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Abstract

Background: Under difficult conditions, the military need high-energy macronutrients and micronutrients during intense physi-
cal activities in order to achieve optimal fitness levels.
Objectives: This randomized controlled trial aimed to assess the effects of a designed compact food bar (CFB) on the maximal oxy-
gen uptake (VO2Max) and physical fitness in military athletes.
Methods: This randomized controlled trial was conducted on 50 athletes aged 20 - 50 years, who were assigned into two exper-
imental and control groups. The subjects in the compact food bar (CFB) received three packs of CFB (700 kcal each), containing
functional compounds (e.g., caffeine and L-arginine), every day for 10 days. The control group consumed the regular food used in
military training courses with the same daily calorie count for the same period. The exercise performance was assessed using sports
tests, maximal oxygen uptake (VO2Max) as a measure of cardio-respiratory endurance in vitro, cardiopulmonary exercise tests, blood
pressure, and anthropometric examinations based on the participants’ body composition and physical activity. The measurements
were performed using a pedometer, and the data were recorded at baseline and after the intervention. The data was then analyzed
in SPSS software version 16.
Results: VO2Max and some of the exercise tests, including push-up, sit-and-reach test, and jump pair length, revealed significant
increases in CFB group, compared to the control group (P < 0.05). However, the concerned variable seemed to have no significant
effects on the anthropometric indices (weight and body mass index) and body composition (lean body mass and body fat mass) in
CFB group (P > 0.05).
Conclusions: According to the findings, the consumption of the proposed CFB, in comparison to regular food, could effectively
improve the exercise performance in military athletes.
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1. Background

Appropriate nutrition is essential for health mainte-
nance and plays a pivotal role in the physical and mental
performance of athletes, especially the ones in the mili-
tary (1). Fitness is of paramount importance for the ath-
letes, and physical fitness for military men refers to phys-

ical health, the ability to perform smooth movements and
return to baseline after high pressure, willingness to com-
plete the assigned tasks, and confidence to face challenges
(2). Conventionally, optimal physical fitness was an in-
herent element of winning or losing a war, and nutrition
played a key role in this regard. Accordingly, food is of ut-
most importance in maintaining the capability of military
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troops in military missions (2).
The physical needs of individuals under critical condi-

tions and the military operations that are associated with
short-term or long-term stress and pressure differ from the
daily needs (3). The combination of these mental and phys-
ical stressors with harsh environmental conditions leads
to the arousal of complexities and differences in individ-
uals’ nutritional needs; therefore, appropriate nutrition
during military operations may diminish the adverse ef-
fects of psychological and physical stress (4).

Reduced energy intake and the subsequent negative
energy balance in the military leads to weight loss, in-
creased risk of various diseases, mental dysfunction, fa-
tigue, confusion, depression, and decreased consciousness
(5). Furthermore, the presence of micronutrients in the ra-
tion is essential to produce energy from macronutrients
and improve the immune function and neurological/brain
function. For example, the depletion of iron reserves dur-
ing military activities results in reduced oxygen transfer
capacity, individuals’ deteriorated performance , and de-
creased calcium and vitamin D intake, which may increase
the bone mass analysis and risk of injuries and fractures in
the military members (6). Accordingly, the presence of all
the micronutrients and micronutrients in the ration plays
a key role in the quality of military performance (6).

Special dietary compounds could effectively improve
exercise-induced changes (7). Various clinical trials have
indicated that the use of beta-alanine supplements by ath-
letes for a minimum of six weeks could increase their ex-
ercise performance (VO2Max) and reduces their fatigue (8).
In addition, amino acid supplements have been theoret-
ically used to optimize exercise performance for several
purposes such as increasing the secretion of anabolic hor-
mones, improving fuel consumption during exercise, and
preventing the adverse effects of overwork and mental fa-
tigue (9). Dietary supplements have been mostly used to
increase muscle strength during high-/low-intensity resis-
tance training. Two examples of such supplements are hy-
droxymethylbutyrate and creatine monohydrate, which
may have ergogenic effects on high-intensity training (10).
It should also be noted that the dietary supplements in-
creasing the athletic capacity could also maintain and im-
prove physical fitness (10).

