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than MRE, respectively. No differences in cognitive performance were observed, but 

the firefighters all had a full nights (-8-9 h) sleep between shifts minimizing the 

likelihood of cognitive deficits due to work stress. A follow on study collected blood 

samples and measured activity profiles of firefighters consuming either FSR (w/caffeine) 

or 2 MREs per day (Ely et al. 2008). The FSR was shown to sustain blood markers of 

fuel availability and nutrition status as effectively as the MRE, and workers consuming 

the FSR tended to perform more self-paced work each work shift. 

Based on recommendations from the Institute of Medicine's Food and Nutrition 

Board, and USARIEM experiments, the FSR has been modified to contain additional 

carbohydrate and protein while keeping the size and weight less than 0.12 cu feet and 

2.8 Ib, respectively. Insertion of new food components and improved ergonomics of 

existing products are expected to improve eat-on-the-move capabilities. Our previous 

work (Montain et al. 1997, 2006b; Lieberman et al. 2002a) and those of others (Cuddy 

et al. 2007; Cerra et al. 2003; Maffucci and McMurray 2000), suggest that regular intake 

of carbohydrate will lead to improved physical performance. Specifically, we observed 

that Soldiers performing long-hours of strenuous activity were less capable of 

performing a series of military-relevant tasks if they refrained from eating carbohydrate 

during the hours of labor preceding the performance tasks (Montain et al. 1997). 

Moreover, our lab (Lieberman et aI., 2002a) has demonstrated the benefit of frequent 

carbohydrate intakes, during about 10 hours of physically demanding activity when 

regular meal provision did not meet energy requirements. In that study, carbohydrate 

supplementation, in the form of six administrations of a carbohydrate beverage 

enhanced physical performance, mood, and vigi lance of Army Rangers during a 
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INTRODUCTION 

During military operations Warfighters can be undernourished due to very high 

levels of energy expenditure, disrupted sleep and limited opportunity to eat (Baker-Fulco 

1995; Lieberman et al. 2002b; Tharion et al. 2004). In the civilian sector, wi ldland 

firefighters, disaster victims, and relief workers can experience similar situations. Long 

hours of physical labor and repeated mental challenges without restorative sleep and 

adequate nutrition can produce profound effects on physical work capacity, vigilance 

and simple reaction time (Lieberman et al. 2002b;Lieberman et a1.2006, Opstad et al. 

1978) which have been documented both in the field and laboratory simulations (Dinges 

and Kribbs 1991 ; Kreuger 1989; McLellan et aI.2005b). 

It is well documented that carbohydrate (CHO) (Coyle 2004; Horswill et al. 1990; 

Lieberman et al. 2002a; Montain et al. 2008) or caffeine (McLellan et al. 2005a, 2005b, 

2007) intake improves vigi lance, mood and physical performance during prolonged 

sleep deprivation (Lieberman et al. 2002a; McLellan et al. 2007). Regular consumption 

of a CHO beverage during moderate physical activity has been shown to enhance 

auditory vigilance and mood (Lieberman et al. 2002a). Caffeine, an adenosine receptor 

agonist, modifies CNS neural activity and increases wakefulness (Goldstein et al. 1969), 

enhances vigilance (Rosenthal et al. 1991; Zwyghuizen et al. 1990), and improves work 

shift performance (Walsh et al. 1990). Many studies (Lieberman et al. 2002b; , McLellan 

et al. 2005a, 2005b, 2007) have shown that repeated caffeine doses maintain cognitive 

function during prolonged sleep deprivation. Recurrent CHO intake improves physical 

performance at moderate- to high-intensity levels (Cuddy et al. 2007; Lieberman et al. 

2002a; Maffucci and McMurray 2000; Montain et al. 1997; Montain et al. 2008) and 
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course iterations. The study was approved by the Human Use Review Committee at 

the United States Army Research Institute of Environmental Medicine, Natick, MA. 

Volunteers who indicated that they were vegetarian, pregnant, or older than 55 yrs were 

excluded from participating . All volunteers gave written informed consent following an 

explanation of study procedures in a formal brief. 

