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Abstract

The effects of casein hydrolysate on blood pressure (BP) and serum lipid profiles were investigated in spontaneously

hypertensive rats (SHR). Twenty-four 6-wk old male SHRs were assigned to 3 groups in a completely randomized design.

Experimental groups were as follow: control, market milk group (MLG) and casein hydrolysate group (CHG). Reference

blood pressure (RBP) showed average 198.94±1.46 mmHg. Blood pressure (BP) of CHG reduced 24 mmHg after 2 wk of

treatment, but these increased after 3 wk. BP of CHG was significantly lower than BP of Control in experimental time

(p<0.05). Serum lipid profiles were not differ significantly among groups (p<0.05). These data suggest that casein hydroly-

sate may beneficially improvement of blood pressure level in SHR.
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Introduction

Recently, the new relationship between food and health

has drawn considerable attention; of interest are the phys-

iological functions of some food components against cer-

tain ailments. Among the functions, some foods are known

to be effective in suppressing the development of hyper-

tension, which suggests the existence of some compo-

nents having pharmaceutical action on the regulation

systems of blood pressure (Lee et al., 1999). Hyperten-

sion is a worldwide problem of epidemic proportions,

which presents in 15-20% of all adults. Hypertension is

known to induce such direct cardiac circulating diseases

as cardiac incompetence, decrease in kidney function,

cerebral apoplexy. Hypertension is the most serious and

ubiquitous disease and its complications have may con-

tribute to high risk (Do et al., 2007; Wu and Ding, 2001).

Food proteins can act as an important source of biologi-

cally active peptides with antihypertensive. These pep-

tides are inactive within the sequence of parent proteins,

but they can be released by enzymatic proteolysis in vivo

or in vitro. Angiotensin I-converting enzyme (ACE) can

convert angiotensin I to angiotensin II which is known to

be a strong vasopressor, besides inactivating bradykinin

conducive to lowering blood pressure (Xuan et al., 2005).

This enzyme also plays physiological roles in the regula-

tion of local levels of other endogenous peptides, such as

enkephalins, neurotensin, and substance P. Therefore, in-

hibition of ACE can reduce the activity of angiotensinII,

but increase bradykinin and enkephalins levels, which

results in lowering of blood pressure (Koike et al., 1977).

Thus, inhibition of ACE results in a decrease of blood

pressure. Peptides derived from Food protein have been

well demonstrated having in vivo inhibitory activities on

ACE and antihypertensive effects after oral administra-

tion or intravenous administration in animal experiments

using spontaneously hypertensive rats (SHR) and in clin-

ical trials (Li et al., 2004). Many ACE inhibitory peptides

have recently been discovered from enzymatic hydroly-

sates of different food proteins such as garlic (Kim et al.,

2005), egg albumen (Kim et al., 2003), buckwheat (Lee

et al., 2000), soybean protein (Wu and Ding, 2001), and

corn gluten (Suh et al., 2003). Casein shows relatively

strong antihypertensive activity against SHR. The ACE

inhibiting peptides obtained from trypsin hydrolysates of

casein showed the effect of drop of blood pressure in

intravenous injection, but there was no effect on oral

experiment of trypsin hydrolysates to SHR in the results

of Yamamoto et al. (1994). Previous studies have shown

that the protein hydrolysate had a high ACE inhibitory

activity and stable gastrointestinal protease resistance in

vitro, but their in vivo activity needs to be explored at the
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same time (Lee et al., 1999). This study was investigated

the hypertensive effect of casein hydrolysate and serum

lipid profiles in spontaneously hypertensive rats. 

Materials and Methods

Casein hydrolysate

7% Na-caseinate (Virak Co., Food grade, Busan, Korea)

solution of distilled water and then each 1% protamex

(Novozymes, Bagsvaerd, Denmark) and flavourzyme 500

MG (Novozymes, Bagsvaerd, Denmark) enzyme were

added. The mixture hydrolyzed at 55oC for 4 h. The

hydrolysis was stopped by heating at 80oC for 5 min (Fig.

1) (Do et al., 2007).

ACE inhibitory activity assay

ACE inhibitory activity was analyzed using a modified

version of the method of Cushman and Cheung (1971).