Under critical conditions, food selection is restricted,
and compact food bars (CFBs) are made available during
military missions to replace the regular food (1). CFBs are
an element of the diets used in crises, maneuvers, and
military operations (11, 12). The term “compact foods” en-
compasses a large category of dietary products such as en-
riched biscuits, chocolate bars, and nutrient-dense pastes
(11, 12). CFBs are durable and ready-to-use, while they are
logistically low in volume and weight. This is important

since soldiers must be able to adhere to their diet inde-
pendently (13). In addition to athletes and military per-
sonnel, compact diets could be used for humanitarian ac-
tions in the cases of crisis (e.g., emergency food products
[EFP]) and disease treatments (e.g., ready-to-use therapeu-
tic food) (12).

To date, several studies have examined the effects of
functional food compounds on the improvement of exer-
cise performance. An example of such compounds is argi-
nine, which is one of the 20 protein-forming amino acids
(13). However, few studies have investigated the effects
of CFBs containing the required nutrients and functional
compounds (e.g., caffeine and L-arginine) on exercise per-
formance.

2. Objectives

The present study aimed to assess the effects of con-
suming a designed CFB with functional compounds (caf-
feine and L-arginine) on maximal oxygen uptake (VO2Max)
and exercise performance in military athletes.

3. Methods

3.1. Participants and Protocol

This randomized, single-blinded, placebo-controlled
clinical trial was approved by the Ethics Committee of
Mashhad University of Medical Sciences (No. 970042), and
the study was registered in the Iranian Registry of Clinical
Trials (IRCT20181014041336N1).

The sample population consisted of 50 athletes aged
20 - 50 years, who were assigned into two groups. The
participants were military athletes in Mashhad, Iran, who
were selected using simple random sampling method.
This clinical trial was conducted in March 2019 on military
athletes.

The inclusion criteria were as follows: (1) male mili-
tary athletes, (2) no use of antioxidants and herbal sup-
plements for a minimum of a month prior to the inter-
vention, (3) willingness to participate and providing writ-
ten informed consent after explaining the study objectives
and procedures, and (4) no history of allergies to specific
compounds. The exclusion criteria were as follows: (1)
use of anti-inflammatory supplements/antioxidants dur-
ing the intervention (four weeks), (2) adherence to a spe-
cial diet, smoking habits or weight reduction diets for a
minimum of six months prior to the intervention, (3) suf-
fering from metabolic disorders (e.g., diabetes mellitus,
lactose intolerance, and thyroid dysfunctions), and (4) suf-
fering from chronic inflammatory diseases (e.g., inflam-
matory bowel disease).
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The participants were randomly allocated to two exper-
imental (n = 25) and control (n = 25) groups. Energy was
estimated at 2,800 - 3,200 kilocalories per person (energy
required for exercise performance). The subjects in the ex-
perimental group received three packs of the designed CFB
(125 g, 700 kcal each) containing functional compounds
(caffeine and L-arginine) for 10 days. In total, 2,100 kilo-
calories was provided daily by CFB consumption, and the
remaining required energy was provided by foods such as
bread, cheese, nuts, and dried fruits in order to produce the
required energy.

The subjects in the control group consumed regu-
lar food used in military training courses (canned and
kitchen-cooked meals) with the same daily calorie count as
the intervention group during the same period. The condi-
tions of the study were similar for all the subjects in terms
of temperature, humidity, sports coverage, sleep, type of
exercise, and calories. All the participants were assessed at
7:15 - 9 AM.

