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A B S T R A C T

Collagen hydrolysate has various beneficial effects, such as bone strengthening, joint/skin protection and lipid
metabolism regulation. In this study, the anti-obesity activity of ginger protease-degraded collagen hydrolysate
(GDCH) was evaluated in BALB/c mice fed diets containing 14% casein (control group) or 10% casein þ4% GDCH
(GDCH group) for 10 weeks. In the GDCH group, triglyceride (TG) and cholesterol (CHO) levels in blood and
adipocyte size in white adipose tissue were significantly decreased compared with those of the control group.
Further, gene expression related to fatty acid synthesis, such as acetyl-CoA carboxylase, fatty acid synthase and
stearoyl-CoA desaturase, was decreased in the liver and white adipose tissue of GDCH-fed mice. On the other
hand, single oral administration of GDCH did not result in decrease in blood TG and CHO compared with vehicle
and casein in ICR mice pre-administered soybean oil. These results suggest that the GDCH-induced decreases in
tissue and blood lipids occur through long-term alterations in lipid metabolism, not transient inhibition of lipid
absorption. The lipid-lowering effects exhibited by partial substitution of casein with GDCH imply the possibility
that daily supplementation of GDCH contributes to prevention/attenuation of obesity and hyperlipidemia.
1. Introduction

Collagen is the most abundant protein in the animal body. Collagen
forms a triple helix structure composed of three polypeptide chains with
repeating glycine (Gly)-X-Y sequences (X and Y are any amino acids).
Almost all proline (Pro) residues at the Y position are post-translationally
modified to hydroxyproline (Hyp) specific to collagen. The collagen
extracted using hot water from tissues, such as skin, tendon, bone and
fish scales, is known as gelatin. Collagen hydrolysate (also referred to as
gelatin hydrolysate or collagen peptide) is prepared by enzymatic hy-
drolysis of gelatin and is widely used as a food supplement for its effects
on health and beauty. Oral ingestion of collagen hydrolysate is reported
to have various beneficial effects, such as enhancement of bone strength
(Konig et al., 2018; Wu et al., 2004), attenuation of joint pain (Beni-
to-Ruiz et al., 2009; Clark et al., 2008), improvement of skin conditions
(Oba et al., 2013; Proksch et al., 2014) and reduction of blood lipids (Lin
et al., 2012; Saito et al., 2009; Tak et al., 2019; Woo et al., 2018). The
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above reports include clinical studies evaluating bone (Konig et al.,
2018), joint (Benito-Ruiz et al., 2009; Clark et al., 2008), skin (Proksch
et al., 2014) and lipid metabolism (Tak et al., 2019).

The mechanism of these effects by collagen hydrolysate ingestion had
been unclear, but recently, collagen-derived oligopeptides have been
considered as key ingredients (Sato, 2018). Due to the presence of Hyp,
which confers high resistance to enzymatic digestion (Taga et al., 2018),
orally ingested collagen hydrolysate is not completely degraded to free
amino acids and can be partly absorbed as di- and tripeptides, such as
Pro-Hyp, Hyp-Gly, and X-Hyp-Gly-type tripeptides (Sato, 2018; Taga
et al., 2019; Taga et al., 2016). The blood concentration of
Hyp-containing peptides (μM level) is markedly higher compared with
that of other food-derived peptides (pM level) following ingestion (Sato,
2018). Several studies have indicated that the peptides transported into
the blood can reach peripheral tissues (Kawaguchi et al., 2012; Yazaki
et al., 2017). Moreover, there are many reports of the bioactivities of
these peptides, such as promotion of cell proliferation and/or
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Table 1
Composition of diets (%).

Ingredient Control diet GDCH diet

Corn starch 46.6 47.4
Casein (13.3% N a) 14.0 (14% N) 10.0 (10% N)
GDCH(16.6% N a) 0.0 3.2 (4% N)
Pregelatinized corn starch 15.5 15.5
Sucrose 10.0 10.0
Soybean oil 4.0 4.0
Cellulose 5.0 5.0
Mineral mix 3.5 3.5
Vitamin mix 1.0 1.0
L-Cystine 0.18 0.18
Choline bitartrate 0.25 0.25
t-Butylhydroquinone Trace b Trace b

Total 100 100

a Nitrogen content of casein or GDCH.
b 0.0008%.
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differentiation (J. A. Minaguchi et al., 2017; Nakatani et al., 2009;
Nomura et al., 2019; Ohara et al., 2010; Taga et al., 2018), improvement
of skin conditions (Shimizu et al., 2015) and antidepressant effects
(Nogimura et al., 2020).

