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Abstract

The objective of the current study was to determine the influences of dietary proteins and methionine on
plasma lipid concentrations. Thirty growing male Sprague-Dawley rats were fed diets similar in all respects except
that dietary protein was from either casein, soy protein isolate, or soy protein isolate supplemented with L-
methionine (0.24%). The animals were fed experimental diets ad libitum for nine weeks. Plasma total-cholesterol
concentrations were unaffected by the protein source or methionine supplementation. Plasma triglyceride con-
centrations were lower in rats of methionine supplemented soy protein diets (76 mg/dL) than in the rats fed
casein or soy diet (120 mg/dL, 109 mg/dL, respectively). These results indicate that soy protein reduces plasma
triglycerides relative to casein in rats fed cholesterol free diets, and that methionine-supplemented soy diets
decrease plasma triglyceride concentrations more than soy protein alone.

Key words: dietary protein (casein vs soy), methionine, plasma lipids

INTRODUCTION

The effects of dietary plant and animal proteins on plas-
ma lipid and lipoprotein levels have been examined exten-
sively in recent years. The type of protein in the diet can
affect the levels of plasma cholesterol in both humans (1)
and experimental animals (2-4). For example, casein has
a greater hypercholesterolemic effect in some species than
does soy protein (5-7). Soybean protein has been shown
to lower blood lipids in humans and some experimental
animals (8-12).

Although the mechanism by which dietary proteins in-
fluence plasma cholesterol level is not yet fully under-
stood, it is probable that it is mediated by specific amino
acids or peptides in the proteins. Several eatlier reports
have demonstrated a plasma cholesterol-lowering effect of
methionine in experimental animals fed low protein or
methionine-deficient diets (13,14). When methionine was
added to a diet containing adequate protein, the effect of
methionine was diminished (15), suggesting that the effect
of supplemental methionine is related to protein or methio-
nine status. One study reported that the addition of 0.75%
methionine to a 10% casein diet decreased plasma choles-
terol, but increased it in those fed 25 and 50% casein diets
(16). Thus, the effect of methionine on cholesterol appears
to be influenced by the protein content of the animal diet.
Addition of sulfur-containing amino acids, and not just
methionine, was found to influence serum cholesterol con-
centrations in another study, but the results of that study
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were inconclusive (17).

The purpose of this study was to confirm the hypo-
cholesterolemic effects of soy protein and to investigate
whether supplementing soy protein with methionine influ-
ences plasma lipids.

MATERIALS AND METHODS

Animals and analysis

Thirty male Sprague-Dawley rats weighing 14111
g were obtained from KLEC (Korea Life Engineering
Corporation, Seoul, Korea). Animals were housed indivi-
dually in stainless steel-cages (10" X 15” X 7”) in a temper-
ature-controlled room with an alternating 12 h light and
dark cycle. All animals were fed Samyang rat chow and
water ad libitum for one week after arrival. Rats were then
randomly assigned to one of the three experimental diets
(casein protein, soybean protein, or soybean +methionine)
described in Table 1. DL-methionine (NRC Teklad diets,
Madison, WI) was supplemented in the soy protein +methi-
onine (0.24%) diet to make the methionine concentration
equivalent to that in the casein diet. Body weights were
recorded weekly. At the end of the 63 days experimental
period rats were sacrificed under light anesthesia (ethyl
ether). Blood samples were taken from the inferior vena
cava, and centrifuged for 30 minutes at 3000 rpm at 4°C
to obtain plasma, and frozen at -20°C for later measure-
ments of total cholesterol and triglycerides. Plasma lipids
were analyzed by enzymatic methods.
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Table 1. Composition of experimental diets

Table 2. Initial and final body weights of Sprague-Dawley rats

Dietary groups

Ingredient Casein  Soybean Soybean + Methionine
Casein" 20.00 - -
Soybean - 20.00 20.00
Dextrin® 65.70 65.70 65.46
Corn-oil” 5.00 5.00 5.00
Cellulose” 3.80 3.80 3.80
Mineral Mix® 3.50 3.50 3.50
Vlgamm Mix” 1.80 1.80 1.80
Choline® 0.20 0.20 0.20
Methionine - - 0.24
Total 100.00 100.00 100.00

*Gross Energy, kcal/g: 3.878.

