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Abstract

A fast-paced lifestyle, pressure from the environment and a heavy work load often cause 
extreme tiredness in modern life.  Different kinds of nutritional supplements in the form of functional 
foods or traditional Chinese medicine, such as ‘essence of chicken’ and Ganoderma lucidum have 
been claimed to benefit physical performance and promote health.  Previous studies have revealed 
that ‘essence of chicken’ or G. lucidum have a wide spectrum of biological activities.  In this study, we 
combined these two ingredients together (designated as CEG) to evaluate their synergistic effects on 
physiological adaption on exercise fatigue and physical activities.  The ICR strain mice were allocated 
as 0, 833, 1666, and 4165 mg/kg dose groups and administrated by oral gavage consecutively for 4 
weeks.  Physical activities including grip strength and aerobic endurance were evaluated.  Various 
fatigue-associated biochemical variables such as lactate, BUN or CK were also evaluated.  The levels 
of liver and muscle glycogen were measured as an indicator of energy storage at the end of the experiment.  
Safety assessments for supplementation were also evaluated.  CEG supplementation significantly 
increased the endurance and grip strength and demonstrated beneficial effects on lactate production 
and clearance rate after an acute exercise challenge.  The CEG supplementation significantly 
mitigated the BUN and CK indexes after extended exercise and elevated the glycogen content in the 
liver and muscle tissues.  According to body composition, biochemical and histopathological data, 
daily administration of CEG for over 28 days (subacute toxicity) also demonstrated reasonable safety 
results for supplementation.  Combined G. lucidum and ‘essence of chicken’ can significantly increase 
the exercise performance and improve fatigue recovery.  It may also provide a viable alternative 
nutritional supplement for health promotion.
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Introduction

Physiological fatigue relevant to exercise 
physiology occurs through two different mecha-
nisms, a central mechanism involving proximal 
motor neurons (mainly in the brain) and a periph-
eral mechanism within the motor units (i.e., motor 
neurons, peripheral nerves, motor endplates, and 
muscle fibers) (1).  The central fatigue hypothesis 
suggests that an increased ratio of central serotonin 
to dopamine is associated with feelings of tiredness 
and lethargy, accelerating the onset of fatigue (25).  
In contrast to the central fatigue, the processes in 
the motor neurons, neuromuscular junctions, sar-
colemmal membrane, excitation-contraction cou-
pling, accumulation of metabolites, or depletion of 
fuel are involved in peripheral fatigue (20).  Periph-
eral and central fatigue may happen separately or 
together, depending on the specific situation or con-
dition.  Fatigue can be also further categorized in 
other ways, such as secondary, and chronic fatigue.  
Secondary fatigue is caused by an underlying medi-
cal condition and may last one month or longer, but 
less than six months.  If the fatigue syndrome lasts 
longer than 6 months, it can be defined as chronic 
fatigue (5). 

Ganoderma lucidum, called Lingzhi in Man-
darin, is a well-known traditional medicinal fungus 
that has been shown to have many physiological 
effects.  For hundreds of years, this mushroom 
has been used as a folk medicine and applied for 
the prevention and treatment of various human 
diseases, such as hepatitis, hypertension, chronic 
bronchitis, bronchial asthma, and cancer (3).  In 
evidence-based reports, G. lucidum demonstrated 
hepatoprotective effects on a CCL4-induced liver 
injury model resulting in significant decrease in the 
hepatic indexes (13).  In addition, exhaustive exer-
cise-induced muscular oxidative stress could be at-
tenuated by supplementation with G. lucidum poly-
saccharides (47).  The immune-suppression caused 
by long-term and high intensity exercise could be 
mitigated by G. lucidum supplementation via non-
specific and specific immune response improvement 
(31) and it could also significantly improve aerobic 
endurance, lower body flexibility, and velocity (10).  
Furthermore, G. lucidum could improve chemother-
apy-induced fatigue via regulation of inflammatory 
responses, oxidative stress and reduction of neph-
rotoxicity (28) and also showed beneficial effects 
on quality of life and immune markers pertaining to 
cancer-related fatigue (46).

‘Essence of chicken’ is a liquid nutritional 
supplement made by cooking whole chickens by 
high-temperature extraction, centrifugation, vacuum 
concentration, and sterilization.  It contains some 

special nutrients such as imidazole dipeptide (car-
nosine and anserine), taurine, polypeptides, miner-
als, trace elements, and multiple amino acids (23).  
Mental fatigue often occurs in populations who sit 
in meetings, read, or take exams for long periods 
and daily intake of ‘essence of chicken’ may be ef-
fective for recovery (43).  The imidazole dipeptide, 
are natural antioxidants that have been reported to 
inhibit tissue damage and suppress the reduction in 
performance level induced by mental fatigue (4).  
In addition, ‘essence of chicken’ has been proved to 
reduce hyperglycemia and the L-Carnosine compo-
nent helps to regulate blood sugar levels (36, 44).  
Chicken essence (CE) supplementation also has 
been found to have other beneficial effects on mood 
(45), cognition (22), circadian clock resetting pro-
cess (41), hypertension (32) and exercise adaption 
(18).

The food and nutrition industry has grown 
rapidly in recent years and many different function-
al or medical food combinations are being tried to 
obtain better health benefits.  In the current study, 
we investigated the effects of a G. lucidum and CE 
combination (CEG) for on exercise physiological 
adaption using a slightly modified animal platform.  
We also evaluated the safety of this supplementa-
tion using a subacute toxicity test to understand 
the potential risk with consecutive and dose-effect 
supplementation.

Materials and Methods
Materials

The supplementation contained CE and ex-
tracts of G. lucidum fruiting body.  The CE and ex-
tracts of G. lucidum, designated as CEG, were pro-
vided by Tian Yuan Xiang Co. Limited (Tainan City, 
Taiwan).  The dried fruiting bodies of G. lucidum 
were extracted by sequential procedures, first with 
alcohol at room temperature (12 h) and then water, 
and combined these extractions for lyophilization.  
The CEG included the 90% CE and 10% G. lucidum 
extracts as proportion for current study.  The CEG 
was freeze dried for comparable and compatible 
dosage conversion for animal experimental designs 
and the averaged lyophilized powder weight was 
about 4.1 grams for human recommended CEG 
daily serving (60 mL).  The calorie count was about 
15.6 Kcal/serving as analyzed by SGS Taiwan, Ltd.

