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ASIC NUTRITIONAL INVESTIGATION

Soymilk Intake Is Associated With Plasma and
Liver Lipid Profiles in Rats Fed a High-Cholesterol

Diet
Jiun-Rong Chen, PhD, Shih-Ming Liu, MS, Suh-Ching Yang, PhD, and Kunio Suetsuna, PhD

From the Department of Nutrition and Health Sciences, Taipei Medical University, Taipei,
Taiwan, Republic of China; and the Department of Food Science and Techonology, National

Fisheries University, Yamaguchi, Japan

OBJECTIVE: This study investigated the effects of soymilk on lipid metabolism in Sprague-Dawley rats fed
a cholesterol-enriched (0.3%) diet.
METHODS: Thirty male Sprague-Dawley rats weighing 230.0 � 9.8 g were randomly assigned to one of
three groups: control, S1 (containing 15% soymilk powder in the diet), and S2 (22.5%). After 8 wk, lipid
profiles of the plasma, liver, and feces were determined.
RESULTS: Body weight gain, daily food intake, and feeding efficiency showed no differences across
groups (P � 0.05). The experimental groups had significantly lower plasma levels of cholesterol,
triacylglycerol, and low-density lipoprotein cholesterol than the control group (P � 0.05) at weeks 4 and
8. However, total fecal excretion of neutral steroid did not significantly differ across groups (P � 0.05).
CONCLUSION: Soymilk affects the metabolism of plasma cholesterol in Sprague-Dawley rats. Nutrition
2004;20:929–933. ©Elsevier Inc. 2004

KEY WORDS: soybean, soymilk, cholesterol, rat, lipid metabolism
NTRODUCTION

ecently, evidence from animal and clinical studies has suggested
he beneficial health effect of soybeans,1–5 including improvement
f plasma lipid profiles6 and decreases in hormone-dependent
onditions or diseases such as postmenopausal disorder,7 breast
ancer8,9, and osteoporosis.10

Western diets have resulted in an increased consumption of
nimal lipids. Cardiovascular diseases are the leading cause of
eath in the West.8,9,11 Many factors have been related to the
ncidence of cardiovascular diseases. Previous studies have shown
hat atherosclerosis is the major cause of those diseases. Dietary
ipids and cholesterol are the major factors that affect lipid metab-
lism. However, the effects of other components of foods, in
ddition to lipids, on plasma lipids should not be ignored.12–14 In
eneral, instead of using hypolipidemic medicine to treat abnormal
ipidemia in patients who are initially diagnosed with hyperlipid-
mia, dietary therapy, especially long-term modification of dietary
ehavior, is often suggested to decrease and control blood lipids.
herefore, to emphasize that patients with hyperlipidemia should
arefully consider their dietary intake and health, many foods with
he property of mediating hyperlipidemia are noted.

Soybeans have high nutritional value and certain special phys-
cal properties. Soy foods, such as tofu and soymilk, are important
ood sources for Asian populations.15 Epidemiologic studies have
hown that Asian populations have a lower incidence of coronary
eart disease.6,16 In addition, soymilk is the best food to replace
airy products for those who have lactose intolerance. This study
nvestigated the effects of different doses of soymilk on lipid
etabolism in rats that consumed a cholesterol-enriched diet.

orrespondence to: Suh-Ching Yang, PhD, Department of Nutrition and
ealth Sciences, Taipei Medical University, Taipei 110, Taiwan. E-mail:
okei@tmu.edu.tw

utrition 20:929–933, 2004
Elsevier Inc., 2004. Printed in the United States. All rights reserved.
MATERIALS AND METHODS

Materials

The soymilk used in this study was purchased from Uni-President
Enterprises Corp. (Tainan, Taiwan). The soymilk was freeze-dried
to prepare a soymilk powder to add to the experimental diet. The
composition of the soymilk powder consisted of 46.5% carbohy-
drate, 27.9% protein, 12.8% fat, and 2.8% ash.