We have investigated the beneficial effects of collagen hydrolysate
ingestion and the bioactivities of collagen-derived oligopeptides in vitro
and in vivo (Koyama and Kusubata, 2013; Kusubata et al., 2015; J. Min-
aguchi et al., 2012; Nishikimi et al., 2018; Ohno et al., 2015; Tometsuka
et al., 2017). Among them, we reported lipid metabolism-related effects,
including a reduction in the size of lipid droplets in mouse adipocytes
with Pro-Hyp supplementation to the cell culture (J. Minaguchi et al.,
2012) and lowering of blood cholesterol (CHO) level and increase in
hepatic lipid-related gene expression following ingestion of collagen
hydrolysate in rats and mice (Koyama and Kusubata, 2013; Tometsuka
et al., 2017). Other groups have also reported on the anti-obesity effects
of collagen hydrolysate. For example, single administration of collagen
hydrolysate suppressed the triglyceride (TG) absorption (Saito et al.,
2009). Continuous administration of collagen hydrolysate decreased
blood and tissue lipid levels in alcohol-induced liver injury model rats
(Lin et al., 2012) and mice fed a high-fat diet (Woo et al., 2018). How-
ever, there has been little focus on the effect of continuous ingestion of
collagen hydrolysate on lipid metabolism in normal animals with mild
modification of the diet composition.

We previously developed a novel type of collagen hydrolysate
uniquely containing X-Hyp-Gly-type tripeptides using ginger protease
(Taga et al., 2016). The ginger protease-degraded collagen hydrolysate
(GDCH) and X-Hyp-Gly have various biological effects, including
angiotensin-converting enzyme inhibition (Taga et al., 2018), promotion
of osteoblast differentiation (Taga et al., 2018) and antidepressant ac-
tivity (Mizushige et al., 2019). Based on these previous observations,
GDCH intake is expected to exert a stronger effect also on lipid meta-
bolism than existing collagen hydrolysates by the involvement of
X-Hyp-Gly.

Here, we analyzed blood and tissue lipids of male BALB/c mice after
10-week feeding of a control diet containing 14% casein or a GDCH diet,
in which the protein source is partially substituted with GDCH (10%
casein plus 4% GDCH). In order to eliminate the influence of dietary
factors except GDCH intake, the normal dietary condition is adopted in
this study. Furthermore, a single oral administration experiment was also
performed to evaluate the effect of GDCH ingestion on lipid absorption.

2. Materials and methods

2.1. Animal experiment ethics

We have read ARRIVE guidelines and confirmed that our experiments
complied with these guidelines. All animal studies were conducted using
appropriate procedures in accordance with standard guidelines for ani-
mal experiments and approved by the Experimental Ethics Committee of
Nippi Research Institute of Biomatrix (approval nos. 18002 and 20005).

2.2. Continuous feeding experiment

2.2.1. Feeding mice with the experimental diets
GDCH was prepared from bovine bone gelatin using ginger protease

(average molecular weight of 816 Da) (Taga et al., 2016; Taga et al.,
2018). The control diet containing 14% casein (AIN-93M) and the
AIN-93M-based GDCH diet containing 10% casein plus 4% GDCH
(Table 1) were prepared by Oriental Yeast Co., Ltd. (Tokyo, Japan). The
protein composition of the two diets was matched based on the nitrogen
content of casein and GDCH. Corn starch was used to compensate for the
decreased weight of protein in the GDCH diet.

Male 5-week-old BALB/cCrSlc mice (Japan SLC, Inc., Shizuoka,
Japan) were acclimated to breeding conditions for 1 week with the
control diet. The mice were then divided into two groups (n¼ 10/group)
on the basis of body weight and fed either the control diet or the GDCH
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diet for 10 weeks. Mice were housed individually under conventional
conditions (20 � 2 �C, 12 h light-12 h dark cycle) with free access to
water and diet. Before sampling procedures, the mice were subjected to
fasting for 3 h and anesthetized with 50 mg/kg sodium pentobarbital.
Blood was sampled from the right ventricle, and serum was separated by
centrifugation at 1200�g for 10 min at 4 �C after standing at room
temperature for 30 min. Liver, abdominal white adipose tissue and fe-
murs were carefully removed. All the samples were stored at�80 �C until
used for each analysis.