3.2. Properties of CFB Formulation

In the present study, the ingredients used for the pro-
duction of CFBs included corn flour (Iliafactories, Ker-
manshah, Iran) as a carbohydrate source, whole soy-
bean flour (Toos Soyan, Mashhad, Iran), milk protein
concentrate (MPC) (Golshad, Mashhad, Iran) as the pro-
tein source, cocoa butter substitute (CBS) (Cargill, Kuala
Lumpur, Malaysia) as the lipid source, granulated sugar
(Iran Sugar Co., Tehran, Iran) as the source of simple sug-
ars, lecithin and polyglycerol polyricinoleate (PGPR; Nestlé
Iran, Co., Tehran, Iran), cocoa powder (Delfi Cocoa, Johor
Darul Takzim, Malaysia), and vitamin and mineral premix
(Osve Iran Pharm Inc., Tehran, Iran). The vitamin/mineral
premix was formulated by Osve Iran Pharm to meet IOM
requirements of EFPs (Table 1). Table 2 shows the macronu-
trients (carbohydrate, fats, and protein) of the produced
CFBs.

In this clinical trial, we aimed to evaluate the effects of
consuming CFB with functional compounds (caffeine and
L-arginine) on VO2Max and exercise performance in mili-
tary athletes, in comparison to the control group. To this
end, CFB was designed, and the appropriate composition
and amounts of macronutrients (carbohydrates, fats, and
proteins) were included into the designed CFB in order to
provide the required energy for exercise performance.

The carbohydrates, fats, and proteins were selected
meticulously to enhance athletic performance. For ex-
ample, we used MPC and soybean as the protein sources,
which are abundant sources of casein protein and argi-
nine amino acid, respectively. Furthermore, they were
enriched with multivitamins, minerals, caffeine, and L-
arginine, thus providing the designed CFB with proper-

Table 1. Energy, Macronutrients, Micronutrients, and Pragmatic Compounds Used
in Designed CFB Based on RDA

Nutrient RDA

Energy (kcal/day) 2,100

CHO (g/day) 230

Protein (g/day) 70

Fat (g/day) 100

Vitamin A (IU/day) 900

Vitamin C (mg/day) 60

Vitamin D (IU/day) 200

Vitamin E (IU/day) 15

Vitamin K (µg/day) 120

Thiamine (mg/day) 1.2

Riboflavin (mg/day) 1.3

Niacin (mg/day) 16

Vitamin B6 (mg/day) 1.7

Folic acid (µg/day) 400

Vitamin B12 (µg/day) 2.4

Biotin (µg/day) 30

Pantothenic acid (mg/day) 5

Calcium (mg/day) 1,200

Iron (mg/day) 8

Phosphorus (mg/day) 700

Iodine (µg/day) 150

Magnesium (mg/day) 400

Zinc (mg/day) 11

Selenium (µg/day) 50

Copper (µg/day) 50

Manganese (mg/day) 2.3

Chromium (µg/day) 30

Molybdenum (µg/day) 45

Potassium (mg/day) 4,700

Sodium (mg/day) 1,500

Caffeine (mg/day) 1,000

L-arginine (g/day) 2

Abbreviation: RDA, recommended dietary allowance.

ties such as adequate energy supply, increased functional
capacity, reduced oxidative stress, and enhanced immune
function.

3.3. Test Measurement

Anthropometric indices, including weight, height,
body mass index (BMI), body fat mass (BFM), and lean body
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Table 2. Value and Energy Contributions of Macronutrients per 100 Grams of CFB

Macronutrients Final Value (g) Energy Contributions (%)

Total carbohydrates 58.59 45

Complex
carbohydrates

40.71 70 (of total carbohydrates
energy)

Corn flour 34.9 -

Soybean flour 5.81 -

Simple
carbohydrates

17.88 30% (of total
carbohydrates energy)

Powdered sugar 14.97 -

MPC 2.91 -

Fat 24.97 42

CBS 21.03 -

Corn and soybean
flour

3.86 -

Protein 16.275 13

MPC 8.14 -

Soybean flour 8.13 -

Moisture 2.17 -

Rash 2.7 -

Abbreviations: CBS, cocoa butter substitute; CFB, compact food bars; MPC, milk
protein concentrat.

mass (LBM), were measured in each participant at base-
line and after the intervention. BMI was calculated as
weight (kg) divided by height (meters squared), and LBM
and BFM were measured using a body composition ana-
lyzer (model: InBody S10, InBody Co., Korea).

