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THE CONTROL EFFECT OF SOYBEAN COMPONENTS
ON THE LIVER FAT DEPOSITION RESULTED FROM FEED
COMBINATION IN RATS

WHIEE - A EAET - BR (BMOKES REREH5ERT)
Masaharu HORII, YurikoMURAMATSU and Seiji YOSHIKAWA
National Food Research Institute, Ibaraki 305

ABSTRACT

Unusual fatty liver was observed in rats fed combined diet of rice and egg yolk at low
protein level (6-7%) or high protein level (over 14-15%), and content of liver fat was signifi-
cantly higher than that caused by diet of egg yolk alone. It was, however, observed that the
addition of whole soybean powder to the combined diet containing rice and egg yolk seemed
to prevent the fatty liver. This experiment was conducted to study the lipotropic effect of
soybean components in rats fed the combination diet. Male Wistar-Imamichi rats weighing
120 g (5 weeks old) were fed 6% protein diets using rice+egg yolk (RE), RE+soy protein
isolate (SPI=Fujipro U) (RUE), RE +defatted soybean (RDE), RE+whole soybean (RSE),
RE+miso (RME), RUE+1% soy oil (RUoE), RDE+19% soy oil (RDoE) as protein source and
supplemer{t for 5 weeks. Protein ratios in diets were R: E=1:1 and R : E : another protein=
4:3:3. Liver fat content was significantly higher in RE diet group (55% per dry matter) than
in other diet groups (p <0.001). Liver fat contents in RDE and RUE diet groups were 44-45%,
and in RSE and RME diet groups they were similar each other, being 33-34%.However values
between the former and the latter groups were significantly different at the level of 0.5-0.1%.
When 19 soybean oil was supplemented, liver fat content in RDoE diet group was signifi-
cantly Jower than in RDE diet group, but fat contents in RUoE and RUE diet groups were
almost the same. In the case of the diet composed of rice+egg yolk+soy oil, we have already
observed that liver fat content was almost same with that in RDE diet group. It is suggested
that there are some components in the part removed from SPI, which produce significant

control effect by interaction with soy oil against unusual deposition of liver fat.
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Crude fat content in dry rat liver
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Fig. 1 Liver fat content of rats fed various
diets for a period of 5 weeks from five
weeks old in previous test (in dry
matter)

a) The value wasobtainedintestroom
with 70~759% humidity.

b) Thevalue was obtained intestroom
with 459 humidity.

c) Additional oil is 0.9% in the feed,
and no-refined soybean oil.
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Composition of breeding diet

(kg)

Wheat flour
Brown rice flour
Super pig milk*
Fish flour**
Casein

Ebios

12.0
6.0
6.0
1.6
0.7
0.25

These materials were formed into small cylind-

rical shape with 6.7kg of water, and were dried

in a fan-drying oven at 45-50°C, 21 hours.

Protein level is about 15.2 %.

* Combined feed for infant pig.
** White fish meal (Nissui).



Table 2. Composition of diets!

(%)
Component?® RE RUE RDE RSE RME RUoE RDoE
Rice 45 36 36 36 36 36
Egg yolk 9.4 5. 64 5. 64 5. 64 5. 64 © 5.64 5. 64
Fujipro-U 2.38 2.38
Soybean (defatted) 4.03 4.03
Soybean (whole) 4.73
Miso 11.52
Soybean oil? 1.0 1.0
Rice starch 40. 6 50. 98 49.33 48. 63 41. 84 49.98 48. 33
Mineral mixture? 4 4 4 4* 4 4
Fiber* 1 1 1 1 1 1
Protein level 6. 06 6. 06 6. 06 6. 06 6.06 6. 06 6.06
Fat content 5.22 3.21 3.25 4. 06 4.19 4.21 4.25
1: Diets were supplemented with vitamin mixture solution.
2. Refined soybean oil without additives.
3. Johnson salt mixture (* Johnson salt mixture without NaCl).
4. Avicel PH-101.
5. Crude fat content-Egg yolk : 51. 7%, Soybean : 18. 0%, Miso : 8. 5%, Fujipro-U:0.09%

Defatted Soybean:1.1%, Rice:0.8%
Table 3. Growth, food intake and protein efficiency ratio for a period of five weeks
Initial Food Protein

Groups weight (g) Growth (g) intake (g) intake (g) PER
RE 120.246.3 218.4+28.1 853.5+56.1 51,7+3.4 4.21+0.19
RUE 120.0£6.6 204.1+13.1 845.7+59.7 51.3+£3.6 3.99+0.12*
RDE 120.7+4.6 212.7426.8 890.8+78.1 54.0+4.7 3.934+0.19*
RSE 120.4+4.5 203.3+17.9 842.6+62.9 51.1+3.8 3.9840.18
RUoE 120.1+£7.0 222.9419.7 912.4+64.2 55.3+3.9 4.02+0.09
RDoE 228.6+30.8 935.24+87.0 56.74+5.3 4.02+0.18

120.3+5.0

Each value is the mean + SD of six rats.

