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Abstract

Soft-shelled turtle is a highly economic species and plays a mystical role in traditional Chinese medicine. The present study analyzed
the positional distribution in triacylglycerol (TG) of soft-shelled turtle oil (STO) and its effects on lipid metabolism in hamsters fed a high
fat diet. Analysis showed that TG made up the maximum fragments among lipid classes of STO, with eicosapentaenoic (EPA) and doco-
sahexaenoic acids (DHA) integrated in the sn-1,3 position of TG. For the animal study, forty male hamsters were randomly divided into
five groups and fed a control diet (5% fat), high fat diet (HF, 10% fat) and HF diets containing 2% (STO2), 4% (STO4) or 6% (STO6)
soft-shelled turtle oil for 28 days. The body weight gain and food intakes were comparable between hamsters fed HF diet and HF diet
containing STO from 2% to 6% during the experiment. Hamsters fed HF diets containing 2–6% STO showed decreased liver TG, and HF
diets containing 4% or 6% STO showed decreased serum TG but increased serum total cholesterol. In addition, enzyme activities of lipo-
genesis in hepatic malic enzyme and glucose-6-phosphate dehydrogenase were lower in hamsters fed 4% or 6% STO than in those fed the
high fat diet. These results suggest that dietary 4% or 6% STO, with different intramolecular distributions of n-3 PUFA, might decrease
serum and liver TG concentrations by diminishing enzyme activities involved in liver fatty acid synthesis.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The soft-shelled turtle (Pelodiscus sinensis) is a highly
economic product in Asian countries and is a high-valued
aquaculture species in Taiwan. They are highly prized as
a luxury food item and as a nutritional supplement, playing
a mystical role in traditional Chinese medicine. Feng et al.
(1991) showed that orally repeated administration of the
soft-shelled turtle powder had a therapeutic effect on car-
bon tetrachloride-induced liver injury, by improving liver
function and protein synthesis. In addition, they also
pointed out that soft-shelled turtle powder attenuated fati-
gue and accelerated recovery from stress in mice (Feng,
Matsuki, & Saito, 1996a), and decreased the growth of
solid tumors – possibly by activating the host immune sys-
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tem (Feng, Yamazaki, Matsuki, & Saito, 1996b). However,
there is still limited information about the biological func-
tion of soft-shelled turtle as a dietary component.

It is well known that hypercholesterolemia appears crit-
ical to the atherogenic process and tends to lead to serious
cardiovascular disease (CVD). Moreover, plasma triacyl-
glycerols (TG) were also an independent risk factor for
CVD in many epidemiological studies (Pan & Chiang,
1995; Hopkins, Wu, Hunt, & Brinton, 2005). Over the past
three decades, CVD has become the major leading cause of
death in developing and developed countries. Epidemiolog-
ical investigations and animal studies show that n-3 poly-
unsaturated fatty acids (PUFA), mainly eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) from fish
oils, have a protective effect with respect to coronary heat
disease (Davis, Bridenstine, Vesselinovitch, & Wissler,
1987; Kromhout, Bosschieter, & Coulander, 1985). On
the other hand, dietary seal oil, which contains EPA and

mailto:nutr1014@mails.fju.edu.tw


Table 1
Composition of experimental diet

Composition (%) Groupsa

Control HF STO2 STO4 STO6

Casein 20 20 20 20 20
Lard 3 6 4.8 3.6 2.4
Corn oil 2 4 3.2 2.4 1.6
Sucrose 20 20 20 20 20
Corn starch 45 40 40 40 40
Alpha-cellulose 5 5 5 5 5
Vitamin mixtureb 1 1 1 1 1
Mineral mixtureb 3.5 3.5 3.5 3.5 3.5
DL-Methionine 0.3 0.3 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2 0.2 0.2
Soft-shelled turtle oil 0 0 2 4 6

a Control: basal diet, HF: high fat diet, STO2, STO4 and STO6 were HF
diets containing 2%, 4% and 6% soft-shelled turtle oil, respectively. All
diets were supplemented with 5 mg DL-a-tocopherol/kg and stored in the
dark at �20 �C.

b AIN-76.

