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The effect of collagen hydrolysates from fish skins on lipid profile was assessed in rats administered

chum salmon or rainbow trout collagen peptide. Single oral administration of soybean oil with or

without one of either type of fish collagen peptide demonstrated that rat plasma triglycerides were

significantly decreased 2 h later after the intake of oil and peptide mixtures (p < 0.05). The free and

peptide forms of hydroxyproline derived from fish collagen peptides were statistically higher than

those of zero time after oral administration. To test the effect of fish collagen peptides on continuous

administration, rats were fed an AIN-93G purified diet containing 0.17% fish collagen peptide. The

peptide groups had lower levels of plasma total lipids and triglycerides compared with the control

group. However, the body, liver, and fat weights of rats were not significantly different between

groups. These results suggest that fish collagen hydrolysates affect lipid absorption and metabolism

in rats and may be useful in suppressing the transient increase of plasma triglycerides.
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INTRODUCTION

Functional food including collagen and collagen hydrolysates
have recently and extensively appeared on the food market.
Commercial collagen hydrolysates, which are called collagen
peptide and contain large amounts of type I collagen derived
from bovine, porcine, and chicken skins, are hydrolyzed with
acid and then hydrolyzed with a food grade enzyme to further
break down the molecular weight and are widely used as a
protein additive in nutraceutical food and cosmetic applications.
However, recent outbreaks of bovine spongiform encephalo-
pathy, foot-and-mouth disease, and avian influenza virus have
led to restrictions on the trade of collagen sources and products.
Collagen peptides are thus being alternatively derived from fish
skin, scale, and bone, and the processing of wastes from several
fish species, as safe sources, has started (1-4).

Collagen is themost abundant structural protein and is present
throughout the body. There are at least 27 ormore different types
of collagen in higher vertebrates (5). Themajor formof collagen is
called type I collagen and is widely distributed in the skin, muscle,
bone, and viscera of higher vertebrates. Lower vertebrates such as
fish also have type I collagen, which makes up the scales, skin,
bones, and swim bladder. Fish type I collagen, however, has
unique structural features that distinguish it from the type I
collagen seen in higher vertebrates such as humans, cattle, pigs,
and chickens. For example, many fish have a specific type I

collagen that includes a distinctive subunit that is not seen in
higher vertebrates (6). It has been reported that the amino acid
composition and amino acid sequence of fish type I collagens are
quite different from those of higher vertebrates (7,8). Therefore, it
is likely that the functionality of fish collagen as a foodmaterial is
different from that of higher vertebrate collagen.

In general, animal and vegetal proteins are well-known as influ-
ences on cholesterolmetabolism and experimental atherosclerosis (9).
In animal experiments, the levels of total cholesterol and serum
triglycerides are markedly suppressed by the ingestion of large
amounts of gelatin, which is a mixture of water-soluble proteins
derived primarily from collagen (10,11). With regard to the function
of collagen peptide,Wu et al. have examined the safety and effective-
ness of porcine collagen peptide in rats, focusing on bone meta-
bolism (12). Interestingly, their results show that serum triglyceride
concentration in rats, which were administered at 0.166 g/kg of body
weightperdayof collagenpeptide fromporcine skin,was significantly
lower than that in the control group. These results suggest that the
ingestion of collagen peptides may have a beneficial effect on lipid
absorption and metabolism. However, there is little information
available on the hypolipidemic effect of collagen peptide.

To obtain further information on the hypolipidemic effect of
collagen peptide and on the functionality of fish type I collagen,
normal Sprague-Dawley rats were each administered collagen
peptide made from chum salmon or rainbow trout skin. Espe-
cially the influence of lipid absorption and metabolism in rats
was examined by determining the plasma levels of lipids after
administration.

*Corresponding author (telephone/fax þ81-49-282-3729; e-mail
msaito@eiyo.ac.jp).
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MATERIALS AND METHODS

Materials. Salmon collagenpeptide fromchumsalmon,Oncorhynchus
keta, was a gift from Ihara & Co., Ltd. (Tokyo, Japan). Trout collagen
peptide from the skin of rainbow trout, Oncorhynchus mykiss, was a gift
from Maruha Nichiro Holdings, Inc. (Tokyo, Japan). The protein purity
of collagen peptide was >90%. Reagents for biochemical experiments
were of the highest quality available from commercial vendors. Porcine
skin gelatinwas purchased fromSigmaChemical Co. (St. Louis,MO), and
chicken collagen peptide was obtained from Nippon Meat Packers, Inc.
(Osaka, Japan).

