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ABSTRACT

Introduction: We examined the effect of
5.0 g/day of collagen peptide (CP) or collagen
peptide fermented with Aspergillus sojae (FCP)
on skin pigmentation in healthy participants.

Methods: In this randomized, double-blind,
placebo-controlled study, 44 men and women
aged 25-63 years were placed into three groups
by stratified random allocation and treated with
CP, FCP, or placebo (PL) at S5.0g/day for
3 months. Their skin condition was measured
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monthly from baseline to 3 months of intake.
Results: No adverse events were identified in
any group. The CP group showed a significant
reduction in pigmented patches and redness
after 1 and 3 months of intake, respectively. In
the FCP group, pigmented macules were sig-
nificantly reduced after 1month, and pig-
mented patches after 2 months. Both the all-
ages analysis and the hierarchical analysis
below 55 years old yielded similar results.
Conclusion: Intake of 5.0 g/day of FCP for
3 months is safe. CP and FCP intake is useful for
suppressing pigmentation. In addition, CP
intake may be useful for reducing redness. These
results suggest a new beneficial effect on the
skin of CP supplementation.

Trial Registration: UMIN clinical trials registry
system, UMIN000040736.

Keywords: Collagen  peptide; Fermented
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study; Redness; Pigmentation; Pigmented
macules; Pigmented patches
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Key Summary points

Why carry out this study?

Collagen peptide (CP) has been reported
to be highly effective for skin
beautification and has been confirmed to
reduce invisible spots that appear during
UV irradiation, but its effect on visible
pigmentation is still unknown.

In this clinical study, we evaluated the
effect of CP or CP fermented with
Aspergillus sojae (FCP) on skin
pigmentation in healthy participants.

What was learned from the study?

CP and FCP intake are useful for
suppressing visible pigmentation after 1
month.

In addition, CP intake reduces the redness
after 3 months.

INTRODUCTION

Collagen is the most abundant protein in the
body. It forms a triple-helix structure consisting
of three polypeptide chains in which the gly-
cine (Gly)-X-Y sequence (where X and Y repre-
sent arbitrary amino acids) is repeated. Almost
all proline (Pro) residues at the Y position are
posttranslated to collagen-specific hydroxypro-
line (Hyp). When collagen peptide (CP) is
ingested orally, amino acids as well as dipep-
tides and tripeptides migrate to the blood [1, 2].
In a randomized, placebo, double-blind study,
intake of fish- and porcine-derived CP improved
skin moisture, elasticity, texture, and clarity and
reduced wrinkles [3]. CP also reduces ultraviolet
(UV) spots, which are basically defined as
invisible spots induced by UV irradiation [4].
Choi et al. reported that ingesting 3 g of CP had
no effect on skin pigmentation [5]. Therefore,
the effect of reducing visible pigmentation by

ingesting CP remains unconfirmed in human
studies.

We have developed a fermented collagen
peptide (FCP), which was fermented and enzy-
matically treated with Aspergillus sojae from
gelatin. Aspergillus species produce various sec-
ondary metabolites, including useful proteins
such as protease and amylase [6]. These prod-
ucts are used as detergents and for producing
fermented foods [7]. In particular, A. sojae has
an excellent ability to secrete protease; it is also
safe because it does not produce toxins [8].
Owing to these excellent abilities, A. sojae has
been used to produce traditional Japanese
foods, such as koji and soy sauce. In addition,
microorganisms produce different secondary
metabolites that have beneficial effects on
humans during the fermentation process [9].
Secondary metabolites, including kojic acid and
14-dehydroergosterol (14-DHE), from Aspergillus
species have powerful effects on the skin. Kojic
acid suppresses the activity of tyrosinase that
synthesizes melanin, and it was registered as a
quasi-drug in Japan in 1988 [10, 11]. Subse-
quently, clinical trials demonstrated that
applying a cream containing kojic acid sup-
presses UV irradiation-induced pigmentation in
healthy participants [10]. In a human study,
intake of miso, which is a product fermented
from rice koji, helps improve skin moisture [12].
Koji extract containing 14-DHE also increases
skin moisture [13].

