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Anti-obesity Effect of Steamed Soybean and Fermented Steamed Soybean
in High-fat Diet-induced Obese ICR Mice
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Abstract — This study was performed to investigate the ameliorating effects of steamed soybeans (SS) and
fermented SS (FSS) on lipid metabolism in high-fat diet-induced obese mice. ICR mice were divided into four
groups and given the following different diets: normal diet (ND), high-fat diet (HFD), HFD with 1% SS
(HFD + SS), and HFD with 1% FSS (HFD + FSS). After 14 weeks, the body weight gain was higher in the HFD
group compared with the ND group but lower in the HFD + FSS group compared with the HFD group. Plasma
levels of triglyceride (TG), total cholesterol (TC), low density lipoprotein-cholesterol, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) were significantly higher in the HFD group compared to the ND
group, but lower in the HFD + SS and HFD + FSS groups compared with the HFD group. In addition, leptin
concentration in plasma was lower in the groups fed HFD + SS and HFD + FSS compared with the HFD group.
The accumulation of hepatic TG and TC was significantly inhibited in the HFD + SS and HFD + FSS groups.
Furthermore, SS and FSS attenuated lipid peroxidation and nitric oxide formation in the liver induced by the high-
fat diet. These results suggest that soybeans, especially FSS, may be useful in preventing obesity-induced

abnormalities in lipid metabolism.
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Introduction

Predominance of obesity is one of the biggest global
health issues and represents a crucial problem to modern
people.'? Obesity is considered a major risk factor for
various chronic diseases, including hyperlipidemia, hyper-
tension, type 2 diabetes, and coronary heart disease.**
Many studies demonstrated that total energy intake and
diet composition are important factors for regulating
metabolic processes.” Dietary fat is more effective in
storing body fat than other energy sources. Therefore, a
high-fat diet can lead to obesity and metabolic abnor-
malities, including hyperglycemia, hyperlipidemia, and
insulin resistance in humans and animals.®” Due to recent
prevalence of overweight and obesity, medicines and
foods that can control body weight are attracting more
attention. Although many types of drugs and treatments,
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including reduction of nutrient absorption and regulation
of lipid metabolism, have been used for obesity,® their
various side effects have become an issue. Therefore, the
use of natural products, such as fermented foods and
probiotics, are considered safer for the management of
obesity. Since food plays a key role in our life and has a
higher influence on health than any other factor, it is
taking the limelight as a therapeutic agent for obesity.
Soybean is a good source of vegetable protein and
dietary fiber. It also contains a noticeably high content of
polyunsaturated fatty acids,” especially linoleic acid (LA),
which makes up for 50% or more of its fatty acid
content.'” Furthermore, it contains isoflavones that are
related to the prevention and treatment of chronic diseases,
including diabetes, hypertension, heart disease, and some
types of cancer.!' Fermentation is a widely used method
of food processing. There are many types of fermented
soybean products especially in Asian countries, including
Korea, China, Japan, and Indonesia. Doenjang, kochujang,
and soy sauce are common fermented soybean products
in Korea and are fermented with diverse microorganisms
available in the different regions. Fermentation leads to
changes in the nutritional and functional compounds in
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soybean, such as lipids, isoflavonoids, and peptides.'
Several studies reported that soybean fermented products
are effective against chronic diseases, such as type 2
diabetes and obesity."* Daewon soybean is a variety that
has been produced by artificial breeding between the
Suwon No. 133 and Miryang No. 13 strains. A recent
study reported that the Daewon soybean is the longest and
widest among five soybean varieties that are grown for
making tofu and has highest crude protein content.' In
addition, studies have shown that the total phenolic
content and antioxidant activity of cheongguk jang, which
is made from Daewon soybeans, increased during the
fermentation process.”> However, studies on the anti-obesity
effect of fermented Daewon soybeans have not been
carried out. Therefore, this study was conducted to deter-
mine the anti-obesity effect of Daewon soybean and its
fermented form in high-fat diet-induced obese ICR mice.