Animals and Experimental Designs

Forty male ICR mice (6 weeks old) from 
AAALAC certified by BioLASCO Taiwan (Yi-Lan, 
Taiwan) were used in this study.  Mice were accli-
matized and allowed food ad libitum for 2 weeks 
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prior to experiments.  All animals were given a 
standard laboratory diet # 5001 (PMI Nutrition In-
ternational, MO, USA) and distilled water ad libi-
tum, and maintained in constant photoperiod, tem-
perature, and humidity (12-h light/12-h dark cycle, 
24 ± 2°C, and 55%–65%, respectively).  Routine 
cleaning was conducted twice per week.  The Insti-
tutional Animal Care and Use Committee (IACUC) 
of National Taiwan Sport University approved all 
animal experiments in this study, and the study con-
formed to the guidelines of protocol IACUC-10513 
approved by the IACUC ethics committee.

The recommended CEG dosage was 4.1 g per 
day (lyophilized powder), which is equivalent to 
CEG at 60 mL/serving/day (18).  The mouse CE 
dose (845 mg/kg) we used was converted from a hu-
man equivalent dose (HED) based on body surface 
area as CEG-1X by the formula from the US Food 
and Drug Administration.  The detailed formula 
was as described in a previous study (18) and we 
designed the different dependence-dosages (vehicle, 
CEG-1X, CEG-2X, and CEG-5X groups). 

The detailed experimental procedure is il-
lustrated in Fig. 1.  All animals were given an ac-
climation period of two weeks to adapt to the envi-
ronment and diet.  The weight, dietary, and social 

behaviors were monitored during the supplementa-
tion period and the daily supplementation began at 
the regular time with fresh CEG sample prepara-
tions.  Treatment dosages of 0, 833, 1666, and 4165 
mg/kg/day were designated as vehicle, CEG-1X, 
CEG-2X, and CEG-5X and were administrated by 
oral gavage with a volume 10 ml/kg BW.  Physical 
fitness was evaluated by grip strength and aerobic 
endurance capacities and the exercise-related bio-
chemistry was immediately assessed after a fixed 
exercise time/intensity.

Exercise Endurance Performance Test

Exercise performance was based on the sur-
vival motives to assess the aerobic endurance ca-
pacities. The animals were loaded with a weight 
equivalent to 5% individual body weight and forced 
to swim in a tank until exhaustion. The persistent 
time from beginning to exhaustion was recorded as 
endurance index. The detailed procedures and pro-
tocol were described in our previous article (35).

Forelimb Grip Strength

A low-force testing system (Model-RX-5, Ai-

Grip Strength (Day 28) Endurance Test (Day 29)

BUN Test (Day 33)Lactate/CK Test (Day 31)

WeightGlycogen Assay (Day 36)

(n = 10)

(n = 10)

(n = 40)

(n = 10)

(n = 10)

Vehicle

CEG-1X

CEG-2X

CEG-5X

Supplementation TestAdaption

-7 7 14 21 2829 31 33 36
(Day)

0-14

Fig. 1. Experimental designs for the effects of CEG on exercise adaption.  The animals were randomly assigned to the indicated 4 
groups (Vehicle, CEG-1X, CEG-2X, and CEG-5X) and consecutively supplemented the CEG until the end of the experi-
ments.  The physical capacities and related biochemistries were assessed within test duration.
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koh Engineering, Nagoya, Japan) for forelimb grip 
strength was used to measure the grip strength.  The 
details have been described previously (8).

Determination of Fatigue-Associated Biochemical 
Variables 

Based on our previous reports (15), the ef-
fect of CEG supplementation on fatigue-associated 
biochemical indexes was slightly modified to ac-
curately demonstrate the physiological status.  The 
blood was sampled by submandibular collection 
for further biochemical analysis.  For the lactate 
metabolites profile, the blood sampling time points 
were pre-exercise, immediately after 10 min acute 
exercise, and then after 20 min rest.  The other 
indexes, such as blood urine nitrogen (BUN) and 
creatine kinase (CK), were immediately assessed 
at the 60 min rest time point after 90 min extended 
exercise.  The blood samples were centrifuged at 
1000 × g and 4°C for 15 min after complete clotting 
for serum separation and determined by an autoana-
lyzer (Hitachi 7060, Hitachi, Tokyo, Japan).

Clinical Biochemical Profiles 

CEG supplementation was administrated 
continuously until animal sacrifice. All mice were 
euthanatized by 95% CO2 asphyxiation one hour 
after the last treatment and immediately sampled 
blood by cardiac puncture. Serum was separated by 
centrifugation and clinical biochemical variables, 
including aspartate aminotransferase (AST), alanine 
transaminase (ALT), ammonia (NH3), CK, glucose 
(GLU), BUN, creatinine (CREA), uric acid (UA), 
total cholesterol (TC), triglycerides (TG), albumin 
(ALB), and total protein (TP) were measured by use 
of an autoanalyzer (Hitachi 7060).

Body Composition and Glycogen Content Analysis 

After sacrifice, the important visceral or-
gans, including liver, kidney, heart, lung, muscle, 
epididymal fat pad (EFP), and brown adipose tissue 
(BAT), were accurately excised and weighed.  Then, 
the organs were saved into 10% formalin for further 
histopathology.  Part of muscle was kept in liquid 
nitrogen for glycogen content analysis as described 
previously (9).

Histopathology 

The visceral organs preserved in 10% for-
malin were trimmed and embedded in paraffin for 
tissue sections with 4 μm thickness slices.  Tissue 
sections were further stained with hematoxylin and 

eosin (H&E) staining and examined under a light 
microscope equipped with a CCD camera (BX-51, 
Olympus, Tokyo, Japan) by a veterinary patholo-
gist.

