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Background and Objectives: Oligosaccharide or oligopeptide supplementation may have a significant impact on 
endurance performance. This study evaluated the effects of adding maltooligosaccharides (MO) or soy oligopep-
tides (SO) to compressed food (CF) on the physical response of soldiers to daily military training. Methods and 
Study Design: Twelve soldiers were randomized to four diet groups: regular meals, CF, CFMO, and CFSO 
(crossover design). They participated in exercise tests including 90 minutes running at 55-65% VO2max and ex-
haustive running. Heart rates, rating of perceived exertion (RPE), and blood and urine samples were collected 
during exercise and recovery. Results: The recovery heart rates were significantly lower with the CFMO diet 
compared with the other diets. Compared with all other diets, blood glucose levels were higher, post-exercise 
blood lactate levels were lower, and lactate clearance during recovery was higher with the CFMO diet, followed 
by the CFSO diet. Post-exercise levels of erythrocytes and hematocrit were significantly higher with the CFSO 
diet. Post-exercise urine specific gravity was lower with the CFMO diet and urine pH was decreased with the 
CFSO diet. Blood urea nitrogen (BUN) and uric acid (UA) were significantly higher with the CFSO diet than 
with the other diets. There was no significant difference in skeletal and cardiac muscle injury indices and RPE 
among diets. Conclusions: CFMO led to better heart rate recovery, improved and maintained blood glucose and 
increased removal of blood lactate. CFSO accelerated removal of blood lactate during recovery, maintained oxy-
gen supply, and increased fluid retention. 
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INTRODUCTION 
Military personnel on the battlefield are usually provided 
with ready-to-eat or ready-to-cook packed foods that have 
specific characteristics like storage stability with long 
shelf life, transport convenience, nutritional value, and 
easy preparation. Use of thermally processed canned or 
compressed food (CF) that can be consumed with or 
without prior heating, are extensively used in military 
nutrition.1,2 CF is the major source of food-derived energy 
in the Chinese military. However, the food intake is inad-
equate when packaged military rations are used as the 
sole source of food, which can lead to health problems 
like nutritional deficiency and hence reduce vigor and 
performance.3 There is a need for improvement in the 
quality and composition of CF to enhance its nutritional 
and functional values. Foods with adequate nutritional 
value would allow military personnel delivering optimal 
performance during deployment. 

Oligosaccharides and oligopeptides are food materials 
with high nutritional value that are supposed to improve 
athletic performance. It was observed that addition of 
protein to a carbohydrate supplement enhanced aerobic 
endurance performance.4 Studies showed that fructooli-
gosaccharides increased the absorption of calcium, mag-
nesium, and iron, and decreased the occurrence of osteo- 

 
 

porosis.5 Another study showed that oligopeptides ex-
tracted from hen's egg yolks could potentially suppress 
the development of hypertension in spontaneously hyper-
tensive rats, possibly by the inhibition of the angiotensin-
converting enzyme (ACE).6 Oligopeptides derived from 
soybean can be used as natural antioxidants or antihyper-
tensive compounds in the pharmaceutical and functional 
food industries.7 Soy oligopeptides (SO) can be effective 
in pain control by increasing the absorption of opioids 
compared with a control mixture of proteins in healthy 
adult men.8 

The functional characteristics of oligosaccharides and 
oligopeptides have been studied extensively, but few 
studies have been performed on human volunteers to ex-
amine the effects of oligosaccharides and oligopeptides to 
improve the sports ability and to improve the fatigue re- 
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covery after exercise. In addition, many exercise and en-
durance training studies used parameters like blood lac-
tate, heart and lung functions, blood and urine biochemis-
try, detection of muscle injury markers, and subjective 
ratings of perceived exertion (RPE), because these pa-
rameters are most likely to reflect muscle activity, breath-
ing, and metabolic changes during and after exercise.9,10 
Therefore, the aim of the present study was to use these 
parameters to evaluate the effects of maltooligosaccha-
rides (MO)- and SO-enriched CF on exercise perfor-
mance and endurance training in military personnel. 
 
MATERIALS AND METHODS 
Test samples 
The CF, compressed food with maltooligosaccharides 
(CFMO), and compressed food with soy oligopeptide 
(CFSO) were developed by the Quartermaster Institute of 
the General Logistic Department of the Chinese People's 
Liberation Army (CPLA), China. 