Animals and Diets

Thirty 4-wk-old male Sprague-Dawley rats were purchased from
the National Laboratory Animal Breeding and Research Center
(Taipei, Taiwan). The initial average body weight was 175.7 �
11.8 g. During the second week, animals were fed Rodent Labo-
ratory Chow 5001 (LabDiet�, Brentwood, MO) and then their
average body weight increased to 230.0 � 9.8 g. Animals were
randomly assigned to one of three groups (n � 10/group): control;
S1, which also consumed 15% soymilk powder; and S2, which
also consumed 22.5% soymilk powder. Animals were individually
housed in stainless steel cages, and food and water were given ad
libitum. The room temperature was maintained at 23 � 2°C, and
the relative humidity was 55 � 5%. We used a 12-h light, 12-h
dark cycle, and 6:00 AM to 6:00 PM was the light period. During the
experimental period, food intake was recorded daily, and body
weights were recorded weekly. The composition of the experimen-
tal diets of each group is presented in Table I, and AIN-93 M was
used as a reference.17 The control and experimental diets were
isocaloric, and carbohydrate, protein, and fat were proportionally
deducted from the experimental diet to compensate for the added
soymilk powder. All components of the diets were mixed in the

proper proportions every week and stored at 4°C.

0899-9007/04/$30.00
doi:10.1016/j.nut.2004.06.015
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ata Collection

LOOD. After the preliminary feeding, the animals’ blood was
ollected from the tail vein as a baseline. Then animals were
nesthetized after a 12-h fast, and their blood was drawn at weeks
, 4, and 8. Blood was collected in heparinized tubes. After
entrifugation (1500g, 4°C, 15 min), plasma was separated out and
tored at �70°C until analysis. Plasma concentrations of total
holesterol and triacylglycerol were assayed enzymatically by
sing the methods described by Allain et al.18 and Mcgowan et
l.,19 respectively. Plasma from animals was collected in tubes
oated with ethylene-diaminetetra-acetic acid for lipoprotein sep-
ration by the method described by Lindgren et al.20 Ultracentrif-
gation was performed at 4°C. Samples were added with different
ensities of sodium bromide (d � 1.006, 1.063, and 1.210). Cen-
rifugation was performed at 120 000g for 6 h. The fractions were
hen stored at �20°C until analysis.

IVER. At the end of the experiment, animals were injected with
% sodium pentobarbital (100 mg/kg body weight, intraperito-
eal). After perfusion, livers were collected and stored at �70°C.
iver lipids were extracted according to the method of Folch et
l.21 The liver triacylglycerol concentration was determined by the
ethod described by Soloni.22 The total cholesterol concentration
as based on the method of Carlson and Goldfarb.23

ECES. A 2-d fecal collection was made in the initial and final
eeks. After recording the weight, the feces were dried at 60°C for
2 h. The feces were ground and screened with a nylon mesh (no.
0). Samples were collected and stored at �20°C until analysis.
he total concentration of neutral steroids was determined by the
ethod of Carlson and Goldfard.23

tatistical Analysis

esults were analyzed with SAS statistical software (SAS Insti-
ute, Cary, NC, USA). All values are presented as mean � stan-

TABLE I.

COMPOSITION OF THE EXPERIMENTAL DIETS (%)

roup/Ingredient* Control S1 S2

asein 19.7 15.9 14.0
ornstarch 51 46.1 43.6
ucrose 10.9 8.8 7.7
oybean oil 10.8 8.7 7.6
ineral mixture* 4 4 4
ellulose 2 2 2
itamin mixture 1 1 1
holesterol 0.3 0.3 0.3
ethionine 0.3 0.3 0.3
holine bitartrate 0.1 0.1 0.1
holic acid 0.1 0.1 0.1
oymilk powder† 0 15 22.5

Casein (high nitrogen), sucrose (food grade), soybean oil, mineral mix-
ure (AIN-93M mineral mixture), cellulose (non-nutritive bulk), and vi-
amin mixture (AIN-93M vitamin mixture) were obtained from ICN
iochemicals (Aurora, OH). Cornstarch was purchased from Samyang
enex (Seoul, Korea). Cholesterol, choline bitartrate, and cholic acid
ere obtained from Sigma (St. Louis, MO).
Purchased from Uni-President Enterprises (Tainan, Taiwan).
ard deviation. Data were analyzed by one-way analysis of vari- l
nce and Duncan’s multiple range tests. P � 0.05 was considered
tatistically significant.