Statistical Analysis 

The data were represented as mean ± standard 
deviation (SD).  The statistical difference among 
groups in physical activities, biochemistry, body 
composition, dietary and glycogen content were 
analyzed by one-way analysis of variance (ANOVA) 
and the Cochran-Armitage test for dose-effect 
trend analysis with use of SAS v. 9.0 (SAS Inst., 
Cary, NC, USA).  A mixed design two-way ANOVA 
(supplementation × time) was also applied to the 
supplementation effects on lactate metabolite pro-
files and growth curve within repeated time points.  
Data were considered statistically significant when 
the probability of a type I error was less than 0.05.

Results

Effects of CEG Supplementation on Endurance Capacity 

The endurance capacity was measured by ex-
haustive swimming test and it showed a significant 
difference among groups (F(3,36) = 11.19, P < 0.001).  
The CEG supplementation groups (CEG-1X, CEG-
2X, and CEG-5X) were significantly higher than 
the vehicle group showing a 2.32-, 2.8-, and 2.96-
fold increase and demonstrated the significant dose-
dependent effects (P < 0.001) in trend analysis (Fig. 
2).
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Fig. 2. Effect of 4-week CEG supplementation on exhaustive 
swimming time.  Data are mean ± SD for n = 10 mice 
per group. Columns with different superscript letters 
(a, b) are significantly different at P < 0.05.  Numbers 
above the columns are the fold increase from vehicle.
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The Effects of CEG Supplementation on Grip Strength 

The grip strength showed significant differ-
ences among groups in absolute strength (F(3,36) 
= 20.87, P < 0.001) and relative strength adjusted 
by individual weight (F(3,36) = 43.11, P < 0.001).  
The CEG supplementation groups (CEG-1X, CEG-
2X, and CEG-5X) were significantly higher than 
vehicle group (P < 0.0001) with regard to absolute 
strength (1.22-, 1.22-, and 1.31-fold, respectively) 
and relative strength (1.20-, 1.22-, and 1.28-fold, 
respectively).  Both grip strength measures also 
showed significant CEG dose-dependent effects (P 
< 0.001) in trend analysis (Fig. 3).

The Effects of CEG Supplementation on Exercise-related 
Biochemical Indexes after Exercise Challenge 

The lactate metabolite was assessed pre-

exercise, immediate post- exercise, and after rest 
(3 time points) with the different CEG treatments 
(Table 1).  It showed significance difference in 
supplementation main effect (F(3,36) = 23.75, P < 
0.001) and time main effect (F(2,72) = 966.9, P < 
0.001).  The interaction effects was also significant 
(F(6,72) = 21.82, P < 0.001).  Further analysis of 
the 3 time points showed a significant difference in 
the post-exercise (F(3,36) = 19.74, P < 0.001) and 
after rest (F(3,36) = 30.84, P < 0.001) time points.  
The vehicle group was significantly higher than 
other CEG treatment groups at time points of post-
exercise and after rest by one-way ANOVA.  The 
self-comparison indexes, such as lactate production 
rate and clearance rate, also demonstrated signifi-
cant beneficial effects with CEG supplementation (P 
< 0.05).

The other metabolic indicator, BUN, demon-
strated significance after extended exercise (F(3,36) 

Table 1.  The effects of CEG on lactate metabolite profiles during acute exercise challenge

Time point Vehicle CEG-1X CEG-2X CEG-5X
Lactate (mmol/L)

Before swimming (A) 2.6 ± 0.3a 2.6 ± 0.5a 2.6 ± 0.4a 2.6 ± 0.3a

After swimming (B) 9.0 ± 1.2b 7.1 ± 0.3a 6.9 ± 0.5a 6.7 ± 0.6a

After a 20-min rest (C) 8.5 ± 1.3c 6.1 ± 0.4b 5.6 ± 0.5ab 5.3 ± 0.8a

Rate of lactate production and clearance
Production rate = B/A 3.57 ± 0.55b 2.82 ± 0.44a 2.73 ± 0.52a 2.63 ± 0.43a

Clearance rate = (B-C)/B 0.06 ± 0.03a 0.15 ± 0.02b 0.19 ± 0.06bc 0.21 ± 0.08c

The lactate metabolites were assessed for the 4 groups allocated as vehicle, CEG-1X, CEG-2X, and CEG-5X at three 
time points. Lactate production rate was calculated as, after exercise divided by before exercise (B/A) and the lactate 
difference between after exercise and after rest divided by after rest was defined as the clearance rate. Values in the 
same row with different superscript letters (a, b, c) differ significantly, P < 0.05.
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Fig. 3. Effect of 4-week CEG supplementation on absolute forelimb grip strength (A) and forelimb grip strength (%) relative to 
body weight (B).  Data are mean ± SD for n = 10 mice per group.  Columns with different superscript letters (a, b, c) are sig-
nificantly different at P < 0.05.  Numbers above the columns are the fold increase from vehicle.
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= 4.62, P = 0.008) (Fig. 4A).  CEG supplementation 
significantly decreased the exercise-induced BUN 
elevation by 18-20% (P < 0.05) showing a dose-
dependent trend (P = 0.002).  The other important 
injury index, CK, showed significant difference 
among groups (F(3,36) = 25.74, P < 0.001) (Fig. 
4B).  The CEG supplementation could mitigate the 
CK increase by 49.3, 39.2, and 65%, respectively, 
and showed a dose-dependent trend (P < 0.0001).

The Effects of CEG Supplementation on Glycogen 
Content 

Glycogen is mainly stored in the liver and 
muscle tissue for the purpose of energy homeosta-
sis.  CEG supplementation was shown to affect the 
glycogen content in the liver (Fig. 5A; F(3,36) = 

9.51, P < 0.0001).  Hepatic glycogen significantly 
increased 1.44-, 1.50-, and 1.86-fold, respectively, 
as compared to the vehicle group.  Muscular glyco-
gen also showed a significant difference among the 
groups ((F(3,36) = 22.75, P < 0.0001).  The mus-
cular glycogen significantly increased 1.85-, 1.96-, 
and 2.54-fold, respectively, as compared to the 
vehicle group (Fig. 5B).  Both the hepatic and mus-
cular glycogen showed significant dose-dependent 
trend (P < 0.0001).