Table 2
Fatty acid compositions of experimental diet

Fatty acids Groupsa

Control
(wt.%)

HF
(wt.%)

STO2
(wt.%)

STO4
(wt.%)

STO6
(wt.%)

14:0 1.0 1.1 1.2 1.7 2.1
16:0 19.9 19.0 19.8 19.0 20.0
16:1 1.6 1.7 2.3 3.4 4.7
18:0 10.5 9.6 9.4 7.9 7.0
18:1(n-9) 38.6 37.0 36.4 35.3 33.8
18:2(n-6) 26.8 29.2 25.9 23.3 19.8
18:3(n-3) 0.4 1.0 1.2 1.5 1.7
20:5(n-3) – – 0.5 1.2 1.7
22:5(n-3) – – – 0.9 1.1
22:6(n-3) – – 1.7 3.5 5.8
P/S 0.9 1.0 1.0 1.1 1.0
PUFAb 27.2 30.2 29.3 30.4 30.1
MUFA 40.2 38.7 38.7 39.7 38.5
SFA 31.4 29.7 30.4 28.6 29.1
n-3 PUFA 0.4 1.0 3.4 7.1 10.3

a Control; normal fat diet, HF; high fat diet, STO2, STO4 and STO6
were HF diets containing 2%, 4% and 6% soft-shelled turtle oil,
respectively.

b PUFA: polyunsaturated fatty acid; MUFA: monounsaturated fatty
acid; SFA: saturated fatty acid. Fatty acids less than 1% in all the groups
were not shown.
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DHA mainly at the sn-1 and -3 positions of the triacylgly-
cerols (TG), more effectively reduced plasma and liver TG
concentrations than did fish oil in rats (Yoshida et al.,
1999). Soft-shelled turtle is an amphibious reptile and its
oil contains n-3 PUFA. There are few published studies
about the oil characteristics of soft-shelled turtle oil
(STO) or its effects on lipid metabolism of humans or ani-
mals. Therefore, the present study was aimed, first, to ana-
lyze the positional characteristics of fatty acids in the STO
TG fraction, and second, to investigate the effect of STO
on serum and liver lipids, and hepatic enzyme activities
of fatty acid synthesis.

2. Materials and methods

2.1. Positional distribution of fatty acids in TG of STO

The content and positional distribution of fatty acids in
triacylglycerol (TG) fractions of STO were analyzed
according to Myher and Kuksis (1979), and as modified
by Paterson, Weselake, Mir, and Mir (2002). Briefly, lipid
classes were isolated by thin-layer chromatography (TLC)
on silica gel 60 (Merck, Darmstadt, Germany), using petro-
leum ether–diethyl ether–acetic (82/18/1, v/v/v), containing
0.02% propyl gallate, as the solvent system. The TG frac-
tion was scraped off and then digested by pancreatic lipase
(Sigma) in a Tris–HCl buffer (pH 8) to produce sn-2 mon-
oacylglycerol (2-MG). The lipids were extracted and 2-MG
was isolated using boric acid TLC plates with a developing
solvent of CHCl3–acetone (88/12, v/v). The sn-1/3 fatty
acids in TG were calculated after extraction of 2-MG and
analysis of the fatty acid composition.

2.2. Analysis of fatty acid composition

Total lipids of diets were extracted according to Folch,
Lees, and Sloane-Stanley (1957). The fatty acids from diet
lipids or TG and 2-MG fractions of STO were transmethy-
lated (Fang, Chen, Huang, & Lu, 2004). Fatty acid methyl
esters were separated by gas chromatography in a Shima-
dzu GC-14A gas chromatograph (Tokyo, Japan) fitted
with a 30 m · 0.25 mm Rtx-2330 capillary column,
0.20 lm film thickness (Restek Co.). Nitrogen at 40 ml/
min was used as the carrier gas and the split/splitless injec-
tor was used with a split:splitless ratio of 30:1. Injector and
detector temperatures were 250 �C. The column oven tem-
perature was maintained at 160 �C for 5 min after sample
injection and was programmed to 220 �C at 3 �C/min,
and then held there for 15 min. The separation was
recorded with a Shimadzu C-R6A integrator. Fatty acid
methyl esters were identified by comparison with previ-
ously run standards.

