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Abstract

Whole common Kilka fish was hydrolyzed separately using four commercial enzymes, Alcalase, Neutrase, Protamex at 50 °C
and Pepsin at 37 °C for 30, 60 and 90 min. Degree of hydrolysis, angiotensin-I-converting enzyme (ACE) inhibitory activity
and antimicrobial activity of each hydrolysate against Gram-negative (Escherichia coli, Salmonella enteritidis) and Gram-
positive (Staphylococcus aureus, Listeria innocua) bacteria were studied. Results showed that the degree of hydrolysis for
all enzymes was in the range of 2.63-3.36%. Electrophoresis profiles of the Kilka protein hydrolysates showed that most of
produced peptides were in the range of 30 D but Alcalase and Neutrase had a better performance in the production of low
molecular weight peptides in the range of 10 D. This led to increase the antimicrobial activity against the examined bacteria
at the concentration of 200 ug/mL peptide solution. The Neutrase enzyme produced hydrolysate with the highest ACE inhibi-
tory activity (53% =+ 1.8 at 500 pg/mL). Antimicrobial activity of Kilka protein hydrolysates using Protamex and Pepsin was
lower than the others due to lack of considerable amount of small peptides. The current research has demonstrated that the
peptides derived from the enzymatic hydrolysis of Kilka fish protein in optimum conditions are capable of being converted
to antimicrobial and antihypertensive agents to be used in functional foods.

Keywords ACE inhibitory activity - Antibacterial peptides - Commercial enzymes - Common Kilka - Protein hydrolysates

Introduction

Fish and fishery products represent a valuable source of
nutrients with vital role for diversified and healthy diets.
Apart from being highly nutritious, underutilized fish pro-
teins and also the waste generated from fish processing
operations can be transformed into a valuable food prod-
ucts through enzymatic hydrolysis. Fish protein hydrolysate
(FPH) can be used as food ingredients to improve the nutri-
tional properties of formulated food products or as a source
of bioactive peptides to confer a health benefit on the host
[1]. FPH generated through enzymatic hydrolysis consists
of peptide mixtures with various molecular weight. It is well
known that peptides molecular weight are closely related to
their functional properties [2]. They have a positive impact
on the functioning or conditions of human beings, thereby
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improving their health [3]. Bioactive peptides exhibit various
biological activities such as antioxidant, antihypertensive,
antimicrobial, antiproliferative, anticoagulant, antiobes-
ity, antidiabetic and calcium-binding activities [4, 5]. Such
diverse functionality make them highly desirable in novel
functional food applications [6]. Researchers have reported
that small peptides (1-5 D) from fish protein hydrolysates
have strong influence on angiotensin I-converting enzyme
(ACE) inhibition [2]. ACE plays an important role in the
regulation of blood pressure and hypertension [7] and the
inhibition of ACE activity (>50%) is a good target for anti-
hypertension treatment. Thus, the separation of this fraction
from the protein hydrolysate mixtures becomes a priority
[2].

The increase in antibiotic-resistant pathogenic bacteria
has stimulated the search for alternative antibacterial agents
from natural sources. Based on these facts, Antimicrobial
peptides are being developed to be used as a novel class of
antimicrobial agents, which could be extended to various
food, biomedical and health applications [8]. Antimicro-
bial peptides (AMPs) (1-50 amino acids) with cationic and
hydrophobic properties are known to be potent defenses of
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the host organism, providing activity against a wide variety
of pathogenic microorganisms such as Gram-negative and
Gram-positive bacteria, fungi, viruses, and parasites [9]. The
marine AMPs were found to be structurally different from
their counterparts produced by terrestrial species [10]. They
are structurally diverse, and they display a wide spectrum
of anti-infective activities, a low bio-deposition rate in body
tissues, and are highly specific to targets [11].