Experimental

Preparation of soybean extracts — The samples used
in this study were obtained from the Department of Food
Science, Gyeongnam National University of Science and
Technology, Jinju, Korea. Daewon soy powder was mixed
with 2.5g of sugar and 500 ml distilled water. After
sterilizing, the steamed soy powder mixture was left to
stand for 1 h at 38 £ 1 °C to cool down. The mixture was
then inoculated with 5% (w/w) Lactobacillus plantarum
P1201 and fermented for 60 h at 37 2 °C in an incubator.
Samples were taken before fermentation (steamed soybean
or SS) and 60 h after starting fermentation (fermented SS
or FSS). The SS and FSS powders were extracted three
times in ethanol at room temperature for 24 h each. The
extract was concentrated using a rotary evaporator and
freeze-dried. The resulting samples were dissolved in
dimethyl sulfoxide and used for the in vitro assays.

Animals and diets — Five-week-old male ICR mice
weighing 23 -29 g were purchased from Orient Inc.

Table 1. Diet composition (g/100 g)
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(Seongnam, Korea) and housed in plastic cages. They
allowed to access food and water freely and were
maintained in a controlled environment (20 +2 °C tem-
perature, 50 £ 10% humidity, 12 h/12 h light/dark cycle).
The animal protocol used in this study was reviewed and
approved by the Pusan National University-Institutional
Animal Care and Use Committee (PNU-IACUC, Approval
number: PNU-2014-0540) regarding the care of the
laboratory animals and ethical procedures. After 2 weeks
of acclimation, the mice were divided into four groups as
follows: normal diet-fed (ND), high-fat diet-fed (HFD),
HFD with 1% SS-fed (HFD + SS), and HFD with 1%
FSS-fed (HFD + FSS) groups. There were no significant
differences in the initial body weight among the groups,
and each diet was given for 14 weeks. The compositions
of diets are shown in Table 1. At the end of the testing
period, all mice were fasted for 12 h and sacrificed using
ethyl ether. Blood samples were collected from the
inferior vena cava in tubes containing sodium citrate as an
anticoagulant. Plasma was obtained by centrifugation at
3,000 rpm for 20 min at 4 °C and frozen at —80 °C until
analysis. The liver, kidney, and brain were removed,
rinsed with 0.9% sodium chloride, and weighed. The liver
was divided into five parts, and all organs were immediately
stored at —80 °C until analysis.

Plasma and hepatic biochemical assays — Blood
glucose level was determined using a chemistry analyzer
(Hitachi 7600, Hitachi Co., Tokyo, Japan). Aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) levels in plasma were determined using a com-
mercially available kit (AM101-K; Asan Pharmaceutical,
Seoul, Korea). The plasma leptin levels were evaluated
using an ELISA kit for mice (EZML-82K, Linco
Research, St. Charles, MO, USA). The plasma triglyceride
(TG), plasma total cholesterol (TC), and high-density
lipoprotein cholesterol (HDL-C) levels were measured
using commercially available kits (AM157S-K, AM 202-
K, and AM 203-K; Asan Pharmaceutical Co., Seoul,

Group ND HFD HFD + SS HFD + FSS
NIH#31M rodent diet" 85 68 68 68
Lard 0 20 20 20
Corn starch 15 12 11 11
SS powder 0 0 1 0
FSS powder 0 0 0 1
Total 100 100 100 100

UNIH#3 1M rodent diet: 5% fat, 4.02 kcal/g, Taconic Farms. ND: normal diet, HFD: high-fat diet, SS: 1% steamed soybean, FSS: 1%

steamed soybean fermented for 60 h.
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Korea). The low-density lipoprotein cholesterol (LDL-C)
levels, atherogenic index (Al), and cardiac risk factor
(CRF) were calculated as follows:

LDL-C=TC - HDL-C
Al =(TC - HDL-C)/HDL-C
CRF =TC/HDL-C

To determine the hepatic TG and TC concentrations, a
modified Folch method was used. '® Frozen liver tissues
were mixed with a volume of Folch solution six times the
weight of the tissue and homogenized. The liver
homogenate was centrifuged at 1900 x g for 20 min at
4 °C, and the supernatant was stored on ice until analysis.
The concentrations of TG and TC in liver were measured
using the same kits (AM157S-K and AM 202-K; Asan
Pharmaceutical).

