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Abstract

Objectives: This study aimed to show that ingesting egg white hydrolyzate (EWH) could improve antioxidant capac-
ity and reduce mental fatigue. Two clinical trials were conducted to examine the antioxidant capacity and the fatigue
reduction function of EWH. In Study 1, 19 athlete students were received a single dose of EWH (5 g/day) or placebo. In

2 weeks of ingestion.

Study 2, 74 athlete students ingested EWH (5 g/day) or placebo before training for 2 weeks.

Results: Single dose of EWH significantly increased the antioxidant ability compared with the placebo group
(p<0.05), and there was no significant difference between the groups in the oxidative stress test results on Study
1. Two-week intake of EWH significantly decreased mental fatigue compared with the placebo (p <0.05). This study
showed that ingesting EWH improved antioxidant capacity with a single dose and reduced mental fatigue after

Trial Registration Japan Medical Association Center for Clinical Trials identifier; IMA-IIAO0395 (Study1) and JMA-
I1A00396 (Study?), both trials were retrospectively registered on 26 October, 2018.

Keywords: Egg white peptide, Anti-fatigue, Antioxidative activity, Dietary supplement, Beverage

Introduction
Proteins, peptides, and amino acids are common sports
supplements. In particular, peptides are more absorbable
than amino acids of identical composition [1]. Egg white
peptide (EWP) has various physiological functions, such
as angiotensin-converting enzyme-inhibitory, antioxi-
dant, and anti-inflammatory properties [2]. Among these
functions of EWPs, the antioxidant property is the one
that is most associated to fatigue reduction after exercise.
Although the anti-fatigue effect of EWP has been
reported, the subjects were not athlete and antioxidant
activity in vivo has not been studied [3, 4]. Therefore, two
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clinical studies were conducted to investigate the antioxi-
dant power in the blood and fatigue reduction function
after exercise by ingestion of EWH. Study 1 examined the
fluctuation of fatigue and antioxidant activity in vivo after
a single ingestion of EWH, measured after exercise. Study
2 examined the function of reducing fatigue after exercise
with EWH ingestion for 2 weeks.

Materials and methods

Ethical consideration

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and was approved
by the Ethical Review Board of Nippon Sport Science
University. The approval number is 017-H111 (Study 1)
and 017-H112 (Study 2). This study is registered at the
Japan Medical Association Center for Clinical Trials
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(JMACCT) with the clinical trial number JMA-ITA00395
(Study 1) and JMA-IIA00396 (Study 2).

Study 1

Test food The EWH used in this study was manufac-
tured by the Kewpie Corporation (Tokyo, Japan) and had
an average molecular weight of approximately 700 [5]. A
jelly beverage containing EWH (5 g/day; Fujisho Foods
Co., Chiba, Japan) was used as the test food for the EWH
group, and a jelly beverage without EWH was used for the
placebo group (Table 1). The test food was a 130-g drink
pack, and the participants ingested one drink pack 1 h
before exercise.

Participants The participants were 19 athlete students
belonging to the bicycle racing club of Nippon Sport Sci-
ence University. Inclusion exclusion criteria was showed
Additional file 1. The sample size was determined from
previous studies (Sugiyama et al. unpublished data). For
a type 1 risk a of 0.05 and power (1-B) of 80%, the total
sample size required was more than 30. The Sample size
calculation software was used Cancer research and bio-
statistics statistical tools (https://stattools.crab.org/). Par-
ticipants provided informed consent and were randomly
allocated in blocks of 4 into the placebo group or EWH
(5 g/day) group by using block randomization. Block ran-
domization is a commonly used technique in clinical trial
design to reduce bias and achieve balance in the alloca-
tion of participants to treatment arms, especially when
the sample size is small. Participants were enrolled in
the study by the staff not involved in the randomization
process. The randomized code was kept in opaque sealed
envelope. Both the participants and the investigators were
blinded until completion of the trial. The allocation infor-
mation was concealed in opaque and sealed envelopes by
the statistician who was blinded to the group allocation.

Clinical trial design The double-blind, placebo-con-
trolled, randomized, two-period, single-dose, crossover
study was conducted at Yokohama Kenshidai Campus,
Nippon Sport Science University (Kanagawa, Japan). The