Kilka fish is the Russian name to cultriventris fish native
to the Black, Azov and Caspian Seas. It is a member of
the Herring family (Clupeidae) and consists of two species
of Anchovy Kilka, C. engrauliformis (Borodin, 1904) and
Bigeye Kilka, C. grimmi (Kessler, 1877) and subspecies.
Common Kilka is C. cultriventris caspi (Svetovidov, 1941).
Common Kilka inhabits shallow areas close to the Caspian
Sea coast. Changing the catch has led to an increase in the
harvest of this type of fish compared to previous years [12].
This species accounts for 97% of all Kilka fish in the south-
ern coast of the Caspian Sea and is recognized as the pre-
dominant species of catch [13]. These fish are considered
as the main components of the diet for sturgeon and salmon
in the Caspian Sea [14]. Kilka fish has dark and sensitive
muscles, a small size and high fat content. Due to these inap-
propriate features, consumers do not exhibit their highly
interest to use it directly in their diet. This is why more than
95% of Kilka fish in Iran have been converted in to animal
feed as a source of protein due to having lower price com-
pared to other fish [15]. Hence, the utilization of Kilka fish
to produce value added products for human diet is gaining
importance [14]. An interesting alternative is to transform
the whole fish proteins into biologically active peptides by
protease treatments. To the best of our knowledge, no studies
have been performed on the antibacterial activity and ACE
inhibitory of Kilka fish protein hydrolysates. In this study,
the antibacterial activity and ACE inhibitory of Kilka fish
protein hydrolysates obtained by treatment with four com-
mercial enzymes were evaluated. The molecular weights of
peptides produced were also determined.

Materials and methods
Materials

Common Kilka was caught in spring 2016 along the Caspian
Sea coast and was brought to the laboratory in iced condi-
tion. Once received in the laboratory, the whole fish was
minced twice in a kitchen blender at medium speed (5 mm
plate size), then pooled, divided into plastic containers and
kept frozen at —20° C until the day of experiment.

ACE (EC 3.4.15.1) from rabbit lung and hippuryl-histi-
dyl-leucine (HHL) as a substrate of ACE were purchased
from Sigma Chemical Co. (St. Louis, MO). Commercial
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proteases (Alcalase, Neutrase, Pepsin and Protamex) were
obtained from Novozymes (Bagsvaerd, Denmark). Details
of the proteolytic enzymes used in this study are given in
Table 1.

Ultrafiltration membrane (centriprep-10) was pur-
chased from Amicon (Amicon Inc. Beverly, MA USA).
All other reagents used in this study were analytical grade
chemicals.

Four bacterial species were used to examine the anti-
bacterial activity: Escherichia coli (ATCC 25922), Salmo-
nella enteritidis (ATCC 13076), Listeria innocua (ATCC
33090) and Staphylococcus aureus (ATCC 25923), were
obtained from American type culture collection.

Preparation of Kilka fish hydrolysates

Kilka fish hydrolysates were prepared according to the
method described by Ovissipour et al. [14]. Briefly, for
each batch, 50 g of minced fish was placed in a 250 mL
Erlenmeyer flask, mixed with deionized water (1:2 w/v)
and homogenized in a kitchen blender for about 1 min
and the homogenate was used as substrate. Each enzyme
was added separately to the homogenate at a level of 1%
based on substrate protein concentration and mixed well.
The optimum conditions used for hydrolysate preparation
are presented in Table 1. All treatments were kept in a
shaker incubator (Sartorius System, Germany) with con-
stant agitation (150 rpm) for the period of 30, 60, and
90 min. The reaction was terminated by heating the solu-
tion to 95° C for 15 min to ensure enzyme inactivation.
The hydrolysates were then cooled on ice and centrifuged
at 8000xg for 20 min in refrigerated centrifuge (Sigma,
USA) to collect the supernatant. The pH of the mixtures
before and after hydrolysis was adjusted by adding 2 N
NaOH and HCI. The FPH soluble fraction supernatant was
freeze-dried for further analysis.

Determination of protein content

Total crude protein (N X 6.25) in the raw material and
FPHs was determined using the Kjeldahl method [16].

Table 1 Enzymatic hydrolysis

diti loved f Enzyme pH Tem-
con, itions employed for perature
different treatment o
§®)
Protamex 7 50
Pepsin 2.5 37
Neutrase 7 50

Alcalase 7.5 50
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Degree of hydrolysis (DH)

Degree of hydrolysis was estimated according to the method
of Hoyle and Merritt [17]. Aliquots (10 mL) of enzyme
digests of Kilka protein, obtained after 30, 60 and 90 min
of hydrolysis, were fully mixed with the same volumes of
20% (w/v) TCA solution. The mixtures were placed at room
temperature for 15 min, and then centrifuged at 7000xg for
10 min. The nitrogen contents of the supernatants were
determined by conventional Kjeldahl method [16]. Soluble
nitrogen in hydrolysates was determined using Bradford
method [18]. The degree of hydrolysis was then computed
as:

DH% = (10% TCA soluble N, in the sample/
Total N, in the sample) x 100

Analyses were performed in triplicate.

