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Abstract Fermentative protein hydrolysates (FPH) were prepared with a proteolytic bacterium,
Bacillus strain exhibiting high proteolytic activity. Three FPH with 1, 2, and 4 % of cod protein
hydrolysate (CPH) and 0.5 % of yeast extract in the culture were prepared. The yields achieved
varied between 30 and 58 % based on protein content. A general decrease of leucine, isoleucine,
valine, alanine, arginine, threonine, proline, and glutamic acid was observed. All FPHs showed
higher reducing power and DPPH radical scavenging activity than CPH, but similar ABTS
radical scavenging activity. However, FPHs exhibited lower Cu**-chelating activity than CPH.
The ACE inhibitory activity of FPHs was not improved relatively to that recorded in CPH. The
fermentative process seems to have potential to obtaining hydrolysates with improved biological
activities or even to produce protein hydrolysates from native fish proteins.

Keywords Fish protein hydrolysates - Bacillus sp. - Fermentative process - Antioxidant
properties
Introduction

Recently, much attention has been expressed regarding marine-derived bioactive proteins and
peptides due to their various health benefits. Enzymatic hydrolysis of marine-derived proteins
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is the most common method to prepare hydrolysates and peptides with biological activities.
This approach requires two major raw materials: proteins and proteolytic enzymes. Fish
processing generate a substantial amount of by-products which are rich in valuable proteins.
The use of by-products in the production of protein hydrolysates/bioactive peptides will result
in a reduction in production cost with the added advantage of an efficient waste proposal [1].
Proteolytic enzymes from animal, plant, and microorganisms have been extensively used for
the hydrolysis process. Microbial proteases secreted by several microorganisms present several
advantages over proteases from other sources. These include their low cost of production, less
time required for enzyme isolation, possibilities for mass production, and amenability of the
organisms to genetic manipulations to improve the enzyme yields [2]. Microbial proteases
widely used are those obtained from the Bacillus sp., Bifidobacterium and proteases from
lactic acid bacteria [3].

The production of protein hydrolysates by the fermentative process requires natural or
added microorganisms that hydrolyze sugars and proteins available in surrounding medium
during their growth. Martinez-Alvarez et al. [4] described the preparation of protein hydroly-
sates by a fermentative process with Saccaromyces cerevisiae live cells and an Alcalase
hydrolysate prepared from saithe by-products. The production of protein hydrolysates is
influenced by certain growth parameters such as inocula conditions and peptide content of
medium [1]. The hydrolysis carried out by these extracellular microbial proteases result in a
wide range of peptides with different molecular weight and amino acid sequences with
interesting bioactive properties. Thus, the use of microorganisms to produce bioactive peptides
via proteolysis has recently been the object of study of many authors. Balakrishnan et al. [5]
reported that fermented protein hydrolysates from tannery fleshings using lactic acid bacteria
exhibited antioxidant and antimicrobial properties. In another study, Fakhfakh et al. [6] showed
that fermented hydrolysates from wool waste by Bacillus pumilus A1 had high antioxidant
potential. Similarly, fermented lentils by Bacillus subtilis showed ACE inhibitory activity [7].
More recently, a study by Jemil et al. [8] revealed that protein hydrolysates produced by
fermentation using different fish meat have desirable solubility, foaming properties, and
emulsification stability. The bioconversion of fish proteins by Bacillus subtilis A26 proteolytic
enzymes generated peptides with antioxidant and antibacterial activities [8].

The objective of this work was to prepare and characterize fish protein hydrolysates by a
fermentative process using Bacillus sp. previously isolated from the Manila clam Venerupis
philippinarum grown in a culture medium added with cod protein hydrolysate. Additionally,
the biological activities (antioxidant and ACE inhibitory activity) of these hydrolysates were
also measured.

