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Abstract

We investigated the effects of chicken essence (CE) supplementation on exercise-induced changes
of lactate and ammonia during recovery.  In this randomized, double blind, crossover study, twelve
healthy subjects performed a single bout of exercise to exhaustion, and then consumed either a placebo
or CE within 5-min of the exercise cessation.  Blood samples were collected before exercise, at exhaustion
(0 minute), and 20, 40, 60, and 120 minutes, respectively during the recovery period.  There were no
differences in plasma glucose, creatine kinase, or heart rate responses between treatments.  The exercise
exhaustion significantly increased the levels of lactate and ammonia, and both measured values
gradually declined during the recovery period.  Ammonia levels at 40, 60, and 120 min. of the recovery
period were observed lower significantly in the CE group, as compared to those in the placebo group.
Additionally, lactate concentrations at 60 and 120 min were lower in the CE group, as compared to those
in the placebo group.  In conclusion, the main finding of this study was that CE supplementation after
exercise reduces plasma lactate and ammonia levels.  The results indicated that CE supplementation
after an exhaustive exercise could enhance physiological recovery in humans.
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Introduction

Chicken essense (CE) is a commonly used nutri-
tional supplement, mainly due to its protein or amino
acid-enriched ingredients (5, 26).  It increases meta-
bolic rate (10), enhances iron restoration (30), re-
duces mental fatigue (19), attenuates the chronic
development of cardiac hypertrophy and artheriosclerosis
in rats (24), and increases colostrum levels of lactoferrin,
epidermal growth factor and transforming growth
factor-β2 in lactating women (6).  However, no infor-

mation related to the use of CE for postexercise
recovery has been revealed.

An acute bout of exercise induces alteration in
protein metabolism with a decrease in whole-body
protein synthesis and an increase in whole-body pro-
tein and amino acid catabolism (9, 20).  Under this
condition, the working cell forms ammonia during
the metabolism of amino acids, especially glutamine
and glutamate.  However, the toxic effect of ammonia
toward living cells has also been widely recognized
(16).  Although, CE supplementation provides a sub-
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strate for ammonia production during metabolism
towards a catabolic state, no study has been per-
formed to assess the effects of CE ingestion on ammo-
nia metabolism after postexercise recovery.  The
main purpose of the current study was to examine
whether postexercise supplementation of CE affects
the plasma level of ammonia during recovery follow-
ing a single bout of exercise to exhaustion.

Materials and Methods

Subjects

Twelve healthy females, with a mean age (±SE)
of 21.6±0.6 yrs, weight 54.0±2.2 kg, height of 160.6
±1.2 cm, and maximum oxygen consumption (VO2max)
of 39.5±0.9 ml/kg/min, participated in the experiment.
The study conformed to the ethical guidelines of the
National College of Physical Education and Sports
(Taoyuan, Taiwan) and was approved by the Human
Research Ethics Committee.  All volunteers signed
informed consent forms.  In a pre-study interview,
information on routine use of vitamins and other
nutritional supplements was obtained for each
participant.  Volunteers found to be taking regular
medication were excluded in the study.

Two weeks prior to the tests, subjects were
required to cease vitamin and supplement intake.
Subjects were instructed to avoid exercise or strenu-
ous physical activity for 3 days prior to the tests.  In
the twenty-four hours preceding the study, subjects
recorded all food and drink intake and this dietary
pattern was duplicated in the second part of the cross
over study.  VO2max of each subject was determined
one week before the exhaustive exercise tests were
conducted.

Experimental Design

In this randomized, double blind, crossover study,
12 subjects were randomly allocated into two treat-
ment groups, placebo (PL) and chicken essence (CE).
The CE group received a 140 ml solution of chicken
essence (provided by Cerebos Taiwan, Ltd., Chang-
Hua, Taiwan).  The composition of the CE as deter-
mined by high performance liquid chromatography
was shown in Table 1.  The PL group received a 140
ml 0.5% gelatin with 0.3% caramel solution, which
has similar appearance and flavor to CE and has been
previously used (at a different concentration) by Nagai
et al. (19).

All tests were conducted under laboratory con-
ditions at 26.88±0.23°C and a relative humidity of
47.95±1.48 %.  On arrival at the laboratory on the
morning of the test day, the fasted subjects (for 8 hr
prior to tests) were instructed to consume 300 ml of

water.  After resting for 20 min, baseline blood samples
(pre-exercise) were taken.