Molecular Weight Distribution and Amino Acid Analysis of Fish

Collagen Hydrolysates by High-Performance Liquid Chromato-

graphy (HPLC).Molecular weight distributions of the two fish collagen
peptide types were analyzed by gel filtration chromatography. A peptide
sample, 0.01 mg, was dissolved in 0.01 M Tris-HCl buffer (pH 7.4)
containing 0.15 M NaCl and applied to a Superdex peptide 10/300GL
columnof 10� 300mmat a flow rate of 30mL/h. The sample solutionwas
centrifuged at 21880g for 10 min. The upper layer was collected and
subjected to chromatography, with a molecular weight standard contain-
ing lysozyme (14300), insulin (5800), and substance P (1300). The effluent
was monitored at 230 nm.

To determine the amino acid profile of the two fish collagen peptide
types, the samples were hydrolyzed with 6 M hydrochloric acid (HCl) at
110 �C, in sealed tubes under reduced pressure, and then the amino acids
were analyzed with an LC-VP amino acid analysis system (Shimadzu Co.,
Kyoto, Japan) equippedwith a Shim-packAmino-Lithiumcolumnand an
RF-10AXL, following themethodof postcolumnderivatization for amino
acids with a fluorescent regent, o-phthalaldehyde (OPA), and sodium
hypochlorite (13). The column was maintained at 39 �C, and amino acid
derivatives were monitored by a fluorescence detector, with excitation
and emission wavelengths set at 350 and 450 nm, respectively. The amino
acid profile of the fish collagen peptides presented in Table 1 shows a
typical amino acid composition of fish type I collagen at about 36%
glycine and 15% proline and hydroxyproline.

Single Oral Administration of Collagen Hydrolysates. The rats
were maintained and treated according to the ethics committee guidelines
of Kagawa Nutrition University for the care and use of laboratory
animals. Sprague-Dawley International Genetic Standard rats (SD-IGS
rats, 7-week-old males, Charles River Japan, Inc., Tokyo, Japan) were
housed individually in a temperature-controlled room (25 ( 1 �C), with
constant photoperiod (12/12, light/dark). They were given free access to
water and to a control diet prepared in our laboratory and allowed to

acclimatize for several days. The composition of diet was based on
the AIN-93G purified diet and was composed of 10.0% sucrose, 15.2%
glucose, 20.0% casein, 39.998% R-cornstarch, 5.0% cellulose, 3.5%
mineral mixture, 1.0% vitamin mixture containing choline bitartrate,
0.3% L-cystine, 0.0014% tert-butylhydroquinone, and 5.0% soybean oil
in mass percentage (14). Twelve rats were divided into three groups and
were fasted for 14 h; then blood samples from the tail veinwere collected at
zero time. Rats in the control group (F) were each orally given 0.5 mL of
soybean oil. Rats in the lipid and chum salmon (S0) and rainbow trout
collagen peptide group (R0) were each simultaneously orally given 0.5 mL
of soybean oil and 1.0 mL of fish collagen peptide (0.4 g/mL). Blood
samples of the rats were collected at 2, 4, and 8 h, respectively, after a single
oral administration. Plasma was prepared as a supernatant through a
standardized protocol, after centrifugation at 880g for 10 min at 4 �C and
stored at -80 �C until use.

Subsequently, 40 SD-IGS rats (7-week-oldmales) were initially fed, and
then 4 rats scarified and the 36 remaining rats divided into 3 groups. These
rats were fasted for 18 h previously and then administered the samples.
Four rats were sacrificed immediately after the fasting period at zero time.
Rats in the lipid group (LG) were each orally given 0.5 mL of soybean oil.
The rats in the salmon collagen peptide group (PG) were each orally given
1.0 mL of chum salmon collagen peptide solution (0.4 g/mL). The rats in
the lipid and collagen peptide group (LPG) were each simultaneously
orally given 0.5 mL of soybean oil and 1.0 mL of salmon collagen peptide
(0.4 g/mL). Four rats from each of these groupswere sacrificed at 2, 4, and
8 h, respectively, after a single oral administration. After blood collection
from the abdominal aorta, the plasma was separated and the livers were
also removed and stored at -80 �C.