Furthermore, we reported that ingesting FCP
reduces visceral fat mass and body weight in
mice with a high-fat diet (unpublished).
According to Armin et al., fermented fish gela-
tin-derived peptides exhibit antibacterial and
inhibitory effects against angiotensin-convert-
ing enzyme and dipeptidyl peptidase IV [14].
However, the effect of FCP on skin condition
remains unknown. Hence, the present ran-
domized, double-blind, placebo-controlled trial
aimed to evaluate the effects of CP and FCP
intake on pigmentation in healthy individuals.
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METHODS

Study Design

This test conformed to the principles of the
Declaration of Helsinki and the Ethical Guide-
lines for Epidemiological Research and com-
plied with this test implementation plan. The
study protocol was approved by the Nitta
Gelatin Ethics Review Board (approval no.
RCB2020-001-02) and was registered in the
UMIN  clinical  trials registry  system
(UMINO000040736). All participants provided
written consent for our randomized, double-
blind, placebo-controlled study. This study was
conducted under the guidance of Prof. Igase of
Ehime University School of Medicine. After
screening allocation, participants consumed
their assigned test food at 5.0 g/day. Efficacy
was assessed monthly from baseline up to
3 months of supplementation. These measure-
ments were taken from baseline to 3 months
later on 11 October 2020, 16 November 2020,
16 December 2020, and 12 January 2021, with a
1-week adjustment period between each mea-
surement. Participants were instructed not to
make any lifestyle changes (e.g., eating and
exercise habits).

Participant Criteria

According to the protocol, the selection criteria
were as follows: (1) age 20-70years, (2) no
abnormalities in the medical examination
within 1 year after test initiation, (3) an initial
visceral fat area of 80 cm? or more, and (4) able
to maintain an intake rate of 80% or more for
6 months.

Conversely, the exclusion criteria were (1)
history of serious illness, (2) abnormal liver
function and renal function test values in the
medical examination, (3) impaired cardiopul-
monary function, (4) having food and drug
allergies, (5) playing intense sports or being on a
diet, (6) being pregnant, or (7) being judged to
be ineligible by the investigator or the
examiner.

Participant Allocation

A total of 109 people applied to this study. The
investigator created a stratified random alloca-
tion table using random numbers. The prepared
allocation table was provided only to the test
food management personnel, and the test food
was distributed to the participants, who were
blinded from such food. These participants were
the staff of all testing institutions, including the
organizers, investigators, test coordinators, test
food management personnel, and members of
the ethics review committee. After the test was
completed, the person in charge of the statisti-
cal analysis opened the allocation table.

Test Food

Each participant received porcine CP (average
molecular weight 500-1000 Da, content > 3 g/
kg concentration of Pro-Hyp and Hyp-Gly;
Nitta Gelatin Inc., Osaka, Japan), porcine FCP
(average molecular weight 700-2000 Da; Nitta
Gelatin Inc., Osaka, Japan), or PL of maltodex-
trin (Paindex #2; Matsutani Chemical Industry
Co., Ltd., Hyogo, Japan).

Intake method

CP, FCP, and PL were packed in an aluminum
pouch to conceal the contents from the partic-
ipants during the distribution, and each food
was ingested at 5.0 g/day for 3 months at the
participant’s preferred timing. If they forgot to
take it, they were instructed to take it on the
same day, up to one packet per day.