Casein high protein, Supplied by U.S. Corning Laboratory Ser-
vices Company, Teklad Test Diets, Madison, Wisconsin. Bio-
loglcal Test Material No. 160030, It contains methionine 0.46%
Soy Assay Protein, Supplied by U.S. Corning Laboratory Ser-
vices Company, Teklad Test Diets, Madison, Wisconsin. Bio-
loglcal Test Material No. 160480, It contains methionine 0.22%
PDextrin, Supplied by U.S. Corning Laboratory Services Com-
pany, Teklad Test Diets, Madison, Wisconsin. Biological Test
Material No. 50740.

“Corn-oil, Dong-Bang Yuo-Ryang Co. Yangpyung-Dong 4-2,
Youngdongpo-Gu Seoul: KSH 2102.

*Cellulose, Supplied by U.S. Corning Laboratory Services Com-
pany, Teklad Test Diets, Madison, Wisconsin. Biological Test
Material No. 160390.

9Mineral mixture (AIN-76), Supplied by U.S. Corning Labora-
tory Services Company, Teklad Test Diets, Madison, Wiscon-
sm Biological Test Material No. 170915.

?Vitamin mixture(AIN-76), Supplied by U.S. Corning Labora-
tory Services Company, Teklad Test Diets, Madison, Wisconsin.
B1010g1ca1 Test Material No. 40077.

®Choline Bitartate, Supplied by U.S. Corning Laboratory Ser-
vices Company, Teklad Test Diets, Madison, Wisconsin. Bio-
logical Test Material No. 30190.

Statistical analysis

SAS (SAS, Cary, NC USA) was used for all statistical
analyses. Values are expressed as mean+ SD. Comparison
among the three different diet groups was performed using
one-way analysis of variance and Duncan’s multiple range
test.

RESULTS AND DISCUSSION

This study investigated the effects of the dietary animal
protein (casein), plant protein (soybean protein isolate), and
soybean protein with supplemental methionine on body
weight and plasma lipids in growing male rats. There were
no significant differences in initial body weights, but dur-
ing the experimental period rats fed the casein diet gained
significantly more body weight than the other groups and
those fed the soy +methionine diet gained significantly
more those than fed soy alone (Table 2).

Food intakes and food efficiency ratios (g of body weight
gain/g of food ingested) (FER) are shown in Table 3. The

bl Casein Soy Sﬂ?}y N
Variables - _ Methionine
(N=10) (N=10) (N=10)

Initial weight (g) 146.9+4.18"% 146.0+4. 18 143.6+4.23°
Final weight (g) 368.5+14.2° 307.4X18. 1° 339.6+35.5°

“Mean =+ SD.
YMeans in the same row not sharing a common superscript are
significantly different at p<0.05.

Table 3. Effect of casein, soy, or soy + methionine on daily food
intakes and food efficiency ratios

. Casein Soy Soy + Methionine
Variables — 4_0) (N=10) (N=10)
Food intake 17.4£0.66"2 152+1.05" 152+ 1.26°
(g/day)
FER 0.206--0.008° 0.1680.011"  0.194+0.024"
YMean = SD.

DMeans in the same column not sharing a common superscript
are significantly different at p<0.05.

casein group had a higher food intake than the groups on
soy and soy + methionine diets; food intake was the same
for the two soy diet groups. Rats fed the soy + methionine
diets had a significantly higher FER than those fed the
soy diet but was not significantly different from the casein
diet group.

There were no significant differences among the dietary
groups in plasma total cholesterol, LDL-cholesterol, or
HDL -cholesterol concentrations (Table 4). The present study
does not support a hypocholesterolemic effect of soy pro-
tein vs. casein in rats, which is in agreement with other
studies that found little or no effect of soy protein in nor-
mo-cholesterolemic people. Sugiyama et al. (17) reported
that the methyl group of methionine is responsible for the
cholesterol-elevating effect of methionine in rats. Further-
more, Morita et al. (18) demonstrated that the addition

Table 4. Effect of casein, soy, or soy -+ methionine on plasma
lipids concentrations

Variables Cascin Soy Mestlcl)ib;;ine
(N=10) (N=10) (N=10)

Total-Cholesterol  146+29.0%? 131.2-41.2" 1254+46.2"
(mg/dL)

LDL-cholesterol 68.5+11.7°  65.7t13.0"° 612%11.1°
(mg/dL)

HDL-chloesterol 36.6+14.1*  33.1%£152"° 31.0*+113"
(mg/dL) .

Triglyceride 120.1+17.8°  109.0£27.7° 76.0%+40.4°
(mg/dL)

YMean + SD.

