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Abstract

Seven fermented goat milks containing angiotensin-converting enzyme
(ACE) inhibitory peptides were produced by using selected Lactobacillus
delbrueckii subsp. bulgaricus, L. lactis subsp. cremoris, L. lactis subsp.
Lactis, Lactobacillus acidophilus, Bifidobacterium and Streptococcous
thermophilus. A rapid In vitro test for ACE inhibition activity determination in
whey by competitive inhibition of angiotensin-converting enzyme was used.
First, a solution of whey was mixed in a | to 10 ratio with a serum containing
high ACE activity. Enzymatic activity (inhibition) was determined by
spectrophotometric kinetic method using 0.8 mmol/L FAPGG (N-[3-(Furyl)-
Acryloyl]-L-Phenylalanyl-Glycyl Glycyne) as the substrate. The inhibition
activity was determined from a standard curve of inhibitor concentration versus
percent of ACE inhibition. The most inhibition activity was detected for the
milk fermented by a mixture of Lactobacillus delbrueckii subsp. bulgaricus and

- Streptococcous thermophilus.

Key words: ACE, Competitive Inhibition, Fermented milk, Goat milk,
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Introduction

IVKilk proteins are precursors of many
different biologically active peptides. These
peptides are inactive within the sequence of
the precursor proteins but can be released by
enzymatic proteolysis during intestinal digestion
or during food processing. Milk protein-
derived bioactive peptides may function as
exogenous regulatory substances with hormone-

like activity on the different intestinal and
peripheral target sites of the mammalian organ-

‘ism. Opiate, antithrombotic, antihypertensive,

immunomodulating, antibacterial, antigastric,
human immunodeficiency virus type 1 proteinase
inhibitory, and mineral carrying are some prop-
erties that have been attributed to several of
the bioactive sequences identified". Angiotensin-
I-converting enzyme (ACE; kininase II;
EC3.4.15.1)is a multifunctional ectoenzyme
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located in different tissues which plays a key
physiological role in the regulation of local lev-
els of several endogenous bioactive peptides™ °.
ACE has been classically associated with the
renin-angiotensin system which regulates pe-
ripheral blood pressure, where it catalyzes both
the production of the vasoconstrictor
angiotensin-II and the inactivation of the
vasodilator bradykinin. ACE inhibition re-
sults mainly in an antihypertensive effect but
may also influence different regulatory systems
involved in modulating blood pressure, immune
defense, and nervous system activity’. Natu-
rally occurring peptides in snake venom were
the first reported competitive inhibitors of
ACE®’. Thereafter, many other ACE inhibitors
were discovered from enzymatic hydrolysates
or the related synthetic peptides of bovine and
human caseins (CNs), as well as plant and
other food proteins'®. Although chemical and
physical treatments may have some influence,
proteolysis by naturally occurring enzymes in
milk, exogenous enzymes, and enzymes from
microbial starters such as lactic acid bacteria
can potentially generate bioactive sequences
from milk protein precursors during dairy
processing. Lactic acid bacteria are known to
produce inhibitors of the enzyme in various
amounts during fermentation''>!*, The inhibitors
are formed by the bacterial proteinases when
the lactic acid bacteria hydrolyze milk proteins,
mainly casein, into peptides, which can be used
as nitrogen sources necessary for growth. All
of the ACE inhibitors known to date that are
formed in milk during fermentation are peptides
that act as competitive inhibitors, such as Ile-
Pro-Pro and Val-Pro-Pro'. In some cases it
has been demonstrated that fermented milk
rich in inhibitory substances can lower systolic

blood pressure in spontaneously hypertensive
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rats (SHR) after oral administration'*!%. Since
the inhibitors formed are peptides, which are
formed by degradation of caseins, proteolysis
plays an important role. In theory, both specificity
and overall proteolytic activity may havea.
significant role in the formation. The fact that
the proteolytic systems of lactic acid bacteria
are quite unspecific, i.e., that they cleave, for
instance, caseins at a high number of places'®,
combined with the fact that ACE can be
inhibited by many different peptidic structures
(for instance, Val-Pro-Pro ', Ile-Tyr, and Lys-
Val-Leu-Pro-Val-Pro '3, all of which inhibit ACE
in the micromolar range), led to the investigation
of a possible correlation between crude
proteolysis (measured as free amino groups) and
ACE inhibition. It was shown that, in general,
the higher the number of free amino groups
formed during fermentation, the higher the
chance that the same fermented substance will
be able to inhibit ACE significantly, even
though this rule is not always strictly obeyed.
Among the strains showing a relatively high
amount of free amino group formation, two
strains capable of producing milk with high ac-
tivity in vitro against ACE were identified and
were shown to be able to decrease the in vivo
activity of circulatory ACE in rats, measured
as a decreased ability to convert angiotensin I
to angiotensin II after oral administration of

the fermented milk.