The sample (50 µL) and 50 µL Hip-His-Leu (Sigma, St.

Louis, MO, USA) were dissolved into 0.1 M sodium

borate buffer (pH 8.3) containing 0.3 M NaCl, and incu-

bated with ACE (50 µL) at 37oC for 30 min. The reaction

was stopped by adding 1 N HCl 250 µL. The resulting

hippuric acid was extracted by addition of 1.5 mL ethyl

acetate. After centrifugation (3000 rpm×5 min), 1 mL of

the upper layer was transferred into a glass tube and evap-

orated at 120oC for 30 min. The hippuric acid was redis-

solved in 3 mL distilled water, and absorbance was mea-

sured at 228 nm using spectrophotometer (V-570, Jasco,

Tokyo, Japan). The ACE used in this experiment was ex-

tracted from rabbit lung acetone powder (Sigma, St. Louis,

MO, USA) 1 g with 0.1 M sodium borate buffer (pH 8.3)

containing 0.3 M NaCl 10 mL at 4oC over night and cen-

trifuging for 40 min at 4,000 rpm.

ACE inhibition (%)

Sa: sample absorbance Sb: absorbance of sample blank

Ca: control absorbance Cb: absorbance of control blank

Animals and diets

6 wk-old male spontaneously hypertensive rats (SHR)

were used from SLC (SLC, Inc., INASA Branch, Tokyo,

Japan). SHRs, a model for genetic hypertension, exhibit

higher hypertension than normal rats (Okamoto and Aoki,

1963). All rats were maintained at 18-20oC, 50% humid-

ity, and 12 h on/off light cycle. All of the rats had free

access to a standard diet (Table 1) and to drinking water

(American Institute of Nutrition, 1977). After acclimation

for 1 wk, SHRs were divided into groups of 8 rats. SHRs

1
Sa Sb–

Ca Cb–
------------------
⎝ ⎠
⎛ ⎞

– 100×=

Purchase casein : 50 mesh

↓

Weighing the casein

↓

Adding distilled water (7% casein solution) & heating 55oC

↓

Adding protamex 1%(v/w) & hydrolysis at 55oC,

for 2 h - A

↓

Adding flavourzyme 500MG 1%(v/w) in A

& hydrolysis at 55oC, for 2 h

↓

Heating at 80oC in 5 min

↓

Let the hydrolysate cool (4oC)

↓

Centrifuge the casein hydrolysate for 15 min at 5,000 rpm

↓

Filtering off impurities through 325 mesh sieve

↓

Concentration of filtering solution: concentrate the

suspernant at 70oC, 19±1 rpm

↓

Freeze drying of filtering solution

Fig. 1. The production of Casein hydrolysate. 7% casein solu-

tion of distilled water and then each 1% protamex and

flavourzyme 500MG enzyme were added. The mixture

incubated at 55oC for 4 h. The hydrolysis was stopped by

heating at 80oC for 5 min. Centrifuge and freeze drying of

filtering solution.

Table 1. Composition of basal diet

Ingredients Contents (%)

Casein (feed grade CP 85%) 20.00

Corm starch 39.75

Dextrinized corn starch 13.20

Sucrose 10.00

Soybeean oil 7.00

Cellulose (fiber) 5.00

Mineral mixture1) 3.50

Vitamin mixture2) 1.00

L-Cystine 0.30

Choline bitartrate 0.25

1)Contained per kg mixture; CaHPO4 500 g, NaCl 74 g, K3C6O7 ·

H2O 220 g, K2SO4 52 g, MgO 24 g, 48% Mn 3.5 g, 17% Fe 6.0

g, 70% Zn 1.6 g, 53% Cu 0.3 g, KIO3 0.01 g, CrK(SO4)2·12H2O

0.55 g and sucrose.
2)Contained per kg mixture; thiamin·HCl 600 mg, riboflavin 600

mg, pyridoxine·HCl 700mg, nicotinic acid 3 g, Vit.A 400,000

IU (Retinyl acetate), Vit.E(dL-α-tocopheryl acetate) 5,000 IU,

Vit. D3 2.5 mg, Vit. K 5.0 mg and sucrose.
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weighed in the average of 233 g and reference blood pres-

sure (RBP) showed average 223.7±1.2 mmHg. 