?Means in the same row not sharing a common superscript are
significantly different at p<0.05.
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of 0.22% methionine to a 25% soybean protein diet,
equilibrating the methionine content with a 25% casein
diet, increased plasma cholesterol to the levels of rats fed
the casein diet. In contrast, Moundras et al. (19) reported
that when rats were fed 13% soybean protein, serum cho-
lesterol concentrations were significantly higher than that
in rats fed a 13% casein diet, but the addition of 0.4%
methionine to the soy protein diet eliminated the effect.
The previous study also demonstrated that adding 0.75%
methionine to a 10% casein diet decreases plasma cho-
lesterol, but increases plasma cholesterol in rats fed 25%
and 50% casein diets (17). Thus the effect of methionine
appears to be influenced by the protein status of animals,
or perhaps by the amount of total dietary methionine, re-
gardless of source. Serougne and Rukaj (20) reported that
serum total and LDL-cholesterol were not altered by meth-
ionine supplementation, but Anderson et al. (21) observed
that adding methionine to soy protein diets increased HDL-
cholesterol in rats that were fed diets high in fat and cho-
lesterol. Studies have fairly and consistently shown that
soy protein decreases total and LDL-cholesterol concen-
trations (22). However, this study did not agree with most
earlier studies. Neither LDL-cholesterol nor HDL-choles-
terol was altered by methionine supplementation. This dis-
crepancy in the effect of methionine may be attributable
to a difference in the kind of methionine used, the amount
of methionine in the diets, and / or in the level of supple-
mental methionine. Also the age and type of rats and lipid
contents of diets may be factors that were responsible for
the differences.

Plasma triglyceride concentrations were decreased by the

addition of methionine to the soy protein diet, which was

consistent with the hypolipidemic effect of methionine-
supplemented diets previously demonstrated in chemically
induced diabetic rats (21). Atherogenic indices are shown
in Table 5. It is firmly established that a reduction in LDL
cholesterol can prevent both new and recurrent coronary
artery disease; increases in HDL cholesterol are also gen-
erally considered to be beneficial. Rats fed soy -+ meth-
ionine diets tended to have lower athrogenic indices, HTR

Table 5. Effect of casein, soy, or soy + methionine on athrogenic
indices in rats

Athrogenic index” 3.42+1.76" 3.81+1.93" 3.30+1.09°
¢ 4981135 573+14.4° 47.5+58
LHR? 2.18+0.93° 237+0.94° 2.05+0.93°

Y Athrogenic index: (Totalcholesterol - HDL-cholesterol) / HDL-
cholesterol.

“Mean = SD.

“Means in the same row not sharing a common superscript are
significantly different at p<0.05.

YHTR: (HDL-cholesterol / Total-cholesterol).

SLHR: (LDL-cholesterol /{ HDL-cholesterol).

(HDL-cholesterol/Total cholesterol) and LHR (LDL-chol-
esterol/HDL-cholesterol), although the differences were not
significant.

The most important outcomes of this study are that ad
libitum-fed, normo-cholesterolemic, growing rats eating a
methionine supplemented soy protein diet had decreased
blood triglyceride concentrations and a lower atherogenic
index, indicating a reduced risk of heart disease compared
with rats fed a casein diet or soy protein diet without sup-
plemental methionine.

SUMMARY AND CONCLUSION

Effects of dietary proteins and methionine on plasma
triglyceride and cholesterol were studied in Sprague-Dawley
rats fed diets with proteins from casein, soybean, or soy-
bean -+ methionine for 9 weeks. The following conclusions
can be drawn from the data:

1. Body weight gain was significantly lower for rats fed
soy protein compared to those fed either casein or soy +
methionine diets.

2. Rats fed soy protein diets supplemented with meth-
ionine had significantly higher food efficiency ratios than
rats fed soy protein alone.

3. There were no significant differences in mean plasma
total cholesterol concentrations among the three dietary
groups.

4. Plasma triglyceride concentrations were highest in rats
fed casein diets and lowest in those fed soy +methionine
diets.

In conclusion, these data demonstrated a hypotriglyceri-
demic effect of soy protein that is increased with methi-
onine supplementation. These results suggest that soy pro-
tein diets, with appropriate amounts of methionine, may
be of potential value in treating hypertriglyceridemic indi-
viduals. Although the present study demonstrates an effect
of methionine on plasma triglyceride levels in growing
male rats, the mechanism remains to be elucidated.
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