Table 1 Ingredients and nutritional values of the test food

Ingredients Nutrition facts(/d)
Placebo EWH
Isomerized sugar, granu-  Calories 113 kcal 133 kcal
lated sugar, polysaccha- 7445 fat <01 <01
ride thickener, citric acid, ) 49 9
concentrated grapefruit  20dium 209 mg 159 mg
juice, sweetener, flavor  Total carbohydrate 28g 294
(EWH 5 g/d) Protein 0g 49
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participants, care providers and those assessing outcomes
were blinded after assignment to interventions. The athletes
ingested the placebo or the EWH food 1 h before exercise.
The exercise was incremental for 15 min (3 min, five stages)
with ergometers (POWERMAX-VIII, Konami Sports Life
Co., Ltd., Kanagawa, Japan). The first stage started with 1.5
watts for males and 1 W for females. The exercise intensity
was set for each athlete, and it was assigned to each stage so
that 95% VO, max was reached at the fifth stage. The 95%
VO, max was determined from the records of VO, max
test on December 2017. Oxidative stress (diacron-reactive
oxygen metabolites; d-ROMs), antioxidant force (biologi-
cal antioxidant potential; BAP), and fatigue (Borg Rating of
Perceived Exertion Scale [6]; Borg RPE Scale, VAS; Visual
Analog Scale) were measured before and after exercise. The
VAS was a line of 100 mm, with 0 at the left end of the line
representing the best condition with no fatigue and 100 at
the right end of the line being unbearable fatigue. D-ROMs
and BAP were measured with Free Carrio Duo (Wismerll
Co., Ltd., Tokyo, Japan). The study was conducted from
January 25th, 2018 to February 9th, 2018.

Statistical analysis ~ All values obtained are expressed as
mean =+ SE. All statistical analyses were performed using
IBM SPSS Statistics 20.0 (IBM Japan, Ltd., Tokyo, Japan).
A p value of <0.05 was considered statistically significant.
After confirming normal distribution by the Kolmogo-
rov—Smirnov test, paired t-test was used to compare
before and after exercise, and independent t-test was used
to compare placebo and EWH group for d-ROMs, BAP.
The comparison between groups of Borg RPE Scale and
VAS was performed by Mann—Whitney U test, and the
comparison between before and after exercise was Wil-
coxon signed rank sum test.

Study 2
Test food The test food of Study 2 was the same as that
of Study 1 (Table 1).

Participants The participants were 74 athlete students
belonging to the canoe, triathlon, and weightlifting
clubs of the Nippon Sport Science University. Inclu-
sion exclusion criteria was same as Study 1 (Additional
file 1). The sample size was determined from previous
studies (K. Sugiyama et al. unpublished data). For a type
1 risk a of 0.05 and power (1-f3) of 80%, the total sample
size required was more than 15. The Sample size cal-
culation software was used Cancer research and bio-
statistics statistical tools (https://stattools.crab.org/).
Participants provided informed consent and were ran-
domly allocated into the placebo group or EWH (5 g/
day) group. Randomization was performed in the same
way as Study 1.


https://stattools.crab.org/
https://stattools.crab.org/

Oe et al. BMC Res Notes (2020) 13:443

Clinical trial design The randomized, placebo-con-
trolled, double-blind, parallel-group comparison study
was conducted at the Tokyo Setagaya Campus, Nip-
pon Sport Science University (Tokyo, Japan). The par-
ticipants, care providers and those assessing outcomes
were blinded after assignment to interventions.

The participants continuously ingested the placebo
or the EWH food 1 h before exercise daily over a two-
week period. The exercise performed was regular train-
ing at each club. Fatigue was evaluated by Chalder’s
fatigue scale (CFS) [7] and VAS prior to ingestion, and
at 1 and 2 weeks after ingestion. The VAS was the same
scale used for Study 1. The CFS was a subjective evalua-
tion of 0—3 ranks each questionnaire related to chronic
fatigue, with rank O representing the best condition
with no fatigue and rank 3 representing unbearable
fatigue.

CFS was evaluated before exercise and VAS was rated
before and after exercise. Subgroup analyses were per-
formed for each club separately. The study was con-
ducted from February 19th to March 26th, 2018.

Statistical analysis The comparison between groups
of CFS and VAS was performed by Mann—Whitney U
test, and the comparison between before and after exer-
cise was Wilcoxon signed rank sum test.

Results

Study 1

Participant background

Nineteen participants who understood the contents
of this study and provided consent participated in the
study. One athlete withdrew from the study due to per-
sonal reasons, with 18 participants remaining (mean
age 20 £0.2, Additional file 2). Three unhealthy athletes
were excluded because of the study aimed at assessing
healthy individuals. Thus the analysis was per proto-
col set. Since this study design was crossover test, 30
data can be obtained from 15 participants, but eight
control group and 11 EWH group blood data were
also excluded because unable to be analyzed due to
hemolysis or insufficient collection volume in blood
tests. Finally, seven control group and 11 EWH group
data were analyzed on ROMs and BAP. There were no
adverse events related to EWP ingestion.