SDS-PAGE

Analysis of the molecular weight distribution of the differ-
ent hydrolysates was carried out by tricine sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE),
according to Schagger and Von Jagow [19], using a 4%
stacking gel and a 15% resolving gel. The freeze-dried
hydrolysates were dissolved at a concentration of 20 mg/
mL in the loading buffer (S0 mM Tris-HCl, 4% SDS, 12%
glycerol, 2% mercaptoethanol and 0.01% SERVA Blue G),
heat-denatured at 90 °C for 5 min and then loaded. Protein
bands were stained with Coomassie Brilliant Blue R250.
The approximate molecular weight (MW) of the hydro-
lysates was determined using a pre-stained protein marker
consisting of proteins between 3 and 100 D (Sigma Aldrich).

Ultrafiltration

The hydrolysate solutions were passed through ultrafiltra-
tion membrane with molecular weight cut-off (MWCO)
of 10-30 D (Amicon Inc. Beverly, MA). The hydrolysate
permeate fractions (10-30 D) were stored at —20 °C until
further use.

Bacteria and antibacterial assays

Four bacterial species were used as test microorganisms for
determination of antibacterial activity: E. coli (ATCC 25922),
S. enteritidis (ATCC 13076), L. innocua (ATCC 33090) and
S. aureus (ATCC 25923). These bacterial species were main-
tained at —24 °C in nutrient broth (NB) containing glycerol
and were then transferred on nutrient agar medium at 37 °C for
24 h for reactivation. A pure colony was inoculated in NB and
incubated at 37 °C and the density of the organism suspension

was adjusted to equal 0.5 McFarland standard by adding sterile
distilled water. Suspensions should contain between 10’and
10® cfu/mL.

Minimum inhibitory concentration (MIC)
and inhibitory concentration 50% (ICs,)

The antimicrobial activity of the hydrolysates was determined
using a liquid growth inhibition assay according to the pro-
cedures of NCCLS [20]. Briefly, a two-fold serial dilution
of each hydrolysate solution in nutrient broth was made in
flat-bottomed 96-well polystyrene microplates (Sorfa, China).
Wells thus each contained 200 pL of dilution, were inoculated
with 10 pL of overnight culture of the target bacteria diluted
to a concentration of approximately 1.5x 10° CFU/mL. Plates
were incubated at 37 °C for 24 h and absorbance was measured
at 630 nm using a microtiter plate reader (Stat fax, USA). MIC
was calculated from the highest dilution showing complete
inhibition of the tested strain. The experiment was repeated
three times. For the blank sample, 100 pL of hydrolysate solu-
tion was mixed with 100 uL nutrient broth; for the positive
control, 100 pLL nutrient broth was used; and for the negative
control, 100 uL of nutrient broth was mixed with 10 pL of bac-
terial suspension. Inhibitory concentration 50% was calculated
using the following equation:

ICs, = (Asample — Apositive control/ Anegative control
— Ablank) x 100

Determination of ACE inhibitory activity

The ACE inhibitory assay of Cushman and Cheung [21] was
used with the slight modification. 50 pL. of sample solution
and 50 pL of ACE (1 U/mL) was pre-incubated for 10 min at
37 °C. The mixture was then mixed with 150 pL of substrate
(8.3 mM HHL in 50 mM sodium borate buffer containing
0.3 M NaCl at pH 8.3) and incubated at 37 °C for 30 min. The
reaction was stopped by adding 250 uLL 1 N HCI. The hippuric
acid (HA) was extracted with 500 pL of ethylacetate. After
centrifugation (800xg, 15 min), 200 uL of the upper layer was
removed by evaporation in a dry-oven at 80 °C. The residue
was dissolved in 1 mL of distilled water, and the absorbance
was measured at 228 nm. ACE-inhibitory activity was calcu-
lated using the equation:

ACE inhibition (%) = [(B — A)/B] x 100
where A is the absorbance of HA generated in the presence

of ACE inhibitor and B is the absorbance of HA generated
without ACE inhibitor.

Statistical analysis

The ANOVA and Duncan test at 5% probability were used
to determine differences between the means of the degree of
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hydrolysis as well as the contents of peptides and free amino
acids in the Kilka fish hydrolysates using PASW Statistics
16.0 software (SPSS, Chicago, IL, USA).