2.3. Animals and diets

Six-week-old male Syrian hamsters obtained from the
National Laboratory Animal Center (Taipei, Taiwan) were
used. The animals were fed a laboratory rodent diet, #5001
(PMI Feeds, Inc., Brentwood, MO) for about 7 days until
their body weight reached a range of 80–90 g. Forty ani-
mals were divided into five groups of eight animals and
assigned to one of the diets shown in Table 1 for 28 days
ad libitum. The experimental diets were made basically
according to the AIN-76 (1977);, the control and high fat
(HF) diets were provided at 5% and 10%, respectively, at
the expense of carbohydrates. STO2, STO4 and STO6 were
HF diets containing 2%, 4% and 6% soft-shelled turtle oil
(kindly provided by Chia Jei Technology Business Co.
Ltd., Kaohsiung, Taiwan), respectively. Fatty acid compo-
sitions of the experimental diets are shown in Table 2.
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All hamsters were housed, two each, in stainless-steel
cages and kept in a room maintained at 22–24 �C with con-
trolled lighting in a 12-h light/dark cycle. Food intake and
body weight were recorded daily and weekly, respectively.
All animal experimental procedures followed the Guide

for the Care and Use of Laboratory Animals, National Sci-
ence Council (Taiwan) and were approved by the Animal
Experimental Committee of the Fu Jen University.

2.4. Sample preparation

At the end of the experiment, animals were food-
deprived overnight (14 h) and killed under carbon dioxide
anesthesia in the morning by withdrawing blood from the
abdominal vena using a vacuum tube. The blood was clot-
ted and serum was harvested by centrifugation at 4 �C
(1800·g, 10 min). Livers were excised, rinsed in ice-cold sal-
ine (150 mM), blotted, weighed, and frozen at �70 �C until
analyzed as previously reported (Fang et al., 2004).

2.5. Lipid analyses

Commercial enzymatic kits (Merck Co., Darmstadt,
Germany) were used for analysis of serum total cholesterol
(TC) and triacylglycerols (TG). Hepatic lipids were
extracted using the procedure developed by Folch et al.
(1957). For determination of liver total cholesterol and
TG, an aliquot of the extract was dissolved in Triton X-
100 (De Hoff, Davidson, & Kritchevsky, 1978). Total cho-
lesterol and TG were then determined using enzymatic
reagent kits purchased from Merck Co. Serum and liver
phospholipids were determined by enzymatic kits pur-
chased from Audit Diagnostics (Cork, Ireland).

2.6. Hepatic enzyme activity of lipogenesis

A 0.5 g portion of frozen liver was homogenized in 10
volumes of an ice-cold 0.25 M sucrose solution containing
1 mM EDTA in 10 mM Tris–HCl buffer (pH 7.4). The
homogenate was centrifuged at 98,000·g for 10 min and
the supernatant was recentrifuged at 105,000·g for
60 min to precipitate microsomes and the remaining super-
natant was used for determination of enzyme activities.

Enzyme activities were measured spectrophotometri-
cally at 340 nm for 4 min at 30 �C with a Jasco V-530 spec-
trophotometer (Jasco International Co., Ltd., Tokyo,
Japan) equipped with a six-position automatic cell changer
(NCP-508) and expressed on the basis of nmol NADPH
oxidized to NADP (or NADP reduced to NADPH) per
min per mg protein, using the extinction coefficient of
NADPH at 340 nm of 6.22 · 106 M�1 cm�1. Fatty acid
synthase (FAS) was measured by the method of Nepo-
kroeff, Lakshmanan, and Porter (1975) in potassium phos-
phate buffer (200 mM, pH 7.4) containing malonyl CoA
(0.1 mM), acetyl CoA (0.05 mM), NADPH (0.1 mM),
EDTA (1 mM) and DDT (dithiothreitol, 5 mM). The reac-
tion was initiated by the addition of 0.1 ml of malonyl CoA
to a final volume of 1.2 ml, and the rate of oxidation of
NADPH was monitored at 340 nm. Glucose-6-phosphate
dehydrogenase (G-6-PDH) was determined by the method
of Lohr and Waller (1974). The reaction mixture contained
Tris buffer (100 mM, pH 7.5), KCl (100 mM), NADP
(0.4 mM), MgCl2 (5 mM), and G-6-P (5 mM). The reaction
was initiated by the addition of 0.1 ml of G-6-P to a final
volume of 1.2 ml and the rate of reduction of NADP was
monitored. Malic enzyme was measured according to the
method of Hsu and Lardy (1969). The reaction mixture
contained Tris buffer (100 mM, pH 7.5), NADP
(0.4 mM), MgCl2 (5 mM), and malic acid (2 mM). The
reaction was initiated by the addition of 0.1 ml of malic
acid to a final volume of 1.2 ml and monitored at 340 nm.