Oxidative stress and antioxidant power

There was no significant difference before and after
exercise in d-ROMs, but the BAP values for both
groups significantly increased after exercise compared
with before exercise (p <0.05).
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Figure 1 shows the changes in d-ROMs and BAP
values after exercise versus before exercise. Although
there was no significant difference in d-ROMs, the BAP
values in the EWH group were significantly higher after
exercise than in the control group (p <0.05).

Fatigue questionnaire
There was no significant difference between groups in
Borg RPE Scale and VAS values.

Study 2

Participant background

A total of 74 participants (mean age 19.8£0.1) who
understood the contents of this study and provided
consent participated in the study. There were no partic-
ipant withdrawals during the study period. There were
no adverse events related to daily EWP ingestion. The
analysis was full analysis set (Additional file 3).

Fatigue questionnaire

There was no significant difference in CFES values for
total fatigue and physical fatigue between the groups.
Figure 2 shows the change from baseline CFS values in
mental fatigue. Fatigue in the EWH group significantly
decreased in total participants and in canoe club par-
ticipants (p <0.05). There was a downward trend but no
significant toward fatigue in triathlon club and weight-
lifting club participants in the EWH group compared
with those in the placebo group (p<0.01). Regard-
ing the VAS values, no significant differences were
observed for all clubs.

Discussion
No significant differences in d-ROMs (blood oxidative
stress index) were found between the EWP and pla-
cebo groups. However, BAP (blood antioxidative activ-
ity index) were significantly higher (p<0.05) in the EWP
group than in the placebo group. That indicates that
compared with placebo intake, EWP intake before exer-
cise resulted in higher antioxidative activity in blood.
Antioxidizing enzymes that decompose active oxygen
exist in the muscle fiber cytoplasm and mitochondrial
matrix. The function of these antioxidant enzymes is
complemented by nonenzymatic antioxidants such as
peptides [8]. The results of Study 1 show that EWH, a
nonenzymatic antioxidant, rapidly enhances the activ-
ity of antioxidant enzymes and enhances the in vivo
antioxidant capacity in a single intake.

In Study 2, the EWH group had significantly reduced
CFS values for mental fatigue compared to the control
group at 1 and 2 weeks after ingestion (p<0.05). CFS
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Fig. 1 Amount of change before and after exercise in d-ROMs (a) and BAP (b) values following ingestion of placebo or EWH. Data are presented as
mean = SE, *p < 0.05 vs. placebo group, #p < 0.05 vs. before exercise

is a fatigue index recommended by the Centers for
Disease Control and Prevention as a reliable indicator
[9]. Ingestion of egg white protein increases the serum
amino acid levels [10], intake of egg-derived amino
acids had a beneficial effect on mental functions such
as emotion and cognition [11].

From these facts, it is considered that the peptide
or amino acid derived from EWH is transferred to
the blood and acts to reduce mental fatigue. The role
of EWP in promoting nitric oxide-related signaling
in vivo is considered to be one of the mechanisms of
action [12]. The function of EWP is to promote signal
transduction related to nitric oxide (NO) in vivo. NO
and reactive oxygen (ROS) react in vivo and become
active NO species (RNOS), which results in adjust-
ments to the autonomic nervous system [12, 13].
Study 2 showed that these processes were estimated
to require continuous intake of EWH for 1 to 2 weeks
until a threshold is reached, resulting in recognition of
a reduction in mental fatigue. The function of alleviat-
ing mental fatigue after exercise due to EWH intake
confirmed by this study is a unique feature not con-
firmed in other food materials.

Conclusion

This study showed that a single intake of 5 g/day of
EWH increased antioxidant power in the blood, and
2 weeks of continuous intake of EWH decreased mental
fatigue.

Limitations

In this study, EHW’s functionality for physical fatigue
was not confirmed. The turnover of human muscle pro-
teins is about 180 days in half-life [14]. Further EWH
functional studies to reduce physical fatigue need to be
conducted long-term over several months based on the
muscle protein metabolic cycle. Because this study tar-
geted athlete students, whether EWH intake will have
the same impact of anti-fatigue function and antioxidant
capacity in the general population with no strong activity
intensity is unknown. CES is a scale for chronic fatigue,
that is required the review of applicability for healthy
athletes. The decrease in the number of blood analyses
is a severe limitation on this study. Further research is
required including the statistical planning.
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Fig. 2 Changes in CFS values for mental fatigue following ingestion of placebo or EWH. a, all participants; b, canoe club; ¢, triathlon club; d,
weightlifting club; data are presented as mean = SE, *p < 0.05 vs placebo

Supplementary information Abbreviations
EWP: Egg white peptide; d-ROMs: Diacron-reactive oxygen metabolites; BAP:

Biological antioxidant potential; Borg RPE Scale: Borg Rating of Perceived Exer-
tion Scale; CFS: Chalder's Fatigue Scale.
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