Subacute Oral Toxicity Evaluation of CEG 
Supplementation 

Subacute toxicity evaluation following OECD 
Guideline 407 was performed not only for physi-
ological exercise adaption but also to assess the 
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safety of the supplementation.  Several indexes in-
cluding behavior, diet, growth curve, organ weight, 
biochemical assessments and histopathology were 
evaluated for the subacute toxic effects of CEG 
supplementation.  Behavior was monitored with 
daily CEG administration and no abnormal behav-
ior was seen among the groups.  As shown in Table 
2, the treatment main effect did not show an sig-
nificant difference (F(3,36) = 0.07, P = 0.976) but 
the time main effect showed significant difference 
(F(3.33,199.9) = 725.5, P < 0.0001) which indi-
cated time-dependent growth.  However, the inter-
action effect (supplement × time) was not signifi-

cantly different (F(10,199.9) = 1.26, P = 0.261) and 
further analysis at different time points by one way 
ANOVA showed no significant difference among 
groups.  Diet and water intake also did not signifi-
cantly differ among groups with dose-dependent 
CEG supplementation (F(3,120) = 0.005, P = 0.999; 
F(3,120) = 0.026, P = 0.994).

Body composition may also reflect the effect 
of supplementation on different organs.  As shown 
in Table 3, the muscle weight was significantly 
different among groups (F(3,36)=6.96, P = 0.001) 
and the CEG supplementation groups (CEG-2X 
and CEG-5X) were significantly higher than ve-

Table 2.  Growth curve and dietary profiles during experiments

Time point Vehicle CEG-1X CEG-2X CEG-5X
Initial BW (g) 35.1 ± 0.8a 35.0 ± 1.0a 35.0 ± 1.8a 35.1 ± 0.7a

1st wk BW (g) 35.9 ± 0.9a 35.9 ± 1.5a 35.9 ± 1.5a 35.9 ± 1.1a

2nd wk BW (g) 36.6 ± 1.0a 36.8 ± 1.5a 36.9 ± 1.4a 36.9 ± 1.0a

3rd wk BW (g) 37.5 ± 1.2a 37.7 ± 1.5a 37.7 ± 1.9a 37.9 ± 1.0a

4th wk BW (g) 38.0 ± 1.6a 38.5 ± 1.7a 38.2 ± 1.9a 38.6 ± 1.1a

Final BW (g) 39.3 ± 1.0a 39.8 ± 1.7a 39.9 ± 1.9a 39.6 ± 0.9a

Water intake (mL/mouse/day) 8.8 ± 2.3a 8.8 ± 2.4a 8.8 ± 1.7a 8.9 ± 2.4a

Chow 5001 (g/mouse/day) 6.9 ± 0.8a 6.9 ± 0.7a 6.9 ± 0.7a 6.9 ± 0.8a

*CEG supplement Diet (g/mouse/day) 0.0 0.033 0.067 0.167
The weight and diet were measured regularly for the 4 groups allocated as vehicle, CEG-1X, CEG-2X, and CEG-5X.  
All the data are represented as mean ± SD and analyzed by one-way ANOVA.  Values in the same row with different 
superscript letters (a, b) differ significantly, P < 0.05. (*) CEG supplement was calculated as animal averaged weight 
as 40 grams.  BW, body weight.

Table 3.  Effects of CEG on body compositions

Characteristic Vehicle CEG-1X CEG-2X CEG-5X
Liver (g) 2.38 ± 0.15   2.4 ± 0.17 2.43 ± 0.13 2.45 ± 0.23
Muscle (g) 0.36 ± 0.02a 0.37 ± 0.03a 0.39 ± 0.02b 0.39 ± 0.02b

Kidney (g) 0.62 ± 0.03a 0.62 ± 0.04a 0.65 ± 0.04a, b 0.66 ± 0.03b

Heart (g) 0.24 ± 0.03a 0.28 ± 0.02b 0.28 ± 0.03b 0.29 ± 0.03b

Lung (g) 0.24 ± 0.01a 0.25 ± 0.01a, b 0.26 ± 0.04a, b 0.27 ± 0.04b

EFP (g) 0.38 ± 0.08a 0.33 ± 0.10a, b 0.31 ± 0.05a, b 0.30 ± 0.09b

BAT (g) 0.12 ± 0.02a 0.15 ± 0.01b 0.15 ± 0.02b 0.16 ± 0.02b

Relative liver weight (%) 6.05 ± 0.25 6.02 ± 0.17 6.09 ± 0.12 6.17 ± 0.46
Relative muscle weight (%) 0.90 ± 0.04a 0.92 ± 0.04a 0.99 ± 0.02b 0.99 ± 0.02b

Relative kidney weight (%) 1.58 ± 0.05a 1.55 ± 0.05a 1.63 ± 0.04b 1.66 ± 0.06b

Relative heart weight (%) 0.61 ± 0.06a   0.7 ± 0.04b 0.69 ± 0.05b 0.72 ± 0.06b

Relative lung weight (%) 0.60 ± 0.02a 0.62 ± 0.02a, b 0.64 ± 0.08a, b 0.68 ± 0.09b

Relative EFP weight (%) 0.96 ± 0.19b 0.83 ± 0.22a, b 0.77 ± 0.09a 0.75 ± 0.22a

Relative BAT weight (%) 2.01 ± 0.26a 2.44 ± 0.17b 2.39 ± 0.34b   2.5 ± 0.21b

Data are mean ± SD for n = 10 mice in each group.  Data in the same row with different letters (a, b) differ significantly 
at P < 0.05 by one-way ANOVA; EFP: epididymal fat pad; BAT: brown adipose tissue.
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hicle group (P < 0.05).  The EFP and BAT weight 
were significantly different among groups (F(3,36) 
= 1.77, P = 0.045 and F(3,36) = 5.42, P = 0.003, 
respectively).  The EFP of the CEG-5X group was 
significantly lower than vehicle (P < 0.05) and the 
BAT was significantly higher in CEG groups than 
vehicle group (P < 0.05).  The relative organ weight 
adjusted by individual weight showed similar statis-
tical results which also demonstrated that the CEG 
supplementation could increase the lean mass and 
BAT and decrease the EFP weight in the current 
study.