Evaluation

Examination Schedule

During screening, participants gave written
confirmation regarding informed consent,
medical history, and presence or absence of
addiction/allergy as well as other appropriate
confirmations. The participants’ blood pressure,
body weight, and body mass index, and skin
conditions were obtained at baseline, 1 month,
2 months, and 3 months. As mentioned above,
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Area of detected object

0.6 - 1.2 mm” (Small)

>12 mm* (Large)

[

Pigmentation J

Slightly darker than the skin

Pigmented

Darker than the skin macules

Remarkably darker than the skin

Fig. 1 Pigmentation analysis using the Robo Skin Ana-
lyzer: Pigmented macules have less (size, 0.6-1.2 mm?)
pigmentation, whereas pigmented patches (size, 1.2 mmz)
have more pigmentation. The levels of pigmentation were
defined based on successive tone gradations in mono-
chrome images, which were created with a blue signal,

efficacy was measured monthly at baseline and
up to 3 months of intake. Study outcomes were
the measured values at each time point and the
amount of change from baseline.

Evaluation of Skin Condition All skin
parameters were measured in an air-condi-
tioned room at 19.2 £ 3.5°C and 37.3 &+ 8.8%
RH. The study was conducted from October to
January, during Japan’s winter season. The
monthly average amount of daily erythema
induced by UV irradiation was 0.68-1.37 kJ/m?,
and the monthly average of daily UV-B irradia-
tion amount was 5.02-10.54 kJ/m?, which is the
standard climate of autumn to winter in Japan.
The average humidity was 44-94%, which
indicates a relatively dry season compared with
other seasons. Before the study, the participants
washed their faces, followed by acclimation for
20 min. Subsequently, we captured an image of
their faces using a Robo Skin Analyzer RSAS50SII
(MM & NIIC, Tokyo, Japan). Using WSK-P500U
(MM & NIIC, Tokyo, Japan), we measured the
oil and water contents of the skin. Subse-
quently, parameters such as pigmentation, red-
ness, skin tone, wrinkles, oil content, and water
content were evaluated.

Pigmentation was expressed as the number
of spots and the area. The area of pigmentation
was classified into pigmented macules (barely
noticeable, measuring 0.6-1.2 mm?) and pat-
ches (noticeable, measuring > 1.2 mm?).
Moreover, the darkness level of pigmented

Lv. 1

Pigmented
patches

Lv. 2 (Occupies 54% of Lv. 1)

Lv. 3 (Occupies 35% of Lv. 1)

which is one of the three elements of color (RGB) images.
Detected tones were classified into three levels of darkness,
and the areas were categorized into two categories
according to size. Thereafter, the total area was calculated

patches evaluated by Robo Skin Analyzer was
detected by levels (Lvs), which were classified
into Lv. 1, Lv. 2, and Lv. 3. The number of
pigmented patches increased as the concentra-
tion of pigmented patches increased. Lv. 1 cor-
responded to basic pigmented patches; as the
concentration of pigmented patches increased,
Lv. 2 and Lv. 3 could be reached. As Lv. 1 pig-
mented patches had the maximum detection
sensitivity in this study, Lv. 2 and Lv. 3 consti-
tuted approximately 54% and 35% of Lv. 1,
respectively (Fig. 1).

Redness was also expressed as the number of
spots and the area. Redness was measured
according to the density of the one-dimensional
(monochrome) image color information, which
was the vector connecting the groups. Redness
evaluated by Robo Skin Analyzer was classified
into Lv. 1, Lv. 2, and Lv. 3. As the redness
increased, the number also increased. Basic
redness corresponded to Lv. 1, and Lv. 2 and Lv.
3 could be attained if the degree of redness
concentration was increased further. In this
study, given that redness Lv. 1 was the maxi-
mum detection sensitivity, Lv. 2 and Lv. 3
occupied approximately 38% and 23% of Lv. 1,
respectively.