Exhaustive Exercise Test

Individual subjects were required to run on a
treadmill at an initial speed corresponding to 80% of
their individual VO2max for 30 min.  After 30 min, the
intensity (incline) was incrementally increased by
1% every minute until exhaustion was reached.  The
heart rate and rating of perceived exertion (RPE)
scale were recorded throughout.  Exhaustion was
considered when the subject’s heart rate reached a
maximum level (220-age) and the RPE scale scored at
least 18 (4).  On completion of the exercise test the
subjects were seated and consumed either 140 mL of
chilled PL or CE (10°C) within 5-min of exercise
cessation.

Following a 7-day washout period, the subjects
from the PL group were switched into the CE group,
and vice versa.  The exhaustive exercise test was then
repeated.

Sample Collection and Analysis

Fingertip blood samples (200 µl) were collected
from each subject before exercise, exhaustion, and
20, 40, 60 and 120 min during the recovery period.
Plasma from the samples was isolated, and plasma
glucose, lactate, ammonia, and creatine kinase activ-
ity were determined at the appropriate wavelength,
using a DT-60 analyzer (Johnson & Johnson,
Rochester, NY, USA).

Statistical Analysis

Data from group CE and group PL were ex-
pressed as mean ± standard error (SE).  The repeated-
measures analysis of variance test followed by Tukey’s
post hoc test was used to determine the significant
differences between values taken at the various time
points throughout the test. Differences were consid-
ered significant when P < 0.05.

Table 1. Composition of the chicken essence

Amino acids % (w/v) Peptides µg/ml

Glutamic acid 0.935 carnosine 1238.5
Glycine 0.878
Aspartic acid 0.519
Alanine 0.519
Histidine 0.460
Arginine 0.435
Lysine 0.331
Leucine 0.324
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The changes in the biochemical parameters dur-
ing the recovery period were expressed as a percent-
age relative to the value at exhaustion. Decreased
percentage (%) = [(data during recovery period - data
at exhaustion)/ data at exhaustion] × 100% (11).  A
paired t-test was performed to compare the mean
values between the placebo (group PL) and chicken
essence (group CE) supplemented groups. Differ-
ences were considered significant when P < 0.05.

Results

The biochemical and heart rate measurements
obtained from the subjects are listed in Table 2.  Dur-
ing recovery from exhaustive exercise, the heart rate
and plasma glucose concentration decreased signifi-
cantly at 20, 40 and 60 mins (P < 0.05, Table 2) in both
CE and PL groups.  However, there was no significant
difference in the recovery rates for heart rate and
plasma glucose between the CE and PL group.

Plasma lactate levels decreased significantly at
all recovery time points in both CE and PL groups (P
< 0.05, Table 2).  The CE group exhibited a greater
reduction in plasma lactate than the PL group, with a
72.7 % decrease at 60 min, as compared to 66.6% in
the PL group, and a 76.9% decrease at 120 min, as
compared to 71.2 % in the PL group (Fig. 1).  The
plasma lactate differences at 60 and 120 minutes
between CE and PL groups were significant (P <

0.05) and hence indicated that CE supplementation
may reduce lactate accumulation.

Plasma ammonia levels reduced significantly
during recovery at all measured time points (P < 0.05,
Table 2) in both CE and PL groups.  The CE group
showed a greater clearance of plasma ammonia, as

Table 2.  Heart rate and biochemical parameters, at exhaustion and during the recovery phasea, b

Recovery phase
Parameter Group Pre-Ex. Exhaustion

20 min 40 min 60 min 120 min

Heart rate
(beats/min) CE 63.3±2.2 190.9±1.9 103.7±2.9# 96.8±2.7# 94.1±2.8#        –c

PL 63.3±2.2 188.5±2.5 102.5±3.7# 97.1±3.2# 92.7±2.8#        –
Glucose
(mg/dl) CE 98.9±2.4 135.0±8.4 116.0±6.6# 93.6±3.4# 89.0±3.4#        –