Clinical biochemistry was also used to evalu-
ate the effects of supplementation on physiologi-
cal status.  As shown in Table 4, the indexes were 
relevant to the hepatic function, blood lipid, renal 
function, injury and metabolites index applied to 
the current biochemical assessment.  The indices of 
hepatic function, AST, and ALT, were significantly 
different among the groups (F(3,36) = 1.93, P = 0.042 
and F(3,36) = 5.88, P = 0.002, respectively) and the 
higher CEG doses (CEG-5X) could significantly de-
crease the AST and ALT levels as compared to the 
vehicle group (P < 0.05).  The blood lipid indexes, 
TC and TG, were significantly different (F(3,36) 
= 14.02, P < 0.0001 and F(3,36) = 4.4, P = 0.01, 
respectively) and the CEG supplementation could 
significantly decrease those indexes as compared 
to vehicle (P < 0.05).  For the renal function index, 
the CREA showed a significant difference (F(3,36) 
= 16.41, P < 0.0001) and there was not a significant 
difference in the BUN index (F(3,36) = 0.132, P = 

0.94).  The CEG higher dose (CEG-2X and CEG-
5X) administration could significantly increase the 
CREA levels as compared to vehicle group (P < 0.05).  
As shown in Fig. 6, the pathological results did not 
show abnormalities attributed to CEG supplementa-
tion as observed by a clinical veterinarian.

Discussion

In the current study, we used combined G. 
lucidum and ‘essence of chicken’ (CEG) supple-
mentation to investigate whether it could improve 
the exercise fatigue recovery and performance.  The 
physical activities, endurance capacities and grip 
strength significantly increased with CEG supple-
mentation without training intervention.  The bio-
chemical variables including the lactate, BUN, and 
CK indexes showed beneficial effects with CEG 
supplementation after intervention of exercise chal-
lenges.  Furthermore, we found that CEG supple-
mentation could not only increase the physiological 
adaption but also improve the exercise performance 
possibly via glycogen content increase in the liver 
and muscle.  The subacute oral toxicity of CEG was 
also evaluated for safety and the results demon-
strated beneficial effects on the body composition 
and biochemistry in a reasonable range.

The treadmill and swimming methods have 
been widely applied to assess exercise endurance 
capacity (7, 17).  However, the treadmill is general-
ly equipped with an electric shock stimulator to en-
force continued exercise.  The shock apparatus can 

Table 4. The effects of CEG on clinical biochemical analysis at the end of the experiment

Parameter Vehicle CEG-1X CEG-2X CEG-5X
AST (U/L)    89 ± 15b    80 ± 12a, b    78 ± 14 a, b   77 ± 13a

ALT (U/L)    68 ± 12 b    67 ± 10 b    55 ± 11a   52 ± 10a

NH3 (μmol/L)  199 ± 25 b  176 ± 9 b, c  159 ± 40 a, c  147 ± 27 a

CK (U/L)  319 ± 106  258 ± 137  243 ± 156  216 ± 93
GLU (mg/dL)  148 ± 8 c  137 ± 11 a, b  143 ± 10 b, c  130 ± 8 a

CREA (mg/dL) 0.21 ± 0.04 a 0.23 ± 0.04 a 0.34 ± 0.09 b 0.38 ± 0.07 b

BUN (mg/dL) 22.2 ± 2.4 22.0 ± 1.7 22.5 ± 1.5 22.1 ± 1.8
UA (mg/dL)   1.6 ± 0.3 b   1.1 ± 0.2 a   1.0 ± 0.2 a   1.0 ± 0.2 a

TC (mg/dL)  163 ± 9 c  142 ± 21b  125 ± 20 a  118 ± 15 a

TG (mg/dL)  182 ± 21 b  179 ± 19 b  158 ± 25 a 1 55 ± 18 a

ALB (g/dL)   2.6 ± 0.1 a   2.9 ± 0.1b   2.9 ± 0.1b   3.0 ± 0.2b

TP (g/dL)   4.9 ± 0.2 a   5.1 ± 0.1a, b   5.1 ± 0.2 b   5.1 ± 0.2 b

Data are mean ± SD for n = 10 mice in each group.  Values in the same row with different superscript letters (a, b, c) 
differ significantly, P < 0.05, by one-way ANOVA; AST, aspartate aminotransferase; ALT, alanine transaminase; NH3, 
Ammonia; CK, Creatine kinase; GLU, glucose; CREA, Creatinine; BUN, blood urea nitrogen; UA, uric acid; TC, total 
cholesterol; TG, triacylglycerol; ALB, albumin; TP, total protein.
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interfere with quantitation of running endurance, as 
well as confound measurements of post-exercise se-
rum hormone and cytokine levels (11).  The swim-
ming test (21) could ensure the higher differential 
capacity with stronger survival instinct as compared 
to the treadmill methods (16).  Therefore, in the 
current study we chose to assess endurance with 
CEG supplementation using the swimming method.  
CEG supplementation in the current study showed 
increased endurance capacity as compared to a 
previous CE treatment study (18).  Grip strength 
can potentiate initial motor activity and be related 
to neuromuscular admittance (26).  In a previous 
report, grip strength was found to be strongly as-
sociated with gender and weight in a young popula-
tion (29).  CEG may have positive effects on motor 
control for better strength performance according to 

the current results (Fig. 3). 
With regard to exercise-related biochemistry, 

lactate, was positively correlated with exercise du-
ration and intensity, resulting in the release of hy-
drogen ions.  Increased hydrogen ions cause acidity, 
which affect physiological metabolism and calcium 
release to muscular contractions (6), and eventually 
contribute to the sensation of fatigue.  Lactate can 
also be metabolized as energy and it can be accu-
mulated when the production rate exceeds the clear-
ance rate.  In the current study, CEG could decrease 
the production rate and increase the clearance rate 
significantly (Table 1).  Sufficient energy is criti-
cal to physiological maintenance and the energy 
molecule (ATP, ADP, and AMP) is under homeosta-
sis under normal conditions.  ATP is consumed by 
exercise demand and ADP is converted to AMP for 