Continuous Oral Administration of Collagen Hydrolysates.
Twelve SD-IGS rats (7-week-old males) were divided into three groups,
including a control group (C) and accorded the AIN-93G formula, and
two treatment groups containing 0.17% fish collagen peptide from either
chum salmon skin (S) or rainbow trout skin (R). After 14 days, the rats
were sacrificed and various organs were harvested.

Lipid Profile and Amino Acid Analysis. Determinations of trigly-
cerides, total lipids, phospholipids, and total cholesterol in rat plasmawere
individually analyzed enzymatically using commercial kits (Wako Pure
Chemical Industries, Ltd., Osaka, Japan). Triglyceride levels in the liver
weremeasured enzymatically using a triglyceride assay kit, after extraction
of lipids by chloroform/methanol (1:1, v/v). As for amino acid analysis,
1 mL of plasma was deproteinized by the addition of the same volume of
10% trichloroacetic acid (TCA). The TCA fraction was freeze-dried and
then dissolved in 500 μL of 0.25 M lithium citrate buffer (pH 2.2). The
sample solutionwas centrifuged at 21880g for 10min. The upper layer was
collected and analyzed for free-form hydroxyproline, glycine, and proline.
Total hydroxyproline, glycine, and proline were determined as 6 M HCl
hydrolysates of the TCA fraction of rat plasma. Hydroxyproline, glycine,
and proline levels in rat plasma were measured by the LC-VP amino acid
analysis system mentioned above. The peptide form of each amino acid
was estimated by subtracting the free form from the total in the HCl
hydrolysates of the plasma TCA fraction.

Statistical Analysis. Data values were presented as mean( standard
deviation (SD). The significance of differences between groups at each
time were determined by one-way analysis of variance (ANOVA), fol-
lowed by Bonferroni’s post hoc test. One-way ANOVA, followed by
Dunnett’s post hoc test, was used to evaluate the changes in triglycerides
against zero time within each group. Statistical analyses were performed
using KaleidaGraph ver. 3.6 for Windows (Hulinks Inc., Tokyo, Japan).
Differences were considered to be significant at the level of p < 0.05.

RESULTS

Properties of Fish Collagen Hydrolysates. Molecular weight
distributions of rainbow trout and chum salmon collagen pep-
tides are analyzed by gel filtration chromatography in Figure 1.
Both elution patterns were quite different, suggesting that the
collagen peptides of trout and salmon had a wide distribution of
molecular weight and average molecular weights of 3000 and
10000, respectively. Fish collagen peptides are analyzed for amino
acid compositions, as listed in Table 1; fish collagen peptides are

Table 1. Amino Acid Composition of Two Fish Collagen Peptides, Chicken
Collagen Peptide, and Porcine Gelatin (Residues/1000)

salmon trout chickena piga

Asp 53 54 43 45

Hyp 55 54 100 88

Thr 20 23 17 15

Ser 51 50 27 34

Glu 79 81 79 78

Pro 104 95 116 128

Gly 369 369 350 353

Ala 100 89 108 91

Val 14 19 18 22

Cys 0 0 0 0

Met 12 15 4 4

Ile 10 11 10 9

Leu 16 21 24 24

Tyr 2 4 2 4

Phe 12 10 14 14

His 8 9 4 5

Hyl 10 7 10 7

Lys 22 19 23 25

Arg 65 70 50 55

total 1000 1000 1000 1000

aChicken collagen peptide and porcine gelatin were produced by Nippon Meat
Packers, Inc., and Sigma Chemical Co., respectively.
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quite similar to type I collagen of the same species (7). Fish
collagen peptides were obviously different from chicken peptide
and porcine gelatin in the lower contents of imino acids, hydroxy-
proline and proline, and in the higher contents of amino acids,
serine and methionine. Furthermore, salmon collagen peptide
was characterized by a relatively high content of proline and
alanine when compared to trout collagen peptide.

