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ABSTRACT 

Milk proteins are precursors of many different biologically active peptides. These peptides are inactive within the sequence of the precursor 
proteins but can be released during microbial fermentation. In the present study, the cow milk hydrolysate showed multifunctional properties like 
angiotensin converting enzyme inhibition, antioxidant and anticancer activity. The optimized fermentation conditions for angiotensin converting 
enzyme inhibitor production by the combination of Lactobacillus plantarum and Lactobacillus casei were also studied. Angiotensin converting 
enzyme inhibition activity (69.28±0.37%) to be highest at 37ºC with inoculum concentration of 1% after 24 hours of incubation. The milk 
hydrolysate exhibited scavenging potential with IC50 value of 185.87 µg/ml for 2, 2-diphenyl-1- icrylhydrazyl. And also the cow milk hydrolysate 
showed in vitro anticancer activity against HeLa cell with IC50
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 of 150 µg/ml.  

 

INTRODUCTION 

Hypertension, (i.e.) high blood pressure, is a key factor in the 
development of cardiovascular diseases such as myocardial 
infarction, stroke and heart failure. Life style modifications such as 
weight reduction, moderation of alcohol consumption, reduction 
in salt intake, and increase in physical activity, cessation of 
smoking and healthy eating patterns are recommended for 
treatment of mild hypertension without risk factors for 
cardiovascular diseases1

ACE plays an important role in the regulation of peripheral blood 
pressure in the human body. The dipeptidylcarboxypeptidase, ACE 
catalyzes both the production of the vasoconstrictor angiotensin II 
and the inactivation of the vasodilator bradykinin. The ACE 
inhibitors are well established in the therapy of hypertension and 
heart failure and have been shown to exert organ protective 
effects

. Further, more approaches like these can 
contribute to the primary prevention of hypertension. In clinical 
practice vasodilators, diuretics, calcium channel blockers, 
angiotensin II receptor blockers and angiotensin I-converting 
enzyme (ACE) inhibitors are normally used.  

2. Synthetic ACE inhibitors such as captopril, enalapril, 
alecepril and lisinopril are used extensively in the treatment of 
essential hypertension. These drugs may cause several side effects, 
like hypotension, reduced renal function, cough, and fetal 
abnormalities. This has stimulated the search for natural ACE 
inhibitors, and consequently several peptides have been identified 
in a range of food proteins3

For many years, food researchers have extensively studied peptides 
derived from food proteins as potential nutraceuticals in respect to 
the development of functional foods. Many research groups have 
combed for novel ACE inhibitors in natural products and in 
microbial sources. ACE inhibitory peptides have been discovered in 
various food sources such as milk

. 

4,5, gelatine6, maize7,8, soybean9, 
and wheat10. Among the food sources, milk proteins are a good 
source of bioactive peptides11,12. Milk is a good source of protein and 
essential amino acids, minerals and vitamins (especially calcium, 
magnesium, zinc, vitamin A and vitamin B12). The bioactive 
peptides encrypted in intact milk proteins can be liberated through 
the action of proteolytic enzymes from various sources, e.g. during 
the manufacture of dairy products or upon enzymatic hydrolysis of 
milk proteins in vitro13

Many biologically active peptides have been identified from milk 
proteins and dairy products by proteolysis with digestive enzymes 
or microbial enzymes or by fermentation

. 

11,14. The single most 

effective way to increase the concentration of bioactive peptides in 
fermented dairy products is to ferment or co-ferment with highly 
proteolytic strains of lactic acid bacteria. The types of lactic acid 
bacteria starter used are one of the main factors that influence the 
synthesis of hypertensive peptides in dairy products. Hence the 
strain selection is one of the main factors that influence the release 
of ACE inhibitors in dairy fermentations15-17. Nakamura et al.17 
purified and characterize angiotensin 1- converting enzyme 
inhibitors from sour milk. The inhibitory activity of angiotensin 1 
– converting enzyme in milk increased during fermentation with 
the calpis sour milk starter containing Lactobacillus helveticus and 
Saccharomyces cerevisiae. Chen et al.18

Many milk-derived peptides are multifunctional, (i.e.,) specific 
peptide sequences have more than one biological activity

 observed that 
fermentation of milk with a commercial starter culture mixture of 
five lactic acid bacteria (LAB) strains followed by hydrolysis with a 
microbial protease increased ACE inhibitory activity of the 
hydrolysate. Two strong ACE-inhibitory tripeptides (Gly-Thr- Trp) 
and (Gly-Val-Trp) were identified and an antihypertensive effect of 
the hydrolysate containing these peptides was demonstrated in an 
animal model study using spontaneously hypertensive rats (SHR). 

