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 The effect of the addition of methionine to rice protein on the levels of plasma and 

lipoproteins cholesterol in relation to the casein were investigated in rats. Rats were fed 

diets containing casein (C), rice protein (RP), casein and colfibrate (CC), and rice protein 

with methionine (RPM). Serum total cholesterol concentrations were lower in rats fed RP, 

CC, and RPM diets than those fed C diet. The concentration of liver cholesterol was also 

lower in rats fed the RP diet. 

The serum high density lipoprotein (HDL) cholesterol level and fecal bile acids were 

higher in rats fed (RP) diet than in those fed (C) or RPM diets. 

These results indicated that increased fecal bile acids excretion may be responsible for the 

antihypercholesterolemic effect of rice protein compared with casein.  
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Introduction: 

Coronary heart diseases (CHD) are major health 

crisis in developed and developing countries. The 

elevated concentration of total or LDL cholesterol in 

the blood are powerful risk factors for CHD, whereas 

high concentration of HDL cholesterol or a low LDL 

to HDL cholesterol ratio may protect against CHD (1 

and 2). Consumption of diets high in whole grains has 

been reported to have beneficial health effects such as 

a reducing risk of cancer, cardiovascular diseases and 

blood cholesterol. These results have been ascribed to 

have effects of the fiber content of whole grain foods 

on risk factors for these diseases (3). American Heart 

Association suggests that the ratio of carbohydrates in 

the diet should be increased, especially by taking food 

rich in complex carbohydrates. 

Rice is the staple food in many Asian countries 

and also the main source of carbohydrates. Although 

the total fiber concentration in polished rice is low, 

polished rice has been revealed to lower serum 

cholesterol (1), and that the hypocholesterolemic 

action of plant proteins is due to the low methionine 

content of that proteins (4).  
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The treatment of cardiovascular diseases with 

rice diet was suggested several decades ago. More than 

50 years ago, it was stated that consumption of white 

rice decreased blood pressure and lowered 

hypercholesteremia in humans (5). The current study 

was designed to examine the effect of rice proteins in 

lowering cholesterol concentration in rats, and if the 

addition of methionine to a rice protein could 

eliminate the hypocholesterolemic effects of rice 

protein compared to casein effect. 

 

Materials and Methods: 

Animals: 

Male rats, weighing 100gm5 were obtained 

from medical school, Al-Nahrain University, 

Baghdad-Iraq. The rats were housed in screen-

bottomed, stainless steel cages in a room maintained at 

251C. Animals were divided into four groups on the 

basis of body weight. Each group was fed freely for 

four weeks. The test diets were casein (C), rice protein 

(RP), rice protein with 0.22% methionine (RPM), and 

casein with 10mg colfibrat (CC) per day. The 

composition of each test diet was the same as the 

casein-starch diet except for protein source (table 1). 

 

Proteins: 

A crude rice protein fraction was extracted from 
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rice as described by Morita et al. (6). This fraction 

contained 86% protein, 4% carbohydrate, and about 

9% moisture. 

Body weight and food intake were recorded 

each morning before replenishing the diet. At the end 

of the experiment, all rats were deprived of food 

overnight and killed under diethyl ether as anesthesia. 

 

Collection of Blood Samples: 

Blood was collected from each rat under 

chloroform anesthesia via heart puncture and 

transferred into sample tubes containing EDTA as an 

anticoagulant (7). The serum from each blood sample 

was recovered by centrifugation at 3000 rpm and 

stored at -20C. 

 

Biochemical Analysis: 

Serum total cholesterol, and HDL-cholesterol 

concentrations, and the LDL-cholesterol 

concentrations were estimated using Biometrieux 

(France) kit. The LDL-cholesterol and very low 

density lipoprotein in the serum were obtained by 

subtracting the value of HDL-cholesterol from the 

total cholesterol as mentioned earlier (7). The total 

cholesterol in some organs was measured according to 

Franey and Elias (8). Total fecal bile salts were 

determined according to the method of Kritchevesky et 

al. (9) using Thin-Layer Chromatography (TLC). 

 

Statistical Analysis: 

All data were expressed as means for animals in 

each diet group. The statistical significance of mean 

differences between dietary groups was tested by the 

ANOVA. Significant differences among means were 

tested by Duncan’s. A 1% level of probability was 

used to define differences as significant. 

