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Abstract

BACKGROUND: Daily ingestion of collagen hydrolysate for a long period improves skin and joint conditions. It has been
speculated that the beneficial effects are exerted by food-derived hydroxyproline (Hyp) peptides, which are detected in human
blood after single ingestions. In the present study, to investigate the effect of long-term ingestion of collagen hydrolysate on
Hyp peptides profile in blood, the concentrations of Hyp-peptides in human blood before and after daily ingestion for a long
period were examined.

RESULTS: Hyp-peptides increased to a maximum level at 1 h after ingestion and reverted to their initial levels within 24 h during
experimental period. Pro-Gly and Hyp-peptides such as Pro-Hyp-Gly, Pro-Hyp, Ile-Hyp, Leu-Hyp, Hyp-Gly, Glu-Hyp and Ala-Hyp
were identified in the blood after ingestion of collagen hydrolysate at 4.5 g day−1 for 4 weeks. For the whole period, Pro-Hyp
was the leading compound. The compositional rate of Hyp-Gly showed a tendency to increase, while that of Pro-Hyp tended to
decrease after daily ingestion.

CONCLUSION: The present results indicate that daily ingestion of collagen hydrolysate for a long period can change composi-
tional rate of Hyp peptides in human blood. This fact suggests that long-term ingestion of collagen hydrolysate might change
exo- or endo-type protease activity in the digestive tract, which may consequently promote beneficial effects.
© 2017 Society of Chemical Industry
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INTRODUCTION
Collagen is an extracellular matrix protein and is widely distributed
in mammalian connective tissues such as a skin, cartilage, ten-
don and bone. It forms a triple helical structure and contains a
unique amino acid, hydroxyproline (Hyp). Heat treatment of col-
lagen leads to the collapse of its triple helical structure, with the
denatured form of collagen being referred to as gelatin. Gelatin has
been used in food, pharmaceuticals, cosmetics and photographic
film on an industrial scale. The use and preparation of gelatin have
been reported on for centuries, as have the beneficial effects of its
ingestion; the improvement of human joint conditions by reduc-
ing pain was written about in 1175 by St Hildegard.1 Daily inges-
tion of gelatin has also been demonstrated to improve brittle nails
and increase hair diameter in humans.2 –4 In order to enhance the
absorption and solubility of gelatin, its enzymatic degradant has
been developed and referred to as ‘collagen hydrolysate’ or ‘colla-
gen peptide’.

Over the previous decade, many studies have reported the
beneficial effects of collagen hydrolysate. Animal studies have
demonstrated beneficial effects on skin, bone, tendon, blood pres-
sure and blood lipids by daily ingestion.5 – 11 In addition, human
trials have demonstrated that the daily ingestion of collagen

hydrolysate improves osteoarthritis-related symptoms and skin
conditions after several weeks.12 – 16 Moreover, a combination of
daily ingestion of collagen hydrolysate and resistance training for
12 weeks increases muscle strength in sarcopenic patients.17

Although many beneficial effects of collagen hydrolysate inges-
tion have been reported, the active ingredient had remained
undetermined until Iwai et al.18 found increases in peptides
containing Hyp in human blood after ingestion. Our previ-
ous study revealed that Hyp-containing peptides increase
dose-dependently after collagen hydrolysate ingestion.19 We
also identified Pro-Hyp and Hyp-Gly as major components of
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Figure 1. Design of the human study. Blood samples were collected from 12 healthy female volunteers before and at 0.5, 1, 2, 6 and 24 h after ingestion.
After the first day from ingestion, volunteers kept taking the hydrolysate once a day for 4 weeks. Blood samples were collected before and 1 h after
ingestion on day 3 at 1, 2 and 4 weeks from the starting period, and at 2 weeks after ingestion was stopped.

food-derived Hyp-containing peptides in human blood.20 In pre-
vious studies, Pro-Hyp was found to inhibit the mineralization
of chondrocytes and modulate the expression of Runx1 and
osteocalcin genes in a murine chondrocytic cell line.21 Ohara
et al.22 reported that Pro-Hyp stimulates hyaluronic acid produc-
tion in cultured synovium cells. In addition, we demonstrated
that Pro-Hyp and Hyp-Gly stimulate the growth of mouse skin
fibroblasts on collagen gels.20,23 Minaguchi et al.24 reported
that Pro-Hyp reduces the size of droplets in mouse 3 T3-L1
preadipocytes. These results partially explain the mechanisms
of the beneficial effects of Hyp-containing peptides as active
components.