Experimental diet and conditions

The experimental diets were oral administration and

drinking water feeding. The oral administration were ran-

domly divided into 3 groups; Control group (no adminis-

tration), ML group (oral administration of 2 mL market

milk), CH group (oral administration of 10% casein

hydrolysate in 2 mL milk). ML and CH groups had oral

administration every morning. In drinking water feeding,

SHRs were randomly divided into 2 groups; Control group,

CH group was drinking beverage (1% casein hydrolysate

in water). Intake quantity at 2 d once and beverage quan-

tity everyday measured at the time when it is identical.

Blood pressure 

The blood pressure of SHRs were assessed by measur-

ing the systolic blood pressure (SBP) every weeks. The

blood pressure monitor was used a mercury type sphyg-

momanometer (IITC Inc., Woodland Hills, CA, USA) in

tail vein. RBP was measured before 3 d of casein hydrol-

ysate feeding. Blood classification was assessed accord-

ing to the standard of the clinical experiment (Han et al.,

2003; Pfeffer et al., 1971). 

Analysis of serum lipid contents

Blood samples were treated with ethylene diamine tet-

raacetic acid (EDTA). The collected blood samples were

centrifuged for 10 min at 3000 rpm in 4oC, and the super-

natant was transferred to an eppendorf tube and stored in

a freezer until analysis (Jung et al., 2001; Kim et al.,

2007). Serum concentration of total cholesterol (TC) and

triglyceride (TG) were measured using kit (cholesterol/

triglyceride reagent) of colorimetric assay (ADIVIA 1650,

Bayer, Tokyo, Japan). High-density lipoprotein-choles-

terol (HDL-C) and low-density lipoprotein-cholesterol

(LDL-C) concentration were measured using kit (direct

HDL-cholesterol/cholesterol LDL) of colorimetric assay

(ADIVIA 1650/Hitachi 7180, Bayer, Tokyo, Japan) (Rader

et al., 2003). 

Statistical analysis

All results were expressed in mean±SE. Statistical anal-

ysis was done using Statistical Analysis System (SAS)

program and significance of each group was verified by

the Duncan's multiple range test and t-test. Results with p

<0.05 were considered statistically significant.

Results and Discussion

ACE inhibitory activity

ACE inhibitory activity of casein hydrolysate was 86.8

% (Table 2). Casein hydrolysates by protamex and fla-

vourzyme 500MG at 55oC for 4 h showed promise in the

development of a functional food for preventing hyper-

tension. Do et al. (2007) have reported casein hydrolysate

that casein hydrolysis degrees of flovourzyme 500MG,

protamex, and mixture from 1% casein at 55oC for 4 h

were 85.5, 88.5, and 93.5%. Yield (93.5%) and ACE in-

hibitory activity (86.8%) of casein hydrolysate by mix-

ture of protamex and flovourzyme 500MG were the

higest. Protamex had the highest activity among endopep-

tidase activities of hydrolytic proteases showed the same

tendency as Kim et al. (2002). Furthermore, this result of

ACE inhibitory activity was higher than 45.55% in casein

hydrolysate by promod 192 (Kim et al., 2002). 

Weight gain and food efficiency ratio (FER) 

Weight gain and FER during the experimental periods

were shown in Table 3. The relative weight gain was

higher in control than the other groups, but there was no

significant difference in total weight gain (Lee et al.,

2000). FER did not show a significant difference among

groups. In orally tube feeding, the gain weight of CH

group was 60.24 g for 5 wk. The gain weight was higher in

control than CH group. FER was control (0.097) and CH

group (0.090). Therefore, casein hydrolysate is presumed

that food source is used to safety (Park et al., 2000).

Ogawa et al. (2007) have reported that feeding of osthol

was no significant in body weight and daily food intake

with control, indicating that dietary osthol gives good

growth as well as the control.

Blood pressure

The change in BP after oral administration of casein

hydrolysate (2 mL) to SHR for 5 wk is shown in Fig. 2.