The CF was made of biscuit powder (83%), vegetable 
oil (11%), vitamins (0.3%), minerals (0.7%), and water 
(5%). The biscuit formula included wheat flour (55%), 
white granulated sugar (13.5%), salt (0.5%), vegetable oil 
(13.5%), milk powder (3%), baking soda (0.2%), and 
water (14.3%). The CF was made in accordance with the 
above formula using the CF Technology (Patent: No. ZL 
200710097841.9 [China]) including two parts of the bis-
cuit making and biscuits crushed briquetting. Taurine, 
carnitine, caffeine, and any other banned substances were 
not added. The CF provided 1880 kJ/100 g, of which 13% 
were from protein, 30% from fat, and 57% from carbohy-
drates. Each 100 g of CF contained 14.7 g of protein, 15.2 
g of fat, and 63.9 g of carbohydrates. 

The CFMO was made by adding 5% of MO to the bis-
cuit dough during the late stages of CF processing. MO is 
a maltose compound that consists of glucose (1.0-4.0%), 
maltose (18.0-23.0%), malto-triose (20.0-25.0%), malto-
tetraose (8.0-13.0%), malto-pentaose (4.0-8.0%), malto-
hexaose (3.0-7.0%), and malto-heptaose and other carbo-
hydrates (20.0-46.0%). 

The CFSO was made by adding 5% of SO to the bis-
cuit dough during the late stages of CF processing. SO is 
a mixture of small peptides; 90% of these peptides have a 
molecular weight <1000 Da. 

 
Study participants 
Sixty soldiers were screened from a military base in Bei-
jing; 34 soldiers were selected based on their fitness, as 
determined by their resting heart rates, recent 5-km run-

ning records, and training performance. After blood ex-
amination and fitness, 12 soldiers were selected for this 
trial. 

Inclusion criteria: (1) 1-1.5 years of service; and (2) 
able to participate in standard military training. Exclusion 
criteria: (1) heart rate of <60 or >100 bpm at rest or >180 
bpm after a 2400-m run in 12 mins; (2) unsuccessful fit-
ness test; (3) unstable overall level of training; (4)strong 
subjective feeling of fatigue; (5) failed treadmill fitness 
test; (6) white blood cell (WBC) count outside the normal 
range ((4.0-10.0)×109/L); (7) overweight (BMI >23.9 
kg/m2) or underweight (BMI <18.5 kg/m2); or (8) sub-
standard appetite. Soldiers were randomized to four 
groups using the drawing lots method (n=3/group). 

The study was approved by the Ethics and Research 
Committee of the Quartermaster Institute of the General 
Logistic Department of CPLA and was conducted in ac-
cordance with the Declaration of Helsinki. All partici-
pants provided a written informed consent before enroll-
ment. 

 
Study design 
This was a crossover design study. All participants were 
successively submitted to all four diets. The four food 
types were regular meal, CF, CFMO, and CFSO. Each 
round lasted for 7 days, including 4 days for the con-
sumption of the food followed by a 3-day washout during 
which normal diet was allowed (Table 1). 

During the 4-day experimental period, soldiers had to 
strictly adhere to the consumption of the experimental 
food (3300 kcal/day). During the 3-day normal diet peri-
od, there was no food restriction, but snacks were not 
allowed between meals and the daily intake of calories 
had to be <4000 kcal. All other kinds of foods, supple-
ments, cigarettes, and alcohol were prohibited during the 
trial. 

 
Study procedure 
The following procedures were implemented during each 
testing round: 

Days 1 and 2: Diet according to the pre-set experi-
mental schedule; all participants were submitted to the 
same amount and intensity of daily training. Day 3: Diet 
according to the pre-set experimental schedule; all partic-
ipants participated in simple activities, without high in-
tensity workout. Day 4: Diet according to the pre-set ex-
perimental schedule; all participants were submitted to 
exercise capacity test, as explained below. 

(1) The participants provided fasted midstream urine in 
 
Table 1. Crossover experiment design 
 
Test round Days Regular meal CF CFMO CFSO 
1st round Day 1-4 A1-A3 B1-B3 C1-C3 D1-D3 

Day 5-7 Free diet 
   

2nd round Day 1-4 D1-D3 A1-A3 B1-B3 C1-C3 
Day 5-7 Free diet 

   

3rd round Day 1-4 C1-C3 D1-D3 A1-A3 B1-B3 
Day 5-7 Free diet 

   