 

Results: 

The body weight gain, food intake and food 

efficiency of the rats at the end of the four weeks are 

shown in Table 2. The body weights of the rats before 

the experiment were 95-101gm compared to 133-

229gm at the end of the experiment. There were 

significant differences (p0.01) in final body weights 

among rats fed the various diets. All the rats had 

significantly less food intake compared to the animals 

of (CC) group (Table 2). 

Animals fed on the casein diet showed total 

serum cholesterol, HDL cholesterol, and LDL+VLDL 

cholesterol of 127.40, 21.50, and 105.89mg/100ml 

respectively. Serum total cholesterol concentrations 

(Table 3) in rats fed the RP, CC, and RPM diets 

(which were 51.78, 60.83, and 87.00mg/100ml 

respectively) were significantly (p0.01) less than in 

rats fed casein diet (127.40mg/100ml) However, the 

serum HDL cholesterol level decreased significantly 

(p0.01) in rats fed RPM and casein diets (17.90, 

21.50mg/100ml respectively), while LDL+VLDL 

cholesterol levels increased significantly (p0.01) in 

rats fed RP diet (23.59mg/100ml) as well as the CC 

(26.07mg/100ml), and RPM diets (69.08mg/100ml) in 

comparison with those fed casein diet 

(105.89mg/100ml). 

Feeding the RP diet significantly decreased the 

concentration of liver total lipids (6.88) relative to the 

casein diet (9.78), the CC diet (9.44), and the RPM 

(9.18), but had no significant effect on spleen or heart 

total lipid (Table 4). The mean concentrations of liver 

cholesterol significantly (p0.01) decreased in rats fed 

the RP diet (12.95) compared to those fed casein diet 

(13.86), CC diet (13.65), and RPM diet (13.55 

mg/gm). 

The mean concentration of spleen and heart 

cholesterol decreased significantly (p0.01) in rats fed 

RPM compared to those fed RP and CC diet, but had 

no effect on rats fed casein diet (Table 5). 

Fecal total fat content in rats fed RP diet was 

significantly (p0.01) higher than that of rats fed the 

casein, CC, and RPM diets (Table 5). Significantly 

higher (p0.01) amount of fecal cholesterol (28.92mg) 

and total bile acids (5.08mg) were extracted from rats 

fed RP compared to rats fed casein (15.4mg and 

1.18mg) and RPM (15.26mg and 1.5mg) diets. 

 

Discussion: 

Cholesterol and LDL are important lipids 

playing a major role in cardiovascular diseases (7). 

This has led to search for specific food components 

that may help to reduce the harmful effect of 

hyperlipidemia. 

After four weeks, this study showed that rats fed 

RP had significant (p0.01) effect on total serum, 

HDL, and LDL+VLDL cholesterol compared to rats 

fed casein or RPM diets. 

There were no significant differences in total 

and VLDL+LDL cholesterol in animals which 

consumed RP and CC diets (Table 3). A number of 
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previous studies in humans and animals revealed that 

rice consumption decreased total, and VLDL+LDL 

cholesterol and increased HDL cholesterol (5, 6, 10, 

11, and12). This hypercholesterolemic effect of RP 

diet and increased HDL cholesterol level (or 

HDL/VLDL+LDL ratio) may be due to its relatively 

low content of methionine as indicated by Morita et al. 

(6). 

Methionine was shown to elevate serum 

cholesterol concentration (4). However, methionine 

addition to a rice protein diet (RPM) did not eliminate 

the hypocholesterolemic effects of RP relative to 

casein (Table 3), signifying that some factors other 

than methionine may be accountable at least in part for 

the cholesterol-lowering effect of rice protein. It was 

reported that the higher ratio of methionine to glycine 

in casein may be responsible for elevating the serum 

cholesterol (6) and glycine addition to a casein-based 

diet lowered the serum cholesterol level in rats (4). 

As with other researchers (6), we do not have 

clear mechanism about the action of methionine on 

cholesterol metabolism. Oda et al. (13) has shown that 

the soybean protein diet lowered the expression of 

hepatic apolipoprotein A-1 mRNA and led to a 

decrease of apolipoprotein A-1 and HDL secretion 

from liver in the rats. However, whether some 

components in rice such as methionine is responsible 

for the increase of HDL level or not requires further 

studies. Sugiyama et al. (4) supported a possibility that 

the plasma cholesterol-elevating efficacy of 

methionine is attributable to its methyl group. 