Results and discussion
Degree of hydrolysis

The degree of hydrolysis achieved by different enzyme treat-
ments is shown in Fig. 1. After 90 min incubation, The DH
was in a range of 2.5-3.5%, for whole Kilka fish individually
hydrolyzed with Alcalase, Protamex, Neutrase and Pepsin.
The effect of different enzymes on the hydrolysis process
has been studied by many researchers. Similar levels of DH
were previously reported for sardine (1.9-3.1%) and cut-
tlefish (3.2-7%) viscera hydrolysates [22]. As well as for
Atlantic mackerel (Scomber scombrus) and its processing
by-products [23]. However, several studies reported higher
DH for their protein hydrolysates which reflect the com-
plexity of this process. Significant differences (p <0.05) was
observed between the degree of hydrolysis of four examined
enzymes. In the recent study on Kilka fish protein, the high-
est DHs of 3.36% in 30 min, 3.29%, 2.98 and 2.79 in 60 min
of hydrolysis were obtained for Protamex, Pepsin, Alcalase
and Neutrase respectively.

As expected, an analysis of Fig. 1 showed that the DH
related to Alcalase and Pepsin hydrolysates increased with
hydrolysis time but there was variation in DH with time for
Neutrase and Protamex. Decrease of the DH was observed
during the course of hydrolysis but in different period for
each enzyme. Such behavior can be related to the reduc-
tion in peptide bonds capable of being cleaved, competi-
tion between the substrate and the hydrolysis products and

Fig. 1 Degree of hydrolysis 4
of Kilka fish protein hydro-
lysates prepared using different 35

enzymes. Error bars represent
standard deviations from tripli-
cate determinations. Different
letters on the error bar indicate
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enzyme denaturation that decreases its activity [24]. The
DH is significantly dependent on the hydrolysis conditions
such as incubation time, pH, temperature, as well as type and
concentration of enzyme. Such variations were reported for
fish proteins by many studies [23, 25, 26].

To explore the complexity of the effect of different
type of enzyme on the degree of hydrolysis, the nature
and behavior of two commercial enzymes applied in this
study are discussed. Alcalase is an endopeptidase and has a
range of specificity of peptide bonds for hydrolysis. On the
other hand, Neutrase is a mixture of an endoprotease and
exopeptidase, produced by Aspergillus oryzae, giving it a
broader range of action and thus a higher DH is expected
when compared with hydrolysis by Alcalase [27]. However,
this trend was not seen in all reported studies. The nature of
protein is also considered as a vital parameter. Vastag et al.
[28] reported that the limited hydrolysis (lower DH) and the
presence of both high and low molecular weight bands in the
electrophoretic profile could indicate that the effectiveness
of Neutrase towards protein was due to exopeptidase activity.

SDS-PAGE analysis

To study the effect of different enzymes on protein break-
down in Kilka fish protein, SDS-PAGE was performed to
obtain information on their molecular weight (Fig. 2). The
results indicated that the protein bands of hydrolyzed sam-
ples have molecular weights ranging from ~ 10 to 30 D and
above. However, most molecular weight of protein bands
were observed in the range of ~30 D. The higher molecular
weight of peptide bands belonged to Pepsin and Protamex
hydrolysates were in the range of ~30 D. The molecular
weight of Alcalase and Neutrase hydrolysates were in the
range of ~10 D. The molecular size distribution of the

-

e
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o

r—{
= O

— =

—— O

Neutrase Protamex
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30Kda
25Kda
20Kda
15Kda

10Kda
SKda
3Kda

Fig.2 SDS-PAGE profile of obtained Kilka fish protein hydrolysates
with different enzymes. Lane 1, molecular weight markers; lane 2, for
Neutrase at 60 min; lane 3, Neutrase at 30 min; lane 4, Alcalase at
60 min; lane 5, Alcalase at 30 min; lane 6, molecular weight markers;

Alcalase and Neutrase hydrolysates in our study was similar
and different from Pepsin and Protamex hydrolysates.

Alcalase and Neutrase are obviously the most efficient
enzymes when it comes to degrading the larger proteins of
the substrate mixture, as can be seen from the lack of strong
bands in the high molecular weight area in lane 2, 3, 4,9 and
10 in Fig. 2. The varying molecular weight (MW) profiles
revealed considerable differences in the degree of protein
breakdown depending on the enzyme used [29]. Based on
the electrophoretic profile, the Alcalase and Neutrase hydro-
lysates showed higher levels of peptides with MW below
30 D, whereas in Pepsin and Protamex hydrolysates, pep-
tides with MW above 30 D were predominant.

