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ABSTRACT 
 

Dietary soybean reported to increased physical endurance due to decrease plasma 

lipid peroxedation in 6
th

 International Symposium on the Role of Soy, 2005. Intake of 

fermented soybean such as tempe expect to increase physical endurance more than that of 

non-fermented soybean, because we have been reported that the antioxidant activities of 

tempe was stronger than that of non-fermented soybean in the case of some assay such as 

balk system, emulsion system, red blood cells ghost system, and plasma system. In this 

study, we examined the effect of dietary non-fermented soybean and tempe on physical 

endurance and fatigue using swimming test in balb/c mice. Intake of non-fermented 

soybean decreased blood lactate levels and decreased plasma creatine kinase activities 

although swimming time was not affected at all. On the other hand, unfortunately, intake 

of tempe did not effect on physical endurance and fatigue although plasma lipid 

peroxidation decreased. In the mice fed non-fermented soybean, the plasma free fatty 

acid levels increased and glycogen contents in the skeletal muscle decreased although 

glycogen contents in the liver did not. These results suggested that the decreasing effect 

of dietary non-fermented soybean on fatigue might be induced by the improvement of 

utilization of glycogen in the skeletal muscle and fatty acid in the adipose tissue as 

energy source. 

 

 

INTRODUCTION 
 

At the 6
th
 International Symposium on the Role of Soy, 2005, dietary soybean was 

reported to increase physical endurance and reduce fatigue after exercise. These beneficial 
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phenomena are believed to be induced by the antioxidative effect of soybean. Moreover, 

protein synthesis in skeletal muscles is promoted by dietary soy protein [1, 2]. The intake of 

tempe: tempe is a traditional Indonesian fermented soybean food made by fermentation with 

Rhizopus, is expected to increase physical endurance to an extent greater than that brought 

about by non-fermented soybean. This is because we found the antioxidant activity of tempe 

to be stronger than that of non-fermented soybean in assay systems such as the balk system, 

beta-carotene emulsion system, red blood cell ghost system, and plasma assay system. This 

stronger antioxidant activity is believed to be induced by an antioxidant peptide, the mean 

chain length (the number of amino acids) of which is approximately 3.0, and by isoflavone 

aglycone which is produced during fermentation [3]. In this study, we examined and 

compared the effects of dietary non-fermented soybean and tempe on physical endurance and 

their anti-fatigue effects using a swimming test in Balb/c mice. 

 

 

EXPERIMENRAL PROCEDURE 
 

Three-week-old male Balb/c mice were purchased and fed a commercial non-purified 

chow diet (CRF-1, Japan Chars Liver) for 2 weeks. During this period, the animals performed 

preliminary swimming for 15 min twice week as training. After the preliminary period, the 

animals were divided into 3 experimental groups (n=6) based on swimming time: control 

group, soybean (non-fermented soybean) group, and tempe (fermented soybean) group. Their 

diets were based on AIN-93G. Casein, defatted soybean, and defatted tempe were used as the 

protein sources. Tempe was made using the same soybean that was used in this study. The 

composition of the experimental diet is shown in Table 1. After the division of the groups, the 

animals were fed the experimental diet for 5 weeks. After 2 and 4 weeks, swimming tests 

were performed with the swimming instrument (Anitec, Japan). When the tip of the nose of 

each mouse was submerged in water, the test was marked complete, and the swimming time 

was recorded. Water flow was maintained at 19 cm/s, and water temperature at 34 – 35℃. At 

the end of the experimental period, after swimming for 30 min, which was the time that all 

animals can be swimming, the animals were dissected and blood and some organs and tissues, 

such as the heart, liver, spleen, kidney, perirenal white adipose tissue, and skeletal muscles 

(gastrocnemius and soleus), were collected. 

 

Table 1. Compositions of experimental diets (%) 

 

  Control Soybean Tempe 

Casein 20.0  0  0  

Defatted soybean 0  41.8  0  

Defatted tempe 0  0  47.7  

Corn starch 40.0  28.7  25.1  

α-Corn starch 13.2  13.2  13.2  

Sucrose 10.0  10.0  10.0  

Soybean oil 7.0  5.65  5.4  

Cellulose 11.1  1.97  0  

Mineral mix 3.5  3.5  3.5  

Vitamin mix 1.0  1.0  1.0  

Choline bitartrate 0.25  0.25  0.25  
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Blood lactate levels were measured by Lactate Pro. (Arkray, Japan). Then, blood was 

centrifuged at 3000 rpm for 10 min to collect the plasma. The plasma levels of creatin kinase 

activity, glucose, free fatty acids, and malondialdehyde were measured by the careatin kinase 

test Wako, glucose-C-test Wako, nonesterified fatty acid test Wako, and malondialdehyde kit, 

respectively. The glycogen contents in the skeletal muscles and the liver were measured. Data 

were presented as mean ± S.E., and the differences of means were analyzed by Tukey‘s 

multiple test. Significant differences were defined as P < 0.05, and tendencies were defined as 

P<0.1. 

 

 

RESULTS 
 

Body Weight, Food Intake, and Weights of Organs 
 

Body weight, food intake, and the weights of some organs are shown in Table 2. The 

body weights of mice before and after experimental feeding; food intake; and the weights of 

the heart, liver, spleen, kidney, and perirenal white adipose tissue were not significantly 

different. Conversely, the weight of the skeletal muscle in the tempe group was significantly 

higher than those in the other groups. 