Statistical Analysis

Statistical analysis was performed using Stat-
Mate V for Windows (Atoms Co., Ltd., Tokyo,
Japan.). All statistical data were analyzed using a
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Analysed (n=13)
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" Excluded from additional analysis
(over 55 years old) (n=2)

Additional analysed (n=10)
" Excluded from additional analysis
(over 55 years old) (n=3)

Fig. 2 Participant tracking: the participants were ran-
domized after enrollment into CP, FCP, and placebo
groups. Twelve participants in the CP group, 13 in the
FCP group, and 13 in the placebo group completed the
study. Additional analysis was conducted on participants
aged below 55 years because of a significant difference in

two-sided test, and the significance level was set
to 5%, with a confidence interval of 95%. Wil-
coxon signed-rank test was used for intragroup
comparisons of baseline and after 3 months of
intake. For three-group comparison, we used
Tukey’s test after one-way analysis of variance.

RESULTS

Participant Background

Out of 109 applicants, 44 were included and
allocated to the CP, FCP, or PL group. Each
group had 14-15 participants (Fig. 1). However,
six of them dropped out because of the inability
to visit the hospital, a state-of-emergency
announcement, and coronavirus infection
spread at the third month of measurement.
Nevertheless, none of the participants had
adverse events associated with the intake of the
test food.

the mean age between the CP and PL groups. Therefore,
additional analysis was performed by excluding two
participants from the FCP group and three participants
from the PL group. CP collagen peptide, FCP fermented
collagen peptide, PL; placebo

[ ]

N [T

| / |
0 |

Fig. 3 The number of Lv.3 pigmented patches improved
with administration of PL, CP, and FCP supplements.
Mean =+ standard error. Intragroup comparison: Wil-
coxon signed-rank test, *P <005, 7P <001 (versus
baseline). CP collagen peptide, FCP fermented collagen

Number
w £

[~}

—

peptide, PL placebo. Blue: baseline; orange: after 1 month;
gray: after 2 months; yellow: after 3 months
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Fig. 4 The arca of Lv.1 pigmented patches improved with
administration of PL, CP, and FCP supplements.
Mean = standard error. Intragroup comparison: Wil-
coxon signed-rank test, “P < 0.05, P < 0.01 (versus
baseline). CP collagen peptide, FCP fermented collagen
peptide, PL placebo. Blue: baseline; orange: after 1 month;
gray: after 2 months; yellow: after 3 months

Additional analysis was conducted on par-
ticipants aged below 55 years because of a

Placebo
Baseline

significant difference in the mean age between
the CP group and the PL group (Fig. 2).

The participants’ body composition chan-
ged; however, height, body weight, and body
mass index were not significantly different
between all groups and the baseline. In addi-
tion, the analysis of participants aged below
55 years showed no significant difference in
body composition between all groups (Supple-
mentary Material 1). The skin oil and water
contents changed, but they were not signifi-
cantly different between all groups (Supple-
mentary Material 1). Compared with each
baseline, the oil content showed no significant
difference, but the water content was signifi-
cantly lower in all groups. The same result was
obtained in the analysis of participants aged
below 55 years.

Pigmentation and Redness

Supplementary Material 2 lists the degree of
change in the area and number of pigmentation
and redness after intake of each sample. At
baseline, pigmentation and redness in the CP
and FCP groups were not significantly different

CP FCP

2 months

Fig. 5 The number of Lv. 1 skin pigmented patches: Red
dots indicate Lv.1 pigmented patches caused by PL, CP,
and FCP supplementation. To protect privacy, the lower
half of the face is displayed; however, measurements were

Fig. 5

taken on the entire face by using the Robo Skin Analyzer
RSAS0SII (MM & NIIC, Tokyo, Japan). CP collagen
peptide, FCP fermented collagen peptide, PL placebo
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CP FCP PL
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Fig. 6 The number of Lv.3 redness improved with
administration of PL, CP, and FCP supplements.
Mean =+ standard error. Intragroup comparison: Wil-
coxon signed-rank test, P < 0.05, ¥P < 0.01 (versus
baseline). CP collagen peptide, FCP fermented collagen
peptide, PL placebo, Blue: baseline; orange: after 1 month;
gray: after 2 months; yellow: after 3 months