4

Many human diseases are caused or negatively affected by free 
radicals. The natural defense of the human against free radicals is 
not always sufficient mainly due to the significant exposition to free 
radicals from external sources in the modern world. These free 
radicals may oxidize nucleic acids, proteins, lipids or DNA and can 
initiate degenerative disease. The dietary intake of antioxidants 
plays an important role in the protection of the human against free 
radicals. Many clinical and epidemiological studies show a 
connection between the antioxidant activity of the substances 
present in the diet and the prevention from such diseases as 
cardiovascular diseases or carcinogenesis

. In 
addition to antihypertensive property milk proteins also showed 
antioxidant and antibacterial property. 

19-21. The main 
characteristic of an antioxidant is its ability to trap free radicals. 
Highly reactive free radicals and oxygen species are present in 
biological systems from a wide variety of sources. Various 
antioxidant activity methods have been used to monitor and 
compare the antioxidant activity of foods. A rapid, simple and 
inexpensive method to measure antioxidant capacity of food 
involves the use of the free radical, 2, 2-Diphenyl-1-picrylhydrazyl 
(DPPH). DPPH is widely used to test the ability of compounds to act 
as free radical scavengers or hydrogen donors, and to evaluate 
antioxidant activity of foods. 
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The imbalance between free radical formation (chemical compound 
that contains one or more unpaired electrons) and the mechanisms 
involved in their elimination results in oxidative stress, which lies at 
the baseline of many diseases, such as degenerative diseases 
associated with aging. It has been reported that milk proteins and 
fermented milks are among the dietary sources of natural 
antioxidants, in the form of antioxidant peptides. For example, αs1-
casein f (144-149) hexapeptide corresponding to the amino acid 
sequence YFYPEL was found to possess a potent superoxide anion 
radical scavenging activity. Other peptides derived from tryptic 
cleavage of β-casein exhibited potent inhibition of lipooxygenase 
activity. Quenching of free radicals by oxidation of amino acid 
residues in casein is thought to be involved in the mechanisms of 
action of bovine casein derived antioxidant peptides. A κ-casein 
derived peptide with 2, 2-diphenyl-1-picrylhidrazyl activity was 
recently isolated from milk fermented with Lb. delbrueckii subsp. 
bulgaricus. Another peptide corresponding to the amino acid 
sequence SKVLPVPQ was identified from two commercial Spanish 
fermented milk drinks manufactured with Lb. helveticus and 
Saccharomyces cerevisiae, which, based on structure exhibited 
antioxidant activities22

Milk fat contains a number of individual components that can be 
described as having anticarcinogenic properties. In particular, 
conjugated linoleic acid (CLA) and sphingomyelin have been 
suggested to have important anticancer properties

. A fragment of SQSKVLPVPQ, with the amino 
acid sequence VLPVPQK was identified previously as an antioxidant 
peptide.  

23-26. McIntosh et 
al.27 demonstrated a protective role for dietary dairy proteins 
against tumour development, showing that dietary whey protein 
and casein were more protective against the development of 
intestinal cancers in rats than was red meat or soy bean protein. 
They concluded that dietary proteins differ in their ability to protect 
against cancer development and that the proteins in dairy foods, 
particularly the whey proteins, appear to play a significant role in 
cancer prevention27

MATERIALS AND METHODS 

. Daily ingestion of foods containing peptides 
with potent ACE-inhibitory activities may be effective at keeping the 
human blood pressure low. The aim of this study was to detect an 
ACE-inhibitory cow milk hydrolysate and its in vitro antioxidant 
activity and in vitro anticancer activity.  

Microorganisms 

Lactobacillus plantarum and Lactobacillus casei isolated from milk 
product was used in the present investigation. Identification of the 
organism was made based on their morphological and cultural 
characteristics. 