This study showed that both fats and cholesterol 

levels in liver, spleen, and heart decreased in rats fed 

RP diet compared to those fed (C) diet. In fact, others 

also have noted that the level of liver cholesterol was 

lower in rats fed RP diet (6) and in rats fed the plant 

protein (14). 

Feeding rats RP diet enhanced fecal bile acid, 

cholesterol and fat excretion (Table 5). Moundrase et 

al. (15) suggested that a 40-50% rise in bile acid 

excretion is needed to considerable depress plasma 

cholesterol and stimulated hydroxymethyl glutaryl 

CoA reductase and cholesterol 7--hydroxylase. 

In conclusion, the decreased intestinal absorption of 

cholesterol, and increased fecal bile salts excretion are 

primarily responsible for hypocholesterolemic effect 

of rice protein compared to casein diet.  

 

Acknowledgment 

We are grateful to Dr. Etaf Katanani for 

reviewing the paper and we are indebted to the 

Deanship of Research and Graduate studies at Applied 

Science University, Amman-Jordan for the financial 

support towards the cost of the publication.  

 

REFERENCES 

1-Cheng H.H. and W.W. Yu, 1997. Lipid Metabolism 

is Altered by Nebacitin in Rats Fed Cooked-Stored 

Polished Rice as the Only Dietary Carbohydrate 

With or Without Exogenous Cholesterol. J. Nutr., 

127:153-157. 

2-   Kerckhoffs, D.A.J.M., F. Brouns, G. Hornstra and 

R.P.Mensink, 2002. Effects on the Human Serum 

Lipoprotein Profile of -Glucan, Soy Protein and 

Isoflavones, Plant Sterols and Stanols, Garlic and 

Tocotrienols. J. Nutr., 132:2494-2505. 

3- Behall, K.M., D.J. Scholfield and J. Hallfrisch, 

2004. Lipids Significantly Reduced by Diets 

Containing Barley in Moderately 

Hypercholesterolemic Men. J. Am. Col. Nutr., 

23(1):44-62. 

4-  Sugiyama K., H. Akai and K. Muramatsu, 1986. 

Effects of Methionine and Related Compounds on 

Plasma Cholesterol Level in Rats Fed a High 

Cholesterol Diet. J. Nutr. Sci. Vitaminol, 

32(5):537-549. 

5-   Ling, W.H., Q.X. Cheng, J. Ma and T. Wang, 

2001. Red and Black Rice Decrease 

Atherosclerotic Plaque Formation and Increase 

Antioxidant Status in Rabbits. J. Nutr., 131:1421-

1426. 

6-  Morita, T., A. Oh-Hashi, K. Takei, M. Ikai, S. 

Kasaoka and S. Kiriyama, 1997. Cholesterol-

Lowering Effects of Soybean, Potato and Rice 

Proteins Depend on Their Low Methionine 

Contents in Rats Fed a Cholesterol-Free Purified 

Diet. J. Nutr., 127:470-477. 

7-  Al-Juary, A.A., K.H.M. Al-Awwad and F.A. Al-

Torahi, 2006. The Effect of -Tocopherol on 

Cholesterol and Lipoproteins Levels in Rats. Pak. J. 

Nutr., 5(4):337-340. 

8-  Franey, R.J. and A. Elias, 1968. Serum Cholesterol 

Measurement Based on Ethanol Extraction and 

Ferric Chloride-Sulfuric Acid. Clin. Chem. Acta., 

21:255-263. 

9- Kritchevsky D., D.S. Martak and G.H. Rothblat, 

1966. Detection of Bile Acids in Thin-layer 

Chromatography. Anal. Biochem., 5:388-92. 



P- ISSN  1991-8941   E-ISSN 2706-6703           Journal of University of Anbar for Pure Science (JUAPS)     Open Access                                                     

2009,(3), (2 ) :01-05                              

 

4 

10- Heber D., I. Yip, J.M. Ashley, D.A. Elashoff, R.M. 

Elashoff and V.L. Go, 1999. Cholesterol-Lowering 

Effects of a Proprietary Chinese Red-Yeast-Rice 

Dietary Supplement. Am. J. Clin. Nutr., 69(2):231-

236. 