Lipid peroxidation measurements in organs —
Malondialdehyde (MDA) levels were determined using
the thiobarbituric acid-reactive substances (TBARS)
method previously described by Uchiyama and Mihara.!”
Tissue lysates were treated with 0.67% TBA and 20%
trichloroacetic acid. After boiling at 100 °C for 45 min,
the mixtures were cooled on ice and extracted with n-
butanol. After centrifugation at 4000 x g for 10 min, the
fluorescence of the n-butanol layer was measured at
wavelength of 540 nm using a fluorescence spectrophoto-
meter (model RF-5300PC, Shimadzu, Kyoto, Japan).

Table 2. Changes in body weight gain and food intake for 14 weeks
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TBARS levels were determined from a MDA equivalence
standard.

Assay of nitric oxide (NO) levels in organs — The
amount of NO production was assayed by measuring the
accumulation of nitrite using a microplate assay method
based on the Griess reaction.'® Briefly, the supernatant
was allowed to react with an equal volume of Griess
reagent, and this mixture was then incubated at room
temperature for 30 min. The optical density of the samples
was measured at 540 nm using a microplate reader.

Statistical Analysis — Significance was verified by
performing Duncan’s multiple range tests using the SAS
software (version 6.0, SAS Institute, Cary, NC, USA).

Results

Body weight gain and food efficiency ratio (FER) —

The changes in body weight and food intake of ICR
mice during the experimental period are shown in Table
2. There was no significant difference in initial body
weight and food intake during the experimental period.
However, the gained body weight and FER of the HFD
and HFD + SS groups were significantly higher compared
with those of the ND group, while the gained body
weight and FER of the HFD + FSS group were similar to
those of the ND group.

Weight of the organs — As shown in Table 3, the liver

Group ND HFD HFD +SS HFD + FSS

Initial body weight (g) 33.19+1.71° 34.40 +1.55° 33.70 + 1.54° 33.50 £2.25°

Final body weight (g) 4120+2.22° 54.12 +8.09° 44.27 +5.86° 43.48 +2.80°
Gained body weight (g) 6.6+13° 18.8 £8.2° 18.6 +6.2° 102+3.2°

Food intake (g/day) 5.05+1.51° 476 +£1.20° 4.64+1.65° 5.08+1.21°

FERV 1.57+0.30° 476 +2.07° 4.83+1.61° 242 +0.76°

Values are mean + SD (n = 6). “°Means indicated with different letters are significantly different (P < 0.05) by Duncan's multiple range
test. "FER: The Food Efficiency Ratio (body weight gain per g consumed food). ND: normal diet, HFD: high-fat diet, SS: 1% steamed

soybean, FSS: 1% steamed soybean fermented for 60 h.

Table 3. Changes in organ weight of mice fed a high-fat diet for 14 weeks

Group ND HFD HFD + SS HFD +FSS

Liver weight (g) 2.82+0.24° 3.55+1.23° 2.69 +0.58° 2.40 +0.48°
Kidney weight (g) 0.74 £ 0.05* 0.69 +0.08* 0.67+0.10* 0.73 +0.11*
Left brain (g) 0.26 £0.01* 0.24 £0.01* 0.23 £0.02* 0.24 £0.03*
Right brain (g) 0.26 £0.02* 0.25+£0.02% 0.27 £0.02* 0.24 £0.02*
Small intestine weight (g) 2.08£0.32* 1.73£0.52* 1.64 £0.40° 1.67 £0.43°
Large intestine weight (g) 1.12£0.21* 0.99 £0.25* 0.90 £0.09* 0.86 £0.29*

Values are mean + SD (n = 6). “*Means indicated with different letters are significantly different (P < 0.05) by Duncan's multiple range
test. ND: normal diet, HFD: high-fat diet, SS: 1% steamed soybean, FSS: 1% steamed soybean fermented for 60 h.
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Fig. 1. Effects of SS and FSS on AST (A) and ALT (B) levels. Values are mean + SD (n = 6). **Means indicated with different letters are
significantly different (P < 0.05) by Duncan's multiple range test. ND: normal diet, HFD: high-fat diet, SS: 1% steamed soybean, FSS:

1% steamed soybean fermented for 60 h.