Cardiopulmonary endurance was evaluated using a
respiratory gas analyzer (model: MetaLyzer3B, Cortex Bio
Physic Co., German), which directly measured the VO2Max

(mL/kg/min), abdominal muscle endurance in the sit-up
test, shoulder belt endurance in the Barfix corrected test,
upper-extremity endurance in the push-up test, flexibility
in the sit-and-reach test, speed in the 45-meter running
test, agility in the 4 × 9-meter running test, and lower-
limb strength in the jump pair length test at baseline
and after the intervention. In addition, physical activity
was recorded using a pedometer (model: HJ-320, Omron,
Japan) before and after the intervention. Exercise perfor-
mance was measured and recorded at the baseline and af-
ter the intervention based on sports tests, VO2Max (measure
of cardio-respiratory endurance) in vitro with cardiopul-
monary exercise testing, blood pressure test, and anthro-
pometric measurements based on body composition and
physical activity using a pedometer.

3.4. Statistical Analysis
Data analysis was performed in SPSS version 16 (SPSS

Inc., Chicago, IL, USA), and the significance level was set
to be P < 0.05. The quantitative results were expressed
as mean and standard deviation, and the normality of the
data was evaluated using the Kolmogorov-Smirnov test.
Moreover, Independent-sample t-test was run to compare
the variables between the two groups, and Repeated Mea-
sures ANOVA was used to evaluate the variations of vari-
ables between the mean values in the study groups.

4. Results

The Kolmogorov-Smirnov test revealed the normal dis-
tribution of the data in the experimental and control
groups. No significant difference was observed between
the groups before the intervention in terms of age, height,
weight, BMI, energy, and protein intake (P > 0.05) (Table
3). In addition, the participants’ specifications, , including
weight, BMI, BFM, LBM, physical activity (PA), and energy,
were no significantly different after the intervention (Table
4).

Table 3. Baseline Characteristics of Participants in Experimental and Control Groups

Variables CFB (N = 25)b Control (N = 25)c P Value

Age (y) 24.18 ± 2.9* 23.95 ± 3.23* 0.44d

BMI (kg/m2) 23.35 ± 4.02* 24.01 ± 4.53* 0.57d

Height 175.55 ± 6.78* 176.35 ± 7.38* 0.78d

Weight 73.82 ± 14.02* 72.91 ± 16.32* 0.83d

Energy (kcal) 2359.45 ± 362.02* 2338.65 ± 341.28* 0.84d

Protein (g/day) 81.05 ± 13.18* 83.04 ± 8.13* 0.48d

aValues are expressed as mean ± SD.
bCFB: compact food bars/recipient of CFB during 10 days of the study.
cRecipient of regular food during 10 days of the study.
dIndependent-student t-test.

Table 5 shows the intragroup and intergroup compar-
ison of the variations in the VO2Max and exercise tests. Ac-
cordingly, after a 10-day intervention, there was a signifi-
cant difference between the means of variations in VO2Max,
push-up, sit-and-reach test and jump pair length based on
Repeated Measures ANOVA in CFB group, compared to the
control group (P < 0.05); however, there was no signifi-
cant difference in the variations of Barfix corrected test, 45-
meter Run test, 4× 9-meter run test, Sit-ups test (P > 0.05).