Materials and Methods
Materials

Commercial cod protein hydrolysate (CPH) was provided by Danish Fish Protein, Denmark,
yeast extract (YE) was purchased from Oxoid™ (Oxoid Limited, Basingstoke, UK), and
sucrose was provided by AnalaR® (VWR International-Material de Laboratorio, Lda.,
Camaxide, Portugal). Fluorescein isothiocyanate (FITC), o-phthaldialdehyde (OPA), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS), pyrocatechol violet (PV) and 3-(2-pyridyl)-5,6-bis(4-phenyl-sulfonic acid)-1,2,4-
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triazine (ferrozine) were purchased from Sigma-Aldrich® (St Louis, MO, USA). All other
chemicals were of analytical grade.

Methods
Hydrolysates Production
Preparation of Culture Media and Biomass Estimation

Fish protein hydrolysates were prepared by a fermentation process using a proteolytic strain,
Bacillus sp., previously isolated from Manila clam, Venerupis philippinarum. It was selected
due to its proteolytic activity detected in plate count agar added with skimmed milk where it
exhibited a large clear halo.

Inocula were routinely grown in Tryptic Soy Agar medium at 30 °C for 24 h. For the
production of fermentative hydrolysates, three different culture media were used, containing
0.5 % sucrose (w/v), 0.5 % yeast extract (w/v) and 1 %, 2 % and 4 % CPH (w/v). All culture
media were sterilized at 121 °C for 15 min. Inocula were added to each culture medium in
order to obtain an initial concentration of 10* cfu mL™. Cultivations were conducted in
Erlenmeyer flasks containing 250 mL of each medium and incubations carried out at 30 °C
for 72 h with constant agitation (150 rpm). All experiments were performed at least in
duplicate. At 24, 50 and 72 h, microbial growth was assessed by duplicate spread plating
0.1 mL of serial tenfold dilutions into Plate Count Agar, followed by incubation at 30 °C for
72 h and the results were expressed in colony forming units per mL.

Obtention of Fish Protein Hydrolysates

Cultures were centrifuged at 10,000 rpm for 5 min, at room temperature in a Kubota 6800
centrifuge (Kubota Corp., Tokyo, Japan), in order to separate the biomass. The supernatant
was filtrated using a Millipore filtration system (EMD Millipore Corporation, USA), equipped
with a filter with 0.45-pum pore diameter to remove remaining bacteria, and concentrated, using
a rotatory evaporator (Rotavapor RE 121, Biichi Laboratory Equipment, Flawil, Switzerland),
and a vacuum pump (V - 700, Biichi Laboratory Equipment, Flawil, Switzerland). Samples
were freeze-dried (Thermo Scientific Heto Power Dry LL 3000, Labosistema, Portugal) and
the resulting powder was identified as FPH_1, FPH 2, and FPH_4, according to the concen-
tration of CPH in the culture medium, and stored at —20 °C until further use.

Hydrolysates Characterization
Determination of Enzymatic Activity

The enzymatic activity was determined following the method described by Twining [9], with
slight modifications, using derivatized casein with 1 % (w/v) of FITC as substrate.

After each sampling time (0, 24, 50 and 72 h), 30 uL of Tris buffer 100 mM pH 7.8, 10 pL
of casein substrate and 10 puL of FPH were mixed in an Eppendorf tube, homogenized and
incubated at 37 °C for 30 min. After the incubation period, 120 uL of trichloroacetic acid
(TCA) 5 % (w/v) were added. The samples were centrifuged at 10,000 rpm, for 5 min (Sigma
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2K15, B. Braun, Melsungen, Germany), and 100 pL of the supernatant were transferred to a
tube with 2.9 mL of Tris buffer 500 mM pH 8.5.

In parallel, two controls were also made, where the FPH was replaced by the same volume
(10 pL) of Tris buffer 100 mM pH 7.8. In the positive control the 120 uL TCA 5 % (w/v) were
replaced by 120 pL Tris buffer 500 mM pH 8.5. In the negative control, the same volume of
TCA 5 % was added. All samples and controls were homogenized and fluorescence measure-
ments were made in a spectrofluorometer (LS 50B, PerkinElmer Inc, Waltham, Massachusetts
USA), using an excitation wavelength of 495 nm and an emission wavelength of 525 nm.