2.7. Statistical analysis

The results were expressed as means ± SD in each ani-
mal group. Data were analyzed by a one-way analysis of
variance, followed by testing differences between pairs by
Duncan�s multiple-range test. P < 0.05 was regarded as sta-
tistically significant.

3. Results

3.1. TG structure of STO and fish oil

TG was found to be the predominant lipid class in STO
(representing 88%). Positional distribution of fatty acids in
TG of STO is shown in Table 3. N-3 PUFAs, containing
EPA, DHA, 18:3 and 22:5 in STO were located mainly at
the sn-1 and 3 positions, in contrast, n-6 PUFAs were at
the sn-2 position. On the other hand, n-3 PUFA of TG
structure in fish oil is predominantly distributed at the sn-
2 position, and n-6 PUFA at the sn-2 and sn-1/3 positions.

3.2. Growth performance

Hamsters weighing an average of 87–90 g consumed
comparable levels of diet among the five groups. However,
hamsters fed either high fat (HF) or HF containing STO
had higher final body weights than those on the control
diet (Table 4). Although the former diet led hamsters to
have a higher liver weight, the relative liver weights were
similar among the five groups.

3.3. Influence on serum and liver lipids

The concentration of serum triacylglycerol (TG)
of hamsters fed HF diets was markedly higher than that
of hamsters fed the control diet (Fig. 1). The addition of
either 4% or 6% STO to the HF diet significantly
decreased the serum TG concentration of hamsters (aver-
age ca. 19% lower), although the lowering effect was sim-
ilar between STO4 and STO6. On the other hand, the
serum TC concentration of hamsters increased with
increasing STO feeding, and hamsters fed STO4 and



Table 4
Growth parameters in hamsters fed different levels of soft-shelled turtle oil

Growth parameters GroupsA,B

Control HF STO2 STO4 STO6

Initial body weight (g) 88.4 ± 6.3 89.6 ± 5.7 87.7 ± 4.3 88.3 ± 6.2 89.1 ± 7.5
Final body weight (g) 92.3 ± 6.5a 104.6 ± 6.8b 101.0 ± 6.4b 106.2 ± 12.4b 103.1 ± 9.2b

Food intake (g/d/2 hamsters) 12.5 ± 0.9 11.9 ± 0.9 12.1 ± 0.4 12.4 ± 0.2 12.4 ± 1.2
Liver weight

(g) 2.84 ± 0.45a 3.23 ± 0.30b 3.18 ± 0.35ab 3.51 ± 0.45b 3.42 ± 0.35b

(g/100 g BW) 3.07 ± 0.36 3.09 ± 0.26 3.15 ± 0.12 3.30 ± 0.18 3.31 ± 0.18

abc Values with different superscript letters are significantly different at p < 0.05.
A Control; normal fat diet, HF; high fat diet, STO2, STO4 and STO6 were HF diets containing 2%, 4% and 6% soft-shelled turtle oil, respectively.
B Data are means ± SD of 8 hamsters.

Table 3
Fatty acid composition of triacylglycerol structure in soft-shelled turtle oil and fish oilsa,b

Fatty acids Soft-shelled turtle oils Fish oils

Total (mol%) sn-2 (mol%) sn-1,3 (mol%) Total (mol%) sn-2 (mol%) sn-1,3 (mol%)

14:0 4.3 3.9 4.5 9.5 12.6 8.0
16:0 23.1 34.5 17.4 22.6 25.8 21.1
18:0 5.1 6.6 4.4 3.8 2.5 4.5
SFA 32.5 45.0 26.2 36.0 10.9 33.6
16:1 11.6 3.4 15.8 14.7 10.5 16.8
18:1(n-9) 34.7 31.6 36.3 21.0 7.8 27.5
MUFA 46.4 35.0 52.0 35.7 18.4 44.3
18:2(n-6) 11.7 16.1 9.4 2.7 3.0 2.6
20:4(n-6) 0.3 1.0 0.0 1.5 1.0 1.8
n-6 PUFA 11.9 17.2 9.4 4.3 4.0 4.4
18:3(n-3) 2.6 0.0 3.9 1.6 1.2 1.8
20:5(n-3) 1.8 1.2 2.0 10.5 16.7 7.5
22:5(n-3) 0.6 0.3 0.8 1.0 2.7 0.1
22:6(n-3) 4.3 1.3 5.7 10.9 16.2 8.3
n-3 PUFA 9.2 2.8 12.4 24.0 36.8 17.7

a Each value represents the mean of duplicates.
b Total: triacylglycerol. sn-2: sn-2 monoacylglycerol; sn-1,3: sn-1,3 diacylglycerol; sn-1,3 mol% = (TG mol% · 3 � sn-2 MG mol%)/2.
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STO6 diets had markedly higher serum TC than did those
on HF diets.