11- Kim J.Y., M.H. Do and S.S. Lee, 2006. The 

Effects of a Mixture of Brown and Black Rice on 

Lipid Profiles and Antioxidants Status in Rats. 

Ann. Nutr. Metab., 50(4):347-353. 

12- Van Dam R.M., L. Grievink, M.C. Ocke and 

E.S.M. Feskens, 2003. Patterns of Food 

Consumption and Risk Factors for Cardiovascular 

Disease in the General Dutch Population. Am. J. 

Clin. Nutr., 77:1156-1163. 

13-  Oda, H., H. Fukui, Y. Hitomi and A. Yoshida, 

1991. Alteration of Serum Lipoprotein Metabolism 

by Polychlorinated Biphenyls and Methionine in 

Rats Fed Soybean Protein Diet. J. Nutr., 121:925-

933. 

14- Nagata Y., K. Tanaka and M. Sugano, 1981. 

Serum and Liver Cholesterol Levels of Rats and 

Mice Fed Soy-Bean Protein or Casein. J. Nutr. Sci. 

Vitaminol, 27(6):583-593. 

15-  Moundras, C., S.R. Behr, C. Demigne, A. Mazur 

and C. Remesy, 1994. Fermentable Polysaccharides 

that Enhance Fecal Bile Acid Excretion Lower 

Plasma Cholesterol and Apolipoprotien E-Rich 

HDL in Rats. J. Nutr., 124:2179-2188. 

 

Table (1): Composition of Rats diet 

Component g/Kg diet 

Casein 250 

Starch 535 

Sucrose 100 

Sunflower oil 70 

Mineral mixture 35 

Vitamins mixture 10 

 
Table (2): Body weight, Feed intake and Feed efficiency of 

rats in experimental gruops 

Diet 

Group 

Initial 

weight 

(g) 

Final 

weight 

(g) 

Body 

weight 

(g/28 

day) 

food 

intake 

(g/28 

day) 

% Feed 

efficiency 

Casein (C) 
101.69 

a 

219.48 

a 

117.80 

b 

302.9

9 b 
38.38 a 

Rice (RP) 99.20 a 
159.39 

bc 

60.01 

cd 

284.4

5 b 
21.05 cd 

Casein + 

colfibrate 

(CC) 

100.25 

a 

229.10 

a 

129.07 

a 

450.0

6 a 
28.67 ab 

Rice + 

mthionine 

(RPM) 

95.0 a 
133.33 

c 
38.33 d 

289.6

2 b 
13.19 d 

* Values bearing different letters are significantly different (p0.01). 

 

Table (3): Effect of experimental diets of different protein on 

serum total, HDL, and LDL+VLDL cholesterol. 

Diet Groups 

Before 

treatm

ent 

After 

one 

week on 

Casein 

diet 

After 4 weeks 

on 

experimental 

diets 

T
.C

. 

H
D

L
 

L
D

L
+

V
L

D
L

 

T
.C

. 

H
D

L
 

L
D

L
+

V
L

D
L

 

T
.C

. 

H
D

L
 

L
D

L
+

V
L

D
L

 

mg/100ml mg/100ml mg/100ml 

Casein (c) 

6
9

.6
1

 a
b

 

2
0

.5
5

 b
c 

4
9

.0
6

 b
 

9
2

.1
6

 a
 

2
4

.2
4

 c
 

6
7

.9
2

 a
b

 

1
2

7
.4

 a
 

2
1

.5
0

 d
 

1
0

5
.8

9
 a

 

Rice Protein 

(RP) 

6
8

.9
7

 a
b

 

1
8

.8
2

 A
b

c 

5
0

.4
3

 b
 

9
1

.6
2

 a
 

2
1

.4
2

 d
 

7
0

.2
0

 a
 

5
1

.7
8

 d
 

2
8

.1
8

 c
 

2
3

.5
9

 d
 

Casein + 

Colfibrate 

(CC) 6
9

.2
9

 a
b

 

2
5

.1
5
a

b
 

4
4

.1
1

 b
 

8
8

.5
3

 a
 

2
7

.2
6

 b
c 

6
1

.2
6

 c
 

6
0

.8
3

 d
 

3
4

.7
5

 a
 

2
6

.0
7

 d
 

Rice + 

Methionine 

(RPM) 6
1

.2
8

 b
 

2
7

.6
2

 a
 

3
3

.6
5

 c
 

7
8

.8
7

 a
 

2
9

.8
1

 a
 

4
9

.0
5

 d
 

8
7

.0
 c

 

1
7

.9
0

 e
 

6
9

.0
8

 b
c 

* Values bearing different letters are significantly different (p0.01). 