The reference BP of 6 wk-old SHR was on an average

198.9 mmHg. The systolic blood pressure (SBP) of con-

trol during the experimental period was increased from

205 mmHg to 222.4 mmHg. When market milk was

Table 2. Effects of casein hydrolysate on ACE inhibition activity

Enzyme ACE inhibition (%)

No enzyme 01.5±0.01

Mixture1) 86.8±0.01

1)Casein hydrolysated using protamex and flavourzyme 500MG at

55oC for 4 h.
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orally administered to SHR, SBP was increased from

198.6 mmHg to 215.4 mmHg. After oral administration

of casein hydrolysate to SHR, SBP was decreased from

197.7 mmHg to 195.7 mmHg for 5 wk. A significant anti-

hypotensive effect of casein hydrolysate was observed dur-

ing the 5-wk experimental period in SHR. BP of SHR is

generally increased with weight gain (Lee et al., 2000).

The BP during the experimental period was increasing in

control and ML groups. But BP of ML group was lower

than BP of control group. This result suggests that milk

was effective to reduce the blood pressure in SHRs. The

SBP of CH group was decreased to 24 mmHg compared

to control at 2 wk after oral administration of casein

hydrolysate. Generally, the decrease in BP of CH group

was significant compared to control and ML groups. On

the other hand, the change in BP after drinking water of

casein hydrolysate to SHR for 5 wk is shown in Fig. 3.

The reference BP of 6 wk-old SHR was on an average

202.0 mmHg. Fig. 3 shows the BP of CH group was sig-

nificantly lower than the BP of control group at 3 wk

after drinking water of casein hydrolysate. The casein

hydrolysate in the blood suppressed the activity of angio-

tensin converting enzymes (ACE) in SHR. Several pep-

tides derived from sour milk, a wheat germ hydrolysate,

and a sardine muscle hydrolysate were well known to

have ACE-inhibiting activities and to exhibit antihyper-

tensive activities in experimental animals (Do et al.,

2006). Ogawa et al. (2007) have reported that the

increase of systolic blood pressure was significantly sup-

pressed after 3 wk of feeding, indicating that dietary

osthol exerted hypotensive activity in SHR. BP of CH

group by oral administration was reduced 7.2 % after 2

wk of experimental period. And BP of CH group by

drinking was reduced 7.5% after 3 wk of experimental

period. BP of CH group was increased after 2 and 3 wk

of administration (Fig. 2 and 3). This pattern of reduction

in BP, within 2 wk and maintained afterward, was also

observed in the Dietary Approach to Stop Hypertension

Table 3. Total gain and FER in SHR fed by orally market milk and 10% casein hydrolysate in milk for 5 wk

Group
Body weight (g)

FER3)

Initial Final Total gain

Control 234.48±4.38ns 300.87±5.43ns 66.39±1.05ns 0.097±0.024ns

Milk1) 232.63±6.07 292.38±6.55 59.75±0.48 0.098±0.036

CH2) 235.86±3.80 296.19±4.69 60.24±0.89 0.090±0.029

Values are Mean±SD (n=8).
nsNot significant.
1)Milk was orally administered once a day for 5 wk.
2)10% Casein hydrolysate in milk
3)Food efficiency ratio (body weight/ food intake)

Fig. 2. The changes of systolic blood pressure in SHR fed by

orally market milk and 10% casein hydrolysate in

milk supplied 2 mL for 5 wk. Blood pressure was

decreased by casein hydrolysate for 2 wk. The raising

trends of blood pressure were resembled both control and

milk groups. Values are the Mean±SD (n=8). BP: blood

pressure *: 10% casein hydrolysate in milk.

Fig. 3. The changes of systolic blood pressure in SHR fed tap

water and 1% casein hydrolysate in water for 5 wk.

Blood pressure was decreased by casein hydrolysate for 3

wk. The raising trend of blood pressure was control. Data

are the Mean±SD (n=8). BP: blood pressure *: 1% casein

hydrolysate in water.
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trial (Appel et al., 1997). In that trial, an 8-week intake of

a diet rich in fruits, vegetables, and low-fat dairy foods

reduced systolic and diastolic BP by 5.5 and 3.0 mmHg

more than the control diet in prehypertensive subjects.