4th round Day 1-4 B1-B3 C1-C3 D1-D3 A1-A3 
Day 5-7 Free diet 

 
CF: compressed food; CFMO: compressed food with maltooligosaccahrides; CFSO: compressed food with soy oligopeptides. 
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the morning and venous fasted blood. Blood sugar and 
lactate were measured. (2) Diet according to the pre-set 
experimental schedule, followed by a 30-min break; 
blood sugar and lactate were measured. (3) Running for 
90 minutes at 55-65% VO2max. Heart rate was monitored 
and urine samples were obtained immediately afterwards. 
Blood sugar and lactate were measured every 45 mins. 
Blood lactate was measured again after resting for 10 min. 
(4) Exhaustive running test starting at 8 km/h, increasing 
to 14 km/h steadily within 3 minutes (equivalent to 85-
92% VO2max), and maintained at 14 km/h until exhaus-
tion. Heart rate was monitored. Blood lactate was meas-
ured immediately and 3, 9, and 15 min after exhaustion. 
(5) On Day 5, fasted venous blood and midstream urine 
were obtained in the morning for biochemical marker 
measurement. All blood samples to determine blood sug-
ar and lactate levels were collected from fingertips. 

 
Daily training 
Daily training included 5 000-m running, 400-m barrier-
running, sit-ups, push-ups, fighting movements, grenade 
throwing, blasting, and shelter construction. 
 
Testing indices and methods 
Heart and lung functions were determined using Cortex 
MetaMax cardiopulmonary function 3B telemetry. Blood 
glucose was measured using a One Touch Ultra blood 
glucose system. Blood lactate was determined using a 
YSI 1500 lactate analyzer. Blood lactic acid value imme-
diately after exhaustive running was taken as reference. 
Blood lactate clearance rate (%) = [(reference value - 
blood lactic acid value 3/9/15 min after exhaustive run-
ning) / reference value)] * 100%. For routine blood tests 
(WBC, red blood cell, hemoglobin (HGB), hematocrit 
(HCT), platelet (PLT)), a Siemens ADVIAR 2120 whole 
blood cell analyzer was used. For routine urine analysis 
(specific gravity and pH), a Bayer Clinitek Status urine 
analyzer was used. Assessment of skeletal and cardiac 
muscle injury (creatinine kinase (CK), myoglobin, cardi-
ac troponin I (TnI)), liver function (alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), total 
protein (TP), albumin (ALB)), and kidney function (creat-
inine (CRE), blood urea nitrogen (BUN), uric acid (UA)) 
indexes were measured using a Beckman Coulter Unicel 
DXC600 automatic biochemical analyzer and Beckman 
Coulter UnicelTM DXI800 automatic light-emitting device. 

To assess subjective feeling of fatigue, the Borg’s per-
ceived exertion and pain scale ratings of perceived exer-
tion (RPE) were used.11 The subjective perception of fa-
tigue during each stage of exercise was scored by the par-
ticipants on a scale ranging from 6 to 20, where 6-8 was 
considered very easy, 9-10 fairly easy, 11-12 easy, 13-14 
somewhat tired, 15-16 tired, 17-18 very tired, and 19-20 
exhausted. During the whole trial, each value of the 
Borg’s 6-20 category scale was explained repeatedly to 
participants. After running for 10-15 min, 30-35 min, 50-
55 min, 70-75 min, 85-90 min, and at the end of exhaust-
ed running, the experimenters held up the scale and the 
participants reported their RPE at that instant, which was 
used to estimate total body exhaustion at these time points. 
 

Statistical analysis 
Statistical analyses were performed using SPSS 13.0 
(SPSS Inc., Chicago, IL, USA). The data were presented 
as mean±standard error (SE) and analyzed using one-way 
analysis of variance (ANOVA) with the least-significant 
difference (LSD) method for multiple comparisons or the 
Tamhane’s T2 method if variables were non-normally 
distributed. A dynamic curve of different monitoring time 
points was analyzed by the general linear model via com-
paring univariate curve slopes and intercept differences 
among groups. Differences were considered to be signifi-
cant when p<0.05. 
 
RESULTS 
Demographic and other baseline characteristics 
Participants were 19.8±0.5 years of age; their height was 
171.9±1.3 cm, body weight was 65.2±1.8 kg, and body 
mass index (BMI) was 22.0±0.4 kg/m2. The maximum 
oxygen uptake (VO2max) was 57.9±0.6 mL/min/kg. No 
significant difference was observed among the four 
groups. 
 
Changes in heart rate during exercise 
Heart rate (HR) during the 55-65% VO2max running ex-
ercise for 90 min showed that participants who took CF 
(CF, CFSO, or CFMO) had higher HR compared with 
participants who took normal diet (Figure 1A). In addi-
tion, there were significant differences in the 85-92% 
VO2max with exhaustive running test between the regular 
diet and the CFMO, CF, and CFSO diets (all p<0.01 vs. 
the regular diet) (Figure 1B). HR after exhaustive running 
was lower with the CFMO diet compared with the CF and 
CFSO diets at each time point (all p<0.01) (Figure 1C). 
 