Table 4. Effect of SS and FSS on the plasma lipid profiles and plasma glucose levels

Group ND HFD HFD +SS HFD + FSS
Plasma TG (mg/dl) 12843 + 1.77° 169.79 +0.79* 138.50 + 1.32" 12821 + 1.74¢
Plasma TC (mg/dl) 117.08 +1.73¢ 156.10 + 1.33? 155.11 +1.71° 138.05 +2.41°

HDL-C (mg/dl) 74.65 + 1.59° 51.26+0.81¢ 54.72 +0.48 57.34 +0.35
LDL-C (mg/dl) 16.74 £ 0.87¢ 70.89 + 1.03° 72.68 +1.32° 55.06 +2.29°
HTR" 0.64 +0.01* 0.33 +0.00° 0.35 +0.00° 0.42+0.01°
AP 0.57 +0.02¢ 2.05 +0.04° 1.83 £0.02° 1.41 +0.04°
CRFY 1.57 +0.02¢ 3.05 +0.04° 2.83+0.02° 241 +0.04°

Plasma glucose (mg/dl) 233.00 + 18.75° 285.00 +45.41° 252.75 +47.97* 172.00 +27.82°

Values are mean = SD (n = 6). **Means indicated with different letters are significantly different (P < 0.05) by Duncan’s multiple range
test. "JHTR = High density lipoprotein cholesterol and total cholesterol ratio, ?Al = Atherogenic index, ’CRF = Cardiac risk factor.

weight of the HFD group (3.55 g) is significantly higher
compared with that of the ND group (2.82 g). However,
the liver weight of the HFD + SS and HFD + FSS groups
were 2.69g and 2.40g, respectively. There was no
significant difference in the weights of the other organs,
including the kidney, left brain, right brain, small intestine,
and large intestine, among those groups.

Plasma AST and ALT levels — Fig. 1 shows the
plasma AST and ALT levels. The HFD group showed
higher AST and ALT levels compared with the ND
group. However, the AST and ALT levels of the
HFD+SS and HFD +FSS groups were significantly
lower compared with HFD group, and the AST and ALT
levels of the HFD + FSS group were significantly lower
than those of the HFD + SS group.

Plasma lipid profiles — As shown in Table 4, the
plasma TG and TC levels were higher in the HFD group.
The HFD + SS and HFD + FSS groups had significantly
lower plasma TG levels compared with the HFD group.

In particular, FSS was more effective in reducing the
plasma TG level compared with SS. There was no
significant difference in the plasma TC levels of the HFD
and HFD + SS groups, while HFD + FSS group showed
significantly lower plasma TC level compared with the
HFD group. HDL-C was lower in the HFD- and soybean-
fed groups compared with the ND group, but the HDL-C
level in HFD + FSS was significantly higher compared
with the HFD and HFD + SS groups. Plasma LDL-C was
significantly higher in the HFD group. Meanwhile, FSS
diet significantly decreased the LDL-C level compared
with the HFD. The HTR (high density lipoprotein
cholesterol and total cholesterol ratio) was lower in the
HFD group compared with the ND group. However, the
HTR of the HFD+SS and HFD +FSS groups were
higher than that of the HFD group, and FSS was more
effective in increasing HTR compared with SS. The Al
and CRF values were also higher in the HFD group
compared with the ND group. However, both soybean-fed
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groups, especially HFD + FSS, had lower Al and CRF
values compared with the HFD group. The plasma glucose
level of the HFD + FSS group was lower than those of
other groups.
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Fig. 2. Effects of SS and FSS on plasma leptin. Values are mean
+SD (n=6). “*Means indicated with different letters are
significantly different (P < 0.05) by Duncan's multiple range test.
ND: normal diet, HFD: high-fat diet, SS: 1% steamed soybean,
FSS: 1% steamed soybean fermented for 60 h.
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Plasma leptin levels — Changes in plasma leptin levels
are shown in Fig. 2. The leptin level of the HFD group
was significantly higher compared with the ND group.
However, the leptin levels in the soybean-fed groups,
especially the HFD + FSS group, were significantly lower
compared with the HFD group.