Changes in the Concentrations of Lipid Profile in Rat Plasma.As
shown inFigure 2, plasma triglycerides from the tail vein in group
F rise approximately 2-fold at 2 h after the single oral adminis-
tration of trout or salmon collagen peptide in comparison with
that of zero time. However, the triglycerides of group S0 and R0 at
2 h were statistically lower than that of group F (p < 0.01). In
addition, the plasma triglyceride concentration from the abdomi-
nal aorta of LGafter the single administration of salmon collagen
peptide rose >2-fold at 2 h in comparison with that at zero time
(Figure 3). The triglycerides of LPG at 2 h were statistically lower
than that of LG. Although the triglyceride level of LPG increased
at 4 h, it was lower than that of LG. Moreover, the triglyceride
concentration of PG at 2 and 4 h after oral administration was
significantly lower than that of zero time. Changes in total lipids
are similar to the changes in triglycerides in Figure 3. Total
cholesterol and phospholipid concentrations in plasma were not
significantly different among each group, although at 4 and 8 h
their concentrations slightly increased as compared with total
lipids in LPG (Figure 3). There was no significant difference in
triglyceride content in the rat livers among the three groups, LG,
PG, and LPG, but the triglycerides of LPG at 2 and 8 h showed a
higher tendency than those of LG and PG.

Concentrations of Amino Acid Free Form and Peptide Form in

Rat Plasma. Changes in the concentrations of free and peptide
forms of hydroxyproline, glycine, and proline are shown in
Figure 4. The concentration of free hydroxyproline in PG at 2 h
is statistically higher than that at zero time after oral adminis-
tration. Subsequently, free hydroxyproline in PG at 8 h returned
to the same level as that at zero time. Furthermore, the peptide
form of hydroxyproline in PG was also higher than that at zero
time after oral administration. Accordingly, it is clear that both
free and peptide forms of hydroxyproline derived from fish
collagen peptide have rapidly shifted from the intestine to the

blood, and the concentration of free hydroxyproline inLPGat 2 h
was also significantly higher than that at zero time. However,
there was no significant difference in free hydroxyproline between
PG and LPG at 2 h. The changes in free and peptide forms of
glycine and proline were found to be the same as those of
hydroxyproline.

Effect of Fish Collagen Hydrolysates on Growing Rat. Rats
were divided into three groups for continuous administration
according to diet composition: the AIN-93G control diet (C), the
0.17% chum salmon collagen peptide diet (S), or the rainbow
trout collagen peptide diet (R). There is no significant difference
in food intake, body weight, liver weight, and body fat between
each groups, as listed in Table 2, whereas groups S and R had
slightly higher levels of plasma glucose concentration compared
with group C and their levels of plasma triglycerides and very
low density lipoprotein triglycerides were lower than those of
group C. The several lipid concentrations of group R were
relatively lower than those of groups C and S. In particular,
plasma triglycerides of the R group were significantly lower than
that of group C (p<0.05). There was no significant difference in
triglyceride levels in the rat livers (Table 2).

DISCUSSION

Collagen hydrolysates made from fish skin have been used in
food processing as a foodmaterial calledmarine collagen peptide
in Japan. This study has examined the effect of fish collagen
peptide ingestion on the lipid profile of SD-IGS rats. The plasma
triglyceride concentration of groups F andLGat 2 h after a single
oral administration rose remarkably in comparison with those of
zero time (Figures 2 and 3). Interestingly, the triglyceride levels of
groups S0, R0, andLPGat 2 hwere statistically lower than those of
groups F and LG, respectively. Additionally, the triglyceride
concentration in PG at 2 and 4 h after administration was
significantly lower than that at zero time. These results led to
the conclusion that plasma triglyceride reduction was due to the
intake of amino acids and/or low molecular weight peptides
derived from fish collagen peptide absorbed from the intestine.
Fish collagen peptide contains large amounts of glycine, proline,
and hydroxyproline, which are modified by hydroxylation of
proline, as shown in Table 1. To estimate the absorption rate
of fish collagen peptide, the change in each amino acid of free
and peptide forms in rat plasma when triglyceride concentration
was reduced by fish collagen peptide ingestion was investigated

Figure 1. Elution patterns of gel filtration chromatogram of fish collagen
peptides from salmon and trout skins. The arrows show the molecular
weight standards containing lysozyme (14300), insulin (5800), and sub-
stance P (1300).