2.2.2. Measurement of blood lipids
Biochemical analysis of serum samples was entrusted to Nagahama

Life Science Laboratory, Oriental Yeast Co., Ltd. (Shiga, Japan). The
biochemical analyses were performed by absorbance measurements
using quantitative assay reagents (L-Type CHO M, L-Type Free Choles-
terol and L-Type Triglyceride M; FUJIFILM Wako Pure Chemical Co.,
Ltd., Osaka, Japan) based on enzymatic methods (Allain et al., 1974;
Spayd et al., 1978). The panel of tests included the following: total CHO
(T-CHO), free CHO (F–CHO) and TG. The data on esterified CHO
(E-CHO) were estimated by the calculation (T-CHO ¼ F–CHO þ E-CHO).

2.2.3. Measurement of adipocyte size in white adipose tissue
Paraffin-embedded sections of tissue specimens stained with hema-

toxylin and eosin were prepared from 20% formalin-fixed white adipose
tissues by Sapporo General Pathology Laboratory Co., Ltd. (Hokkaido,
Japan). The adipocyte size of the tissue specimens was measured using a
BZ-X800 microscope (Keyence, Osaka, Japan) equipped with analytical
software. Three measurement areas at 400x magnification were arbi-
trarily selected per specimen, and adipocytes in each measurement area
were color-extracted to measure the cell size. The average cell size of
each individual specimen was calculated from the average values of the
three measurement areas. A histogram was created based on the cell size
and the cell number ratio of each cell size range.

2.2.4. Measurement of liver lipids
Determination of TG and CHO levels in liver samples was entrusted to

Skylight Biotech, Inc. (Akita, Japan). Liver tissues were homogenized in
chloroform/methanol (2:1, v/v), and lipid extracts were prepared using
the Folch method (Folch et al., 1957). Intrahepatic TG and CHO levels
were measured using enzymatic assay kits (Cholestest®TG and Choles-
test®CHO, respectively; Sekisui Medical Co., Ltd., Tokyo, Japan).

2.2.5. Real-time quantitative RT-PCR analysis
Total RNA of liver or adipose tissue samples was extracted from the

centrifuged supernatant (aqueous phase) of each tissue homogenate
prepared with ISOGEN® reagent (Nippon Gene Co., Ltd., Toyama, Japan)
according to the manufacturer’s protocol. cDNA synthesis of total RNA
(1.5 μg/sample) was carried out using a High-capacity cDNA Reverse



Fig. 1. Blood concentrations of triglyceride (TG) and cholesterol (CHO).
Blood serum concentrations of TG (A), total CHO (T-CHO) (B), esterified CHO
(E-CHO) (C) and free CHO (F–CHO) (D) are shown. The ratio of E-CHO to T-
CHO is shown in (E). Significant differences between the two groups (control
and GDCH) are indicated by asterisks (*, P < 0.05; **, P < 0.01; ***, P < 0.001).

Fig. 2. Lipid contents of triglyceride (TG) and cholesterol (CHO) in the
liver.
(A) The amount of liver lipids per tissue weight for TG. (B) The amount of liver
lipids per tissue weight for total CHO (T-CHO). Significant differences between
the two groups (control and GDCH) are indicated by asterisks (**, P < 0.01).
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Transcription Kit (Thermo Fisher Scientific Inc., Waltham, MA, USA)
according to the manufacturer’s protocol.

Specific primers and probes for real-time quantitative PCR of mouse
acetyl-CoA carboxylase alpha (Acaca), fatty acid synthase (Fasn),
stearoyl-CoA desaturase 1 (Scd1) and actin beta (Actb) were purchased
from Thermo Fisher Scientific Inc. (TaqMan® Gene Expression Assays;
ID: Mm01304257_m1, Mm00662319_m1, Mm00772290_m1,
Mm02619580_g1, respectively). The reaction solution for PCR was pre-
pared in volumes of 20 μl/well containing 10 μl TaqPath™ qPCR Master
Mix, CG (Thermo Fisher Scientific Inc.), 1 μl primers and probe, and 9 μl
cDNA in RNase-free water (250-fold dilution of cDNA synthesis solution).
PCR was performed using two wells per sample on a 7300 Real-time PCR
System (Thermo Fisher Scientific Inc.). Amplification conditions were 2
min at 50 �C, 10 min at 95 �C and 45 cycles each consisting of 15 s at 95
�C and 1 min at 60 �C. Standard curves were generated by serial dilutions
of the cDNA sample mixture. The Ct value obtained by amplification of
each analysis target gene was normalized usingActb expression level, and
then the expression of each gene was compared between the two groups.