Hepatic lipid profiles — As shown in Fig. 3, the
hepatic levels of TG and TC were significantly higher in
the HFD group compared with the ND group. However,
compared with the HFD group, the HFD+SS and
HFD + FSS groups had lower hepatic TG and TC values,
which were similar to those of the ND group.

Inhibition of lipid peroxidation — The MDA level in
the liver of the ND group was 37.68 nmol/mg protein, but
that of the HFD group was 163.71 nmol/mg protein
(Table 5). However, the MDA levels in the liver of the
HFD+SS (142.34 nmol/mg protein) and HFD + FSS
(49.07 nmol/mg protein) were significantly lower compared
with that of the HFD group. MDA in the brain was also
significantly higher in the HFD group (28.75 nmol/mg
protein) compared with the ND group (21.71 nmol/mg
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Fig. 3. Effects of SS and FSS on hepatic TG (A) and TC (B). Values are mean £ SD (n = 6). “®Means indicated with different letters are
significantly different (P < 0.05) by Duncan's multiple range test. ND: normal diet, HFD: high-fat diet, SS: 1% steamed soybean, FSS:

1% steamed soybean fermented for 60 h.

Table 5. Effect of SS and FSS on lipid peroxidation in the liver, brain, and kidney

MDA (nmole/mg protein)
Group
Liver Brain Kidney
ND 37.68 +22.97° 21.71 +3.83° 47.06 £ 16.93°
HFD 163.71 £35.28° 28.75+5.87° 50.84 £ 9.47°
HFD + SS 14234+ 73.05° 26.80 +2.77% 53.75 + 24.96°
HFD + FSS 49.07 £16.17° 28.13 £3.05%® 45.97 +9.47°

Values are mean + SD (n = 6). “"Means indicated with different letters are significantly different (P < 0.05) by Duncan's multiple range
test. ND: normal diet, HFD: high-fat diet, SS: 1% steamed soybean, FSS: 1% steamed soybean fermented for 60 h.



66

Natural Product Sciences

Table 6. Effects of SS and FSS on NO formation in the liver, brain, and kidney

NaNO; (umole/mg protein)

Group
Liver Brain Kidney
ND 16.90 +9.44° 50.59 +21.68° 52.24 +19.34°
HFD 34.00 + 19.66° 62.53 + 6.80" 69.94 +9.10°
HFD +SS 21.46 +9.14® 67.07 +8.13% 72.22+£9.07°
HFD + FSS 17.80 +8.15° 61.37£9.92° 72.58 £6.77°

Values are mean + SD (n=6). *"Means indicated with different letters are significantly different (P <0.05) by Duncan’s multiple range
test. ND: normal diet, HFD: high-fat diet, SS: 1% steamed soybean, FSS: 1% steamed soybean fermented for 60 h.

protein). However, SS and FSS led to reduced MDA
levels in the brain, which were 26.80 and 28.13 nmol/mg
protein respectively. No significant difference was observed
in the MDA levels in the kidney among the groups.
Inhibition of NO formation — Table 6 shows the
protective activity of SS and FSS against NO in mice fed
with high-fat diet. The NO level in the liver was higher in
the HFD group (34.00 umol/mg protein) compared with
the ND group (16.90 pmol/mg protein). However, the NO
levels in the liver of the HFD+SS and HFD + FSS
groups were lower compared with that of the HFD group.
In particular, the HFD + FSS group had a MDA level in
liver of 17.80 pumol/mg protein, which is similar to that of
the ND group. There were no significant differences in
the MDA levels in the brain and kidney among the groups.