ESULTS

ody Weight, Food Intake, and Feeding Efficiency

he initial average body weight of animals was 227.9 � 10.1 g.
fter the 8-wk experimental period, the average body weight of

ach group had increased to 514.0 � 35.5 g. The initial and final
ody weights showed no significant differences across groups (P

0.05). Different amounts of soymilk powder in each experimen-
al diet did not significantly affect food intake or body weight gain
Table II). Further, the S2 group showed a lower liver weight and
epatosomatic index than did the control group (P � 0.05).

lasma Lipid Profiles

lasma concentrations of total cholesterol increased significantly
P � 0.05) after feeding a cholesterol-rich diet. However, the
ddition of different amounts of soymilk inhibited the increase of
lasma cholesterol (Figure 1a). Soymilk had no significant effects
n plasma total cholesterol at week 2. However, the plasma levels
f total cholesterol in groups S1 and S2 were lower than those in
he control group at weeks 4 and 8. Plasma triacylglycerol con-
entrations showed significant differences after consumption of the
xperimental diets. However, the addition of different amounts of
oymilk inhibited the increase of plasma triacylglycerols. Soymilk
ad no significant effects on plasma triacylglycerols at week 2.
evertheless, a significant difference was observed at weeks 4 and
(Figure 1b). During the experimental period, plasma levels of

igh-density lipoprotein cholesterol did not change significantly.
n contrast, levels of high-density lipoprotein cholesterol in the S2
roup were significantly lower than those in the control group at
eek 8 (P � 0.05; Figure 1c). In addition, plasma levels of

ow-density lipoprotein in all groups slowly increased during the
xperimental period, and levels in the S1 and S2 groups were
ignificantly lower than those in the control group at weeks 4 and
(P � 0.05; Figure 1d).

iver Lipid Profiles

ata are presented in Table III. Liver cholesterol levels (�M/g

TABLE II.

CHANGES IN BODY WEIGHT, DAILY FOOD INTAKE, FEEDING
EFFICIENCY, AND LIVER WEIGHT OF RATS FED

DIFFERENT DIETS*

Diet group

Control S1 S2

nitial body weight (g) 230.8 � 13.6 226.5 � 8.0 226.3 � 7.9
inal body weight (g) 512.6 � 37.4 523.9 � 36.2 504.6 � 33.6
aily weight gain (g) 5.0 � 0.7 5.3 � 0.6 5.0 � 0.7
aily food intake (g) 24.0 � 1.3 23.4 � 1.2 24.2 � 1.5
eeding efficiency† (%) 21.0 � 2.7 22.8 � 2.8 20.5 � 3.3
iver weight (g) 25.4 � 3.2a 22.7 � 2.5ab 22.2 � 2.5b

epatosomatic index‡ (%) 4.9 � 0.5a 4.4 � 0.7ab 4.3 � 0.4b

Data are expressed as the mean � SD (n � 10); and values in a row
ith different superscript letters significantly differ (P � 0.05) as ana-

yzed by one-way analysis of variance test.
Feeding efficiency: (daily weight gain/daily foot intake) � 100%.
Relative liver weight: (liver weight/body weight) � 100%.
iver) were not affect by the diet (P � 0.05). Triacylglycerol levels
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�M/g liver) did not differ significantly across groups (P � 0.05).
owever, the concentration of total cholesterol in the whole liver
ecreased significantly in the S1 and S2 groups compared with the

IG. 1. Effects of different amounts of soymilk on plasma concentrations (
holesterol (d) in Sprague-Dawley rats. Vertical bars represent the mean � st
he same time (P � 0.05). HDL, high-density lipoprotein; LDL, low-density

TABLE III.

EFFECTS OF DIFFERENT AMOUNTS OF SOYMILK POWDER ON
LIVER TOTAL CHOLESTEROL AND TRIGLYCERIDE

CONCENTRATIONS IN SD RATS*

Diet group

Control S1 S2

otal cholesterol
�mol/g liver 23.9 � 5.1 18.8 � 6.0 21.7 � 4.3
�mol/liver 601.0 � 123.1a 423.3 � 121.5b 480.7 � 67.7b

riglyceride
�mol/g liver 20.3 � 2.9 19.7 � 2.3 21.7 � 3.0
�mol/liver 509.3 � 113.1 452.7 � 80.7 475.8 � 57.7

Data are expressed as the mean � SD (n � 10); and values in a row
ith different superscript letters significantly differ (P � 0.05) as ana-
byzed by one-way analysis of variance test.
ontrol group (P � 0.05). The S1 and S2 groups had similar levels
f total cholesterol in the whole liver.

otal Neutral Steroids in Feces

t the beginning of the experiment, there were no obvious differ-
nces across groups. However, fecal excretion of neutral steroids
ncreased after animals had ingested the cholesterol-rich diet. The
xcretion of neutral steroids in the S1 and S2 groups tended to be
igher than in the control group, although it did not differ signif-
cantly across groups at the end of the experiment (Table IV).