In this study, we used selected Lactobacillus
delbrueckii subsp. bulgaricus, L. lactis subsp.
cremoris, L. lactis subsp. Lactis, Lactobacillus
acidophilus, Bifidobacterium and Streptococcous
thermophilus to produce fermented milk con-
taining ACE-inhibitory peptides. The ACE-
inhibitory peptides were determined in whey
by competitive inhibition of angiotensin-
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converting enzyme using spectrophotometric
kinetic method.

Materials and Methods

Microorganisms and culture fermentation
conditions :

Raw goat milk was obtained from a
local dairy. Bacterial strains, which we used,
are listed in Table 1. All strains were obtained
from the Chr. Hansen Culture Collection (Chr.
Hansen A/S, Horsholm, Denmark). Bacterial
strains were propagated in heat-treated 9.5%
reconstituted skim milk, and fermentations
were carried out at 37°C overnight, using a
1% inoculum. Skim milk cultures were used
to inoculate (1%, vol/vol) 50 ml of fresh skim
milk. Incubation was carried out under sterile
conditions several times at the temperatures
indicated in Table 1. Three batches of skim
milk were inoculated with each strain. Fermented
milk was produced with milk under sterile
conditions in order to exclude enzyme inter-
ference by contaminant microorganisms. The
extent of fermentation in the milk was monitored
by pH.

Sample preparation :

The fermented milk was centrifuged at

- 4°Cin an Eppendorf 5804R centrifuge (Eppendorf

GmbH, Hamburg, Germany) at 4,500 rpm. The
whey supernatant was adjusted to pH 8.3 with
10 N NaOH and was given 14,000 rpm (RCF
20,000 g) in a bench centrifuge (157MP; Ole
Dich, Hvidovre, Denmark) for 10 min. The
supernatant was used in the measurement of
peptide content and measurement of in vitro
ACE inhibition. '

Measurement of peptide content

The whey peptide content was quantified
using a modified version of the method by
Church et al?' and Frister et al.?2. o-Phtha-
Idialdehyde (OPA) solution was made by com-
bining the following reagents an diluting to
final volume of 50 mL with water: 25 mL of
100 mM sodium tetraborate; 2,5 mL of 20%
(wt/wt) sodium dodecyl sulfate; 40 mg of OPA
(dissolved in 1 mL of methanol) and 100 mg
N,N-dimethyl-2-mercaptoethylammonium
chloride. This reagent was prepared daily. To
assay proteolysis with milk proteins as substrates,
small aliquot (usually 10 to 50 pL containing
5 to 100 pg protein) was added directly to 1.0
mL OPA reagent in a 1.5 mL quartz cuvette;
the solution was mixed briefly by inversion
and incubated for 3 min at ambient temperature,
and the absorbance at 340 nm was measured
in Specol 1200 spectrophotometer. Peptide
content was quantified using amino acids,
casein, and casein peptone as standards, yielded
linear standard curves in the range of 0 to 100
uMole (7* = 0.999).

Measurement of in vitro ACE inhibition.

Enzymatic activity (inhibition) was
determined by Holmquist’s kinetic method'’,
modified by Ronca-Testoni?, with 0.8 mmol/
L FAPGG as the substrate in 50 mmol/L Tris
buffer at pH 8.2 at 37 °C. The enzymatic
activity was determined by monitoring the
decrease in absorbance at 340 nm as a result
of hydrolysis of the substrate. (The substrate
is a tripeptide blocked at the N-terminal by a
furanacryloyl group which acts as achromophoric
monitor of substrate hydrolysis). A sample (50
uL) was added to the above mixture and the
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Fig. 1. ACE inhibitory activities of fermented goat milks. Sample a to g, various type
bacterial strains given in Table 1.

cuvet was placed in the constant temperature
cuvet compartment and allowed to equilibrate
for 5 minutes. The initial absorbance value of
the sample was recorded and the final absorb-

ance was recorded exactly 25 minutes later.