Figure 2. Changes in rat plasma triglycerides from the tail vein after a
single oral administration of fish collagen peptides, chum salmon (S0) or
rainbow trout collagen peptide group (R0). Values aremeans(SD (n = 4).
The significant difference from group F is shown by an asterisk (p < 0.01).
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(Figures 3 and 4). Furthermore, the correlations between plasma
triglycerides and total hydroxyproline, glycine, and proline con-
centrations were calculated, and the results indicated that the
concentration of triglycerides in rat plasma correlated negatively
with plasma total hydroxyproline (r=-0.63, p<0.01) and also
correlated negativelywith total glycine (r=-0.53, p<0.01) and
total proline (r = -0.54, p<0.05). Therefore, it is clear that
plasma triglyceride reduction owing to fish collagen peptide
intake has a close relationship with the concentration of amino
acid derived fish collagen peptides.

According to these results, two hypotheses are suggested, as
follows; one is the direct effect on the delay or acceleration
of triglyceride absorption by fish collagen peptide ingestion,
and the other is the indirect effect on lipid metabolism by the
amino acids and/or peptides derived from fish collagen peptide.

There are reports that the intake of soybean protein isolate
reduces triglycerides in rat plasma and liver (15-17). For exam-
ple, Sugano et al. reported that triglyceride secretions in perfu-
sates of the livers of rats administered soybean protein isolate
were significantly lower than those of casein-fed rats (18). More-
over, Iritani et al. examined the effect of dietary soybean pro-
tein on lipogenic gene expression in rat liver and lipid markers
in rat plasma (19). Plasma triglyceride concentrations were lower
in soybean protein-fed rats than in those fed casein, and liver
triglyceride concentrations were also low, in the same way as the
plasma. In the present study, liver triglyceride contents of LPG
at 2 and 8 h after a single oral administration of salmon collagen
peptide were slightly higher than those of LG and PG (Figure 3).
It is quite likely that the increase in lipid metabolic activity in
the liver is induced by the ingestion of salmon collagen peptide.

Figure 3. Changes in rat plasma lipids from the abdominal aorta and in liver triglycerides after a single oral administration of salmon collagen peptide. Values
are means ( SD (n = 4). Changes are shown in the concentrations of plasma triglycerides, total lipids, phospholipids and total cholesterol, and liver
triglycerides of lipid group (LG,b), collagen peptide group (PG,9), and lipid and collagen peptides (LPG,2). Different letters indicate significant differences
between groups at each time (p < 0.05). Asterisks show changes in triglycerides against zero time within each group (/, p < 0.05; //, p < 0.01).



Article J. Agric. Food Chem., Vol. 57, No. 21, 2009 10481

On the other hand, there was no significant difference in body
weight, liver weight, and body fat between each group on the
continuous administration of fish collagen peptides for 14 days
(Table 2). The change in triglyceride content in the rat livers was
not observable. We have been unable to find an increase of fat in
rat feces after the continuous administration of fish collagen
peptide in a few experiments (data not shown). From these
composite results, it is presumed that plasma triglyceride reduc-
tion by fish collagen peptide intake may be not the same as the
mechanism of that by soybean protein intake and is probably
caused by the effect on lipid absorption and metabolism rather
than the excretion of lipids and suppression of lipid digestion.