2.3. Single oral administration test

Male 14-week-old Slc:ICR mice (Japan SLC, Inc.) were divided into
three groups (n ¼ 6/group) on the basis of body weight. After 16-h
fasting, 3.3 ml/kg soybean oil (FUJIFILM Wako Pure Chemical Co.,
Ltd.) was orally administered by gastric sonde to all groups. Immediately
after the procedure, 0.5 g/kg GDCH or 0.5 g/kg casein sodium salt
(Sigma-Aldrich, Inc., St. Louis, MO, USA) at a concentration of 20 mg/ml
in distilled water was similarly administered to the two groups, respec-
tively. The same volume of distilled water was administered to the
remaining group. Blood was collected from the tail vein using heparin-
ized capillary tubes before (0 h) and 2, 4, 6 h after the administration.
The blood samples were centrifuged at 10,000�g for 10 min at 4 �C, and
prepared plasma was stored at�80 �C until analysis of the blood lipids as
described above.

2.4. Statistical analysis

Statistical differences between the two groups in the continuous
feeding experiment were assessed by Student’s t-test. In the single oral
administration test, the data were assessed by an ANOVA with the
Tukey–Kramer post-hoc test. P < 0.05 was considered to indicate sig-
nificance. Values are represented as the mean � standard deviation.

3. Results

3.1. Continuous feeding experiment

3.1.1. Dietary intake and growth
There were no significant differences in total food intake (248.2 �

28.6 g vs 267.5 � 18.3 g) and body weight gain (5.1 � 1.5 g vs 5.6 � 1.4
g) between the control and GDCH groups after the 10-week experimental
period. No significant effect of GDCH intake on bone parameters was
observed in this experiment, except for a slight increase of bone mineral
content (Supplemental Fig. 1).

3.1.2. Reduction of blood lipids by GDCH intake
Biochemical analysis of blood serum showed significant reductions in

blood levels of TG (P < 0.05) and all CHOs (T-CHO, E-CHO and F–CHO)
(P < 0.01) in the GDCH group (Fig. 1A–D), suggesting that GDCH intake
affects lipid metabolism. In the GDCH group, lowering of blood lipid
levels was also confirmed by blood lipoprotein measurement (Supple-
mental Table 1). In both groups, the E-CHO/T-CHO ratio showed normal
values (Fig. 1E), indicating that no severe liver abnormalities occurred in
this experiment. T-CHO in the liver was slightly increased in the GDCH
group (P< 0.01), while no significant difference in liver TGwas observed
(Fig. 2). These findings suggest that GDCH intake reduced blood lipids.
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3.1.3. Reduction of adipocyte size in white adipose tissue by GDCH intake
We next hypothesized that GDCH would have an effect on the

adipocyte size. To this end, we measured the cell size of white adipose
tissue specimens. Adipocyte size was significantly decreased (P < 0.05)
in the GDCH group compared with the control group (Fig. 3). The
average cell size was significantly lower in the GDCH group (1201.2 �



Fig. 3. Adipocyte size in white adipose tissue.
Representative photomicrographs of adipose tissue specimens in the control group (A) and GDCH group (C). Histograms of adipocyte size in the control group (B) and
GDCH group (D). Histograms are based on the cell size and the cell number ratio of each cell size range. Bars, 100 μm.
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144.7 μm2 vs 1424.1� 272.0 μm2, P< 0.05). The histogram of the GDCH
group shifted to the left with a decreased width, indicating that smaller
adipocytes are distributed in the adipose tissue of the mice fed GDCH.