Screening of different milk 

The cow and buffalo milk were used to screen based on their ACE 
inhibitory activity. The raw milk was collected from nearest dairy 
farm and sterilized by heating at 93ºC for 20 min under constant 
stirring for the study. 

Production of fermented milk 

Combination of Lactobacillus plantarum and Lactobacillus casei were 
used to inoculate (2%, vol/vol) 50 ml of sterilized milk. Inoculation 
was carried out under sterile conditions and the milk was kept for 
fermentation at 37ºC for 24 h. 

Preparation of milk hydrolysates 

For the determination of the ACE inhibitory activity of the milk 
during fermentation, the whey fraction was used. The whey fraction 
was obtained as follows. The pH of milk was adjusted to 3.4 by 
addition of 50% lactic acid, and then the milk was centrifuged at 
6000 x g for 10 min; 10N NaOH was added to the supernatant to 
raise the pH to 8.3, and then the supernatant was centrifuged at 
6000 x g for 10 min. Milk hydrolysate were finally ultrafiltered 
through a 10 kDa cut-off membrane in a stirred ultrafiltration cell 
module (Millipore USA). Ultrafiltered permeates were analyzed at 
this step and also after a second step of fractionation through a 3 
kDa cut-off filter (Millipore, USA) with centrifugation (3200 x g for 
40 min at 15ºC). The final supernatant was used for the study28

Measurement of ACE inhibitory activity 

. 

The ACE inhibitory activity was assayed by the method of Cushman 
and Cheung29

The extent of inhibition was calculated as follows: 

 with some modification. The Hip-His-Leu was 
dissolved in 0.1 M sodium borate buffer (pH 8.3) containing 0.3 M 
NaCl. Then, 200 µl of 5 mM Hip-His-Leu solution was mixed with 80 
µl of milk hydrolysate (the pH of which was adjusted to 8.3) and 
then preincubated for 3 min at 37ºC. The reaction was initiated by 
addition of 20 µl of ACE. And the mixture was incubated for 30 min 
at 37ºC. The reaction was stopped by addition of 250 µl of 1N HCI. 
The hippuric acid liberated by ACE was extracted with 1.7 ml ethyl 
acetate, dissolved by addition of 1 ml of distilled water after removal 
of ethyl acetate by vacuum evaporation, and measured 
spectrophotometrically at optical density of 228 nm.  

(B - A)/ (B - C) x 100 

Where 

A = the optical density in the presence of ACE and ACE inhibitory 
component, 

B = the optical density without ACE inhibitory component and 

C = the optical density without ACE. 

Effect of fermentation conditions on ACE inhibitory activity 

Various process parameters influencing ACE inhibitor production 
during fermentation were optimized. The strategy followed was to 
optimize each parameter, independent of the others and 
subsequently optimal conditions were employed in all experiments. 
The various conditions include temperature (28, 31, 34, 37, 40 and 
43ºC), inoculum size (0.5, 1, 1.5, 2, 2.5, and 3%) and incubation 
period (12, 24, 36 and 48 hr). After fermentation milk hydrolysates 
were prepared for ACE inhibitory assay. 

In-vitro antioxidant activity of milk hydrolysate by DPPH 
radical scavenging assay 

The antioxidant activity of the milk hydrolysate was checked by 
DPPH (2, 2-diphenyl-1- icrylhydrazyl) radical scavenging activity. 
0.3 ml of different concentration (100, 200, 300,400 and 500 µg/ml) 
of cow milk hydrolysate was taken and made up to 0.4 ml with 
distilled water. To this added 0.6 ml of 100 M DPPH reagent in 
methanol. The reaction mixture was incubated for 20 min under 
dark and the reading was taken at 517 nm. The decrease in 
absorbance at 517 nm was taken as the antioxidant capacity of the 
cow milk hydrolysate. Ascorbic acid was taken as standard30

Total reducing power assay 

.  