from those in the PL group. After 1 month of
treatment, pigmented macules, pigmented pat-
ches, and redness significantly decreased in
both the CP and FCP groups compared with
their baseline. In particular, the CP group had
the significantly lowest number of Lv. 2 pig-
mented patches after 1 month. The number of
Lv. 3 pigmented patches was significantly lower
after 1 and 3 months (Fig.3). Its area also
decreased significantly from 1 to 3 months.
However, the CP group had a significantly
higher area of pigmented macules than the PL
group after 2 months. In the FCP group, the
area of pigmented macules was significantly
lower after 1 and 3 months than the baseline,
and the number was significantly lower after
2 months. Both the number and area of Lv. 1
pigmented patches were significantly lower
after 2 and 3 months for the area, respectively
(Fig. 4 and Supplementary Material 2). The area
of Lv. 2 pigmented patches and the number of
Lv. 3 pigmented patches were significantly
lower after 2 months (Supplementary Material 2
and Fig. 3). After 3 months, the number of Lv. 3
redness decreased significantly compared with
the baseline of the CP group (Fig. 6).

The PL group at baseline was significantly
older than the CP group (Supplementary Mate-
rial 1). To eliminate the possible effects of aging,
we reanalyzed those participants aged below
55 years (Fig. 2); Supplementary Material 3 pre-
sents the results of this reanalysis. At baseline,
pigmentation and redness in the CP and FCP
groups were not significantly different from
those in the PL group. In the CP group, no one
was excluded from the reanalysis, so the results
were the same as above.

DISCUSSION

Many have reported that CP intake can improve
skin quality. Reduction of UV spots was also
confirmed, but the effect of CP on visible pig-
mentation was unverified. In this randomized,
double-blind, placebo-controlled study, no
adverse events were identified in any group.
The amino acid composition is not substan-
tially different between CP and FCP, and FCP
contains Hyp (unpublished). The composition
of some di- and tripeptides alsso showed no
considerable differences (Supplementary Mate-
rial 4). After the orally ingested CP is absorbed
into the blood, it is transported in the form of
di- and tripeptides to the human skin via the
peripheral blood vessels [15]. Pro-Hyp and
Hyp-Gly are their typical constituents [15].
Pro-Hyp stimulates cell proliferation, cell
growth, and hyaluronic acid synthesis in cul-
tured dermal fibroblasts [16]. Hyp-Gly also
promotes cell proliferation of mouse primary
fibroblasts to a higher degree than Pro-Hyp [17].
These peptides have been suggested to regulate
skin cells and extracellular matrix proteins in
humans. Therefore, the CP and FCP used in the
present study may have also reduced the area
and number of pigmentations on the facial skin
by controlling and regulating the dermis. One
month of CP intake may have reduced the size
of pigmented patches, resulting in an increase
in the number of pigmented macules.
Moreover, we found no difference in the skin
oil and water contents between the PL and the
CP or FCP groups (Supplementary Material 1).
In our previous clinical studies of CP intake, the
water content was significantly improved
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compared with the baseline in the CP group
[18]. This discrepancy may be explained by the
difference in measuring instruments; previous
studies used Corneometer to measure skin
hydration, whereas the present study used the
oil and water content device attached to the
Robo Skin Analyzer. In other studies, skin
hydration significantly recovered between
groups and before and after 4 weeks or more of
CP intake [19]. This finding is contrary to our
present study results, possibly because of the use
of a different type of CP. Previous studies used a
high content of tripeptides or high-molecular-
weight CP, whereas the present study used high
contents of Pro-Hyp and Hyp-Gly. In addition,
although this study was conducted during the
winter in Japan, the results may differ because
of differences in UV irradiation dose and
humidity depending on the climate and season
during implementation.