RESEARCH DESIGN 

Marine Officer Training was an ideal study population as this training 

environment includes simulated combat-like scenarios performed as near-continuous 

activity over a four-day period. Volunteers were stratified by body weight and then 

randomly assigned to either an entree-based ration group or a FSR® group. The entree

based ration contained components of two Meals, Ready-to-Eat™ (MRETM) and a 

supplemental placebo snack pack (non-caloric drink, non-caloric gel, and non

catfeinated gum). The FSR® group received a sandwich-based ration containing 

components of FSR® distributed as a ration plus a snack pack (caloric drink, caloric gel, 

and caffeinated gum) daily during the four-day study (Table 1). For presentation 

purposes, data are grouped by day 1 « 24-hrs); day 2 (25-48-hrs); day 3 (49-72-hrs); 

day 4 (73-96 hrs). A four-menu MRETM cycle was selected for each volunteer to match 

the repetitive cycling of the two FSR® experimental menus. Volunteers were required 

to consume on ly the ration they were administered and had unrestricted access to 

potable water. All ration components met standard food safety and microbiological 

regulatory requirements. 
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less than 25 counts min- ', as measured by actigraphy between the hours of 2300 and 

0600. 

Cognitive function and mood were assessed daily with three tests administered 

using hand-held personal digital assistant (Palm Iii; Palm, Inc, Sunnyvale, CAl. The 

three tests were: Psychomotor Vigilance Test (PVT), a test of simple visual reaction 

time; Grammatical Reasoning , a test of logical reasoning capability; and the Profile of 

Mood States (POMS), a measure of mood state. Volunteers were familiarized with the 

cognitive tests and POMS on two separate occasions three days prior to the four days 

of arduous work. All three cognitive tests took approximately 15 minutes to complete. 

Cognitive Testing 

Psychomotor Vigilance Test (PVT). This is a test of simple visual reaction time 

(Dinges and Powell 1985). A series of stimuli are presented at random intervals on a 

screen and the volunteer must respond as rapidly as possible when a stimulus appears. 

Parameters recorded include reaction time, false alarms and number of performance 

lapses (responses ~3 seconds were defined as major lapses and minor lapses if 

responses between 0.5 -3 seconds). -The test requires volunteers to sustain attention 

and respond as rapidly as possible to a randomly appearing stimulus on a computer 

screen by pressing a button . 

Grammatical Reasoning. This test assesses language-based logical reasoning 

and has been used to assess the effects of various treatments on cognitive function 

(Braddeley 1968). It has been adapted from the Baddeley Grammatical Reasoning 

Test. On each trial , the letters AB or BA follows a statement. The volunteer must 
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equivalence testing . This procedure is a corollary for significance testing and provides 

insight into the importance of the effect magnitude. The threshold of importance was 

established as the typical within-subject variability (noise) in the performance 

measurement. Data were analyzed using Statistica (version 7 .1) and SPSS (version 

17) statistical software. Data are presented as mean [sd]. A P value 50 .05 was 

considered significant. 

RESULTS 

By design there were no differences in weight between the two ration groups, 

body weight averages were 79[10] kg for MRE ™ and 78[11] kg for FSR®. The FSR® 

group consumed more calories (P<0.05) and CHO (P<0.05) than the MRETM group 

(Figure 2) over the four days of testing. Protein intake did not differ between ration 

groups (FSR® 55[22] g, MRETM 57[19] g) throughout the study. However, fat intake was 

elevated in the MRETM group as compared to the FSR® (74[27] g vs. 60[21] g, 

respectively; P<0 .05). Caffeine intake was higher for FSR® group compared to MRETM 

(P<0.05) (Figure 2). The total FSR® caffeine intake was greatest in the first 24 hr (day 

1) and was stable throughout day 2 and 3 (Figure 2). Additionally, individuals 

consuming the FSR® had a modest but significantly greater number of daily eating 

episodes than those consuming the MRETM (5 [1] vs. 4 [1], respectively; P<O .05). Both 

groups reported they ate throughout the day as time permitted with lack of time 

described as the primary reason for a decrease in total caloric intake. Overall, FSR® 

had a greater acceptability compared to MRETM in terms of component variety and 

tolerability (as gathered from post-study questionnaires; data not shown). 
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significant increase in the number of minor lapses (P<0 .05) compared to FSR® (Figure 

3B). The abi lity of volunteers to correctly answer logical reasoning test questions 

improved over time (P<O.05) with no differences between ration groups. 

The four-day training course produced a deterioration of mood as reflected by an 

increase in total POMS score (P>0 .05), but no difference between rations (Figure 4A). 

The increase in total POMS score was primarily the result of increased subjective 

fatigue (6.1 [5.6]) and reduced vigor (-4.0[6.4]), and modest increases in subjective 

confusion (1 .5[3.1]), anger (2.0[6.5]), depression (1.6[3.6]) and tension (1 .0[4 .5]) (Figure 

4B). 