The results regarding the enzymatic activity were expressed in relative fluorescence,
calculated by the following equation:

Relative flourescence(%) = % x 100
where Fs is fluorescence after the enzymatic reaction, F is the fluorescence of the negative
control and F* is the fluorescence of the positive control. Each measurement was made in
quadruplicate.

Gel Filtration and Peptide Profile

In order to characterize the peptide profile of culture medium and the FPH obtained, a gel
filtration chromatography was made in a FPLC AKTA system (Amersham Biosciences,
Uppsala, Sweden) equipped with a UV detector at 280 nm. The column used was a
Superdex™ Peptide 10/300 GL (Amersham Biosciences, Uppsala, Sweden) and the eluent
was acetonitrile 30 % with 0.1 % trifluoacetic acid with a 0.5-mL min™" flow.

The molecular weight (MW) calibration curve was prepared using ribonuclease A (13
700 Da), aprotinin (6500 Da), angiotensin 1 (1296 Da), triglycine (189 Da) and glycine
(75 Da).

Protein Content

The protein content was determined using a FP-528 LECO nitrogen analyzer (LECO; St
Joseph, MI, USA) calibrated with ethylenediaminetetraacetic acid (EDTA) according to the
Dumas method described by Saint-Denis & Goupy [10]. The determination was performed in
triplicate.

Amino Acids

The amino acid profile was determined according to the hydrolysis methods described in
AOAC [11, 12]. For the acidic hydrolysis, 10-35 mg of sample (containing 1.5-2.0 mg of
nitrogen) was placed in 10-mL ampoules with 3 mL of 6 N HCI with 0.1 % of phenol. The
hydrolysis was performed under inert conditions at 110-115 °C for 24 h. Then, the samples
were neutralized with NaOH to obtain 0.1 N HCI as final concentration. Samples were filtered
(0.2-pum pore size) and stored at —80 °C until amino acid separation.

For the alkaline hydrolysis, 10-35 mg of sample (containing 1.5-2.0 mg of nitrogen) was
placed in 10-mL ampoules with 3 mL of 4.2 N NaOH (deaerated by bubbling with N, for
10 min) and one drop of 1-octanol. The hydrolysis was performed under inert conditions at
110-115 °C for 20 h. Then, the samples were neutralized with HCI to obtain 0.1 N HCl as final
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concentration. Samples were filtered (0.2-pum pore size) and stored at —80 °C until amino acid
separation.

Separation was performed with high-performance liquid chromatography (Agilent 1100
HPLC, Agilent, Palo Alton, CA) using precolumn o-phthalaldehyde (OPA) and 9-
fluorenylmethyl chloroformate (FMOC) derivatization, a Phenomenex Gemini ODS CI18
guard column (4x3 mm), and a Phenomenex Gemini ODS C18 110 A column (4.6x
150 mm, 5 pum). The solvents and gradient conditions were as described by Henderson
et al. [13]. Detection wavelengths were set at UV (338 and 262 nm) and fluorescence (340/
450 and 266/305 nm). The identity and quantity of the amino acids were assessed by
comparison with the retention times and peak areas of standard amino acids (Sigma) with
the software Agilent ChemStation for LC (Agilent, USA). Norvaline and sarcosine were used
as internal standards. All determinations were performed in triplicate.

Protein Recovery Yield

The yield of the different FPH samples was calculated according to the following equation:

P
Yield(%) = WP IFP 09

Wsx P
where wepy is the weight in grams of FPH, Pgpy is the protein content (%) of FPH, wy is the
weight of culture medium in grams and P; is the protein content (%) of culture medium.