Changes in blood glucose during exercise 
There was no significant difference in morning fasting 
blood glucose among all diets. Thirty minutes after food 
consumption, blood glucose was higher with the CFMO 
diet compared with the regular diet, CF, and CFSO. 
Blood glucose was lower with all diets after 55-65% 
VO2max running for 90 min. The blood glucose was 
higher with the CFMO diet compared with the others (all 
p<0.05) (Figure 2). 
 
Changes in blood lactate during exercise 
Blood lactate levels increased rapidly with all diets during 
55-65% VO2max running for 45 min. During 85-92% 
VO2max exhausted running, blood lactate increased rap-
idly to a maximum value with all diets. During the 15-
min recovery, blood lactate decreased with all diets. 
Blood lactate was the lowest with the CFMO diet at all 
time points, while they were the highest with the regular 
diet. A significant difference was observed for blood lac-
tate among the CFMO, CFSO, CF, and regular diets 
(p<0.01) (Figure 3A). Blood lactate after the 10-min re-
laxation period was the lowest with the CFMO diet, fol-
lowed by the CFSO, CF, and regular diets (p<0.01) (Fig-
ure 3A). The blood lactate clearance was the fastest with 
the CFMO diet, followed by the CFSO diet, but there was 
no significant difference among the four diets after ex-
haustive running (Figure 3B). 
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Changes in routine blood parameters 
No significant difference was observed in RBC count, 
platelet count, or hemoglobin at any time point among all 
four diets (all p>0.05) after food consumption for four 
consecutive days. Compared with the other diets, RBC 
count was significantly higher with the CFSO diet imme-

diately post-exercise (p<0.05). Morning fasting hemato-
crit values were significantly higher with the CFSO diet 
compared with the regular diet (p<0.05) and significantly 
higher with the CFMO and CFSO diets compared with 
the regular diet immediately after exercise (p<0.05) (Ta-
ble 2). 

 
 
Figure 1. Heart rate differences with different compressed food consumption. (A) Changes in heart rate during 55-65% VO2max running 
for 90min testing. (B) Changes in heart rate during 85-92% VO2max running until exhaust. (C) Changes in heart rate after exhaustive 
running. The data are shown as mean±standard error (SE). CF: compressed food, CFMO: compressed food with maltooligosaccahrides, 
CFSO: compressed food with soy oligopeptides. 
 
 

 
 

Figure 2. Changes of blood glucose concentrationduring exercise with different compressed food consumption. The data are shown as 
mean±SE. 
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Changes in urine specific gravity and urine pH 
The urine specific gravity with the CFMO diet was lower 
compared with the CF and CFSO diets after 90-min run-
ning (p<0.05). In addition, the increase in urine specific 
gravity was smaller with the CFMO diet compared with 
the other diets (p<0.05). A decrease in urine pH was ob-
served with the CFSO diet immediately after exercise 
(p<0.05) (Table 3). 
 
Changes in liver or renal function parameters 
After four days of food consumption, the liver function 
indexes of all participants were within the normal range 
and were not significantly different from each other (Ta-
ble 2). There was no significant difference for serum cre-
atinine levels. The BUN with the CFSO diet was signifi-
cantly higher than with the other diets after fasting, im-
mediately after exercise, and the next morning after exer-
cise (p<0.01, 0.01, 0.05 or 0.01). The lowest BUN was 
observed at each monitoring time point with the CF diet. 
The BUN was significantly lower with the CF diet com-
pared with the regular diet (p<0.05) immediately after 
exercise and the next morning after exercise. UA after 

food consumption with all diets was within the normal 
range, but the UA levels with the CFSO diet were signifi-
cantly higher compared with the other diets (p<0.05 or 
0.01) (Table 3). 
 
Changes in indices of skeletal or cardiac muscle injury 
Table 4 presents the changes in skeletal and cardiac mus-
cle injury indices. No significant difference was observed 
in myoglobin, CK, or troponin at any time points. After 
exhaustive exercise, the highest myoglobin levels were 
observed with the CFSO diet, followed by the CFMO and 
CF diets, compared with the regular diet, but the differ-
ences were not statistically significant. After exhaustive 
exercise, CK was the lowest with the CFMO diet and the 
highest with the regular diet, but no significant difference 
was observed between these diets. In addition, no signifi-
cant difference was observed for troponin among all diets 
after exercise. 
 