Antimicrobial assays

The results of antimicrobial activity of FPHs prepared by
different enzymes are presented in Tables 2, 3, 4 and 5.
The hydrolysates were ultra-filtered using 10-30 D MWCO
membranes and were evaluated for their inhibitory activ-
ity against different bacterial strains with 200 pg/mL. The
results showed that only Alcalase hydrolysate at 90 min
(200 pg/mL) had complete growth inhibition against four
examined bacterial strains E. coli, S. aureus, S. enteritidis
and L. innocua. Neutrase hydrolysate at 90 min exhibited the
highest growth inhibition against S. aureus. Partial antibac-
terial activity was detected with Pepsin and Protamex hydro-
lysates obtained in 30, 60 and 90 min. S. aureus ATCC25923
was the most sensitive strain and was more inhibited with
hydrolysate samples at 200 ug/mL.

Alcalase and Neutrase hydrolysates composed of low
molecular weight (~ 10 D) exhibited higher growth inhibition

8 9 10 11 12 13 14 15

lane 7, Protamex at 90 min; lane 8, Pepsin at 90 min; lane 9, Neutrase
at 90 min; lane 10, Alcalase at 90 min; lane 11, Protamex at 60 min;
lane 12, Protamex at 30 min; lane 13, molecular weight markers; lane
14, Pepsin at 60 min; lane 15, Pepsin at 30 min

Table 2 Antibacterial activity of Kilka fish protein hydrolysates (pep-
tides with MW of 10-30 D) obtained by treatment with Alcalase at
different time (mean + SD)

Bacterial strain Growth inhibition (%)

30 min 60 min 90 min
Escherichia coli 0 14+£0.3 100+0.36
Staphylococcus aureus 0 5+0.26 100+0.44
Salmonella enteritidis 0 28 +£0.39 100+0.5
Listeria innocua 0 0 0

Table 3 Antibacterial activity of Kilka fish protein hydrolysates (pep-
tides with MW of 10-30 D) obtained by treatment with Neutrase at
different time (mean + SD)

Bacterial strain Growth inhibition (%)

30 min 60 min 90 min
Escherichia coli 0 0 0
Staphylococcus aureus 0 92+0.62 100 +0.66
Salmonella enteritidis 0 29+0.45 50+0.46
Listeria innocua 0 0 0

against E. coli, S. aureus, S. enteritidis than Pepsin and Pro-
tamex hydrolysates. The low inhibitory activity of protamox
and Pepsin hydrolysates against examined bacteria might be
due to the insufficient amount of low molecular weight pep-
tides generated by such enzymes in the defined conditions.

It is well known that the presence of small peptides is
responsible for high inhibitory activity in fish protein hydro-
lysates [8, 23, 30]. Peptides from fish hydrolysates having
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Table 4 Antibacterial activity of Kilka fish protein hydrolysates (pep-
tides with MW of 10-30 D) obtained by treatment with Pepsin at dif-
ferent time (mean + SD)

Bacterial strain Growth inhibition (%)

30 min 60 min 90 min
Escherichia coli 0 23+0.41 0
Staphylococcus aureus 0 32+0.5 77+0.61
Salmonella enteritidis 0 34+0.23 0
Listeria innocua 0 0 0

Table 5 Antibacterial activity of Kilka fish protein hydrolysates (pep-
tides with MW of 10-30 D) obtained by treatment with Protamex at
different time (mean+SD)

Bacterial strain Growth inhibition (%)

30 min 60 min 90 min
Escherichia coli 0 0 18+0.29
Staphylococcus aureus 0 0 56+0.49
Salmonella enteritidis 0 0 0
Listeria innocua 0 0 0

low molecular weights were shown to possess many biologi-
cal activities [31]. When the antimicrobial activity of the
peptide fractions is concerned, several factors such as amino
acid composition, sequence, molecular weight, structural
features like peptide helicity, hydrophobicity, hydrophobic
moment, charge and the type of bacteria need to be taken
into account [32, 33]. The mode of action and the specificity
of the antibacterial compounds are closely related to the dif-
ferences existing in the membrane composition of the target
microorganism [34]. Moreover, the electrostatic interaction
between the peptide and positively charged and anionic
lipids on the surface of the microorganism, as well as the
hydrophobicity and flexibility of the peptides are essential
for peptides to exert their antimicrobial activity [35].