However, the concentration profiles and amino acid sequences
of food-derived collagen peptides in human blood have been
determined only after single ingestions of collagen hydrolysate
within 24 h, although the beneficial effects are observed for at
least a few weeks after daily ingestion. Thus there are no data
concerning food-derived collagen peptides in human blood sev-
eral days or weeks after daily ingestion when the beneficial effects
are observed. To clarify the causal relationship between the ben-
eficial effects and food-derived collagen peptides as active com-
ponents, it is necessary to estimate the profile changes of the
peptides after continuous daily ingestion of collagen hydrolysate.
The objective of the present study was to examine the effects
of daily ingestion of collagen hydrolysate on changes in the
types and levels of food-derived Hyp-containing peptides in
human blood.

MATERIALS AND METHODS
Collagen hydrolysate
Collagen hydrolysate was prepared from porcine (Sus scrofa
domesticus) skin gelatin by enzymatic hydrolysis and was a kind
gift from Q’sai Co., Ltd (Fukuoka, Japan); it can also be obtained
commercially. This preparation consisted mainly of peptides with
a major molecular weight of 3000 Da.

Chemicals
A standard mixture of amino acids (type H), hydroxyproline, ace-
tonitrile (high-performance liquid chromatography (HPLC) grade),
trifluoroacetic acid (TFA) and phenyl isothiocyanate (PITC) were
purchased from Wako Chemicals (Osaka, Japan). All other reagents
were of analytical grade or better.

Human studies
All human studies were carried out according to a protocol
described previously.19 These studies were performed according
to the Helsinki Declaration under the supervision of medical
doctors and were approved by the experimental ethical com-
mittees of Q’sai Co., Ltd. Negative effects of collagen hydrolysate
ingestion have not been reported in human studies,18,25 and the
safety of high doses of collagen hydrolysate ingestion has been
demonstrated by animal experiments.26 Persons falling in any of
the following categories were excluded from the study: 1 taking
a daily supplement that contains gelatin or collagen peptides; 2

showing an allergy to collagen or gelatin; 3 suffering from obesity,
hyperlipemia, hypertension, diabetes, etc. The volunteers were
informed of the objectives of the present study and the potential
risks of ingestion of collagen hydrolysate, such as diarrhea and
abdominal pain. We recruited 12 healthy female volunteers whose
body weights were in the range 55–65 kg (average 58.5 kg); half
of the volunteers were in their 20s and half in their 60s. Volunteers
fasted for 12 h before the experiment and then ingested 4.5 g of
collagen hydrolysate dissolved in 200 mL of water. Approximately
10 mL samples of venous blood were collected from cubital veins
before and at 0.5, 1, 2, 6 and 24 h after ingestion. After the first day
of ingestion, volunteers maintained their intake of hydrolysate
once a day for 4 weeks. Volunteers were told not to eat collagen- or
gelatin-rich foods such as sausages, jelly or gummi candy during
the experimental period, especially 12 h before blood collection.
Blood was collected before and 1 h after ingestion on day 3 at
1, 2 and 4 weeks from the starting period, and at 2 weeks after
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Figure 2. Plasma levels of free and peptide forms of Hyp before and after ingestion of collagen hydrolysate. Data are shown as mean± SE (n= 12). Free
and peptide forms of Hyp levels at 1 h after ingestion were significantly higher than Hyp levels of the forms before ingestion (P < 0.05). No significant
differences were observed in free and peptide forms of Hyp at different weeks 1 h after ingestion. Free Hyp levels before each ingestion after the first daily
ingestion showed a significant increase compared with the level before the trial (P < 0.05).

ingestion was stopped. The aforementioned procedure is shown
in Fig. 1.

