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Anti-Obesity Effect of By-Product from Soybean on
Mouse Fed a High Fat Diet
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Abstract - Here we study the anti-obesity effects of by-product from soybean on mouse fed high fat diet. The body weight
gain, visceral and subcutaneous adipose tissue weight, liver and epididymal adipose tissue weight in freeze-dried soybean-
soaking-water (SSW) powder fed group showed lower level than those in high fat diet (HFD) group by determining with
weight measuring and histological methods. Also, histological analyses of the liver and fat tissues of SSW grouped mice
revealed significantly less number of lipid droplets formation and smaller size of adipocytes compared to the HFD group.
Moreover, the levels of total serum cholesterol, LDL-cholesterol and the atherogenic index were decreased in the SSW
groups. Especially, in SSW group, the levels of phosphorylation of two lipid oxidation enzymes, adenosine monophosphate-
activated protein kinase (AMPK) and acetyl-CoA carboxylasse (ACC) were elevated hence that may activate fatty acid
oxidation. But AST and ALT levels were not changed in blood. By micro-CT analysis of abdomen, SSW groups
significantly showed a tendency to decrease visceral and subcutaneous fats as well as fat-deposited areas compared to HFD
group. Taken together, we suggest that soybean soaking water has a function in ameliorating obesity through inhibiting lipid
synthesis as well as stimulating fatty acid oxidation.
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Table 1. Composition of experimental diet (g/kg)

. Control HFD SCW SSW
Ingredient s y < w
group” group’ group group
Casein 200 200 200 200
DL-Methionine 3 3 3 3
Corn starch 150 150 150 150
Sucrose 500 150 500 500
Cellulose 50 50 50 50
Com oil 50 - 50 50
Salt mix 35 35 35 35
Vitamin mix 10 10 10 10
Choline bitartrate 2 2 2 2
Beef tallow - 400 - -
Soybean-crud whey - - 111 -
Soybean-soaking water - - - 111
Total (g) 1000 1000 1111 1111

“Control group: AIN-76A purified rodent diet.

YHFD group: AIN-76A purified rodent diet + 40% beef tallow.
*SCW group: AIN-76A purified rodent diet + 10% soybean
curd whey powder.

“SSW group: AIN-76A purified rodent diet + 10% soybean
soaking water powder.
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Fig. 1. (A) Body weight and (B) food intake change of the experimental groups. Obesity was induced by a 40% fat diet, and mice were
randomly divided into 4 groups after the first 8 weeks on the high-fat diet. Control group : AIN-76A purified rodent diet, HFD group
: AIN-76A purified rodent diet with 40% beef tallow, SCW group : AIN 76A purified rodent diet with 10% soybean curd whey
powder, SSW group : AIN 76A purified rodent diet with 10% soybean soaking water powder.
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Table 2. Liver and epididymal fat weight of the experimental
groups”

Weight (g)
Liver Epididymal fat
Control group 14 £0.2 1.8 £ 0.1
HFD group 1.5 £0.1 22 £ 0.1
SCW group 14 + 04 22+ 0.1
SSW group 1.1+ 0.1 1.5+ 0.1

“Data are shown as mean + SE.
"p < 0.05 indicates a significant difference between the untreated
group and the treated group.
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Fig. 2. Effects of soybean curd whey and soybean soaking water on liver tissue. The dissected tissues were fixed in FAA for
histological analysis and embedded in paraffin. The paraffin embedded sections were cut at a thickness of 4 ¢m and stained with
hematoxylin and eosin. (X 20)-Scale bar = 100 ¢m. (A) : Control group, (B) : HFD group, (C) : SCW group, (D) : SSW group.

Fig. 3. Effects of soybean curd whey and soybean soaking water on epididymal adipose tissue. The dissected tissues were fixed in
FAA for histological analysis and embedded in paraffin. The paraffin embedded sections were cut at a thickness of 4 ¢m and stained
with hematoxylin and eosin. (X 20)-Scale bar = 100 ¢m. (A) : Control group, (B) : HFD group, (C) : SCW group, (D) : SSW group.
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Table 3. Analysis of serum components of the experimental groups”

Aol2 e H|9F nkpLof M i FAREQ Eat M| FEet At

Control group HFD group SCW group SSW group
YAST (IU/L) 103.0 + 362 163.5 +1 2.6 180.7 + 8.6 130.0 + 12.9°
*ALT (IU/L) 251.0 + 3.0 290.3 + 5.1 289.3 + 3.2 2543 + 2.5
“TC (mg/dl) 1958 + 7.7 2345 + 54 238.7 + 3.8 226.7 + 6.1
YHDL-C (mg/dl) 156.3 + 4.4 165.9 + 2.1 167.5 + 3.1 1632 + 2.0°
"LDL-C (mg/dl) 385+ 1.9 43.0 £ 0.9 41.0 + 1.0 39.0 + 1.0
'TL (mg/dl) 517.5 + 41.2 680.0 + 17.8 581.3 + 27.9 5377 + 64"

“Data are shown as mean + SE.

*p < 0.05 indicates a significant difference between the untreated group and the treated group.

YAST: Aspartate aminotransferase.

*ALT: Alanine aminotransferase.

“TC: Total cholesterol.

"HDL: High density lipoprotein cholesterol.
“LDL: Low density lipoprotein cholesterol.
‘TL: Total lipid.
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Fig. 4. Expression level of (A) phospho-AMPK and (B) phospho-ACC in soybean by-products. Lane 1 is control group and lane 2
is HFD group, lane 3 is SCW group, lane 4 is SSW group. The tissues were lysed with lysis buffer (S0 mM Tris—HCI pH 7.4, 150 mM
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containing 1% Triton X-100. The membranes were treated with the detection agent (Amersham Biosciences) and immediately
developed in polaroid film. p < 0.05 indicates a significant difference between the untreated group and the treated group. Data are

shown as mean + SE.
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Fig. 5. Representative 3D images of abdominal part. White area; visceral adipose tissue, Yellow area; subcutaneous adipose tissue.
The gray values in each intra-abdominal tissue of male C57BL/6 mice were obtained. Based on the gray values assessed using
threshold methods, volumes in each classified section of lumbar vertebral, lean tissue, adipose tissue and skin were assessed by
recomposing extracted abdominal adipose tissues into 3D structures. (A) : Control group, (B) : HFD group, (C) : SCW group, (D) :

SSW group.

Table 4. Final weight and volume of visceral and subcutaneous adipose tissue of the experimental groups”

Weight (g) Total (mm) Visceral (mm) Subcutaneous (mm)
Control group 38.6 = 1.0 2616.5 + 155.0” 2062.9 + 100.3° 553.6 + 54.7°
HFD group 373 £ 1.0 2861.8 + 532.6 2260.2 + 429.5 601.6 + 103.1
SCW group 40.0 + 0.6 3615.1 + 358.6° 2954.4 + 349.9 660.7 + 8.7
SSW group 282 + 0.7 2479.5 + 177.9 1947.0 + 5.7 532.5 + 1722

“Data are shown as mean + SE.

*p < 0.05 indicates a significant difference between the untreated group and the treated group.
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