RPE scores during exercise performance test 
Table 5 presents the RPE scores of the soldiers during 
exercise. The RPE scores increased continuously during 

 
 
Figure 3. Blood lactate differences with different compressed food consumption. (A) Changes in blood lactate concentration during ex-
ercise. (B) Changes in blood lactate clearance rate (%) after exhaustive running. The data are shown as mean±SE. 
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Table 2. Changes in routine blood parameters and liver function 
 

Diets Time point White blood cell  
(×109cells/L) 

Red blood cell 
/Erythrocyte 

(×1012cells/L) 

Hemoglobin  
(g/L) 

Hematocrit 
(%) 

Platelet  
(×109cells/L) 

Alanine  
aminotransferase  

(U/L) 

Aspartate  
aminotransferase  

(U/L) 

Total  
protein  
(g/L) 

Albumin  
(g/L) 

Baseline 
(n=12) 

Morning fasting 5.9±0.49 4.60±0.05 147±1.6 40.7±0.4 230±15 27.1±2.1 23.6±1.1 75.5±1.0 45.5±0.6 
           

Regular meal 
(n=12) 

Morning fasting 5.9±0.39 4.57±0.07 146±2.2 39.1±0.6 221±12 27.3±2.2 23.8±1.4 79.7±0.9 47.5±0.6 
Immediately after exercise 10.4±0.48 4.75±0.06 152±1.9 40.4±0.4 285±14 42.1±2.6 32.4±1.9 88.6±0.9 52.5±0.5 
The next morning after 

exercise 
6.0±0.33 4.50±0.05 143±2.2 38.4±0.6 226±12 28.6±2.6 27.6±3.1 79.5±1.5 48.0±0.6 

           

CF  
(n=12) 

Morning fasting 6.0±0.35 4.68±0.07 149±2.1 40.1±0.6 235±11 26.5±2.2 22.0±1.0 81.0±0.9 48.3±0.4 
Immediately after exercise 9.3±0.60 4.84±0.08 156±2.5 41.6±0.7 303±16 42.6±4.0 30.2±1.9 93.5±1.6 53.4±0.7 
The next morning after 

exercise 
6.1±0.31 4.60±0.05 146±1.4 39.2±0.3 240±12 26.3±2.1 23.3±1.5 78.4±1.2 47.4±0.6 

           

CFMO 
(n=12) 

Morning fasting 6.0±0.32 4.67±0.05 149±1.4 40.0±0.3 230±10 25.7±2.0 22.1±0.9 79.4±0.5 47.4±0.4 
Immediately after exercise 10.2±0.44 4.89±0.06 157±2.2 42.2±0.5† 287±13 39.9±2.7 30.2±1.0 90.7±1.2 52.3±0.6 
The next morning after 

exercise 
6.0±0.34 4.55±0.06 144±1.9 39.0±0.5 229±10 26.8±1.9 24.9±1.1 78.2±0.7 46.9±0.5 

           

CFSO  
(n=12) 

Morning fasting 6.1±0.33 4.73±0.08 152±2.0 40.8±0.6† 216±8 28.6±3.2 24.3±1.0 82.0±1.0 48.7±0.4 
Immediately after exercise 10.3±0.46 4.96±0.08† 159±2.3 42.3±0.7† 287±13 42.8±3.5 33.5±1.1 94.1±1.1 54.1±0.8 
The next morning after 

exercise 
6. 6±0.50 4.60±0.07 147±2.4 39.3±0.6 225±12 31.4±3.4 31.0±4.4 81.5±1.4 48.6±0.7 

 
CF: compressed food; CFMO: compressed food with maltooligosaccharides; CFSO: compressed food with soy oligopeptides. 
Data are shown as mean±SE. 
†p<0.05 vs Regular meal at the same time point. 
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55-65% VO2max 90-min running, but there was no signifi-
cant difference among the diets (Table 5). 
 
DISCUSSION 
CF is an important part of military rations and nutrition, 
but food intake is inadequate when packaged military 
rations are used as the sole source of food, eventually 
leading to problems like nutritional inadequacy and hence 
reducing vigor and performance. The aim of this study 
was to evaluate the effects of MO- and SO-enriched CF 
on exercise performance and endurance training in mili-
tary personnel. 