3.1.4. Decreased expression of genes related to fatty acid synthesis by GDCH
intake

Next, the identity of the gene or genes whose expression is regulated
by GDCH intake was investigated. The intake of GDCH resulted in sig-
nificant down-regulation of fatty acid synthesis genes, including acetyl-
CoA carboxylase alpha (Acaca) and stearoyl-CoA desaturase 1 (Scd1) in
the liver (Fig. 4A; P < 0.01) and Acaca and fatty acid synthase (Fasn) in
the adipose tissue (Fig. 4B; P< 0.05). In addition, the expressions of Fasn
in the liver and Scd1 in the adipose tissue were not statistically signifi-
cantly different between the two groups (control and GDCH), but the P
values were close to the cut-off value of significance (P¼ 0.0503 and P¼
0.0914, respectively).
3.2. Effect of GDCH on lipid absorption by single oral administration

To examine the possibility that GDCH intake immediately decreases
blood lipids, a single oral administration experiment was conducted.
Generally, the profile of blood TG after oral administration of soybean oil
did not change with concomitant administration of GDCH compared to
concomitant administration of vehicle or casein, except for a slight, but
significant reduction in TG levels in the GDCH-administered group
relative to the casein-administered group at 6 h after the administration
(Fig. 5A; P < 0.05). These results indicate that the effects of GDCH on
blood TG are not due to inhibition of lipid absorption. Moreover, the
blood CHO level was not significantly different among the three groups
(Fig. 5B).
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4. Discussion

In this study, we examined the in vivo effect of GDCH and found that
long-term intake of GDCH induced remarkable lipid-lowering effects,
including decrease of blood lipids and reduction of adipocyte size, in
normal mice. On the other hand, there was no significant change in blood
lipids by the single oral administration of GDCH. It has been reported that
several food ingredients including collagen hydrolysates suppress the
absorption of dietary lipids via multiple mechanisms such as inhibition of
lipid micelle formation owing to bile acid binding, lipid excretion owing
to inhibiting dissolution of lipid micelles or suppression of lipid degra-
dation owing to pancreatic lipase inhibition (de la Garza et al., 2011;
Kishimoto et al., 2009; Moriyama et al., 2004; Nagaoka et al., 2001; Saito
et al., 2009). Here, the results of a single oral administration test sug-
gested that the lipid-lowering function of GDCH is exerted via its effects
on systemic lipid metabolism by long-term ingestion and not through
short-term inhibition of lipid absorption. A previous study reported that
blood lipids were decreased by single oral administration of collagen
hydrolysates (Saito et al., 2009). One of the differences between the
previous study and our study is the average molecular weight of the
collagen hydrolysates used as the test substance (3,000–10,000 Da and
816 Da, respectively). Collagen-derived peptides may differently affect
blood lipids depending on the peptide length. The slight but statistically
significant increase of liver CHO in the GDCH group might be due to the
maintenance of lipid homeostasis in response to the decrease of blood
CHO. However, the CHO level is still low compared with that of the fatty
liver model (Kristiansen et al., 2016).

We previously showed that the blood CHO level was decreased by
ingestion of collagen hydrolysate (not GDCH) using a high-calorie diet
(Koyama and Kusubata, 2013) and a mild low-protein diet condition



Fig. 4. Gene expression related to fatty acid synthesis in the liver (A) and
adipose tissue (B).
The levels of each gene are expressed relative to Actb and normalized to control.
Significant differences between the two groups (control and GDCH) are indi-
cated by asterisks (*, P < 0.05; **, P < 0.01; ***, P < 0.001). P values are noted
where the data are close to the cut-off value of significance.

Fig. 5. Blood levels of triglyceride (TG) and cholesterol (CHO) following
single oral administration of test substances with soybean oil.
Changes in blood TG (A) and total CHO (T-CHO) (B) following oral adminis-
tration of soybean oil and the three test substances are shown. Significant dif-
ference between the casein and GDCH groups is indicated by an asterisk (*, P
< 0.05).
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(Tometsuka et al., 2017). In contrast, the experimental diets used in this
study conformed with the composition of the general maintenance feed;
thus, the experimental condition is more normal than the conditions in
the previous studies in terms of nutrient sufficiency. The weight ratio of
GDCH to total protein content in the experimental diet is 24%, which is
equivalent to approximately 17 g of GDCH per 60 g of daily protein
intake in humans. This amount does not deviate from the general daily
amount of collagen hydrolysate for supplemental intake (Jendricke et al.,
2019; Zdzieblik et al., 2015). Several studies reported a reduction of
either blood TG or CHO under mild experimental conditions (normal
animals with low-fat diets) by short- or long-term administration of
collagen hydrolysate (Saito et al., 2009; Tometsuka et al., 2017;Wu et al.,
2004). However, to the best of our knowledge, no study has shown a
reduction of both types of blood lipids under mild experimental condi-
tions until now. It remains unclear how GDCH ingestion reduced blood
lipids efficiently; however, X-Hyp-Gly-type tripeptides, which are sub-
stantially contained in GDCH, could be involved in the hypolipidemic
effects. We previously demonstrated that X-Hyp-Gly as well as Pro-Hyp
are efficiently absorbed into the blood after GDCH ingestion (Taga
et al., 2016). Since X-Hyp-Gly and Pro-Hyp have various biological ac-
tivities (J. Minaguchi et al., 2012; J. A. Minaguchi et al., 2017; Nakatani
et al., 2009; Nishikimi et al., 2018; Nogimura et al., 2020; Nomura et al.,
2019; Ohara et al., 2010; Shigemura et al., 2009; Taga et al., 2018a, b), it
is possible that these Hyp-containing oligopeptides are responsible for
the effects of GDCH on lipid metabolism. Direct evaluation of
collagen-derived oligopeptides for TG storage using adipocytes and for
CHO synthesis/catabolism using hepatocytes is currently being planned
in order to investigate the key ingredient(s) of the lipid-lowering effects
by GDCH.