 

 

Swimming Times 
 

The swimming times of the mice at 2, 3, and 4 weeks are shown in Figure 1. The 

swimming times were not significantly different among the 3 dietary groups. 

 

 

Figure 1. Mean swimming time of 6 mice. 
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Evaluation of Fatigue 
 

Blood lactate levels and plasma creatine kinase activities are shown in Figure 2. Both 

blood lactate levels and plasma creatine kinase activities of the soybean group tended to be 

lower than those of the other groups.  

 

Table 2. Body weight, food intake, and the wights of some organs 

 

 
Control Soybean Tempe 

Initial body weight (g) 24.1±0.4 23.1±0.7 24.3±0.6 

Final body weight (g) 27.1±0.2 26.8±0.4 27.3±0.7 

Food intake (g/day) 6.3±0.3 6.3±0.1 5.8±0.2 

Heart (g) 0.130±0.003 0.135±0.006 0.134±0.005 

Liver (g) 0.962±0.034 0.959±0.020 0.963±0.010 

Spleen (g) 0.098±0.001 0.107±0.005 0.114±0.006 

Kidney (g) 0.196±0.015 0.180±0.012 0.188±0.004 

Perirenal white adipose tissue (g) 0.309±0.027 0.285±0.025 0.285±0.015 

Gastrocnemius (g) 0.102±0.006a 0.103±0.008a 0.130±0.009b 

Data aremean ± SE of 6 mice. 
   

Values with different superscript letters are significantly different at P<0.05. 

 

 

Figure 2. Blood lactale levels and plasma creatine kinase (CK) activities. Data are mean ± SE of 6 mice. 

 

Glycogen Contents of the Liver and Skeletal Muscle 
 

The glycogen content in the liver and the skeletal muscles are shown in Figure 3. The 

glycogen level in the skeletal muscle of the soybean group was significantly lower than those 

of the other groups, although their levels in the liver were not significantly different among 

the 3 dietary groups.  
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Figure 3. Glycogen contents in the liver and gastrocnemius. Data are mean ± SE of 6 mice. 

 

 

Figure 4. Plasma levels of glucose and free fatty acid. Data are mean ± SE of 6 mice. Values with 

different superscript letters are significantly different at P<0.05. 

Plasma Glucose and Fatty Acids Contents 
 

The plasma levels of glucose and free fatty acids are shown in Figure 4. The plasma 

glucose level of the soybean group tended to be lower than those of the other groups. The 

plasma free fatty acid level of the soybean group was significantly higher than those of the 

other groups. 

 

 

Evaluation of the Peroxidation in Plasma 
 

The results of plasma TBA assay are shown in Figure 5. The plasma malondialdehyde 

level of the tempe group tended to be lower than those of the other group.  
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Figure 5. Plasma relative malondialdehyde (MDA) contents. Data are mean ± SE of 6 mice. 

 

DISCUSSION 
 

In the present study, the strong antioxidant activity of tempe, which was earlier 

determined by our research in vitro, was now reproduced in vivo. However, the relationship 

between antioxidant and fatigue could not be clarified in this study, although antioxidant are 

widely reported to decrease fatigue. The increased skeletal muscle weight experienced by the 

tempe group possibly diminished the anti-fatigue effect conferred by dietary tempe. Dietary 

unfermented soybean, however, is thought to possess a potent anti-fatigue effect, as both 

blood lactate level and plasma creatine kinase activities tend to be lower in the soybean group 

after swimming. Abundant levels of aspartic acid, arginine, and branched-chain amino acids, 

such as valine, leucine, and isoleucine, in soybean are reportedly among the factors 

responsible for the anti-fatigue effect conferred by soybean. Yu et al. suggested that dietary 

soy peptide, formed by the fermentation of defatted soybean with Bacillus subtilis, increased 

the swimming time and reduced the fatigue in mice. These beneficial effects of soybean may 

be induced by the scavenging activity on superoxide or hydroxyl radicals [4]. However, the 

anti-fatigue effect of tempe -a type of fermented soybean- was not determined in this study, 

although dietary tempe, which contains substantial amounts of free fatty acids and peptides 

was estimated to possess certain beneficial effects. Nevertheless, dietary unfermented 

soybean possess a potential anti-fatigue effect. The underlying mechanisms contributing to 

this effect could be assumed as follows: 1) Dietary soybean might increase the availability of 

glycogen in skeletal muscles, because the glycogen level in the skeletal muscle of the soybean 

group after swimming was lower. 2) Dietary soybean may increase the availability of adipose 

tissue, which is induced by the promotion of hormone-sensitive lipase activity; this is inferred 

from the observation that plasma free fatty acid levels of the soybean group after swimming 

were significantly higher than those of other groups. The component contributing to this 

effect, which is presented in unfermented soybean but not in tempe, cannot be clarified. 

Soybean fermentation results in a decrease in isoflavone glycoside and phytate levels are 

decreased. However, no relationship between these 2 components and fatigue or physical 

endurance has yet been reported. Soybean can be used in sports nutrition for athletes or in 



Effect of Dietary Fermented Soybean on Physical Endurance in Mice 195 

exercise therapy for diabetic patients, if the anti-fatigue effect, its mechanism, and the 

effective components present in unfermented soybean can be determined. 
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