PL 93.9±3.2 127.7±5.2 106.9±4.2# 91.1±4.3# 88.6±3.6#        –
Lactate
(mmol/l) CE   1.6±0.1   10.1±0.6     6.0±0.3#   3.6±0.2#   2.6±0.2#   2.2±0.1#

PL   1.6±0.1     8.7±0.6     5.0±0.4#   3.5±0.3#   2.8±0.3#   2.4±0.2#

NH3

(µmol/l) CE 40.9±9.0   95.7±12.3   58.4±9.9# 47.0±10.2# 41.3±8.3# 31.7±7.9#

PL 35.9±6.6   94.0±5.9   70.3±9.8# 56.5±8.1# 53.1±6.6# 49.5±7.8#

CKd

(U/l) CE 71.8±20.3   99.5±23.2   88.2±21.2# 83.7±20.9# 79.2±19.0# 75.3±16.8#

PL 66.5±15.0   97.2±17.7   83.5±17.0# 79.5±14.0# 80.7±13.7# 78.0±13.4
a  CE: chicken essence supplement; PL: placebo supplement.
b  Values are expressed as mean ± SE (n = 12).
c Ellipses indicate parameter not measured at this point.
d CK: creatine kinase.
# Indicates significant difference to values at exhaustion (P < 0.05).

Fig. 1. Percentage of plasma lactate decrease relative to the
value observed at exhaustion in group CE (– ●  –) and
group PL (-- ◊ --).  Each point represents the mean ± SE
(n = 12).  *Indicates significant difference between PL
and CE groups (P < 0.05).
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compared to the PL group.  This was significant at 40,
60 and 120 minutes (P < 0.05, Fig. 2).  In the CE group,
the percentage of plasma ammonia reduction at 40, 60,
and 120 min was 52.4%, 58.4% and 68.4% respectively,
as compared to 39.4%, 42.7% and 48.6% in the PL
group.

Plasma creatine kinase activity increased in re-
sponse to exercise.  On cessation of exercise, creatine
kinase levels decreased significantly (P < 0.05, Table
2) in both the CE and PL groups.  There was no
significant difference in the recovery rate for creatine
kinase activity between the CE and PL groups.

Discussion

To our knowledge, this is the first human clini-
cal trial investigating the effects of CE supplementa-
tion on plasma ammonia level during recovery from a
single bout of exercise to exhaustion.  We also exam-
ined its effects on creatine kinase, plasma glucose,
and lactate levels.  We found that the plasma lactate
and ammonia accumulation of these subjects were
reduced after a single bout of exercise to exhaustion.
Furthermore, this reduction was significantly greater
in the CE supplementation group than those of the
placebo group.

In our study, the total creatine kinase activity
significantly increased in both groups after exhaus-
tive exercise.  We ascribe this to plasma creatine
kinase increasing in both groups of the subjects due to
exercise-induced skeletal muscle damage.   Mechani-
cal disruption in the muscle is one of the basic mecha-
nisms to explain exercise initiated muscle damage.

Mair et al. (15) demonstrated a transient rise in the
serum concentrations of muscle proteins such as cre-
atine kinase, an indicator of muscle damage due to
sarcolemma disruption, and subsequent creatine ki-
nase leakage into the blood (15).  However, CE did
not appear to affect CK measures in this study.

Our study showed that CE can increase the rate
of lactate removal during recovery from exercise.
The accumulation of blood lactate is seen as a re-
sponse to anaerobic and increasing-intensity exercise
and is frequently and reliably measured as a marker
for physical fatigue (12, 21).  There are several impli-
cations of lactate accumulation and the parallel rise in
H+ concentrations in muscle.  A high concentration of
H+ will result in decreased phosphocreatine (21).  In
addition to phosphocreatine depletion, the cumula-
tive effects of ADP increase and a low pH environ-
ment will be the inhibition of local muscle contrac-
tion process (12, 22), and an interference with energy
supply (22), all of which contribute to muscle fatigue.
Carnosine (β-alanyl-L-histidine) is one of the active
peptide components present in CE.  It has an intracel-
lular pH buffering capacity by virtue of its imidazole
carrying histidine residue (1).  Carnosine is proposed
to function as a pH buffer (hydrogen ion carriers) to
neutralize lactic acid produced in skeletal muscle
(25).  Thus, carnosine may mediate the attenuating
effect of CE on plasma lactate levels.  Our study
revealed that CE can increase the rate of lactate
removal during recovery from exercise and hence
may play a role in reducing muscle fatigue.  Further
investigation into whether the increased lactate clear-
ance is associated with an improved tolerance or a
delay in muscle fatigue is needed.