Regarding redness improvement, Koyama
et al. reported that redness was improved
8 weeks after CP supplementation among
humans [20]. In mice, Shin et al. observed that
CP intake suppressed inflammation (erythema)
caused by UV irradiation [21]. Wang et al. also
showed that, in a mouse model of inflamma-
tion, oral supplementation of shark-derived
peptides reduced inflammatory cytokines in the
blood and reduced the risk for inflammation-
related diseases [22]. Furthermore, Offengenden
et al. and Kawaguchi et al. demonstrated that
CP addition suppresses protein expression of
adhesion molecules (Intercellular adhesion
molecule 1 and vascular cell adhesion molecule
1) in different cell inflammation models
[23, 24]. Therefore, the results of improving
redness by CP supplementation may also reflect
the inhibitory effect on inflammation, although
further analysis is needed.

FCP is a new CP obtained by fermentation
with koji, and components derived from koji
may have been involved. Kojic acid extracted
from koji can inhibit melanin production [235].
The Ministry of Health, Labour and Welfare of
Japan approved quasi-drugs containing Kkojic
acid for the purpose of preventing spots and
freckles caused by sunburn, with an active
ingredient and a compounding ratio of kojic
acid of 0.1-1.0%. Considering that the

concentration of kojic acid contained in the
FCP used in the present study was considerably
lower than the above concentration (data not
shown), suppression of melanin production by
kojic acid is unlikely. Therefore, the Pro-Hyp
and Hyp-Gly of the dipeptides found in FCP
contribute to pigmentation reduction. Further-
more, a previous study found that the skin
water content was improved by ingesting
14-DHE derived from white Aspergillus [13].
Considering that 14-DHE may increase the
activity of “arginase 1,” which is abundant on
the surface of the stratum corneum and is
involved in the control of the moisturizing
function of each layer, the arginase activity was
measured after providing Aspergillus extract
solution for FCP. The result was below the
detection limit (O pg/mL). Additionally, our
study showed no improvement in water con-
tent in the FCP group (Supplementary Material
1); thus, 14-DHE may not be involved.

As CP improved the pigmented patches fas-
ter than FCP, it is possible that other compo-
nents, in addition to the Pro-Hyp and Hyp-Gly
found in both CP and FCP, are involved.
Moreover, although redness was only improved
by CP, different factors may have an effect;
hence, further research is needed. CP had a
higher effect on the skin because it reduced
pigmentation faster than FCP, and it also
reduced redness. Nonetheless, given that FCP
also reduced the pigmented patches after
2 months, long-term intake may have the same
improvement effect as CP.

However, this study had a small sample size,
with a very low ratio of women. There was no
significant difference in the mean age of each
group; however, it was lower in the ingestion
group than in the PL group (differ-
ence: ~ 10.9 years). Moreover, it is possible
that the effect on pigmentation and redness was
confirmed in the ingestion group due to the low
average age and good metabolism. Thus, we
would like to conduct a study with a wide range
of ages but a similar proportion between men
and women in the future. Moreover, the
patients’ lifestyle may affect both skin pigmen-
tation and redness (UV exposure, cold exposure,
outdoor sporting activities, sun avoidance
behavior and use of sunblock, hot baths, sauna,
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and antihypertensive medications), and these
factors are not easily modifiable throughout the
study period. Furthermore, the mechanism of
improvement in pigmentation and redness in
CP and FCP are still unclear, but other factors
aside from Pro-Hyp and Hyp-Gly are involved;
thus, further research is needed.

CONCLUSIONS

This randomized, double-blind, placebo-con-
trolled trial suggests that 3-month intake of
5.0 g/day of CP or FCP is safe. CP significantly
reduced the pigmented patches and redness
after 1 month of intake, and FCP significantly
reduced the pigmented macules after 1 month
of supplementation in all ages and in hierar-
chical analysis below 55 years of age. Therefore,
CP and FCP intake are useful for suppressing
pigmentation, and CP intake may be useful for
reducing redness.
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