HR during exercise measures cardiac load and HR re-
covery, and may reflect the state of the autonomic nerv-
ous system and the body's capacity to respond to exer-
cise.12 The present study suggested that the CFMO diet 
could accelerate HR recovery after daily training. The 

amount of muscle glycogen stores, which is the main fuel 
for muscular work during prolonged high-intensity exer-
cise, is an important factor in determining endurance ca-
pacity. Supplementation with carbohydrates increases 
endurance performance and enhances lactate removal, 
and thereby delays the onset of fatigue.13 

Blood glucose is an indicator of fatigue and athletic 
performance. Carbohydrates are the main source of blood 
glucose. Carbohydrate ingestion during exercise may ele-
vate blood glucose and increase endurance capacity.14 
The present study showed higher blood glucose levels 
with the CFMO diet compared with the other diets, which 
could be possibly because of added MO. Based on these 
results, an inference can be drawn supporting the CFMO 
diet over the other study diets for improving and main-
taining blood glucose during longer and moderate exer-
cises. 

Table 3. Changes in routine urine parameters and in renal function 
 
Diets Time point Urine specif-

ic gravity pH Creatinine 
(ummol/L) 

Blood urea  
nitrogen (mmol/L) 

Uric acid 
(mg/dL) 

Baseline 
(n=12) 

Morning fasting 1.03±0.001 6.13±0.09 85±2.0 6.60±0.29 5.68±0.19 
       

Regular 
meal 
(n=12) 

Morning fasting 1.03±0.001 6.14±0.10 79±1.9 6.38±0.23 5.50±0.18 
After running for 90 min 1.02±0.002 6.21±0.19    
Immediately after exercise 1.03±0.002 5.86±0.12 102±4.8 7.61±0.24 5.97±0.21 
The next morning after exercise 1.03±0.001 6.14±0.10 79±2.4 7.46±0.18 5.64±0.18 

       

CF 
(n=12) 

Morning fasting 1.03±0.001 6.08±0.06 85±2.7 6.03±0.27 5.40±0.20 
After running for 90 min 1.02±0.002 6.27±0.25    
Immediately after exercise 1.03±0.000 5.80±0.08 102±5.2 6.75±0.31† 5.78±0.28 
The next morning after exercise 1.03±0.001 6.13±0.15 81±2.3 6.53±0.29† 5.66±0.17 

       

CFMO 
(n=12) 

Morning fasting 1.03±0.002 6.50±0.14 83±2.2 6.37±0.19 5.26±0.17 
After running for 90 min 1.02±0.002‡ 6.25±0.14    
Immediately after exercise 1.03±0.001‡ 6.00±0.01 100±4.3 7.43±0.20 5.66±0.25 
The next morning after exercise 1.03±0.002 6.25±0.10 86±1.9 6.91±0.29 5.55±0.20 

       

CFSO 
(n=12) 

Morning fasting 1.03±0.001 6.00±0.01 85±2.5 7.68±0.24††‡‡§§ 6.26±0.26†‡‡§§ 
After running for 90 min 1.03±0.002§ 5.96±0.13    
Immediately after exercise 1.03±0.001†§ 5.70±0.08§ 103±5.4 9.23±0.29††‡‡§§ 6.79±0.34†‡§§ 
The next morning after exercise 1.03±0.001 6.13±0.13 83±3.1 8.67±0.35†‡‡§§ 6.42±0.30†‡§§ 

 
CF: compressed food; CFMO: compressed food with maltooligosaccharides; CFSO: compressed food with soy oligopeptides. 
Data are shown as mean±SE. 
†p<0.05, ††p<0.01 vs Regular meal; ‡p<0.05, ‡‡p<0.01 vs CF; §p<0.05, §§p<0.01 vs CFMO at the same time point. 
 
 
Table 4. Changes in skeletal and cardiac muscle injury indices 
 

Diet Time point Creatine kinase  
(U/L) 

Myoglobin 
(ng/mL) 

Cardiac troponin I  
(ng/mL) 

Baseline (n=12) Morning fasting 216±39.1 22.4±1.6 0.021±0.003 
     

Regular meal (n=12) Morning fasting 175±30.8 20.1±1.3 0.014±0.002 
Immediately after exercise 236±40.2 63.8±25.3 0.016±0.002 
The next morning after exercise 218±33.2 27.6±4.5 0.021±0.003 

     

CF (n=12) Morning fasting 163±18.1 22.1±1.4 0.015±0.002 
Immediately after exercise 223±26.2 49.5±11.2 0.020±0.005 
The next morning after exercise 226±42.3 24.5±2.9 0.020±0.008 

     

CFMO (n=12) Morning fasting 145±13.7 20.2±1.2 0.014±0.003 
Immediately after exercise 206±17.4 51.7±11.7 0.022±0.004 
The next morning after exercise 266±30.9 26.2±1.8 0.026±0.006 

     