A

B

C

D

E

Fig. 6. Effect of CEG supplementation on histomorphologic features of the liver (A), heart (B), soleus muscle (C), lung (D) and 
adipocyte tissue (E) in mice.  Specimens were photographed under a light microscope.  (H&E stain, magnification: 200×; 
bar, 40 or 80 μm).
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ATP replenishment.  AMP can be further metabo-
lized to IMP and ammonia by deaminase and the 
ammonia could be metabolized as BUN via the urea 
cycle.  Therefore, BUN can be considered to be a 
biomarker for ATP metabolism (14).  In a previous 
study, CE supplementation improved the lactate and 
ammonia levels in the recovery phase after exhaus-
tive exercise (24).  CEG could keep the efficient 
energy supplement so the BUN index could be ame-
liorated with dose-dependence in current study (Fig. 
4A).

Oxidative stress, such as reactive oxygen 
species and free radicals, induced by prolonged/
exhaustive exercise can injure the cell membrane 
permeability and lactic dehydrogenase (LDH) and 
CK can leak out into the blood and act as damage 
markers (19, 33).  The anti-oxidation capacity of 
CE active peptides and the total triterpene fraction 
isolated from G. lucidum have been reported (34, 
40).  In our study, CEG could significantly decrease 
the CK levels caused by exercise-induced oxidation 
(Fig. 4B).  Glycogen is an important fuel during 
exercise from the point view of exercise physiol-
ogy (39) and is considered as a carbohydrate en-
ergy store for ATP production.  Intermyofibrillar, 
intramyofibrillar, and subsarcolemmal glycogen, 
about 75% of total body glycogen, is stored in mus-
cular cells (27).  The positive correlation between 
exercise endurance and glycogen content was re-
vealed in the 1960s (2).  In our previous study on 
CE supplementation, glycogen was significantly 
increased about 70% and 30% in liver and muscle, 
respectively (18).  The muscular glycogen content 
with CEG dose-dependent supplementation was also 
significantly elevated more than 80%, which was 
more than with CE treatment only.  G. lucidum has 
been reported to up-regulate glycogen synthesis-
related genes (GS2 and GYG1) (38) and acted syn-
ergistically with CE to contribute to the increased 
glycogen content.  The efficient glycogen elevation 
with CEG treatment may explain the higher endur-
ance capacities than those found previously with 
CE. 

G. lucidum has been reported to have poten-
tial toxicity and side effects in previous reports, 
including dizziness, dry nose and throat, headache, 
and skin irritation (12).  Therefore, the subacute 
oral toxicity of CEG supplementation was assessed.  
CEG supplementation was not observed to cause 
abnormality in social behavior, appearance, or diet.  
With respect to body composition, our previous 
report showed that CE treatment did not result in a 
significant difference, but in the current study CEG 
supplementation caused a significant difference in 
muscle, fat, and BAT tissues.  CE combined with 
green tea showed a positive clinical effect by reduc-

ing body fat (37) and G. lucidum has been reported 
to up-regulate lipid metabolism-related genes (38).  
Fat composition and lipid biochemistry (TG and 
TC) was significantly improved possibly via the 
combination of the effects of CE and G. lucidum.  
Interestingly, brown adipocyte tissue (BAT) showed 
a significant increase with CEG supplementation 
which was different as compared to our previous 
CE treatment only study (18).  Exercise might ac-
tivate and recruit BAT through the activation of 
the sympathetic nervous system, heart and skeletal 
muscle (30).  The possible effects of CEG on BAT 
activation relevant to exercise physiology will be 
worth further investigation.  The effect of CE treat-
ment on biochemistry was reported in our previous 
study (21).  However, we found the effect of CEG 
on several indexes were different than in the previ-
ous CE study.  The liver indexes, AST and ALT, 
showed beneficial effects after supplementation G. 
lucidum (42).  It is rather remarkable that consecu-
tive CEG supplementation resulted in significantly 
higher CREA index with a dose-dependence trend, 
which is consistent with a previous study.  The CEG 
supplementation may therefore pose a potential risk 
for specific populations of patients, such as those 
with nephropathy.

Conclusions

CE is widely acceptable as a nutritional sup-
plement.  From the perspective of dietary therapy 
and nourishment, combinations of different func-
tional or medical food are being investigated and 
developed for better efficacy.  However, evidence-
based study is still needed to investigate the ef-
ficacy and possible toxicity.  In this study, we 
demonstrated that G. lucidum combined with CE 
could synergistically improve the exercise fatigue 
recovery and exercise performance within a healthy 
population of mice.

Acknowledgments

This study was based on the University-Indus-
try Cooperation Fund #1051005 (National Taiwan 
Sport University, Taoyuan, Taiwan) and finically 
supported by the Ministry of Science and Technol-
ogy of Taiwan (No. MOST 107-2410-H-227-007).  
The authors are grateful to the graduate students at 
the Sports Nutrition Laboratory, National Taiwan 
Sport University, for their technical assistance in 
animal experiments.

Competing Interests

The authors declare no conflict of interest.



382 Li, Chen, Hsu, Wu, Chiu, Tung, Tsai, Huang and Huang

References

  1. Asmussen, E.  Muscle fatigue.  Med. Sci. Sports 11: 313-321, 
1979.

  2. Bergstrom, J., Hermansen, L., Hultman, E. and Saltin, B.  Diet, 
muscle glycogen and physical performance.  Acta Physiol. Scand. 
71: 140-150, 1967.

  3. Boh, B., Berovic, M., Zhang, J. and Zhi-Bin, L.  Ganoderma 
lucidum and its pharmaceutically active compounds.  Biotechnol. 
Annu. Rev. 13: 265-301, 2007.