5. Discussion

Recently, numerous nutritional supplements have
been popularized among athletes with the aim of im-
proving the maintenance of muscle strength during high-
intensity exercises and exercise performance. The present
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Table 4. Anthropometric Indices and Physical Activity Before and After Intervention
in Experimental and Control Groupsa

Variables CFB (N = 25)b Control (N = 25)c P Valued

Weight (kg) 0.67

Baseline 73.82 ± 14.02 72.91 ± 16.32

End 73.6 ± 14.23 72.74 ± 15.17

BMI (kg/m2) 0.43

Baseline 23.35 ± 4.02 24.01 ± 4.53

End 23.57 ± 3.85 23.91 ± 3.7

BFM (%) 0.53

Baseline 19.78 ± 7.67 18.14 ± 6.97

End 19.52 ± 7.44 18.08 ± 7.22

LBM (%) 0.61

Baseline 58.32 ± 6.06 58.83 ± 9.97

End 58.68 ± 6.91 58.86 ± 9.62

PA (km/day) 0.59

Baseline 22.486 ± 0.33 22.501 ± 0.39

End 22.389 ± 0.29 22.401 ± 0.31

Energy (kcal) 0.51

Baseline 2742.68 ± 471.49 2889.82 ± 364.32

End 2692.41 ± 523.30 2894.82 ± 548.17

Abbreviation: BFM, body fat mass; LBM, lean body mass; PA, physical activity.
aValues are expressed as mean ± SD.
bCFB: compact food bars/recipient of CFB during 10 days of the study.
cRecipient of regular food during 10 days of the study.
dRepeated measures ANOVA.

study aimed to investigate the effects of consuming CFB
enriched with multivitamins, minerals, L-arginine, and
caffeine for 10 days on the exercise performance, VO2Max,
weight, BMI, BFM, and LBM in male military athletes, in
comparison to the control group (regular food consump-
tion).

According to the findings of the present study, the con-
sumption of CFB increased VO2Max and physical perfor-
mance; however, no significant difference was observed be-
tween the experimental and control groups in terms of the
mean weight, BMI, BFM, and LBM before and after the inter-
vention. This could be attributed to the short period of the
study, implementation of a joint exercise program (long
days and night walks), military maneuvers, and same ex-
ercise in the study groups.

According to the study findings, the effects of CFB con-
sumption more favorably increased cardiopulmonary en-
durance (VO2Max), Upper-limb strength (push-up), flexibil-
ity (sit-and-reach test), and lower-limb strength (jump pair
length test) in the experimental group, compared to the
control group.

Table 5. Physical Fitness Tests Before and After Intervention in Experimental and
Control Groupsa

Variables CFB (N = 25)b Control (N = 25)c P Valued

VO2Max (mL/min/kg) 0.001

Baseline 41.47 ± 2.16 40.53 ± 1.85

End 46.80 ± 3.02 41.40 ± 2.69

Barfix corrected
(repeat)

0.06

Baseline 17.95 ± 8.25 16.80 ± 11.12

End 22.85 ± 7.13 18.80 ± 14.02

Push-up
(number/minute)

0.015

Baseline 27.37 ± 11.07 25.36 ± 4.15

End 32.37 ± 12.59 28.86 ± 7.61

Sit-and-reach (cm) 0.016

Baseline 33.02 ± 7.05 32.58 ± 5.07

End 36.34 ± 7.81 34.83 ± 5.67

45-meter run (second) 0.89

Baseline 7.43 ± 0.84 7.15 ± 0.10

End 7.52 ± 0.51 7.98 ± 0.46

4 × 9-meter run
(second)

0.08

Baseline 10.12 ± 0.82 10.18 ± 0.90

End 9.52 ± 0.78 10.26 ± 0.56

Jump pair length
(second)

0.008

Baseline 199.12 ± 19.82 198.18 ± 21.90

End 211.52 ± 20.78 201.26 ± 18.56

Sit-ups (cm) 0.72

Baseline 36.01 ± 8.01 38.58 ± 5.39

End 40.14 ± 6.71 39.83 ± 5.93

aValues are expressed as mean ± SD.
bCFB: compact food bars/recipient of CFB during 10 days of the study.
cRecipient of regular food during 10 days of the study.
dRepeated measures ANOVA.