ISCUSSION

n this study, soymilk powder was added to the experimental diet,
nd lipid metabolism was studied in rats fed a cholesterol-rich diet.
ccording to the results of this study, soymilk inhibited the in-

rease of plasma total cholesterol and triacylglycerols, even with a
igh-cholesterol diet. The data of the control group were similar to
hose of previous studies.1 Plasma concentrations of total choles-
erol and low-density lipoprotein cholesterol in the control group
ncreased significantly, whereas those in the S1 and S2 groups
ecreased. Clinical and animal experiments have shown that soy-

24,25

of total cholesterol (a), triacylglycerol (b), HDL cholesterol (c), and LDL
deviation (n � 10/group). *Significantly different from the control group at

tein; open circles, S1 group; solid circles, control group; triangles, S2 group.
mM/L)
andard
lipopro
ean protein has a cholesterol-lowering effect. In 1999, the
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.S. Food and Drug Administration approved a claim that soy
roducts decrease the risk of coronary heart disease;26 the health
laim does not specify a requirement for the presence or quantity
f the non-protein constituents such as saponins, phytate, trypsin
nhibitors, and isoflavones that influence plasma cholesterol.

The present data confirmed the cholesterol- and triacylglycerol-
owering effects of soymilk in rats. The results showed that addi-
ion of soymilk significantly decreased blood lipids and inhibited
epatic fat accumulation; however, there were no significant dif-
erences between the S1 and S2 groups, in which 20% and 30%
asein, respectively, were replaced. The data suggested that in-
reasing soybean protein in feed does not have an additional
ipid-lowering effect. Recently, many scientists have become in-
erested in the clinical effects of soybean on lipid metabolism. The
ecommended intake of soybean protein for humans is 25 g,26

hich is equivalent to 5% of the daily total food intake of 500 g of
ry weight. The converted daily soybean protein intake for rats is
g based on 5% of daily feed intake (mean, 20 g). Therefore, we

sed the ratio of 15% soymilk powder in this study. In addition, to
onsider the application to daily life, we replaced casein with 20%
o 30% soybean protein to observe its hypolipidemic effect. It may
e difficult to include such a tremendous soybean protein intake in
aily life, but a suitable soybean protein intake may prevent
ardiovascular diseases. This study investigated whether lipid me-
abolism would be affected when animal protein in the diet was
eplaced with plant protein. We also considered its application to
aily life.

Studies citing the protective effects of soybeans for cardiovas-
ular diseases have been in the literature since the 1940s. It is still
nclear what component of soybean has a beneficial effect on
lasma lipids, but studies have suggested that the lipid-lowering
ffect is related to soy isoflavone.25,27 However, Nestel et al.28

eported the administration of genistein (45 mg/d) had no signif-
cant effect on blood lipid concentrations over a 5- to 10-wk
eriod. Further, Sirtori et al.29 found a marked decrease in plasma
holesterol in hypercholesterolemic patients who consumed
soflavone-poor soybean protein. Based on extrapolation of the
ata in the U.S. Department of Agriculture Iowa State University
soflavone Database, the isoflavone concentrations in the experi-
ental diets in this study were rather low (84 �g/g diet for the S1

roup and 126 �g/g diet for the S2 group). Therefore, the effect of
soflavones in our study was ignored.

The minor components of soybean, such as oligosaccharides
stachyose and raffinose), phytosterols, saponin, and phytate, may
lso affect lipid metabolism. Dietary fibers have been reported to
ecrease plasma cholesterol by binding bile acids and decreasing
heir recycling through the enterohepatic circulation. In addition,
ertain fibers may delay the digestion and absorption of fat. To
bserve the changes in blood lipids and fecal excretion of steroids,
ikuchi-Hayakawa et al.2 found that adding 30% soymilk powder

n the feed has hypolipidemic effects in hamsters. Further, there

TABLE IV.

