole meal, this information could not be attributed to individual
foods and was of little value in a comparison with the foods the subjects ate.

56/127



Since this information was of little practical significance, all foods including
those specially packaged for DND and those commercially available were
separately entered into the CANDAT database. The nutrient analysis for foods
specially packaged for DND was either provided by the manufacturing
company’s laboratory analysis or their calculated nutrient composition. Missing
values for folate DFE were calculated based on the Canadian Nutrient File.
Some manufacturers’ reports still used the International Unit for vitamin A;
therefore converting to the currently used standard of measuring vitamin A in
retinol activity equivalents (RAE) was required. Using the United States
Department of Agriculture’s (USDA) protocol for determining animal and
vegetable sources of vitamin A, IU was transformed to RAE. Using the
Canadian Nutrient File for commercially available foods and laboratory nutrient
analysis for retort pouches packaged for DND provided the best food
composition database available to estimate nutrient intake and reduce bias
(Beaton 1994).

9.2 Inadequacies and suggested areas of improvement

Adequate food intake during military operations is important for
operational performance. Optimized consumption of combat rations may result
in better nutrition for soldiers thus increasing their combat readiness (Jacobs ,
van Loon et al. 1989).

The subjects’ intake means were statistically adjusted to estimate the
distribution of usual intakes after eliminating the effect of within-subject
variability. Transforming, adjusting and back-transforming the nutrient intake
data allowed estimating the between-person, within-person and total standard
deviations for the group data. Using the adjusted distribution of intakes
permitted analyzing and comparing nutrient intakes at the group level to the
Dietary Reference Intakes.
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As assessed from the dietary intake questionnaires, the estimated
intakes of protein, fat and iron were adequate as compared to the dietary
reference intakes (DRI) (Institute of Medicine 2002). Intakes for energy,
carbohydrate, fibre, potassium, vitamin C and folate were below the DRIs
suggested for healthy populations. Subjects may not be consuming adequate
amounts of calcium and vitamin A because combat rations do not offer nutrient
levels that provide for a secure level of intake. Intake for sodium was well
above the UL- a level suggested for healthy people rather than a level to
sustain the high sweat rates from strenuous work that military manoeuvres can
generate, especially in hot climates (Forbes-Ewan, Morrissey et al. 1989).

A deficit in energy intake by soldiers generally has negative effects on
lean body mass, physical performance, and defence against infection (Marriott
1995). Despite the subjects bringing personal foods, their energy intake was still
below the estimated expenditure of ~4300 kcal/day in the arctic (Jones, Jacobs
et al. 1993). The arctic compounds the underconsumption challenge, as
decreased availability of fluid water leads to decreased total food consumption
(Edwards and Roberts 1991). In contrast, heat and sweating may increase
nutritional requirements compared to thermoneutral environments and require
measures to counter heat-induced anorexic effects (Friedl and Hoyt 1997). A
review of studies with military subjects shows remarkable similarity in estimating
a mean energy requirement of ~4300 kcal/day. As described in the Literature
Review, see Appendix 1 for full synthesis of the studies.

Optimizing carbohydrate as a fuel choice provides the best metabolic
insurance to maintain muscle glycogen stores and the capability to endure
sustained operations. The dietary reference intakes (DRI) acceptable
macronutrient distribution ranges (AMDR) of 45% to 65% of energy as
carbohydrate translates to 495 to 715 g/carbohydrate/day for an EER of 4400
kcal, and compares with Jacobs recommendations of 580g carbohydrate/day
for soldiers and 7-8g carbohydrate/kg/day (Jacobs, van Loon et al. 1989; ACSM
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2000; Institute of Medicine 2002). When extra carbohydrate is consumed at
mealtime and better yet during exercise, endurance-exercise performance
improves (Friedl and Hoyt 1997). For the military, applying these feeding
practices can delay fatigue after eating a mixed meal or using a carbohydrate-
electrolyte drink during extensive labour (Chryssanthopoulos, Williams et al.
2002).

Increasing total energy and carbohydrate intake with a carbohydrate
beverage supplement such a “power shake or instant breakfast” type drink may
achieve a performance edge and provide best value for energy (kcal) (Fried|
and Hoyt 1997; Bell, McLellan et al. 2002). Since the carbohydrate-rich
potatoes, rice and puddings are frequently discarded, a large and palatable
baked product such as crackers, banana bread, cereal bar or trail mix would
satisfy soldiers’ requests for foods that are easier to consume.

Modifying dietary offerings to increase the availability of nutrients such as
fibre, potassium, calcium and vitamin A to meet or exceed the Al levels
increases the probability of consuming adequate nutrients. The difficulty of
defining individual requirements and usual intakes does not allow us to estimate
individual level inadequacies (Institute of Medicine 2000a) and therefore dietary
intake planning must be executed at the group level (Institute of Medicine
2003).