The reducing power was determined according to the method of Lin 
et al.31. Different concentration (100, 200, 300,400 and 500 µg/ml) 
of cow milk hydrolysate (0.25 ml) was mixed with 0.25 ml of 200 
mM sodium phosphate buffer (pH 6.6) and 0.25 ml of 1% potassium 
ferricyanide. Then the mixture was incubated at 50°C for 20 min. 
After 0.25 ml of 10% trichloroacetic acid was added to the mixture 
to stop the reaction, the mixture was centrifuged at 3000 rpm for 10 
min. The supernatant (0.5 ml) was mixed with 0.4 ml of deionized 
water and 0.1 ml of 0.1% ferric chloride solution, allowed to stand 
for 10 min, and the absorbance was measured at 700 nm. Higher 
absorbance indicated higher reducing power. Ascorbic acid 

In vitro anticancer study 

was 
taken as standard. 

The human cervical cancer cell lines (HeLa), obtained from National 
Centre for Cell Science (NCCS), Pune, India was used for this work. 
The HeLa cells were grown in Eagles Minimum Essential Medium 
containing 10% fetal bovine serum (FBS). For screening experiment, 
the cells were seeded into 96-well plates in 100 µl of medium 
containing 5% FBS, at plating density of 10,000 cells/well and 
incubated at 37ºC, 5% CO2, 95% air and 100% relative humidity for 
24 h prior to addition of hydrolysate. The hydrolysate were 
solubilized in 0.2 M phosphate buffer (pH, 7) diluted in serum free 
medium. After 24 h, 100 µl of the medium containing the 
hydrolysate at various concentrations (15.625, 31.25, 62.5, 125 and 
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250 µg/ml) was added and incubated at 37ºC, 5% CO2

Anti-cancer activity 

, 95% air and 
100% relative humidity for 48 h. Triplicate was maintained and the 
medium containing without sample were served as control. 

The anticancer effect of the samples against HeLa cells was 
estimated by the 3-[4, 5-dimethylthiazole-2-yl]-2, 5-
diphenyltetrazolium bromide (MTT) assay according to Hansen et 
al.32. The yellow tetrazolium salt of MTT is reduced by mitochondrial 
dehydrogenases in metabolically active cells to form insoluble 
purple formazan crystals, which are solubilized by the addition of a 
detergent. Cells (5 x 104 cells / well) were incubated with various 
concentrations of the compound at 37ºC for 48 h in a FBS-free 
medium, before submitted to MTT assay. The absorbance at 570 nm 
was measured using micro plate reader. The relative cell viability 
was determined by the amount of MTT converted to the insoluble 
formazan salt. The data are expressed as the mean percentage of 
viable cells as compared to the respective control. The half maximal 
growth inhibitory concentration IC50

Statistical analysis 

 values were calculated. 

The SPSS software (10.0 versions) was used for the major data 
processing throughout this work. All results were expressed as the 
mean ± SD. 

RESULTS AND DISCUSSION  

Screening of different milk with ACE inhibitory activity 

Among the two types of milk screened for ACE inhibitory activity, 
cow milk showed maximum inhibiting percentage of 51.99±0.21% 
(Fig.1). Buffalo milk showed ACE inhibitory of 50.22±0.23%. Cow 
milk was selected for further work because of high ACE inhibitory 
activity and its availability. Cow’s milk contains many constituents 
including electrolytes, proteins, and peptides, which could affect 
blood pressure beneficially.  

Effect of temperature on ACE inhibiting activity of cow milk 

Temperature has an important role in the fermentation process. The 
effect of fermentation temperature (28-43ºC) on the ACE inhibition 
activity was studied. It was observed that during fermentation the 
ACE inhibition was highest (52.45±0.42%) at temperature 37ºC (Fig. 
2). Negligible amount of ACE inhibitory activity was produced 
between 28 and 43ºC. Pan and Guo5 reported maximum ACE 
inhibition activity at 39ºC. The temperature is one of the most 
critical parameters that have to be controlled in a bioprocess. The 
process temperature should ensure the optimum growth of 
organism and production of ACE inhibitor. 

 

Fig. 1: Screening of different milk with ACE inhibitory activity 
 

Effect of inoculum size on ACE inhibitor production 

The effect of inoculum concentration (0.5-3%) on ACE inhibitor 
production by combination of Lactobacillus plantarum and 
Lactobacillus casei was studied. The maximum activity of 
64.78±0.15% was obtained in the cow milk containing 1% inoculum 
(Fig.3). Reduction of ACE inhibition activity was noticed at higher 

concentration of inoculum. This indicates that low inoculum 
concentration is a good for ACE inhibition activity. Gobbetti et al.33 
studied the production of ACE inhibitory peptides in fermented milk 
with 1% inoculum of Lactobacillus delbrueckii and Lactobacillus 
lactis. 