DISCUSSION 

This study demonstrated that the cognitive decrements resulting from several 

days of arduous work and sleep deprivation are attenuated by the combination of 

regular snacking and increased caffeine consumption. Consistent with our hypothesis, 

there was less deterioration of vigilance and fewer attention lapses in the group 

consuming the FSR® compared to the MRETM. These results combined with previous 

findings (Montain et al. 2008) suggest that a snack-based ration (FSR'"j containing 

caffeine is better than a traditional ration for sustaining cognitive and physical 

performance in a healthy population exposed to multiple stressors. 

Sustained cognitive performance in the FSR@group could be attributed to 

increased caloric intake, especially of CHO, the acute effects of caffeine, or both. 

Consistent with earlier findings (Montain et al. 2008) the FSR® group had greater 

energy intake, consumed a greater quantity of CHO, and ate more frequently than those 

consuming an entree-based ration (MRElM). Not only did volunteers consume the 

10 





unconstrained, whereas, the current study utilized military volunteers that perform 

activities as a group whereby individual activity is constrained by the activity of others in 

the group. 

The positive effects associated with the FSR® occurred despite little differences 

between the response of the diet groups to the strain accompanying the four-days of 

arduous work. In contrast to our hypotheses, the CHO-rich, caffeine-containing, eat-on

the-move ration had relatively modest effects on subjective mood state. Mood state did 

deteriorate over the four-day field exercise, but the changes in total mood state were not 

statistically different between the FSR® and MRE'" groups. Moreover, salivary cortisol 

levels remained similar to baseline over the observation period. The minor changes in 

these markers, known to be sensitive to stressful situations, suggest that the course 

imposed a relatively modest stress on the volunteers or that our assessments, taken 

early in the day before the rigors of the course set in, failed to capture the stress 

imposed by the field exercise. 

The present study was designed so that blood caffeine levels would be distinctly 

different between diet groups at the time of cognitive testing. This was done to 

demonstrate the potential of a caffeine-enhanced ration to boost performance, if the 

ration components were used as intended. The effect size reported may underestimate 

the true improvement experienced , as several volunteers were remiss at chewing the 

gum -60 minutes prior to cognitive testing; instead chewing the gum -15 minutes 

before testing initiation. Regardless, the positive effects produced might be restricted to 

the time periods where the blood caffeine levels are sufficiently high to produce 

physiological effects. Therefore, the efficacy of the FSR for sustaining performance 
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TABLE 1 NUTRIENT COMPOSITION OF RATIONS 
Nutrient FSR MRE 

Mean Range Mean Range 

Energy (Keal/day) 3235 31 78-3291 2677 2599-2760 

Protein (g/day) 86 85-87 79 74-92 

Carbohydrate (g/day) 513 503-522 364 321-400 

Fat (g/day) 95 88-101 103 91-116 

Caffeine (mg/day) 623 620-626 14.6 9-43 

Data represents menu means for FSR (2 menus) and MRE (6 menus) assuming the entire ration was consumed. 

FIGURE 1. STUDY SCHEDULE 

Study days 

Baseline 1 2 3 4 5 

I I I I I 
Cogn ll!ve l9stlng • • • • • Rat/,)n distrlbutlon 
Enerw Intak03 assessment 
Actlmetry 
Sahvasamples • • • • • SUNeys • • 

Baseline consisted of a cognitive testing practice sessions and administration of a baseline survey three days prior 
study day 1. 
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FIGURE 3. REACTION TIME AND MINOR LAPSES MEASURED BY PVT 
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Simple visual reaction time and lapses were measured daily using the Psychomotor Vigi lance Test (PVT). Average 
reaction times (A) and minor lapses (8) are presented as group averages MRE"" (0) and FSR® (e ) ± 95% CI. The 
shaded area along the y-axis represents the zone of indifference (4% coefficient of variance) . • (P<O.05) between diet 
groups. 
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Mood state was assessed daily using the Profile of Mood Slates (POMS). Total (A) and sub-mood (8) scores are 
presented as group averages MRETM (0) and FSR® (e) ± 95% CI .• (P<O.05) between diet groups. 

REFERENCES 

Baker-Fulco CJ. Overview of dietary intakes during military exercises. In: Marriot 8M, 
ed . Not Eating Enough. Washington , DC: National Academy Press; 1995:121-49. 

Banderet LE, Lieberman HR. Treatment with tyrosine, a neurotransmitter precursor, 
reduces environmental stress in humans. Brain Res Bull 22:759-62 , 1989. 

Braddeley AD. A three-minute reasoning test based on grammatical transformation. 
Psychon Sci 10:341-2,1969. 

Cerra, JT, BC Ruby, and SE Gaskill. liquid carbohydrate feeding improves self
selected exercise performance during a 24k hike. Med Sci Sports Exerc. 35(5) 
Supplement 1, S213, 2003. 