The percent of inhibition was calculated as
follows: (B - A) 1 (B - C) x 100, where 4 is
optical density in the presence of both ACE
and the whey peptide fraction or synthesized
peptide, B is optical density without the whey
peptice, and C is optical density without ACE.
The inhibition values reported are the means

of four determinations.
Results and Discussion

Seven different bacterial strains (Table
1) were screened for the production of ACE
inhibitory activity during fermentation (Table
2). In addition, in this study we measured the
amount of total peptides produced as a result
of the fermentation. Since the fermentation
was carried out from the same sample of goat
milk the results obtained represent the degree
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Table 1. Bacterial strains and condition for fermented goat milks
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Symbol of Temperature Time
culture Strains composition C) (h) pH
a Lactobacillus delbrueckii subsp.
Bulgaricus and Streptococcus 38 & 4.6
thermophilus (CH1)* :
b Lactobacillus acidophilus,
Bifidobacterium and Streptococcus 38 6 4.6
thermophilus (ABT 5)*
c Lactobacillus lactis subsp. cremoris
and Lactobacillus lactis subsp. 30 6 4.8
Lactis (R 704)*
d Lactobacillus delbrueckii subsp.
Bulgaricus and Streptococcus 6 4.6
thermophilus. (YC 381) * 38
e Lactobacillus delbrueckii subsp.
Bulgaricus and Streptococcus . 42 -+ 4.8
thermophilus.
f Rhizomucor miehei 38 6 4.6
g Aspergillus niger 42 4 4.8

* product name of Chr. Hansen Culture Collection

Table 2. The inhibitory activity of angiotensin-converting enzyme (ACE) and peptide
contents in fermented goat milks

Symbol of

culture* ACE inhibitory activity (%) Peptide content (uM)
a 59.0 23.37

b 36.3 9.87

c 31.8 9.65

d 81.8 23.30

e 50.0 23.97

f 50.0 22.76

g 57.8 891

* See Table 1
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of hydrolysis of the proteins from the goat milk
as well. According to Table 2, the lowest
degree of hydrolysis is caused by the fungus
Aspergillus niger, while the highest amount of
peptites is produced by the bacterial strain
composition Lactobacillus delbrueckii subsp.
Bulgaricus and Streptococcus thermophilus.
Our study has shown that there is no strong
correlation between the concentration of total
peptides and ACE inhibition activity (»=0.732).
This confirms the theory that each bacterial
strain produces different fragments of peptides
due to specific hydrolysis of the primary
sequence of aminoacids. The results obtained
for the inhibitory activity of angiotensin converting
enzyme are shown in Table 2 and Fig. 1. Fer-
mentation with strain composition d
(Lactobacillus delbrueckii subsp. Bulgaricus
and Streptococcus thermophilus) yielded in
vitro the highest ACE inhibitory activity, while
strain composition ¢ (Lactobacillus lactis subsp.
cremoris and Lactobacillus lactis subsp. Lactis)
. exhibits the lowest activity. It is worth noting
that the microbal coagulans Rhizomucor miehei
and Aspergillus niger demonstrate significant
ACE inhibition activity of 50.0% and 57.8%,
respectively. If we compare the results for ACE
inhibition activity and the content of total
peptides of the strain compositions a and d it
is apparent that they have the same amount of
total peptides (23.3 pM) but substantially
different ACE inhibition activity (36.3% and
81.8%, respectively). It is interesting to note
that the cultures a and d (product name of Chr.
Hansen Culture Collection CH 1 and YC 381,
respectively) are practically the same microorg-
anizms but are, most likely, in different relative
amounts.

Conclusion

Fermentation of goat milk with different
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bacterial strains yields whey with a wide range
of ACE inhibition activity (30% to 80%),
which depends to a large degree on the type
of culture used. The largest ACE inhibition
activity of 82% is demonstrated by the strain
composition Lactobacillus delbrueckii subsp.
Bulgaricus and Streptococcus thermophilus.
Our study has shown that there is no strong
correlation between the concentration of total
peptides and ACE inhibition activity (r =
0.732).
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