CFSO (n=12) Morning fasting 149±8.7 21.7±1.2 0.016±0.003 
Immediately after exercise 209±10.9 77.3±27.5 0.018±0.002 
The next morning after exercise 210±33.5 41.0±12.6 0.021±0.002 

 
CF: compressed food; CFMO: compressed food with maltooligosaccharides; CFSO: compressed food with soy oligopeptides. 
Data are shown as mean±SE. 
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Body fatigue during exercise and endurance training is 
closely related to the increased blood lactate.15 The pre-
sent study showed lower blood lactate levels with the 
CFMO diet compared with the other diets, which could 
be because of the added MO in the CFMO diet. In addi-
tion, the blood lactate clearance rate with the CFMO diet 
was the highest, followed by the CFSO diet, indicating 
the role of oligopeptides and oligosaccharides to speed up 
the removal of blood lactate produced during exercise. 
Faster lactate clearance helps to relieve fatigue quickly 
and promote physical recovery. 

Increased blood hematocrit is correlated with RBC or 
the release of cells stored in blood sinus. Increased RBC 
can maintain the supply of oxygen and enhance exercise 
performance.16,17 Therefore, the increased RBC and hem-
atocrit levels immediately after exercise with the CFSO 
diet may be helpful for oxygen supply during exercise. 
With the CFSO diet, hematocrit levels were higher than 
with the other diets, possibly because of extra protein 
supplements in this diet. Under normal circumstances, the 
body does not store protein. Extra proteins are metabo-
lized by ammonia decomposition and the nitrogen is ex-
creted in the urine. This process requires a lot of water 
that leads either to body over-hydration or water deficit 
state, which increases hematocrit. 

Urine specific gravity is often used to assess hydration 
status. The measurement of urine specific gravity and pH 
may be useful for the estimation of events in the body 
after submaximal exercise loading.18 The present study 
showed that the concentration of body fluids with the 
CFMO diet was significantly lower than with the other 
diets. Therefore, the CFMO diet could maintain urine pH 
and avoid acidification of body fluids. A decrease in urine 
pH with the CFSO diet was observed immediately after 
exercise. These findings suggest that acidic substances 
(such as sulfate or phosphate) produced during protein 
metabolism led to lower urine pH with the CFSO diet due 
to its high protein content. Decreased rate of gastric emp-
tying because of high protein content may reduce the rate 
of influx of water into the circulation, resulting in the 
reduction of urine production.19 Decreased urine produc-
tion leads to an increase in urine specific gravity due to 
smaller dilution. A protein-enriched diet could increased 
water absorption.20 From these results, it can be inferred 
that there may be a tendency for increased fluid retention 
with the CFSO diet. Fluid retention is the main index for 
assessing rehydration effectiveness. In addition, the 
CFSO diet could be more effective for rehydration com-
pared with the CFMO diet. 

Diets and daily training may affect liver function.21,22 

Four common parameters to test liver function (serum TP, 
ALB, ALT, and AST) were analyzed in the present study. 
Results showed that the consumption of CF did not result 
in decreased liver function. 

Strenuous physical exertion in hot environments can 
result in acute kidney injury.23 Creatinine is the final 
product of creatine metabolism in muscle, and is excreted 
primarily by glomerular filtration. Serum creatinine levels 
are used to assess renal function.24 Creatine supplementa-
tion minimally affects creatinine and renal function in 
young healthy adults and does not enhance exercise per-
formance.25,26 In the present study, no significant differ-
ence in serum creatinine was observed among all diets. 
During continuous exercise, the energy balance in muscle 
is destroyed, protein and amino acid catabolism increases, 
urea production increases, and the generated urea cannot 
be excreted. All of these factors can result in elevated 
blood urea levels.27 Exercise also results in increased 
sweating, decreased urine production, and increased 
blood urea. In addition, protein intake can also affect 
blood urea levels.28,29 In the present study, the BUN of the 
participants with the CFSO diet was significantly higher 
than with the other diets. The lowest BUN was observed 
at each time point with the CF diet. The BUN with the 
CFSO and CF diets may be highly associated with the 
protein content of these diets. Purine metabolism is one of 
the most important ways of excreting nitrogenous waste. 
UA is the end product of purine metabolism in the body.30 
All UA is filtered by the glomeruli, and approximately 
98-100% of UA is reabsorbed in the proximal tubule. 
Therefore, under normal circumstances, the clearance rate 
of UA is low. However, UA levels may increase after 
daily training. It has been reported that urine UA is in-
creased after exercise.31 Profuse sweating during exercise 
could result in decreased urinary UA excretion and lead 
to increased serum UA after exercise.32 In the present 
study, the UA with the CFSO diet was significantly high-
er compared with the other diets. High blood UA with the 
CFSO diet could be associated with high protein content, 
similar to BUN. 