Estimation of Hyp-containing peptides in human plasma
Plasma prepared from venous blood samples was deproteinized
by adding three volumes of ethanol, and the ethanol-soluble
fraction was stored at −80 ∘C until analysis. Amino acid analy-
sis was performed by the method of Bidlingmeyer et al.27 with
slight modifications.18,28 Amino acids in ethanol-soluble fractions
were derivatized with PITC, and the resultant phenyl thiocarbamyl
(PTC)-amino acids were resolved on a LiChro CART 250-4.0 col-
umn (Kanto Kagaku, Tokyo, Japan) using an HPLC system (Shi-
madzu, Kyoto Japan). Binary gradient elution was performed
with 150 mmol L−1 ammonium acetate containing 50 mL L−1

acetonitrile pH 6.0 (solvent A) and 600 mL L−1 acetonitrile (sol-
vent B) at a flow rate of 0.5 mL min−1. The column was equili-
brated with 100% solvent A. The gradient profile was as follows:
0–0.1 min, 0% B; 0.1–1.01 min, 0–10% B; 1.01–20 min, 10–47.5%
B; 20–25 min, 47.5–100% B; 25–37 min, 100% B; 37–37.1 min
100–0% B; 37.1–50 min, 0% B.19 The column was maintained
at 45 ∘C and the absorbance at 254 nm was monitored. The
Hyp-containing peptides in the ethanol-soluble fraction were esti-
mated by subtracting the free Hyp from the total Hyp in the
HCl-hydrolyzed plasma, as described previously.19 The aforemen-
tioned procedure is shown in Fig. 1.

Total area under concentration–time curve (AUC h−1)
The area under concentration–time curves (AUC h−1) was calcu-
lated from the levels of free and peptide forms of Hyp in the blood
of subjects within 24 h of the starting period using the trape-
zoidal rule.

Identification of food-derived collagen peptides in human
plasma
Ethanol-soluble plasma samples of each volunteer were mixed
and used in the following experiment. The peptides in 1 mL

of the ethanol-soluble fraction were captured in a spin column
packed with a strong cation exchanger (AG 50 W-× 8, Bio-Rad
Laboratories, Hercules, CA, USA) and then fractionated by size
exclusion chromatography (SEC) using a Superdex Peptide 10/300
GL (GE Healthcare, Amersham, UK), as described previously.20 The
peptides in the SEC fractions were derivatized with PITC and the
resultant PTC-peptides were resolved on an Inertsil ODS-3 column
(GL Science, Tokyo, Japan). Binary gradient elution was performed
with 0.1 mL L−1 TFA (solvent A) and 600 mL L−1 acetonitrile (sol-
vent B) at a flow rate of 1 mL min−1. The column was equilibrated
with 15% B. The gradient profile was as follows: 0–30 min, 15–75%
B; 30–35 min, 75–100% B; 35–40 min, 100% B; 40–40.1 min,
100–15% B; 40.1–50 min, 15% B. The column was maintained at
45 ∘C and the absorbance at 254 nm was monitored. The sequence
of the isolated PTC-peptides was determined using a peptide
sequencer (PPSQ-21, Shimadzu) based on the Edman degradation
method; the program was changed to start from the cleavage step,
as described previously.20,29 The ratio of each peptide was esti-
mated from the area of PTC-peptide peak detected by HPLC and
from the area of PTH-amino acid detected by peptide sequencer.
The aforementioned procedure is shown in Fig. 1.

Statistical analysis
Differences between means were evaluated by analysis of variance
followed by Fisher’s protected least significant difference (PLSD)
method (P < 0.05) using Excel-Toukei 2010 (Social Survey Research
Information Co., Ltd, Tokyo Japan).