LEVELS OF TOTAL NEUTRAL STEROIDS IN FECES OF RATS
FED DIFFERENT DIETS*

Diet group

Control S1 S2

otal neutral steroids (�mol/day)
Initial 14.3 � 3.3 12.7 � 2.5 13.5 � 2.8
Final 43.6 � 19.9 42.8 � 11.6 54.3 � 9.9

Data are expressed as the mean � SD (n � 10).
as an inverse relation between plasma levels of very low-density w
ipoprotein plus low-density lipoprotein cholesterol and bile acid
xcretion in the feces. In general, fermentation may increase the
elease of aglycons from isoflavonoid glucosides, but Kikuchi-
ayakawa et al.2 showed that the antiatherogenic effect of soymilk

s not diminished by prefermentation.
Soymilk may enhance the excretion of neutral steroids, result-

ng in a long-term effect of decreasing blood lipids from fecal
eutral steroids. We speculate that the major mechanisms by which
oymilk decreases plasma cholesterol are to inhibit cholesterol
bsorption and to stimulate cholesterol excretion. The data sug-
ested that the hypolipidemic effect of soymilk occurs through the
nhibition of cholesterol absorption. However, we found no in-
rease in neutral steroids in the feces. The excretion of neutral
teroids in the feces collected for 2 d did not significantly differ,
uggesting that the effect of dietary factors on the excretion of
eutral steroids was long term instead of short term.

The triacylglycerol-lowering effects of soybean protein or its
ydrolysate on the liver are ubiquitous not only in animal but also
n human studies. Iritani et al.30 indicated that plasma triacylglyc-
rols differed as a consequence of dietary patterns. They also
ointed out that a deficiency or imbalance of specific amino acids
n the diet could decrease plasma levels of triacylglycerol due to
he decrease of very low-density lipoprotein synthesis in the liver.
everal studies have indicated that the amino acid composition of
roteins is involved in their effects on plasma cholesterol. How-
ver, the relation between specific amino acids and plasma lipid
rofile has not been conclusive.8,31,32 A previous study reported
hat intact plant proteins are more hypolipidemic than their corre-
ponding amino acid mixtures,33 a report that has been
onfirmed.34

In this study, plasma concentrations of total cholesterol and
riacylglycerol were markedly lower in the S1 and S2 groups. We
uspect that the hypolipidemic effect was due to high concentra-
ions of soymilk powder in the experimental diet. Chen et al.1
uggested that the pepsin-undigested fraction of soybean protein
as an effect on fecal excretion of steroids or bile acids, which, as
consequence, may influence cholesterol metabolism. The undi-

ested fragments in soybean protein can inhibit cholesterol diffu-
ion in the gastrointestinal tract. Huff et al.35 indicated that hyper-
holesterolemia could be decreased by replacing 25% casein of
otal protein with soybean protein. The hypolipidemic components
f soybean protein have not been identified. The hydrophobic
omain of the high-molecular-weight protein particle could com-
ine with cholesterol and bile acids to further decrease the absorp-
ion of cholesterol and bile acids. Sugano et al.36 reported that only
he soybean protein hydrolysate, which has a molecular weight
reater than 5000 Da, has a hypolipidemic effect. In addition,
wami et al.37 indicated that the hydrophobic character of the
rotein was related to its hypocholesterolemic property. The re-
ults showed that approximately 15% to 22.5% soymilk decreased
lasma concentrations of total cholesterol and triacylglycerol com-
ared with the control group. It may be that soymilk disturbs the
bsorption of lipids, resulting in the decreased synthesis of liver
ipoproteins such as very low-density lipoprotein. The metabolism
f very low-density lipoprotein was also decreased; hence, plasma
riacylglycerol concentration also decreased38. In the present
tudy, we believe that there was more lipid accumulation in the
iver of the control group, and the addition of soymilk powder
ight have inhibited fat deposits, thus decreasing the formation of

atty liver. Moreover, the extra lipids can be used to form lipopro-
eins or stored in the liver. Therefore, the liver plays a crucial role
n the mediation of plasma lipid profiles.

The detailed mechanisms for the hypocholesterolemic effect of
oymilk require further study. It is hypothesized that non-absorbed
itrogen-containing substances are correlated with the lipid-
owering effect. Short-term intake of soymilk might not signifi-
antly affect plasma lipid profiles, but the hypolipidemic effect

as observed after a 4-wk intake of soymilk.
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