CK is mainly found in skeletal muscles, cardiac mus-
cles, and brain tissues. Changes of CK can be used as an 
indicator for evaluating the loading, injury, adaptation, 
and recovery of skeletal muscle.33,34 Myoglobin is a small 
protein that is mainly found in skeletal muscles. Its main 
function is to store a small amount of oxygen for use by 
the body during hypoxia.35-37 TnI is a contractile protein 
found in the cardiac muscle. During cardiac muscle dam-
age, TnI significantly increases and TnI is used as a spe-
cific and sensitive serum marker for diagnosing myocar-

Table 5. RPE scores of the soldiers during exercise fatigue evaluation 
 

Diet 
55-65% VO2 max running for 90 min testing Exhausted 

running Running for  
10-15 min 

Running for 
30-35 min 

Running for 
50-55 min 

Running for 
70-75 min 

Running for 
85-90 min 

Regular meal (n=12) 7.8±0.6 11.3±0.6 13.6±0.6 14.7±0.7 16.8±0.8 19.0±0.8 
CF (n=12) 8.2±0.5 11.0±0.6 13.4±0.8 14.1±0.8 15.6±0.9 18.7±0.9 
CFMO (n=12) 8.1±0.7 11.3±0.7 13.7±0.8 15.3±0.9 16.5±0.8 18.3±0.4 
CFSO (n=12) 8.0±0.4 11.7±0.5 13.7±0.7 14.7±0.8 16.6±0.8 19.1±0.7 
 
CF: compressed food; CFMO: compressed food with maltooligosaccharides; CFSO: compressed food with soy oligopeptides. 
Data are shown as mean±SE. 
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dial damage.38,39 The results of the present study suggest-
ed that the consumption of CFMO and CFSO for 4 con-
secutive days had no obvious effects on preventing skele-
tal or cardiac muscle damage induced by training. These 
findings suggest that protein and carbohydrate supple-
mentation could not alter intramuscular anabolic signal-
ing response after resistance exercise.40 Another study 
showed that short-term supplementation of amino acids 
produced by protein hydrolysis before and during a 100-
km ultra-marathon had no effect on skeletal muscle dam-
age and muscle soreness.41 Other studies showed that 
protein supplementation had no effect on muscle 
damage,42 and that carbohydrate supplementation during 
recovery from soreness-inducing exercise did not pro-
mote the muscle responses.43 

The RPE was developed to provide a subjective esti-
mation of exercise intensity.44 The RPE is a recognized 
marker of intensity and of homeostatic disturbance during 
exercise and is typically monitored during exercise tests 
to complement other measures of intensity.45 The present 
study showed no significant difference in RPE scores 
among the four diets during exercise. Another study 
showed no change in RPE during tennis performance 
between high-carbohydrate and placebo diet groups.46 

Kerasioti et al reported that the mean RPE was not signif-
icantly different between subjects consuming a special 
cake consisting of carbohydrates and whey protein and 
subjects consuming an isocaloric carbohydrate cake dur-
ing exercise.47 Duckworth et al also demonstrated that 
there were no significant differences in RPE among sub-
jects consuming galactose, glucose, or placebo for overall 
RPE or RPE at specific time points assessed during mod-
erate intensity exercise.48 

This study has some limitations. We only included 12 
participants; future studies with a larger number of partic-
ipants would add more weight to these results. Addition-
ally, we studied consumption of CF over a short time pe-
riod, but it may take a longer time to show significant 
effects on some parameters such as liver and renal func-
tions or muscle injury. The small sample size can be a 
limitation of this study, but a similar study that evaluated 
the efficacy of carbohydrate and protein diet on endur-
ance had been conducted with a small sample size and 
results could be used as a basis for future studies.4 

In conclusion, the CFMO diet may lead to better re-
covery of HR, improve and maintain blood glucose levels, 
and increase the removal of blood lactate produced during 
fatigue without acidification of body fluids. The CFSO 
diet may have advantages in accelerating removal of 
blood lactate during recovery, maintaining oxygen supply, 
and augmenting fluid retention. Based on the present 
study, it can be inferred that MO and SO could maintain 
and improve exercise performance in military endurance 
trainings. At present, the design and manufacture of CF is 
not only focused to supply energy and nutrition, but also 
to enhance functions, especially improvement in exercise 
ability, which is the most important factor for soldiers to 
carry out military tasks efficiently. Therefore, the sup-
plement of military food with functional objectives to 
enhance exercise performance should be further explored. 
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