Although the high fat diet fed to hamsters did not affect
the concentration of hepatic cholesterol, when compared
with control diet, hepatic TG concentrations of hamsters
fed HF diets were higher than those on the control diet
(Fig. 1). Hepatic TG concentrations in hamsters fed
STO-containing diets (from 2% to 6%) were significantly
lower than those on HF diets (p < 0.01). Hepatic phospho-
lipids of hamsters fed 4% or 6% STO were significantly
higher than those on the corresponding HF diets.

3.4. Influence on liver enzyme activities

The lipogenic enzyme activities of hepatic malic enzyme
and glucose-6-phosphate dehydrogenase were lower in
hamsters fed STO4 and STO6 diets than in hamsters fed
HF diets (Fig. 2). Moreover, the activity of hepatic fatty
acid synthase tended to be lower in hamsters fed STO4
and STO6 diets than that of those fed corresponding HF
diets.
4. Discussion

The Syrian hamster is a widely used animal model for
lipid research, as its cholesterol and lipoprotein metabolism
and transport are similar to those in humans (Spady, Hor-
ton, & Cuthbert, 1995). The aim of the present study was to
evaluate whether STO has a stereospecific distribution in
TG fraction, and exerts a hypotriglyceridemic or hypocho-
lesterolemic effect on hamsters fed a high fat diet contain-
ing no added cholesterol. Our results demonstrated that
feeding high fat (HF) diet containing 4% (STO4) or 6%
(STO6) of soft-shelled turtle oil, with mainly sn-1,3 posi-
tion of TG, to hamsters might be effective in lowering
serum TG concentration and hepatic TG accumulation,
and inhibiting the lipogenic enzymes in liver compared to
hamsters fed HF diets.

STO in the present study contained 15.2% n-3 PUFA
(including 18:3, 20:5, 22:5 and 22:6) in which EPA and
DHA were 2.9% and 8.0%, respectively. The contents of
n-3 PUFA in STO4 and STO6 diets were 7.1% and
10.3%, respectively. Prospective studies have shown that



Fig. 1. Lipid concentrations of serum and liver in hamsters fed different
levels of soft-shelled turtle oil. TC, total cholesterol; TG, triacylglycerols;
PL, phospholipids. Control, normal fat diet; HF, high fat diet, STO2,
STO4 and STO6 were HF diet containing 2%, 4% and 6% soft-shelled
turtle oil, respectively (n = 8).
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relatively low doses (2.4 g/week) of the main n-3 PUFAs,
eicosapentaenoic acid (EPA), reduce the risk of secondary
coronary events in men (Harris & Isley, 2001). Our studies
revealed that feeding HF diets containing more than 1.4 g
STO per kg body weight per day might be effective in
reducing hamsters� hepatic TG concentration; 2.8 g could
reduce hamsters� serum TG and hepatic TG. The comple-
mentary actions of STO may be beneficial for the heart
Fig. 2. Effect of dietary soft-shelled turtle oil on the activities of malic
enzyme, glucose-6-phosphate dehydrogenase (G-6-PDH) and fatty acid
synthase (FAS) in the hamsters� livers (n = 8).
and vascular system. Many published reports of human
and animal studies have demonstrated that the n-3 PUFAs
are potent in lowering plasma TG concentrations. More-
over, plasma TG reduction, in response to n-3 fatty acids,
is more consistent in humans than in animals (Harris,
1997). The hypotriglyceridemic effect of these fatty acids
is considered to be due to their adaptive effects on inhibi-
tion of hepatic TG synthesis and secretion (Lang & Davis,
1990; Wong et al., 1984). In addition, our results also
showed that hamsters fed HF containing more than 4%
STO might experience reduced lipogenesis compared to
hamsters fed a HF diet.