The distribution of molecular weight of trout collagen peptide
was lower than that of salmon peptide, and the amino acid
composition of each collagen peptide had a few differences
(Figure 1 and Table 1). It is reported that the structure and
amount of food-derived peptide in human blood is different
according to the collagen type and source (20). Therefore, plasma
lipid reduction is assumed to depend on themolecular weight and
structure of each collagen peptide. Until now, several food-
derived collagen peptides have been identified in human blood
after oral ingestion of collagen peptide (21, 22), and it has been
speculated that these peptides act as a biological trigger for

collagen synthesis, the inhibition of angiotensin-converting en-
zyme, and platelet activation (23-25). In a recent study, oral
intake of fish collagen peptide was reportely associated with an
improvement in the moisture content of stratum corneum (26).
Over the past few years, we have determined the biochemical
properties of some fish type I collagens to have different amino
acid composition and amino acid sequence than those of higher
vertebrates (7, 8) and have found the novel function of fish
collagen hydrolysates in animal experiments. It seems some
amino acids and peptides derived from fish collagen may be
greatly related to the temporary delay or acceleration of trigly-
ceride absorption and metabolism and may be useful in suppres-
sing the transient increase of plasma triglycerides. However, the
long-term effect and the mechanism of most of the function of
collagen peptide have not been elucidated in detail. Worldwide,
collagen hydrolysates and gelatin alternatives made from some
fish skin types have been rapidly used in food processing as
popular food material (27, 28). The characterization of the
function of collagen hydrolysates and gelatin on lipid absorption
and metabolism is of importance with respect to the search for
dietary regimens that are able to reduce the increase in plasma
triglycerides and that deliberately ingest essential lipids and lipid-
soluble compounds. Experiments are now in progress to clarify

Figure 4. Free and peptide forms of the amino acids in rat plasma after a single administration of salmon collagen peptide. Values are means( SD (n = 3).
Collagen peptide group (PG) or lipid and collagen peptide group (LPG) showed the changes in concentrations of hydroxyproline, glycine, and proline free
form (b) and hydroxyproline, glycine, and proline peptide form (2), respectively. Significant difference from zero time is indicated by asterisks (/, p < 0.05;//,
p < 0.01; ///, p < 0.001).
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the effect of fish collagen hydrolysates on lipid profile in rats fed a
high-fat diet for long-term administration.
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Table 2. Effect of Fish Collagen Peptides on BodyWeight, Liver Weight, Liver
Triglyceride, Body Fat, and Blood Parameters of Rats after Continuous
Administration for 14 Days

group Ca group Sa group Ra

food intake (g) 322.4 ( 26.3 349.3 ( 21.2 344.8 ( 32.2

body weight (g) 349.8 ( 23.3 343.8 ( 14.6 344.8 ( 18.5

liver weight (g) 13.11 ( 0.91 12.92 ( 0.43 12.56 ( 0.89

liver triglyceride

(mg/g of liver)

44.4 ( 19.0 72.0 ( 29.3 49.2 ( 5.70

body fat (g) 10.34 ( 1.97 10.68 ( 1.94 8.70 ( 1.82

blood parameters (mg/dL)

triglycerides 102.5 ( 17.5 84.0 ( 21.9 63.5b ( 6.8

VLDL-TG 71.4 ( 13.1 42.4b ( 18.8 41.1b ( 10.7

LDL-TG 7.2 ( 0.5 5.4 ( 1.3 5.8 ( 1.4

HDL-TG 2.1 ( 0.5 2.1 ( 0.3 1.7 ( 0.2

total lipids 399.8 ( 47.9 394.3 ( 58.3 332.2 ( 20.9

total cholesterol 69.8 ( 11.5 79.8 ( 15.6 63.4 ( 4.7

VLDL-C 4.4 ( 0.8 3.4 ( 0.7 3.4 ( 0.8

LDL-C 11.6 ( 2.5 13.7 ( 4.5 11.9 ( 1.9

HDL-C 42.2 ( 6.7 49.5 ( 10.7 39.4 ( 3.9

phospholipids 135.5 ( 14.4 147.0 ( 18.8 123.8 ( 7.3

FFA (μequiv/L) 292.0 ( 81.5 522.7 ( 46.7 392.0 ( 84.7

glucose 237.9 ( 44.8 315.7 ( 86.9 299.4 ( 69.6

lipase (U/L) 6.5 ( 0.8 8.5 ( 2.4 6.8 ( 0.5

a Twelve SD-IGS rats were divided into three groups, including a control group
(C) and two treatment groups containing 0.17% fish collagen peptide from
either chum salmon skin (S) or rainbow trout skin (R). b Significant difference from
group C at p < 0.05.