In this study, peptide fractions obtained from hydrolysates
were effective against Gram-positive (S. aureus) and Gram-
negative (E. coli and S. enteritidis) strains. The proteases
used for hydrolysis determine the size and sequence of the
resulting peptide and can therefore affect their activity. Our
results suggest that the hydrolysates from whole Kilka fish
protein might be used as potential source of novel antimicro-
bial agents for food and health applications. Further charac-
terization of bioactive peptides reported in this study should
be performed.

@ Springer

ACE inhibitory activity of Kilka fish protein
hydrolysates

The ACE has been associated with the renin-angiotensin
system, which regulates peripheral blood pressure. The
hydrolysates obtained after enzyme hydrolysis were tested
for ACE inhibitory activity (Table 6). The Alcalase and
Neutrase hydrolysates exhibited higher ACE inhibition
(with different DH values) in comparison with Pepsin and
Protamex. The ACE inhibitory activities of the soluble pep-
tide fractions produced by Alcalase, Neutrase, Pepsin and
Protamex varied in terms of the molecular weight. This can
be attributed to the impact of enzyme specificity, which is
a key factor influencing both the characteristics of hydro-
lysates and thus the nature and composition of the peptides
produced [36].

Neutrase hydrolysates (at 30 min) composed of low
molecular weight peptides (~ 10 D) showed the highest ACE
inhibitory activity among the tested hydrolysates at the con-
centration of 500 ug/mL. After 90 min and by increasing
the degree of hydrolysis, the ACE inhibitory activity of the
peptide solution (30—10 D) from the Neutrase hydrolysates
decreased, which might due to the further hydrolysis of
responsible peptides of the ACE inhibitory and production
of peptides with less or no activity. Theodore and Kristins-
son [37] found that the connection between ACE inactiva-
tion and degree of hydrolysis of catfish protein isolate may
not be a simple and straightforward connection with peptide
molecular size. Furthermore, these results suggest that only
a short duration of hydrolysis was enough to get very high
ACE inactivation.

The production of low molecular weight peptides in the
Alcalase hydrolysates increased ACE inhibitory activity
with increasing the degree of hydrolysis.

The Pepsin and Protamex hydrolysates with high molecu-
lar weight peptide (>30 D) had no ACE inhibitory activity.
The ability of low MW peptides to inhibit ACE activity has
also been reported for peptides derived from a variety of
fish species such as tilapia [7], yellowfin sole [38], Alaska
pollock [39] and sea bream [40].

Table 6 ACE inhibitory activity of Kilka fish protein hydrolysates
(peptides with MW of 10-30 D) by Alcalase, Neutrase, Pepsin and
Protamex at different time

Enzyme ACE inhibition (%)

30 min 60 min 90 min
Alcalase 0 8+0.6 26+0.8
Neutrase 53+1.8 0 0
Pepsin 0 0 0
Protamex 0 0 0

Values are given as mean +SD
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Although the structure—activity relationship of food-derived
ACE inhibitory peptides has not yet been fully established,
correlation among different peptide inhibitors of ACE indi-
cated that binding to this enzyme is strongly influenced by
the C-terminal tripeptide sequence of the substrate or inhibi-
tor. ACE appears to prefer substrates or competitive inhibi-
tors that mainly have hydrophobic amino acid residues at the
three C-terminal positions [41]. Other studies demonstrated
that Proline at the antepenultimate position in the peptide
sequence also enhanced binding to the ACE enzyme [42]. The
high ACE-inhibitory activity showed by Alcalase and Neutrase
peptide fractions may be related to the high content of hydro-
phobic amino acids in their composition, as well as to a high
content of proline.

Conclusions

Fish sources show promise as functional foods ingredients as
they are valuable source of bioactive peptides encrypted within
primary amino acid sequences and released upon enzymatic
hydrolysis. In this study, we evaluated potentially bioactive
protein hydrolysates with antibacterial and anti-ACE proper-
ties from whole Kilka fish protein by enzymatic hydrolysis
using several commercially available enzymes. The results
of this study demonstrated that the degree of hydrolysis and
resulting peptide properties were affected by both digestion
time and the type of commercial enzyme. Alcalase and Neu-
trase hydrolysates with low molecular weight (~ 10 D) have
shown potent inhibitory activity against different bacterial
strains and a potent ACE inhibitory activity agent.

Our results suggest that the hydrolysates from whole Kilka
fish may be a potential source of antimicrobial and antihy-
pertensive agents for food and health applications. Further
research needs to be carried out to isolate, purify and char-
acterize the peptides responsible for such functionalities of
protein hydrolysates.
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