Similar reductions were observed in our study after 4 wk

of repeated administration of casein hydrolysate com-

pared to control group. This shows that casein hydroly-

sate offers an additional nutritional approach to prevent-

ing and treating hypertension, in addition to life style

modifications like conscientious dietary choices with

reduced salt intake and increased potassium intake,

weight loss, exercise, and stress reduction (Appel et al.,

1997; Cadée et al., 2007). 

Analysis of serum lipids

Serum lipid concentration and atherosclerotic index

(AI; Kim et al., 2006) during oral administration of

casein hydrolysate (2 mL) to SHR was shown in Table 4.

In terms of serum lipids, total-cholesterol (TC) and LDL-

cholesterol (LDL-C) concentrations were not significant

among expermental groups. Triglyceride (TG) concentra-

tion of control was significantly lower than ML and CH

groups (p<0.05). HDL-C was significantly different between

ML (29.67 mg/dL) and control (28.00 mg/dL) (p<0.05).

AI was lower in ML and CH groups compared to control

(p<0.05). The comparison between 0 week and 5 wk was

observed a significant difference in TC, TG, and HDL-C

concentrations by paired t-test (p<0.05), except for LDL-

C in control and CH groups. However, AI was a signifi-

cantly decrease after 5 wk (p<0.05). These data suggest

that casein hydrolysate had a improving effect of LDL-C

and AI in SHR. But TG was increase in ML and CH

groups. Wu and Ding (2001) have reported that treatment

with soy ACE inhibitory peptides and Captopril adminis-

tration was no significant changes of content of serum

lipids in SHR. Takai et al. (2004) have reported that treat-

ment with an ACE inhibitor significantly correlation was

observed between SBP and ACE activity in the aorta, but

not in the plasma or other tissues such as the heart and

brain. 

In conclusion, we have demonstrated that casein hydro-

lysate produced potent antihypertensive effects in vitro

and in vivo. It seems likely that casein hydrolysate would

be a beneficial ingredient for a prophylactic and therapeu-

tic treatment against hypertension and its related diseases.

Acknowledgement

This work was supported by Ministry for Food, Agri-

culture, Forestry and Fisheries, Korea.

References

1. American Institute of Nutrition (1977) Report of the Ameri-

can Institute of Nutrition ad hoc committee on standards for

nutritional studies. J. Nutr. 107, 1340-1348.

2. Appel, L. J., Moore, T. J., Obarzanek, E., Vollmer, W. M.,

Svetkey, L. P., Sacks, F. M., Bray, G. A., Windhauser, M. M.,

Lin, P.H., and Karanja, N. (1997) A clinical trial of the

effects of dietary patterns on blood pressure. N. Engl. J. Med.

336, 1117-1124.

3. Cadée, J. A., Chang, C. Y., Chen, C. W., Huang, C. N., Chen,

S. L., and Wang, C. K. (2007) Bovin casein hydrolysate (C12

Peptide) reduces blood pressure in prehypertensive subjects.

Am. J. Hypertens. 20, 1-5.

4. Cushman, D. W. and Cheung, H. S. (1971) Spectrophotomet-

ric assay and properties of the angiotensin-converting

enzyme of rabbit lung. Biochem. Pharmacol. 20, 1637-1648.

Table 4. Serum lipid contents and AI in SHR fed by orally market milk and 10% casein hydrolysate in milk for 5 wk

(Unit: mg/dL)

Group
TC1) TG2) HDL3) LDL4) AI5)

0 wk 5 wk 0 wk 5 wk 0 wk 5 wk 0 wk 5 wk 0 wk 5 wk

Control
65.80±

01.45aB

68.40±

01.79nsA

99.80±

17.47nsB

126.40±

010.04bA

25.80±

00.86aB

28.00±

00.53bA

7.60±

0.63abNS

7.20±

0.37ns

1.55±

0.10nsA

1.44±

0.02aB

Milk6) 65.00±

03.07aB

70.33±

03.99A

93.88±

16.78B

147.33±

014.95aA

25.63±

00.88abB

29.67±

01.98aA

8.25±

0.88aA

7.00±

0.58B

1.54±

0.09A

1.37±

0.06bB

CH7) 61.13±

03.87bB

68.43±

03.41A

84.63±

14.65B

132.43±1

009.26abA

24.38±

01.69bB

29.29±

01.28abA

7.00±

0.76bNS

6.71±

0.76

1.51±

1.40A

1.34±

0.03bB

Values are Mean±SD (n=8).