Discussion

The high prevalence of obesity is caused by several
factors, including fat-enriched diet, sedentary lifestyles,
and an increase in systemic oxidative stress and inflam-
mation.'*?° Obesity is correlated with degenerative diseases,
such as type 2 diabetes, cardiovascular diseases, and even
cancer,”! and has been categorized as a disease by the
American Medical Association in 2013.%

Although many studies have been shown the health
benefit of soybean, which is good for preventing diabetes,
heart disease and cancer, the anti-obesity effect of
Daewon soybean fermented by L. plantarum P1201 is not
studied yet. According to Yoo'* and Choi ef al.,"”” Daewon
soybean increased the levels of phenolic compounds,
which possess anti-oxidant properties during fermentation.
In addition, L. plantarum P1201 produces higher CLA
contents.” Since FSS contains high levels of phenolic
compounds and CLA, we hypothesized that FSS combines
probiotics may have synergistic effect against obesity.
Thus, in this study, we carried out the comparative studies
on anti-obesity effect of fermented and unfermented
Daewon steamed soybean on body fat and lipid para-

meters in animal model.

To investigate the anti-obesity effect of SS and FSS, we
used high-fat diet-induced mice. Our data showed higher
body weight and FER in the HFD group compared with
the ND group and lower body weight and FER in the
HFD + FSS group compared with the HFD group (Table
2). It can be deduced that FSS is protective against HFD-
induced obesity.

In normal states, dietary TG and cholesterol are kept in
balance by composed lipids from organ cells, and blood
lipoprotein level is appropriately regulated by homeostasis.
However, genetic and environmental factors may affect
the body lipid balance, thereby causing increased LDL-C,
reduced HDL-C, arteriosclerosis, hypertension, and car-
diovascular diseases.” In the present study, the HFD
group had elevated TG, TC, LDL-C, Al, and CRF levels
and reduced HDL-C level (Table 4). However, the intake
of SS and FSS improved the lipid status, suggesting the
protective effect of SS and FSS against obesity in mice
fed with high-fat diet. Increased HDL-C could be regarded
as beneficial for two reasons. It can control the outbreak
of atherosclerosis and suppress the risk of cardiovascular
events.” Therefore it can be considered that the decreased
Al and CRF in the SS- and FSS-fed groups resulted from
elevated HDL-C in those groups. The other advantage of
HDL-C is the promotion of glucose uptake by skeletal
muscles and regulation of insulin synthesis and secretion
from pancreatic B-cells, thereby affecting glycemic control.®
A recent study proposed that hyperglycemic condition
induced by high caloric intake due to a high-fat diet can
affect the secretion of pancreatic p-cells, resulting in the
development of insulin resistance.”” Our study showed
that the intake of FSS significantly lowered glucose levels
compared with the other groups. This data suggests the
effectiveness of FSS in decreasing glucose levels in obese
mice fed with high-fat diet.

Leptin is a type of adipokine, which is associated with
insulin sensitivity and metabolism of glucose, and earlier
studies suggested that excessive intake of high-fat diet can
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lead to increased serum leptin levels that result in leptin
resistance.”** It is known that adipocytes TG levels are
positively correlated with leptin levels.’' Leptin also
activates the axis of transforming growth factor-f and
stellate cells, which leads to increased insulin resistance
and hepatic disease in in vitro and in vivo models.**3?
Furthermore, recent reports demonstrated that blood leptin
correlates with hepatic steatosis.** In the present study,
plasma leptin was significantly higher in the HFD group
compared with the ND group (Fig. 2). However, SS and
FSS decreased leptin levels, suggesting the protective
effect of SS and FSS against obesity-induced excessive
plasma leptin levels.

The hepatic enzymes, AST and ALT, are distributed in
some organs, such as the liver, heart, and skeletal muscle.
Damaged liver releases AST and ALT into the
extracellular space, and the blood levels of AST and ALT
are increased by circulation and used as indicators of
hepatic injury.>* The SS- and FSS-fed groups had lower
plasma AST and ALT levels compared with HFD groups,
with the FSS-fed group having the lowest levels among
the groups (Fig. 1). Therefore, it can be concluded that
soybeans, especially FSSs, have a protective effect against
hepatic injury.