RESULTS
Changes in concentrations of free and peptide forms of Hyp
Concentrations of free and peptide forms of Hyp in human blood
after single and daily ingestions of collagen hydrolysate are shown
in Fig. 2. The levels of free and peptide forms of Hyp reached a max-
imum at 1 h after the single ingestion and were significantly higher
than before ingestion. Compared with levels before ingestion,
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significantly higher amounts of free and peptide forms of Hyp were
detected at least 6 h after the single ingestion, then they reverted
to the levels before ingestion within 24 h. Similar profiles were
observed for free and peptide forms of Hyp during daily ingestion
of collagen hydrolysate. As indicated by the standard error (SE) bar,
individual differences were observed in Hyp levels of the 12 sub-
jects, particularly after ingestion. Compared with the free and pep-
tide forms of Hyp before each ingestion, levels of both Hyp forms
at 1 h after each ingestion were significantly increased. Among the
Hyp-peptides before daily ingestion of collagen hydrolysate, the
levels were decreased at weeks 4 and 6. Although there were no
significant differences in the free and peptide forms of Hyp lev-
els between different weeks at 1 h after ingestion, free Hyp levels
before each daily ingestion were significantly increased compared
with those before the trial and after ingestion was stopped. This
result indicated that the increased peptide form of Hyp due to
ingestion of collagen hydrolysate decreased back to baseline lev-
els within 24 h, while free Hyp levels might have remained elevated
after 24 h owing to degradant products of the Hyp-peptides. The
area under concentration–time curves (AUC h−1) was calculated
from the levels of free and peptide forms of Hyp in the blood of
subjects aged in their 20s and 60s using the trapezoidal rule. As
shown in Fig. 3, no significant differences were observed between
the age groups. This indicates that the subjects’ age did not signif-
icantly affect the absorption of food-derived collagen peptides.

Identification of food-derived Hyp-containing peptides
in human blood after daily ingestion of collagen hydrolysate
SEC fractions were recovered and the peptides in the fractions
were derivatized to PTC-peptides. Chromatograms of PTC-SEC
fractions 36–39 separated by HPLC are displayed in Figs 4 and

Figure 3. Free and peptide forms of Hyp, area under the curve (AUC), of
subjects aged in their 20s and 60s. Data are presented as mean± SE (n= 6).

5. They show that plasma samples from 1 h after ingestion con-
tain peaks A–G, which were identified as Pro-Hyp-Gly, Pro-Hyp,
Ile-Hyp, Leu-Hyp, Pro-Gly, Hyp-Gly, Glu-Hyp and Ala-Hyp by pro-
tein sequencer (PPSQ). In addition to these peaks, minor peaks
(shown by asterisks) that could not be analyzed by PPSQ were
detected only after the ingestion of collagen hydrolysate. The com-
positional change of detected food-derived peptides after daily
ingestion is shown in Table 1. During daily ingestion, the concen-
trations of Hyp-Gly and Ala-Hyp tended to increase, while those of
Pro-Hyp and Leu-Hyp tended to decrease from day 3 and week 2
of daily ingestion respectively. Because a mixture of plasmas from
subjects was used in this HPLC analysis, the significance of the
compositional change was not evaluated by statistical analysis.

Figure 4. Resolution of food-derived peptides in SEC fractions 36 and 37. SEC-fractionated plasma samples with retention times of 35–56 min (SEC Fr.
36) and 36–37 min (SEC Fr. 37) were recovered, derivatized with PITC and resolved by reverse phase HPLC. Samples were prepared from mixed plasmas
of the 12 subjects before (0) and 1 h after daily ingestion at day 1 (1D-1), day 3 (3D-1), week 1 (1 W-1), week 2 (2 W-1) and week 4 (4 W-1). Peaks A–D and
* were detected after ingestion of collagen hydrolysate. Amino acid sequences of peaks were identified by peptide sequencer: peak A, Pro-Hyp-Gly; peak
B, Pro-Hyp; peak C, Ile-Hyp; peak C, Leu-Hyp; peak D, Pro-Gly.
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Figure 5. Resolution of food-derived peptides in SEC fractions 38 and 39. SEC-fractionated plasma samples with retention times of 37–38 min (SEC Fr.
38) and 38–39 min (SEC Fr. 39) were recovered, derivatized with PITC and resolved by reverse phase HPLC. Samples were prepared from mixed plasmas
of the 12 subjects before (0) and 1 h after daily ingestion at day 1 (1D-1), day 3 (3D-1), week 1 (1 W-1), week 2 (2 W-1) and week 4 (4 W-1). Peaks A–G and
* were detected after ingestion of collagen hydrolysate. Amino acid sequences of peaks were identified by peptide sequencer: peak A, Pro-Hyp-Gly; peak
B, Pro-Hyp; peak C, Ile-Hyp; peak C, Leu-Hyp; peak D, Pro-Gly; peak E, Hyp-Gly; peak F, Glu-Hyp; peak G, Ala-Hyp.