Same small superscripts are not significantly different by Duncan's multiple range test (p<0.05).

Different large superscript is statistically significant by Student t-test for two sampling phase (p<0.05).
nsnot significant
1)Total-Cholesterol, 2)Triglyceride, 3)HDL-cholesterol, 4)LDL-cholesterol, 5)Atherosclerotic Index = (TC-HDL) ÷ HDL, 6)Milk was orally

administered once a day for 5 wk, 7)10% Casein in milk



550 Korean J. Food Sci. Ani. Resour., Vol. 30, No. 4 (2010)

5. Do, J. R., Kim, K. J., Kim, H. K., Kim, Y. M., Park, Y. B.,

Lee, Y. B., and Kim, S. B. (2007) Optimization of enzymatic

hydrolysis conditions for production of angiotensin I-con-

verting enzyme inhibitory peptide from casein. Food Sci.

Biotechnol. 16, 565-571. 

6. Do, J. R., Heo, I. S., Jo, J. H., Kim, D. S., Kim, H. K., Kim,

S. S., and Han, C. K. (2006) Effect of antihypertensive pep-

tides originated from various marine proteins on ACE inhib-

itory activity and systolic blood pressure in spontaneously

hypertensive rats. Korean J. Food Sci. Technol. 38, 567-570.

7. Han, C. K., Lee, O. H., Kim, K. I., Park, J. M., Kim, Y. C.,

and Lee, B. Y. (2003) Effect of powder, 50% ethanol and hot

water extracts of Gastrtodiae rhizoma on serum lipids and

blood pressure in SHR fed high-fat diet. J. Korean Soc. Food

Sci. Nutr. 32, 1095-1101. 

8. Jung, B. M., Ahn, C. B., Kang, S. J., Park, J. H., and Chung,

D. H. (2001) Effects of Hijikia fusiforme extracts on lipid

metabolism and liver antioxidative enzyme activities in tri-

ton-induced hyperlipidemic rats. J. Korean Soc. Food Sci.

Nutr. 30, 1184-1189. 

9. Kim, H. L., Son, Y. H., Kim, S. J., Kim, D. W., Ma, S. J.,

Cho, G. S., Kim, I. C., and Ham, K. S. (2007) Effects of

chronic chitosan salt supplementation on blood pressure,

plasma component, and lipid profile in healthy male and

female adults. Food Sci. Biotechnol. 16, 249-254.

10. Kim, H. S., Ham, J. S., Jeong, S. G., Yoo, Y. M., Chae, H. S.,

Ahn, C. N., and Lee, J. M. (2003) Production of angiotensin-

I converting enzyme inhibitory hydrolysates from egg albu-

men. Asian-Aus. J. Anim. Sci. 16, 307-319. 

11. Kim, H. S., In, Y. M., Jeong, S. G., and Ham, J. S. (2002)

Antihypertensive effects of casein hydrolysate in spontane-

ously hypertensive rats. J. Anim. Sci. Technol. 44, 483-490.

12. Kim, H. S., In, Y. M., Jeong, S. G., Ham, J. S., Kang, K. H.,

and Lee, S. W. (2002) Angiotensin I- converting enzyme

inhibitory properties of bovine casein hydrolysates in differ-

ent enzymatic hydrolysis conditions. Korean J. Food Sci.

Anim. Resour. 22, 87-93.

13. Kim, K. J., Do, J. R., and Kim, H. K. (2005) Antimicrobial,

antihypertensive and anticancer activities of garlic extracts.

Korean J. Food Sci. Technol. 37, 228-232.

14. Kim, Y. M., Han, C. K., Bang, S. J., and Park, J. H. (2006)

Effects of laminaran from Eisenia bicyclis on serum lipids in

rats fed high cholesterol diet. J. Korean Soc. Food Sci. Nutr.