Coggan AR, Coyle EF. Carbohydrate ingestion during prolonged exercise: effects on 
metabolism and performance. In: Holloszy JO, ed. Exercise and Sport Science 
Reviews. Baltimore: Williams and Wilkins; 1991:1-40. 

Coyle EF. Fluid and fuel intake during exercise . J Sports Sci 22:39-55, 2004. 

Cuddy JS, Gaskill SE, Sharkey BJ, Harger SG, Ruby BC. Supplemental feedings 
increase self-selected work output during wildfire suppression. Med Sci Sports Exerc 
39:1004-12,2007. 

Currell K, Jeukendrup AE. Superior endurance performance with ingestion of multiple 
transportable carbohydrates . Med Sci Sports Exerc 40:275-81 , 2008. 

Dinges DF, Powell JW. Microcomputer analyses of perfomnance on a portable, simple, 
visual RT task during sustained operations. Behav Res Meth Instr Comput 17:652-755, 
1985. 

Dinges D, Kribbs N. Performing while sleepy: effects of experimentally-induced 
sleepiness. In: Monk T, ed. Sleep, sleepiness, and performance. Chichester, England ; 
1991:97-128. 

Goldstein A, Kaiser S, Whitby O. Psychotropic effects of caffeine in man. IV. 
Quantitative and qualitative differences associated with habituation to coffee. Clin 
Pharmacal Ther 10:489-97,1969. 

Horswill CA, Hickner RC, Scott JR, Costill DL, Gould D. Weight loss, dietary 
carbohydrate modifications, and high intensity, physical performance. Med Sci Sports 
Exerc 22:470-6, 1990. 

18 





McNair DM, Lorr M, Droppleman LE. EDITS Manual for the Profile of Mood States. 
San Diego, CA: Educational and Industrial Testing Service; 1971. 

Monlain SJ , Shippee RL, Tharion WJ. Carbohydrate-electrolyte solution effects on 
physical performance of military tasks. Aviat Space Environ Med 68:384-91, 1997. 

Monlain SJ , Young AJ. Diet and physical performance. Appetite 40:255-67, 2003. 

Monlain SJ , Baker-Fulco CJ, Niro PJ, Reinert AR, Cuddy JS, Ruby BC. Efficacy of 
eat-an-move ration for sustaining physical activity, reaction time, and mood. Med Sci 
Sports Exerc 40: 1970-6, 2008. 

Montain, SJ, C. Koenig, McGraw SM. First Strike Ration Acceptability: Dismounted 
Combat Soldiers in Afghanistan . USARIEM Technical Report T06-02 (AD A444070), 
2006a. 

Monlain, SJ, C Baker-Fulco, P Niro, A Reinart, J Domilrovich, Ruby BC. Eat-on
move rations improve actimetry scores during wildland fire suppression. Med Sci 
Sports Exerc 38: S36, 2006b. 

Ely, MR, SM McGraw, BC Ruby, JS Cuddy, D Slivka, J Rood, Monlain SJ. Blood 
biochemistries following repeated days of First Strike Ration or Meal Ready to Eat 
consumption. USARIEM Technical Report T09-03 (AD), 2008. 

Opstad PK, Ekanger R, Nummestad M, Raabe N. Performance, mood, and clinical 
symptoms in men exposed to prolonged, severe physical work and sleep deprivation. 
Aviat Space Environ Med 49:1 065-73, 1978. 

Rodriguez NR, DiMarco NM, Langley S. Position of the American Dietetic Association, 
Dietitians of Canada, and the American College of Sports Medicine: Nutrition and 
athletic perfonmance. J Am Diet Assoc 109:509-27, 2009. 

Rognum TO, Vartdal F, Rodahl K, Opstad PK, Knudsen-Baas 0, Kindt E, el al. 
Physical and mental performance of soldiers on high· and low-energy diets during 
prolonged heavy exercise combined with sleep deprivation. Ergo 29:859-67,1986. 

Rosenthal L, Roehrs T, Zwyghuizen-Doorenbos A, Plath D, Roth T. Alerting effects 
of caffeine after normal and restricted sleep. Neuropsychopharmacology 4:1 03-8, 1991. 

Shukitt-Hale B, Askew EW, Lieberman HR Effects of 30 days of undernutrition on 
reaction time, moods and symptoms. Physiol Behav 62:783-9, 1997. 

Tharion WJ, Lieberman HR, Monlain SJ, Young AJ, Baker-Fulco CJ, Delany JP, el 
al. Energy requirements of military personnel. Appetite 44:47-65, 2004. 

20 