Fibre is a nutrient inadequately represented in the combat rations. For
example, the recommendations for dietary planning would provide at least 38 g
of fibre within the combat ration menu. Fibre delays gastric emptying and
possibly reduces post-prandial blood glucose concentration (Holt, Brand et al.
1992; Jenkins, Vuksan et al. 1998; Institute of Medicine 2002) and could help
maintain stable blood glucose levels and thus delay fatigue (Coggan and Coyle
1987; Bell, McLellan et al. 2002). With soldiers consuming a relatively higher
fat diet, fibre’s benefits of interfering in the absorption of dietary cholesterol and
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the enterohepatic re-circulation of bile acids may lower blood cholesterol
concentrations (Institute of Medicine 2002). In an environment of increased
stress, altered hormones can increase the risk of cardiovascular disease
(Friedl, Moore et al. 2000) and compound the long-term effects of a diet high in
fat (Institute of Medicine 2002). Despite the suggested safety of diets in excess
of 10-12 g/day/1000 kcal of dietary fibre (Institute of Medicine 2002) high fibre
intake could interfere with tactical mobility of soldiers in situations where water
availability is limited and frequent bowel movements are undesirable.

More fruit and vegetable sources could increase the potassium offerings
from ~4000 mg in the Individual Meal Packs (IMP) to at least meet the Al of
4700 mg. The bicarbonate-yielding organic anions found in fruit and vegetables
neutralize diet-derived non-carbonic acids, which are generated from suiphur
containing amino acids found in meats and other high protein foods. When
potassium is added in processed foods, the conjugated anion is typically
chloride, which cannot act as a buffer (Institute of Medicine 2004). Moderate
potassium deficiency is characterized by increased blood pressure (Khaw and
Barrett-Connor 1990), salt sensitivity (Morris, Sebastian et al. 1999), bone cell
turnover (Tucker, Hannan et al. 1999; Maurer, Riesen et al. 2003) and
increased risk of kidney stones and cardiovascular disease, especially stroke
(Khaw and Barrett-Connor 1987; Tanaka, Schmidlin et al. 1997).

Combining the IMPs and Light Meal Combat (LMC) improves the
potassium to sodium ratio to 1:1.77, but the increased risk of kidney stones
related to the urinary sodium to potassium ratio remains (Cirillo, Laurenzi et al.
1994). High sweat rates in hot climates can also increase potassium losses
and therefore increase the requirements (Institute of Medicine 2004). Increased
potassium intake can blunt the increased blood pressure effect from sodium
(Whelton, He et al. 1997), however, data are unavailable to set recommended
potassium intakes in accordance with sodium intakes.
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Since vitamin A intake distributions could not be normalized to compare
to the estimated average requirement (EAR) of 625 mcg vitamin A RAE, a cut-
point to assess risk of deficiency was not possible. As IMPs do not provide
vitamin A in levels to reach the EAR nor the adequate intake (Al), itis
suggested that many individuals may not be meeting requirements. When
vitamin A intakes of soldiers eating combat rations are below the Al levels of
900 mcg vitamin A RAE, we cannot assume or conclude adequate or
inadequate intakes as found in normal free-living dietary patterns (Institute of
Medicine 2001).

There is great variability in the development of the deficient state since
liver stores of vitamin A are dependent of the subject’s diet (Wolf 2002) and the
vitamin A deficient state rarely occurs in developed countries (Tanumihardjo
2004). There is a protection against a vitamin A deficiency for approximately 4
months while the person consumes a vitamin A-deficient diet (Institute of
Medicine 2001) . Subclinical deficiency can show impaired retinal function
(Smith and Steinemann 2000) and may be exhibited at serum retinal levels of
20 to 29 mcg/dL (Gibson 1990). An EAR of 300 RAE mcg/d has been used to
correct dark adaptation (Institute of Medicine 2001). Night blindness is the first
ocular symptom to be expressed with vitamin A deficiency (Harris, Loewenstein
et al. 1998) which could be disadvantageous in performing military night
operations. Adequate intake of vitamin A is required for normal vision, gene
expression and immune function (Institute of Medicine 2001). By increasing
dairy products and fruit and vegetables, the sources of vitamin A could increase
to meet the EAR levels. The level of adequate vitamin A intake could not be
estimated because subjects’ intake means could not be normalized with

statistical methods in order to compare mean dietary intakes.
If subjects ate everything in the IMPs, total caicium intake would be 800

mg and would not likely meet the Al levels of 1000 mg unless supplemented
with personal foods. Reduced bone mass and osteoporosis are the effects of
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chronic calcium deficiency resulting from inadequate intake (Murray 1996). If
inadequacies at the individual level are unknown (Institute of Medicine 1997),
then planning for a secure level of at least 1200 mg of calcium ensures better
access to the Al level. increasing the relative portion size of calcium-rich
products and dispersing more calcium sources throughout IMP food choices
would improve the possibility of adequate intake.

The EAR cut-point method allows one to examine the probability and the
risk of not obtaining adequate amounts of n.utrients (Institute of Medicine 2000).
Increasing the mean intake of vitamin C and folate requires broadening the
distribution of foods containing those nutrients The DRIs suggest moving the
usual intakes distribution curve so that only 3% of the group would be at risk for
inadequacy. Since the IMP vitamin C-fortified drink crystals are the principal
source of vitamin C, soldiers are likely not getting adequate intake if they are
not using the crystals. Vitamin C functions physiologically as a water-soluble
antioxidant by virtue of its high reducing power and as it is not produced in the
human body (Institute of Medicine 2000), a broader range of vitamin C sources

in the IMPs are required to plan for an assured level of intake.

Considering that folate intake sources seen in the study are primarily
from foli