The major function of glucose-6-phosphate dehydroge-
nase (G-6-PDH) and malic enzyme is to provide NADPH
for reductive biosynthesis of fatty acids or cholesterol. The
lower activities of malic enzymes and G-6-PDH were sim-
ilar with those in an experiment of feeding seal oil to ham-
sters (Yoshida et al., 2001) and the lower G-6-PDH activity
was significantly correlated with liver total lipids (Char-
lotte, Bela, Otho, & Michaelis, 1979). The lower tendency
in liver fatty acid synthase activities was not completely
consistent with the TG accumulation and NADPH pro-
duction in our experiment. It may be attributed to the fact
that hepatic fatty acid synthase profoundly decreases after
overnight fasting (Sul, Latasa, Moon, & Kim, 2000). More-
over, n-3 PUFAs may stimulate peroxisomal b-oxidation
and reduce TG accumulation (Rustan, Christiansen, &
Drevon, 1992; Yamazaki, Schen, & Schade, 1987), and
n-3 PUFAs may also inhibit gene expression in leptin of
adipose tissue (Ukropec et al., 2003).

It is well known that the stereospecific structure of die-
tary TG may affect lipid metabolism in humans, as covered
in Hunter�s review (2001). EPA and DHA of TG in STO
were mainly distributed at the sn-1,3 position (Table 3).
Fish oil was also analyzed in this experiment for a reference
comparison. The profiles of positional characteristics of
TG in fish oil in the present analysis were similar to those
of Yoshida et al. (1999). The fatty acids, both in sn-1,2 DG
or sn-1,3 DG, are all absorptive, irrespective of being
digested from dietary TG or edible DG. However, the re-
esterification rate of TG from sn-1 (3) MG in endothelial
cells was slower than that of sn-2 MG (Matsuo, 2001).
Diet-affected changes in fatty acid positional distribution
have been shown in bovine adipose tissue (Smith, Yang,
Larsen, & Tume, 1998). Recently, Ando, Kobayashi,
Sugimoto, and Takamaru (2004) have showed that posi-
tional distributions of n-3 fatty acids in TG of rotifers
reflect differences in enrichment with fish or seal oils TG.
The seal oil, containing EPA and DHA, mainly as the sn-
1/3 fatty acids in TG, has more hypotriglyceridemic
potency in rats than that of fish oil containing EPA and
DHA mainly at the sn-2 position in TG (Yoshida et al.,
1999). Therefore, STO, containing mainly the sn-1,3 struc-
ture, might play a role of reducing serum and liver TG by
lowering the esterification rate of TG in endothelial cells
and reducing postprandial lipemia (Kondo, Hase, Murase,
& Tokimitsu, 2003).
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On the other hand, although the STO-containing diet
significantly lowered G-6-PDH activity, it also showed a
slightly dose-dependent increase in serum cholesterol con-
centration in hamsters in the present study. This might be
attributed to several facts. First, it is well known that die-
tary cholesterol is one of the major factors influencing cho-
lesterol metabolism. Soft-shelled turtle is a reptile;
therefore, STO contains cholesterol. The cholesterol con-
tent in STO was at a level of 0.21%, amounting to experi-
mental dietary levels of 0.004, 0.008 and 0.012%,
respectively, in the STO2, STO4 and STO6 diets. However,
Kahlon, Chow, Irving, and Sayre (1997) showed that
serum cholesterol concentration in hamsters does not
increase until dietary cholesterol is more than 0.09%. Sec-
ond, it is reported that n-3 PUFA of fish oil suppressed
hepatic LDL-receptor activity in hamsters (Surrette, Whe-
lan, Lu, Broughton, & Kinsellai, 1992) due to downregula-
tion of LDL-receptor mRNA (Spady et al., 1995), and
raised both LDL-apo B and cholesterol in hypertriglyceri-
demic subjects (Sullivan, Sanders, Trayner, & Thompson,
1986). In addition, the elevation of plasma cholesterol in
hamsters by n-3 PUFA, compared with n-6 PUFA, is
dependent on dietary cholesterol supplementation and
may be due to decreased catabolism of these lipoproteins
(Lu, Lin, & Huang, 1996). Therefore, the cholesterol con-
tent in the STO diet, even though small, might influence
the cholesterol catabolism in hamsters in the case of diets
containing n-3 PUFA.

In conclusion, our results show that addition of more
than 4% STO to hamster diets might exert a hypotriglycer-
idemic effect on a high fat diet without cholesterol supple-
mentation. The results might be due to a different
intramolecular distribution of n-3 PUFAs and reducing
lipogenic enzymes in the liver.
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