* Significantly different from value of RE group at the level of 5%.
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Table 4. Size of internal organs of rats fed various diets for a period of five weeks

(weight % per body weight)

Dry carcass

Groups Liver Kidney X101 Spleen %101 Heart %10"'  Wet carcass %
RE 3.63+0.45* 6.47+£0.60 *1.74+0. 14 3.044-0.16%*** 51.3+4.5

RUE 3.34+0.38 6.76+0. 28 *1.794+0. 15 3.04+0.17**** 48.8+0.8
RUOE 3.45+0.20*** 6.82+0.15 1.83+0. 13* 3.2040.12***  49.4+1.0

RDE 3.22+0.29 6.59+0. 43 1.87+0.21 3.114+0.06%*** 49.5+1.1
RDoE  3.26+0.29 6.6840. 30 *¥*1.59+0.20° 3.1640. 14***  50.5+2. 4

RSE 3.25+0. 14* *6.62+0. 18 °1.96+0.07***  3.13+0.18*** 49.9+1.0 :f:
RME  3.00+0.17° °7.08+0.38 1.854+0. 15* 3.49£0.13° 43.74+1.5 "
Control 3.4240.13*** 8. 0740, 420 ***% 2.2340.100****) 3,1740.09**** 43.0+0.4

Each value is the mean + SD of six rats.
° and others are significantly different at the levels of *:5%, ***:0.5%, ****:0.1%.
(****) mark means significantly different between the value of control and all of

other groups at the level of 0.1%.
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Crude fat content in dry rat liver

RE RUE RUOE RDE RDoE RSE RME Cont.

ul
0
N

Crude fat content in rat liver (per dry
matter)

Means + SD of six rats.

Figures in parentheses represent crude
fat content per fresh livers.
Significant difference *: p<0.05,

*x+ . p<0.005, ****: p<0.001.
Significantly different between RE
group and other groups, and between
control and other groups at the level of
0.1% .

Significantly different between RUE
group and RDoE, RSE, RME, Cont.
at the level of 0.1% .
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Fig. 3 Concentration of transaminase, glucose, and protein in serum of rats.

FEach value is the mean + SD.

Figures in parentheses represent animal number.

o and others are significantly different at the levels of *:
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Cont: 4.3+0.4(6)
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173¢ 16.8¢ FTTrTTTTTG i BUN
mg/100mi «] Triglyceride mg/ ! . X *J_\C RE: 11.4%4.0(6)
. HJORE:  127+46(6) 100ml . RUE: 9.4+21(5)
. . RUE: 101£10(5) a7t o RUGE : 10.6£2.1(5)
: « | | RUGE: 91%14(5) RDE: 10.0+2.9(4)
: RDE: 97 +9(4) P RDoE : 11.9£1.6(5)
RDoE : 105+12(4) i RSE: 13.7+3.1(5)
RSE: 95 +4(4) RME: 53+13(5)
i PME: 73x21(5) Cont: 14.2+1.0(5)
o e Cont: 133+28() i
RE RUE RUE RDE RDoE RSE RME Cont. RE RUE RUE RDE RDoE RSE RME Cont.
1_21 r TTTTTr I TTTT -: T-Cholesterol 781 Uric acid
mg/100ml I_ RE: 99¢mw>1£gq o RE: 6.1£1.7(6)
RUE: 814125 RUE: 4.4+1.0(4)
RUGE : 80+ 11(5) RUGE: 4.2+1.6(5)
RDE: 98+14(4) * RDE: 5.0+1.3(4)
RDOE : 96+ 14(5) RDOE : 4.2+£0.6(5)
RSE: 97+19(3) RSE: 4.2+03(5)
RME: 77+15(4) RME: 5.4+1.3(3)
: Cont: 79+11(6) Cont: 4.9+1.1(6)
RE RUE RUoE RDE RDoE RSE RME Cont. 0 = RE RUE RUSE RDE RDoE RSE RME Cont
2681 Phospholipid 087 7/r———————-— *TTTTTTTT77 Creatinine
mg/100ml _L . RE: 219+49(6) M8/ | RE:  0.71+0.16(5)
RUE: 172+30(5) 100m! o RUE: 0.560.11(3)
O RUGE : 167 +22(5) T RUOGE : 0.39+0.10(5)
RDE: 202+31(4) T RDE: 052+0.12(4)
RDOE : 200 £41(6) o RDOE : 0.59+0.12(4)
RSE: 204:+44(5) RSE: 0.58+0.08(4)
RME: 168+15(6) RME: 0.37+0.02(2)
Cont: 175+20(6) Cont: 0.41=0.09(6)

RE RUE RUoE RDE RDoE RSE RME Cont.

RE RUE RUCE RDE RDoE RSE RME Cont.

Fig. 4 Concentration of lipids and components in serum of rats, in connection with kidney function.

Each value is. the mean £ SD.

Figures in parentheses represent animal number.
O and others are significantly different at levels of *: 5%, **: 1%, ***: 0.5%, ****: 0.1%.
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