The size of adipocytes changes depending on the amount of TG stored
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within the cell as an energy source. Consequently, the reduction of
adipocyte size observed in this study indicates that TG storage in the
body was decreased by GDCH intake. Active proliferation of adipocytes
occurs in the early stage of adipose tissue development, and cell prolif-
eration and division do not occur under normal conditions without
intervention such as excessive energy supply and genome editing (Jo
et al., 2009). Therefore, it is unlikely that the reduced adipocyte size is
due to a change in the number of adipocytes in the adipose tissue. Body
weight did not differ significantly despite the significant reduction in
adipocyte size in the white adipose tissue. It is presumed that the
decrease in lipid storage was not sufficiently large to affect the body
weight of the normal mice used in this study. Further studies are needed
to clarify whether GDCH intake actually leads to fat mass reduction.

Gene expression analysis of the liver and adipose tissue revealed that
GDCH down-regulated the major genes (Acaca, Fasn and Scd1) involved
in fatty acid synthesis. The enzymes encoded by these genes catalyze
synthesis of malonyl-CoA from acetyl-CoA, palmitic acid from acetyl-CoA
and malonyl-CoA, and oleic acid from stearic acid, respectively (Strable
and Ntambi, 2010). In the fatty acid synthesis pathway, TG is generated
for energy storage. CHO is also synthesized from acetyl-CoA, and lipo-
proteins containing TG and CHO modulate the lipid balance in the body
through the blood circulation (Horie et al., 2013). It is possible that the
down-regulation of fatty acid synthesis genes attenuated lipid biosyn-
thesis and accumulation, thereby inducing the phenotypes observed in
the GDCH group. Acaca, Fasn and Scd1 are target genes of sterol regu-
latory element-binding protein 1 (SREBP-1), which is a transcription
factor regulating lipogenesis (Horie et al., 2013; Strable and Ntambi,
2010). Scd1 is also the target of peroxisome proliferator-activated re-
ceptor alpha (PPARα), which is a nuclear receptor regulating fatty acid
catabolism (Pawlak et al., 2015). An interrelationship is known to exist
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between the transcriptional signaling of SREBP-1 and PPARα (Pawlak
et al., 2015; Strable and Ntambi, 2010). However, the expression of
PPARα target genes (Acox1, Cyp7a1 and Cyp27a1) previously
up-regulated by collagen hydrolysate intake (Tometsuka et al., 2017) did
not change by GDCH supplementation (data not shown). It is difficult to
explain the mechanism of the effects of GDCH on lipid metabolism solely
by these transcription factors; however, the transcriptional cascades from
these factors may contribute, at least in part, to the decreased expression
of fatty acid synthesis-related genes by GDCH intake, as observed for
mice administered collagen hydrolysate with a high-fat diet (Woo et al.,
2018). To clarify the mechanism of the hypolipidemic effects of GDCH,
further studies are required, such as cell culture experiments using adi-
pocytes/hepatocytes and animal experiments with high-fat diets or
obesity models.

In conclusion, our data demonstrated that long-term intake of GDCH
exerted hypolipidemic effects in mice, providing the possibility that daily
supplementation of GDCH contributes to prevention and attenuation of
obesity and hyperlipidemia.
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