  4. Boldyrev, A.A., Stvolinskiĭ, S.L. and Fedorova, T.N.  Carnosine: 
endogenous physiological corrector of antioxidative system ac-
tivity.  Usp. Fiziol. Nauk. 38: 57-71, 2007.

  5. Brown, R.F. and Schutte, N.S. Direct and indirect relationships 
between emotional intelligence and subjective fatigue in univer-
sity students.  J. Psychosom. Res. 60: 585-593, 2006.

  6. Cairns, S.P.  Lactic acid and exercise performance: Culprit or 
friend?  Sports Med. 36: 279-291, 2006.

  7. Castro, B. and Kuang, S.  Evaluation of muscle performance in 
mice by treadmill exhaustion test and whole-limb grip strength 
assay.  Bio Protoc. 7: e2237, 2017.

  8. Chen, W.C., Huang, W.C., Chiu, C.C., Chang, Y.K. and Huang, C.C.  
Whey protein improves exercise performance and biochemical 
profiles in trained mice.  Med. Sci. Sports Exerc. 46: 1517-1524, 
2014.

  9. Chiu, C.C., Wang, Y.C., Huang, W.C., Chen, Y.H., Hung, S.W., 
Huang, Y.T., Chuang, H.L. and Chang, Y.C.  Differences in ge-
netic background contribute to Pseudomonas exotoxin a-induced 
hepatotoxicity in rats.  Toxins 9: 224, 2017.

10. Collado Mateo, D., Pazzi, F., Domínguez Muñoz, F.J., Martín 
Martínez, J.P., Olivares, P.R., Gusi, N. and Adsuar, J.C.  Gano-
derma lucidum improves physical fitness in women with fibro-
myalgia.  Nutr. Hosp. 32: 2126-2135, 2015. 

11. Conner, J.D., Wolden-Hanson, T. and Quinn, L.S.  Assessment 
of murine exercise endurance without the use of a shock grid: an 
alternative to forced exercise.  J. Vis. Exp. 90: 51846, 2014.

12. Gill, S.K. and Rieder, M.J.  Toxicity of a traditional Chinese 
medicine, Ganoderma lucidum, in children with cancer.  Can. J. 
Clin. Pharmacol. 15: e275-e285, 2008.

13. He, H., He, J.P., Sui, Y.J., Zhou, S.Q. and Wang, J.  The hepato-
protective effects of Ganoderma lucidum peptides against carbon 
tetrachloride-induced liver injury in mice.  J. Food Biochem. 32: 
628-641, 2008.

14. Hsiao, C.Y., Chen, Y.M., Hsu, Y.J., Huang, C.C., Sung, H.C. 
and Chen, S.S.  Supplementation with Hualian No. 4 wild bitter 
gourd (Momordica charantia Linn. var. abbreviata ser.) extract 
increases anti-fatigue activities and enhances exercise perfor-
mance in mice.  J. Vet. Med. Sci. 79: 1110-1119, 2017.

15. Huang, W.C., Chang, Y.C., Chen, Y.M., Hsu, Y.J., Huang, C.C., 
Kan, N.W. and Chen, S.S.  Whey protein improves marathon-
induced injury and exercise performance in elite track runners.  
Int. J. Med. Sci. 14: 648-654, 2017.

16. Huang, W.C., Hsu, Y.J., Wei, L., Chen, Y.J. and Huang, C.C.  
Association of physical performance and biochemical profile of 
mice with intrinsic endurance swimming.  Int. J. Med. Sci. 13: 
892-901, 2016.

17. Huang, W.C., Huang, C.C., Chuang, H.L., Chen, W.C. and Hsu, 
M.C.  Cornu cervi pantotrichum supplementation improves 
physiological adaptions during intensive endurance training.  J. 
Vet. Med. Sci. 79: 674-682, 2017.

18. Huang, W.C., Lin, C.I., Chiu, C.C., Lin, Y.T., Huang, W.K., 
Huang, H.Y. and Huang, C.C.  Chicken essence improves exer-
cise performance and ameliorates physical fatigue.  Nutrients 6: 
2681-2696, 2014. 

19. Kim, H., Park, S., Han, D.S. and Park, T.  Octacosanol supple-
mentation increases running endurance time and improves 
biochemical parameters after exhaustion in trained rats.  J. Med. 

Food 6: 345-351, 2003.
20. Kirkendall, D.T.  Mechanisms of peripheral fatigue.  Med. Sci. 

Sports Exerc. 22: 444-449, 1990.
21. Koch LG, Britton SL.  Artificial selection for intrinsic aerobic 

endurance running capacity in rats.  Physiol. Genomics 5: 45-52, 
2001.

22. Konagai, C., Watanabe, H., Abe, K., Tsuruoka, N. and Koga, Y.  
Effects of essence of chicken on cognitive brain function: a near-
infrared spectroscopy study.  Biosci. Biotechnol. Biochem. 77: 
178-181, 2013.

23. Li, Y.F., He, R.R., Tsoi, B. and Kurihara, H.  Bioactivities of 
chicken essence.  J. Food Sci. 77: 105-110, 2012.

24. Lo, H.I., Tsi, D., Tan, A.C., Wang, S.W. and Hsu, M.C.  Effects 
of postexercise supplementation of chicken essence on the elimi-
nation of exercise-induced plasma lactate and ammonia.  Chinese 
J. Physiol. 48: 187-192, 2005.

25. Meeusen, R., Watson, P., Hasegawa, H., Roelands, B. and Piacen-
tini, M.F.  Central fatigue: the serotonin hypothesis and beyond.  
Sports Med. 36: 881-909, 2006.

26. Mettlach, G., Polo-Parada, L., Peca, L., Rubin, C.T., Plattner, F. 
and Bibb, J.A. Enhancement of neuromuscular dynamics and 
strength behavior using extremely low magnitude mechanical 
signals in mice. J. Biomech. 47: 162-167, 2014.