Table 1. Food-derived collagen peptide composition (%) after
ingestion

Peptide 1D-1 3D-1 1 W-1 2 W-1 4 W-1

Pro-Hyp 72.68 60.34 59.81 60.84 63.21
Pro-Hyp-Gly 7.58 6.46 6.01 6.02 6.64
Ile-Hyp 1.40 1.18 1.11 0.70 0.68
Leu-Hyp 9.58 8.11 7.60 4.82 4.66
Pro-Gly 0.84 2.19 2.02 1.13 1.03
Hyp-Gly 3.76 13.76 14.45 14.61 12.19
Glu-Hyp 2.29 4.27 5.43 6.61 6.04
Ala-Hyp 1.87 3.68 3.57 5.27 5.55
Total 100 100 100 100 100

The peptide composition in mixed plasma of the 12 subjects (n= 1)
was estimated 1 h after daily ingestion at day 1 (1D-1), day 3 (3D-1),
week 1 (1 W-1), week 2 (2 W-1) and week 4 (4 W-1).

DISCUSSION
To the best of our knowledge, the present study is the first to eval-
uate changes in concentrations of free and peptide forms of Hyp
and the rate changes of food-derived Hyp-peptide types during
daily ingestion of collagen hydrolysate. The study revealed that
there were significant changes in Hyp-containing peptide levels
in human blood at 1 h after ingestion, and the levels seemed to
revert to initial levels within 24 h. Nakatani et al.21 reported that
the presence of 2.5 mmol L−1 Pro-Hyp in a cell culture system
for 35 days inhibited differentiation of chondrocytes into miner-
alized chondrocytes. In addition to that, we have demonstrated
growth enhancement of skin fibroblasts after 96 h of incubation
with 200 nmol mL−1 Pro-Hyp or Hyp-Gly in cell culture systems.20,23

These in vitro studies suggest that food-derived collagen pep-
tides exert their bioactivity on cells at high concentrations over
long incubation periods. The administration of [14C]-Pro-Hyp in
rats results in a wide distribution of radioactivity in the skin
and articular cartilage.30 From these previous studies and the
present results, the distribution and accumulation in tissues of
food-derived Hyp-containing peptides might be enhanced by the
daily ingestion of collagen hydrolysate, and consequently exert
bioactivity on cells in skin and joints in the long term. Thus main-
taining high concentrations of Hyp-containing peptides in the
blood for several days or weeks by daily ingestion of collagen
hydrolysate might be essential for its beneficial effects on skin and
joint conditions. In addition to that, a constant, higher concentra-
tion of free Hyp in human blood during daily ingestion, as shown
in Fig. 2, is a potential cause of the beneficial effect.

Proksch et al.14 have reported a significant increase in skin
elasticity in women aged over 50 by daily ingestion of collagen
hydrolysate for 4 weeks, while there was no significant change
in women aged under 50. It was considered that the age of the
subject may affect the absorption of Hyp-peptides after ingestion
of collagen hydrolysate. However, in the present study, there
were no significant differences in peptide absorption between
women aged in their 20s and 60s (Fig. 3). However, our previ-
ous animal study suggested that the administration of collagen
hydrolysate can affect Pro-Hyp levels in inflammatory sites for
the reconstruction of extracellular matrix by the enhancement
of fibroblast proliferation.31 It is thought that collagen decreases
in aged skin owing to fibroblast aging and a lower level of
mechanical stimulation of fibroblasts compared with younger
skin.32 Based on previous studies and the present results, we
speculate that daily ingestion of collagen hydrolysate increases
Hyp-peptide levels in the aged skin of women and consequently
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reconstructs extracellular matrix by stimulation of fibroblast
proliferation.