The protein used in the CFB was an abundant source of
L-arginine, which is an essential amino acid found in soy-
bean protein, and branched amino acids (casein protein
in the MCP) as well as multivitamins, minerals, and caf-
feine. These compounds increase oxygen delivery to the ac-
tive muscles, thereby enhancing the oxygen uptake in the
muscles to effectively improve exercise performance. Sev-
eral studies have focused on the effects of these nutritional
compounds on exercise performance (14, 15).

Our findings are consistent with the previous studies
conducted in this regard. According to a similar study, argi-
nine amino acids improve muscle strength and function
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during exercise, thereby leading to delayed muscle fatigue
during physical activity (16). In another study, the con-
sumption of L-arginine (3 g/day) for 15 days by men reduced
muscle fatigue and increased oxygen uptake during exer-
cise (17). L-arginine was used in another study for 45 days at
the concentration of 2 g/day, enhancing the agility and per-
formance of skeletal muscles during exercise in male ath-
letes (18).

The suggested mechanism is that L-arginine may affect
VO2Max and exercise performance through increasing oxy-
gen delivery to the active muscles, which in turn increases
oxygen uptake in muscles (18). L-arginine is the precur-
sor of nitric oxide, which has vasodilatory effects on in-
creasing the blood flow and improving cardiopulmonary
endurance (19, 20). Theoretically, increased blood flow
could enhance physical performance through enhancing
oxygen and nutrient delivery and waste product removal
from the skeletal muscles during exercise (18, 19). In terms
of cardiopulmonary endurance, the Krebs cycle is consid-
ered to be the dominant energy supply system for the body.
This cycle requires oxygen to produce adenosine triphos-
phate (ATP), and the activities that increase the capacity of
the circulatory and pulmonary tracts to increase the capac-
ity of oxygen delivery to the cells in the body, result in con-
tinuous ATP remodeling to improve performance and reg-
ular activity (20). Therefore, compounds such as L-arginine
in the designed CFB in the current research could be highly
effective in increasing the oxygen delivery capacity.

The other potential effects of a CFB might be caused
by the constituents such as caffeine. This finding is in
line with previous studies that examined the effect of caf-
feine on exercise performance (21-23). The results of a study
showed that 5 mg/kg of caffeine enhanced the endurance,
agility, and performance of muscle strength at various in-
tensity levels of practice (21). One study showed that caf-
feine intake in the Ergometer test increased the time to
reach exhaustion (20). Another study showed that caf-
feine intake of 5 mg/kg increased exercise performance
and VO2Max (23).

The possible mechanisms explaining the effects of the
caffeine content for the designed CFB include increased en-
ergy intake, stimulation of fatty acid release from the adi-
pose tissue (14, 15), faster regeneration of energy sources,
and delayed fatigue threshold, which is possible through
the preventing disturbances in the acid-base balance and
reduction of glycolysis and lactic acid accumulation in the
muscles (24, 25). Caffeine is an ergogenic agent, which in-
fluences the release of catecholamines and prevents cellu-
lar damage through its antioxidant effects (14). Moreover,
caffeine improves cardiopulmonary endurance and exer-
cise performance during high-intensity exercises and long-
term activities and could be effective in prolonging the

time to reach fatigue by glycogen storage through increas-
ing lipolysis and consumption of fatty acids as the main en-
ergy supply during high-intensity exercises (15). Therefore,
compounds such as L-arginine and caffeine in the CFB de-
signed in the present study could increase oxygen delivery
capacity and enhance exercise performance.

5.1. Conclusions

According to the findings of the present study, the con-
sumption of the designed CFB with functional compounds
(caffeine and L-arginine) by military athletes under severe
conditions and intense exercise activity positively affected
VO2Max and exercise performance. However, there was no
significant effect on the anthropometric indices and body
composition.
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