27. Nielsen, J. and Ortenblad, N.  Physiological aspects of the subcel-
lular localization of glycogen in skeletal muscle.  Appl. Physiol. 
Nutr. Metab. 38: 91-99, 2013.

28. Ouyang, M.Z., Lin, L.Z., Lv, W.J., Zuo, Q., Lv, Z., Guan, J.S., 
Wang, S.T., Sun, L.L., Chen, H.R. and Xiao, Z.W.  Effects of the 
polysaccharides extracted from Ganoderma lucidum on chemo-
therapy-related fatigue in mice.  Int. J. Biol. Macromol. 91: 905-
910, 2016.

29. Ploegmakers, J.J., Hepping, A.M., Geertzen, J.H., Bulstra, S.K. 
and Stevens, M.  Grip strength is strongly associated with height, 
weight and gender in childhood: a cross sectional study of 2241 
children and adolescents providing reference values.  J. Physio-
ther. 59: 255-261, 2013.

30. Sanchez-Delgado, G., Martinez-Tellez, B., Olza, J., Aguilera, C.M., 
Gil, Á. and Ruiz, J.  Role of exercise in the activation of brown 
adipose tissue.  Ann. Nutr. Metab. 67: 21-32, 2015.

31. Shi, Y., Cai, D., Wang, X. and Liu, X.  Immunomodulatory ef-
fect of Ganoderma lucidum polysaccharides (GLP) on long-term 
heavy-load exercising mice.  Int. J. Vitam. Nutr. Res. 82: 383-
390, 2012. 

32. Sim, M.K.  Cardiovascular actions of chicken-meat extract in 
normo- and hypertensive rats.  Brit. J. Nutr. 86: 97-103, 2001.

33. Skenderi, K.P., Kavouras, S.A., Anastasiou, C.A., Yiannakouris, N. 
and Matalas, A.L.  Exertional Rhabdomyolysis during a 246-km 
continuous running race.  Med. Sci. Sports Exerc. 38: 1054-1057, 
2006.

34. Smina, T.P., Mathew, J., Janardhanan, K.K. and Devasagayam, T.P.  
Antioxidant activity and toxicity profile of total triterpenes iso-
lated from Ganoderma lucidum (Fr.) P. Karst occurring in South 
India.  Environ. Toxicol. Pharmacol. 32: 438-446, 2011.

35 Su, W.L., Huang, W.C., Chen, I.N., Chen, W.C., Huang, C.C. 
and Huang, C.H.  Investigation of whole-body vibration training 
on physiological and biochemical characteristics in mice.  Phys. 
Educ. J. 48: 33-44, 2015.

36. Sun, L., Wei Jie Tan, K. and Jeyakumar Henry, C.  Co-ingestion 
of essence of chicken to moderate glycaemic response of bread.  
Int. J. Food Sci. Nutr. 66: 931-935, 2015.

37. Tsi, D., Nah, A.K., Kiso, Y., Moritani, T. and Ono, H.  Clinical 
study on the combined effect of capsaicin, green tea extract and 
essence of chicken on body fat content in human subjects.  J. 
Nutr. Sci. Vitaminol. 49: 437-441, 2003.

38. Wang, F., Zhou, Z., Ren, X., Wang, Y., Yang, R., Luo, J. and 
Strappe, P.  Effect of Ganoderma lucidum spores intervention on 
glucose and lipid metabolism gene expression profiles in type 2 



 The Chicken Essence and G. lucidum on Anti-fatigue Activities 383

diabetic rats.  Lipids Health Dis. 14: 49, 2015.
39. Williams, C. and Rollo, I.  Carbohydrate nutrition and team sport 

performance.  Sports Med. 45: S13-S22, 2015.
40. Wu, H.C., Pan, B.S., Chang, C.L. and Shiau, C.Y.  Low-molecu-

lar-weight peptides as related to antioxidant properties of chicken 
essence.  J. Food Drug Anal. 13: 176-183, 2005.

41. Wu, T., Yao, C., Tsang, F., Huang, L., Zhang, W., Jiang, J., Mao, Y., 
Shao, Y., Kong, B., Singh, P. and Fu, Z.  Facilitated physiologi-
cal adaptation to prolonged circadian disruption through dietary 
supplementation with essence of chicken.  Chronobiol. Int. 32: 
1458-1468, 2015.

42. Wu, X., Zeng, J., Hu, J., Liao, Q., Zhou, R., Zhang, P. and Chen, 
Z.  Hepatoprotective effects of aqueous extract from Lingzhi or 
Reishi medicinal mushroom Ganoderma lucidum (higher basidi-
omycetes) on α-amanitin-induced liver injury in mice.  Int. J. 
Med. Mushrooms 15: 383-391, 2013.

43. Yamano, E., Tanaka, M., Ishii, A., Tsuruoka, N., Abe, K. and Wa-
tanabe, Y.  Effects of chicken essence on recovery from mental 

fatigue in healthy males.  Med. Sci. Monit. 19: 540-547, 2013.
44. Yamano, T., Niijima, A., Iimori, S., Tsuruoka, N., Kiso, Y. and 

Nagai, K.  Effect of L-carnosine on the hyperglycemia caused 
by intracranial injection of 2-deoxy-D-glucose in rats.  Neurosci. 
Lett. 313: 78-82, 2001.

45. Young, H., Benton, D. and Carter, N.  The effect of chicken ex-
tract on mood, cognition and heart rate variability.  Nutrients 7: 
887-904, 2015.

46. Zhao, H., Zhang, Q., Zhao, L., Huang, X., Wang, J. and Kang, X.  
Spore powder of Ganoderma lucidum improves cancer-related 
fatigue in breast cancer patients undergoing endocrine therapy: 
a pilot clinical trial.  Evid. Based Complement. Alternat. Med. 
2012: 809614, 2012.

47. Zhonghui, Z., Xiaowei, Z. and Fang, F.  Ganoderma lucidum 
polysaccharides supplementation attenuates exercise-induced 
oxidative stress in skeletal muscle of mice.  Saudi J. Biol. Sci. 21: 
119-123, 2014.