Taga et al.33 reported increases in Pro-Ala and Gly-Pro-Ala as
non-Hyp-containing peptides in human plasma after the ingestion
of collagen hydrolysate. In the present study, we identified Pro-Gly
as a non-Hyp-containing peptide and as a new food-derived
collagen peptide, which we had previously identified in human
blood after the ingestion of elastin hydrolysate.29 Although growth
enhancement of fibroblasts by Hyp-Gly has been demonstrated,
Pro-Gly does not promote fibroblast proliferation.29 This suggests
that peptides containing hydroxylated Pro may play a significant
role in the beneficial effects of collagen hydrolysate on human
skin. Taga et al.33,34 identified at least 17 food-derived minor colla-
gen peptides sequenced by liquid chromatography/tandem mass
spectrometry (LC/MS/MS) that are increased in human blood. In
the present results, we detected minor peaks after the ingestion of
collagen hydrolysate for which amino acid sequences could not be
obtained by peptide sequencer. These unidentified minor peptide
sequences might be the same as those reported by Taga et al.,33,34

and a mixture of those peptides might play important roles in the
beneficial effects of collagen hydrolysate in addition to Pro-Hyp
and Hyp-Gly.

Collagen contains repeated sequences of Pro-Hyp-Gly in its
molecular structure. Increases in Pro-Hyp and Hyp-Gly in human
blood after daily ingestion of collagen hydrolysate occur by enzy-
matic digestion of the repeated sequence and peptide trans-
portation across PEPT1 or tight junctions in the small intestine.
Our previous study revealed that the ratio of Hyp-Gly to Pro-Hyp
in human blood after single ingestions of collagen hydrolysate
largely depended on the subject, and we speculated that the large
subject difference could be due to a diversity of exo or endo enzy-
matic activity.20 Thus it may be that daily ingestion of collagen
hydrolysate alters exo or endo proteolytic activity or the diges-
tive tolerance of hydrolysate in subjects, resulting in compositional
changes of food-derived Hyp-peptides on day 3 and week 2, and
decreases the Hyp-peptide level before daily ingestion of collagen
hydrolysate at weeks 4 and 6. Our previous studies have demon-
strated differences in the proliferative enhancement of fibroblasts
by Pro-Hyp and Hyp-Gly.20,23 Thus the beneficial effects on skin
and joint conditions by daily ingestion could be caused by com-
positional changes in Hyp-peptides, not merely increased Hyp lev-
els at aged sites after ingestion. The change in protease activ-
ity may alter the concentration of Hyp-peptides. However, the
present results did not show significant differences in Hyp-peptide
levels at 1 h after daily ingestion of collagen hydrolysate. More-
over, to determine the detailed change in protease activity due to
daily ingestion of collagen hydrolysate, blood Hyp-peptide levels
should be analyzed at several time points during and after daily
ingestion.

Notably, it has been reported that theaflavin in black tea
inhibits peptide transport via PEPT1 and tight junctions in Caco2
cells.35,36 Thus intake of black tea or foods containing peptide
transport inhibitors could causes changes in the transportation of
food-derived collagen peptides in human blood.

From the present results, we speculate that the daily inges-
tion of collagen hydrolysate can exert activity from food-derived
Hyp-containing peptides that consequently confers beneficial
effects on human skin and joint conditions, whereas single inges-
tions cannot. However, dietary habits such as drinking black tea
might suppress the beneficial effects. Further studies on the effects
of co-ingestion of various drinks and collagen hydrolysate on pep-
tide transportation are now in progress.

CONCLUSION
The present study revealed that Hyp-peptides in the human blood
increased to a maximum level at 1 h after ingestion and reverted
to their initial levels within 24 h after daily ingestion. The composi-
tional rate of Hyp-Gly showed a tendency to increase, while that of
Pro-Hyp tended to decrease after daily ingestion. These findings
suggested that daily ingestion of collagen hydrolysate can main-
tain high levels of Hyp-peptides and change the compositional
rate of the peptides in human blood, which may consequently pro-
mote beneficial effects.
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