 

Fig. 2: Effect of temperature on ACE inhibitor production 
[ 

 

Fig. 3: Effect of inoculum size on ACE inhibitor production 

Effect incubation period on ACE inhibitor production:  

To evaluate the effect of different incubation period on ACE inhibitor 
production, the incubation period of medium range was varied from 
12 to 48 h. With a rise in incubation period, the ACE inhibition 
activity increased and optimum activity was recorded at 24 h (Fig. 
4). With a further increase in incubation period, there was a 
decrease in activity. Maximum ACE inhibitory activity of 
69.28±0.37% was observed. ACE inhibitory activity increased 
between the log and stationary phase indicating that the ACE 
inhibitory peptides were produced during fermentation. Thereafter, 
the ACE inhibitor production started decreasing (Fig. 4). 

 

Fig. 4: Effect of incubation time on ACE inhibitor production 
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Antioxidant activity of cow milk hydrolysate 

In vitro antioxidant activities of cow milk were studied using DPPH 
scavenging and total reducing power assay. The observed result 
showed that cow milk fermented with the combination of 
Lactobacillus plantarum and Lactobacillus casei have good 
antioxidant property. The milk hydrolysate and ascorbic acid 
exhibited scavenging potential with IC50 value of 185.87 µg/ml and 
131.25 µg/ml respectively for DPPH (Fig. 5). Antioxidant properties, 
especially radical scavenging activities, are very important due to 
the deleterious role of free radicals in foods and biological systems. 
The reduction of DPPH absorption is indicating the capacity of the 
milk hydrolysate to scavenge free radicals, independently of any 
enzymatic activity. The antioxidant activity of several species and 
strains of milk bacteria contained in fermented milk can significantly 
affect human health. This has been confirmed also by clinical studies 
of milk fermented with a starter culture Lactobacillus fermentum 
ME-3 34,35. 

 

Fig. 5: DPPH scavenging activity of cow milk hydrolysate 

The antioxidant activities of natural components might have a 
reciprocal correlation with their reducing powers. In this assay, the 

yellow colour of the test solution changes to various shades of green 
and blue depending on the reducing power of each antioxidant 
sample. Reducing power of a compound served as a significant 
indicator of its potential activity. The hydrolysate showed dose 
dependant increase in reducing power that was compared with 
standard ascorbic acid (Fig. 6). 

 

Fig. 6: Reducing power activity of cow milk hydrolysate 

In vitro cell-line study 

In MTT assay, the cow milk hydrolysate showed IC50 value of 150 
µg/ml against cervical cancer cell line, HeLa (Fig.7). HeLa cells were 
subjected to ACE inhibitors and the cell viability assayed by MTT 
(expressed as percentage over control). Cell growth was decreased 
with the increasing concentration of ACE inhibitor. In order to show 
the concentration dependant action of ACE inhibitor in HeLa cells 
were treated with different (15.625, 31.25, 62.5, 125 and 250 µg/ml) 
concentration of sample. Milk fat contains a number of individual 
components that can be described as having anticarcinogenic 
properties. In particular, conjugated linoleic acid (CLA) and 
sphingomyelin have been suggested to have important anticancer 
properties23-26

 
.  

 

Fig. 7: In vitro Anticancer activity of cow milk hydrolysate against HeLa (Cervical cancer) cells (IC50 

 

150 µg/ml) 

CONCLUSIONS 

Prevention of diseases may in the future be just as important as 
treatment of diseases. Interest on the possible health-promoting 
properties of food is increasing and more and more research is 
targeted at the search for new biologically active compounds in 
different food products. Milk and dairy products have traditionally 
been an important part of human nutrition. Milk peptides have multi 
functional properties. In our study, cow milk hydrolysate showed 
ACE inhibitory, antioxidant and anticancer activity. The result 
suggests that due to the inhibition of ACE the increasing blood 
pressure could be partially prevented by taking the milk derived 
peptides. And also being a natural product milk derived peptides 

may have less side effects. However, more studies are required to 
isolate peptides and to use these peptides as medicine. 
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