 
Table (4): Total fat and cholesterol in some organs of rats in the 

experimental groups at the end of four weeks. 

 

Total Fat Cholesterol 

L
iv

er
 (

m
g

/g
) 

S
p

le
en

 

(m
g

/g
) 

H
ea

rt
 (

m
g

/g
) 

L
iv

er
 

(m
g

/g
) 

S
p

le
en

 

(m
g

/g
) 

H
ea

rt
 (

m
g

/g
) 

Casein (c) 

9
.7

8
 a

 

6
.4

6
 a

 

1
0

.7
 a

 

1
3

.8
6

 a
 

8
.8

4
 a

 

1
3

.8
4

 a
 

Rice 

Protein 

(RP) 6
.8

8
 d

a
 

6
.1

5
 a

 

9
.6

5
 a

 

1
2

.9
5

 c
 

8
.4

8
 b

c 

1
0

.6
1

 b
 

Casein + 

Colfibrate 

(CC) 9
.4

4
 a

 

6
.2

3
 a

 

9
.9

0
 a

 

1
3

.6
5

 a
b

 

8
.2

4
 c

d
 

9
.2

2
 c

 

Rice + 

Methionin

e (RPM) 9
.1

8
 a

b
 

6
.8

0
 a

 

1
0

.1
 a

 

1
3

.5
5

 a
b

 

8
.9

1
 a

 

1
3

.6
1

 a
 

* Values bearing different letters are significantly different (p0.01). 
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Table (5): Total fat, cholesterol and bile acids in rats feces in 

experimental groups at end of four weeks. 

Diet groups 

Total 

Fat 

(mg/g) 

Cholesterol 

(mg/g) 

Bile 

acids 

(mg/g) 

Casein (c) 70.1 d 15.4 c 1.18 d 

Rice Protein 

(RP) 
107.3 a 28.92 a 5.08 a 

Casein + 

Colfibrate 
96.4 b 25.62 a 3.56 b 

(CC) 

Rice + 

Methionine 

(RPM) 

74.4 d 15.26 c 1.53c d 

* Values bearing different letters are significantly different (p0.01). 
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 الخلاصة:
ييمياث ضثا م يرث  اا ياث تاثير  ضث اثمرل فا  ضثذ تضل  اترز  تم فحص تاثير  ضااثفا ضثييران رل ضثاو ي نتر اثز ضثا م تواو يلااتنب ضثيريني نتر اثز فا 

( ض خفض ت  رام ضث نثلاات نل ثي ال RPMي نتر ثز ضث م يث ضثييرن رل) (،CC(، ثمرل ن نث  فثي رز)RP(،ي نتر ثز ضث م)Cضثذ تضل يعوررا يل ضث ثمرل )
نضل ت  رم ضث نثلاات نل فا   يا  ضثذا تضل  اتثف ض خفاض  (،Cتضة يثثعوررا )( ث ي  يل ضثفئ ضل ضثيغRPM( ن)RP( ،)CCضث م ف  ضثذ تضل ضثيغتضة يثثعيئق )

( ف  ي ل ضث م نضثحثيض ضث ف ضني ف  ضثي ضم  ث ز ضتوو ف  HDL( ضثيريني نتر ثز تضز ضث يثفا ضثعثثرا )RPف  يذينتا ضثذ تضل ضثيغتضة توو توررا )
( ضشااث ة هااتن ضث تااثئا ضثااو ضل مرااث ة ضفاا ضم ضثحااثيض ضث ااف ضني فاا  ضثياا ضم  اا  RPM( ضن )Cثذاا تضل ضثيغااتضة يثثعوررتااثل )( ياال ضRPضثذاا تضل ضثيغااتضة يثثعوررااا )

 ر نل هن ضثيلائنل تل ضثتثير  ضثياث  لا تفثع ضث نثلات نل يث توررا ي نتر ثز ضث م يرث  ا يث ضث ثمرل     