Obesity can trigger excessive ectopic lipid deposition,
which leads to disrupted cellular physiological function
and pathological progression of internal organs. Liver is
necessary for survival because of its crucial roles, such as
detoxification, protein synthesis, regulation of digestion,
metabolism of nutrients and drugs, and blood homeostasis.
The study of Yu et al.*® demonstrated that lipids accu-
mulated within liver cells and formed fat vacuoles with
increased obesity and hyperlipidemia in high-fat diet-fed
mice. In this study, hepatic TC, TG, and liver weight were
elevated in the HFD group (Fig. 3, Table 3). However, SS
and FSS decreased those values, suggesting the protective
effect of soybeans against obesity-induced fat accumula-
tion in liver.

Oxidative stress can be generated by various factors,
including hypoxia in adipocytes, excessive nutrient
oxidation, hyperleptinemia, hyperlipidemia, endothelial
dysfunction, and hyperglycemia induced by obesity.”’
Furthermore, obesity per se is regarded as an inducer of
systemic oxidative stress.”® The study of Milagro et al.*
demonstrated that high-fat diet-induced obesity is highly
associated with the elevation of oxidative stress not only
in white adipose tissues or in plasma but also in liver,
which possibly contributes to hepatic steatosis and other
disorders. In the liver, reactive oxygen species (ROS) and
lipid peroxidation products attack the mitochondrial
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respiratory chain through oxidative damage. This state
leads to further ROS production, and a vicious cycle
ensues.”’ HFDs cause oxidative stress, which promotes
the accumulation of peroxidized lipids.*! Earlier studies
showed elevated levels of TBARS, an indicator of oxidative
stress, in the liver of high-fat diet-induced obese mice.***
Our study also showed an elevated hepatic MDA level in
the HFD-fed group (Table 5). However, FSS reduced
hepatic MDA, suggesting the protective effect of FSS
against oxidation-induced lipid peroxidation in the liver.
Rege et al.* demonstrated that MDA was also elevated in
the brain of high-fat diet-induced obese mice. This is
consistent with our present study where increased MDA
was observed in the brain of HFD-fed mice. The MDA
levels in the brain of the SS- and FSS-fed groups were
lower compared with that in the HFD-fed group.
Therefore, it can be deduced that SS and FSS have mild
protective effects on the liver as well as the brain against
oxidative stress. In addition, a recent study showed
increased NO production in the liver of high-fat diet-
induced obese mice.* In the present study, soybeans,
especially FSS, were effective in reducing NO production
in the liver (Table 6), suggesting the protective effects of
SS and FSS against hepatic NO production.

Fermentation improves nutritional and functional pro-
perties by physical and enzymatic processing. Firstly,
fermentation of Deawon steamed soybean increases
bioactive compounds, such as phenolic compounds which
contribute to more beneficial effect on human body and
prevent chronic diseases mediated by oxidative stress.*
Recent study showed that fermented steamed Deawon
soybean with L. plantarum P1201, which is a normal
inhabitant of the human colon, enhanced bioconversion of
isoflavone glycosides into aglycones content during fer-
mentation.*’ Isoflavone aglycones not only are absorbed
faster and greater amounts in human body, but it also
suppressed absorption of lipid into a body effectively than
their glycoside form.***° Secondly, Kim et al.** demon-
strated that L. plantarum P1201 produced higher CLA
contents after fermentation of Daewon steamed soybean.
Supplementation of CLA has been reported to decrease in
body fat via reduction of energy intake, which may reduce
body weight gain and prevent obesity.”® Considering these
aspects, compared with SS, FSS may be useful as a
functional food with anti-obesity effect.

In conclusion, we found an anti-obesity effect of
Daewon soybean and its fermented form in high-fat diet-
fed ICR mice. SS and FSS containing diet led to lower
whole body and liver weights, and levels of AST, ALT,
and plasma lipids, including TG TC, LDL-C. Furthermore,
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SS and FSS exhibited strong activity in reducing plasma
leptin levels. Hepatic TG and TC were also lower in mice
fed SS and FSS, and lipid peroxidation in the liver and
brain induced by a high-fat diet was reduced by the intake
of SS and FSS. Finally, SS and FSS were effective in
reducing hepatic NO. Altogether, these results suggest that
soybeans, especially FSS, could inhibit obesity-induced
abnormal lipid states and oxidative stress.
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