The CE group showed a greater clearance of
plasma ammonia, as compared to the PL group.  This
was significant at 40, 60 and 120 minutes.  During
intense or prolonged exercise, there is an augmented
production of ammonia and inosine monophosphate
in the exercised muscle that could contribute to the
establishment of physical fatigue.  Ammonia pro-
duced during exercise rapidly diffuses into the
bloodstream, where elevated levels interfere with
GABA- (gamma-aminobutyric acid) mediated actions
in the brain, including synaptic neurophysiological
control (3).  The accumulation of ammonia is linked
to physical fatigue and has been implicated in the
development of mental fatigue (2).  In order to pre-
vent ammonia accumulation, the urea cycle in the
liver eliminates ammonia in the form of urea and the
skeletal muscle buffers the increase of ammonia via
deamination and transamination reactions (30).  The
amino acid glutamate plays an important role in this
metabolic pathway.  The intrahepatic concentration
of glutamate modulates the rate of ammonia detoxifi-
cation to urea (16).  Glutamate is also the precursor of

Fig. 2. Percentage of ammonia decrease relative to the value
observed at exhaustion in group CE (– ●  –) and group PL
(-- ◊ --).  Each point represents the mean ± SE (n = 12).
*Indicates significant difference between PL and CE
groups (P < 0.05).
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the inhibitory neurotransmitter GABA, a potential
mediator of hyperammonemic neurotoxicity (14).  During
intense exercise, the muscle and plasma glutamate
concentrations are markedly decreasd due to the sig-
nificant increase in amino acid catabolism. As a result,
detoxification of ammonia by glutamine synthetase
may be limited due to a shortage of glutamate.  CE
contains high levels of glutamate, which may acceler-
ate the removal rate of exercise-induced ammonia
during the recovery phase.  The results of our study
were similar to those of Mourtzakis and Graham in
which glutamate supplementation reduced exercise-
induced accumulation of plasma ammonia (18).

Furthermore, the amino acid aspartate is a nec-
essary substrate for the urea cycle. Urea synthesis is
primarily derived from ammonia and aspartate gener-
ated through transamination reactions (16). Arginine
is also an intermediate product in the urea cycle. CE
contains both aspartate and arginine which have been
demonstrated to reduce exercise-induced increases in
plasma lactate and ammonia in human subjects (7,
23).

Compared to the PL group, CE supplementation
significantly reduced the levels of exercise induced
lactate and ammonia observed during the recovery
period. HPLC has confirmed the presence of amino
acids in CE, several of which have been previously
investigated and shown to reduce exercise-induced
accumulation of plasma lactate and/or ammonia (7,
18, 23, 25).  Therefore, in response to CE supplemen-
tation in this study, the amino acids present in CE may
be responsible, or contribute to the enhanced reduc-
tion of post-exercise lactate and ammonia levels.

Adequate dietary supplements or nutritional
ergogenic aids are an important means of optimizing
exercise performance and warding off fatigue.  Exer-
cise produces changes in the protein balance with a
decrease in whole-body protein synthesis and an in-
crease in whole-body protein breakdown and amino
acid catabolism (20).  Fielding and Parkington (8)
indicated that individuals engaging in strenuous ac-
tivity should consume a meal rich in amino acids and
carbohydrates soon after the exercise bout.  Studies
have shown that the combined ingestion of both car-
bohydrate and protein improves net protein balance
and stimulates glycogen synthesis during the post-
exercise recovery phase (13, 29).  Oral ingestion of
essential amino acids also results in a change from net
muscle protein degradation to net muscle protein
synthesis in response to resistance exercise (27).  As
CE is abundant in amino acids, it may provide a
natural food source for amino acid supplementation
during the post-exercise recovery phase.

In conclusion, the results of this study have
demonstrated the role of CE in increasing the elimi-
nation of lactate and ammonia during recovery from

a single bout of exercise to exhaustion.  CE used as a
nutritional supplement may aid in recovery from in-
tense physical exercise.
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