35, 841-846.

15. Koike, H., Ito, K., Miyamoto, M., and Nishino, H. (1977)

Effects of long-term blockade of angiotensin-converting

enzyme with captopril (SQ 14, 225) on hemodynamics and

circulating blood volume in SHR. Hypertension 2, 229-303.

16. Lee, J. R., Kwon, D. Y., Shin, H. K., and Yang, C. B. (1999)

Purification and identification of angiotensin-Iconverting

enzyme inhibitory peptide from kidney bean protein hydro-

lyzate. Food Sci. Biotechnol. 8, 172-178.

17. Lee, J. S., Park, S. J., Sung, K. S., Han, C. K., Lee, M. H.,

Jung, C. W., and Kwon, T. B. (2000) Effects of germinated-

buckwheat on blood pressure, plasma glucose and lipid lev-

els of spontaneously hypertensive rats. Korean J. Food Sci.

Technol. 32, 206-211.

18. Li, G. H., Le, G. W., Shi, Y. H., and Shrestha, S. (2004)

Angiotensin I-converting enzyme inhibitory peptides deriv-

ed from food proteins and their physiological and pharmaco-

logical effects. Nutr. Res. 24, 469-486.

19. Ogawa, H., Sasai, N., Kamisako, T., and Baba, K. (2007)

Effects of osthol on blood pressure and lipid metabolism in

stroke-prone spontaneously hypertensive rats. J. Ethnophar-

macol. 112, 26-31. 

20. Okamoto, K. and Aoki, K. (1963) Development of a strain of

spontaneously hypertensive rats. Jpn. Circ. J. 27, 282-293.

21. Park, K. K., Ryu, J. W., Choi, E. K., and Ro, H. S. (2000)

Anti-hypertensive effects of pini folium and leonuri herba

extract on SHR. J. Appl. Pharmacol. 8, 27-31.

22. Pfeffer, J. M., Pfeffer, M. A., and Frohlich, E. D. (1971)

Validity of an indirect tail-cuff method for determining sys-

tolic arterial pressure in unanesthetized normotensive and

spontaneously hypertensive rats. J. Lab. Clin. Med. 78, 957-

962. 

23. Rader, D. J., Davidson, M. H., Caplan, R. J., and Pears, J. S.

(2003) Lipid and apolipoprotein ratios: association with cor-

onary artery disease and effects of rosuvastatin compared

with atorvastatin, pravastatin, and simvastatin. Amer. J. Car-

diol. 91, 20C-24C.

24. SAS Institute, Inc. (1992) SAS User's Guide. Statistical

Analysis Systems Institute, Cary, NC, USA.

25. Suh, H. J., Whang, J. H., Kim, Y. S., Bae, S. H., and Noh, D.

O. (2003) Preparation of angiotensin I converting enzyme

inhibitor from corn gluten. Process Biochem. 38, 1239-1244.

26. Takai, S., Jin, D., Sakaguchi, M., and Miyazaki, M. (2004)

Signifiant target organs for hypertension and cardiac hyper-

trophy by angiotensin-converting enzyme inhibitors. Hyper-

tens. Res. 27, 213-219.

27. Wu, J. and Ding, W. (2001) Hypotensive and physiological

effect of angiotensin converting enzyme inhibitory peptides

derived from soy protein on spontaneously hypertensive rats.

J. Agric. Food Chem. 49, 501-506.

28. Xuan, G. D., Ruan, H., Chen, Q. H., and Xu, Y. (2005) Opti-

mization of angiotensin I-converting enzyme (ACE) inhibi-

tion by rice dregs hydrolysates using response surface

methodology. J. Zhejiang Univ. Sci. 6, 508-513.

29. Yamamoto, N., Akino, A., and Takano, T. (1994) Antihyper-

tensive effect of the peptides derived from casein by an extra-

cellular proteinase from Lactobacillus helveticus CP790. J.

Dairy Technol. 77, 917-922.

(Received 2009.7.17/Revised 1st 2009.9.28, 2nd 2010.3.11,

3rd 2010.4.27/Accepted 2010.5.14)