Degree of Hydrolysis

Degree of hydrolysis (DH) was measured using OPA following the method referred by Nielsen
et al. [14]. An aliquot of the sample (400 pL, 0.4 mg mL™") was added to 3 mL of OPA
solution and homogenized for 5 s. The mixture’s absorbance was measured 2 min later at
340 nm. The same volume of distilled water instead of FPH sample was used as control. In
parallel, it was also prepared a serine standard of 0.9516 meqv L™'. The DH of YE and CPH
was also determined. Each experiment was made in quadruplicate. The degree of hydrolysis
was calculated according to the following formula:

[AbSgumple = AbSbiank] 10,9516 x 10] 0.4 » 100
[Absserine' Absblank} [W X N X 6.25} ) 8.6

DH (%) =

where AbSgampie is the absorbance of FPH, Absqein is the absorbance of serine, w is the weight
in grams of FPH samples (in 100 mL of solution) and N is the total nitrogen (%) of FPH.

Antioxidant Properties of FPH
Antiradical Activity
DPPH Radical Scavenging Activity

DPPH radical scavenging activity was measured according to the procedure described by
Shimada et al. [15] and Picot et al. [16]. One milliliter of the sample with different
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concentrations was added to 1 mL of daily prepared solution of 0.1 mM DPPH in 95 %
ethanol. The mixture was homogenized and shaken in the dark at 24 °C for 1 h. After the
incubation period, samples were centrifuged at 10 000> g for 10 min, and the absorbance of
the resultant supernatant was measured at 517 nm. The control sample contained a solution of
0.5 % sucrose (w/v), in order to eliminate the effect of sucrose in radical scavenging activity of
the sample. DPPH inhibition was also determined for the YE and CPH.
The DPPH radical scavenging activity of the samples was calculated as followed:
AbsControl_AbsSample

Inhibition (%) = =S x 100
ontro.

where AbScongor is the absorbance of the control sample with 0.5 % sucrose, and Absgampie is
the absorbance of the FPH sample.

The DPPH scavenging activity assay was made in quadruplicate and later expressed as
ECsy, corresponding to the concentration of protein of FPH that is able to scavenge 50 % of
DPPH radical.

ABTS Radical Scavenging Activity

ABTS radical scavenging activity was determined using the method described by Re et al.
[17]. To prepare the 7 mM ABTS"-solution, 10 mg of ABTS was dissolved in 2.6 mL of a
2.45-mM potassium persulfate solution. The solution remained for 16 h in the dark at room
temperature before use and the ABTS"-solution was diluted with 5 mM sodium phosphate
buffer pH 7.4, to give an absorbance value of 0.7+£0.02 at 734 nm. Then, 20 pL of sample
solutions at different concentrations were added to 2 mL of the diluted ABTS"-solution and
the mixture was homogenized and incubated in the dark at 30 °C for 6 min. In parallel, a
control sample was prepared with 0.5 % sucrose solution (w/v), instead of the FPH samples.
ABTS inhibition was also determined for the YE and CPH separately. The absorbance of the
samples was measured at 734 nm. The ABTS radical scavenging activity of the samples was
expressed in percentage of inhibition:

AbSConrol~Ab
Inhibition (%) = SC‘X*)"SI SSample 100
Control

where AbScongor is the absorbance of the control sample with 0.5 % sucrose, and Absgampie is
the absorbance of the FPH. ABTS scavenging activity assay was made in quadruplicate and
expressed as ECs, corresponding to the concentration of protein of FPH that is able to
scavenge 50 % of ABTS radical.

Reducing Power

The reducing power of culture media and FPH samples was determined according to the
method described by Oyaizu [18]. Two milliliters of each sample (0.5 % sucrose solution, for
the control) was mixed with 2 mL of 0.2 M phosphate buffer pH 6.6 and 2 mL of 1 % (w/v)
potassium ferricyanide. The mixture was homogenized and incubated at 50 °C for 20 min.
After the incubation period, 2 mL of 10 % (w/v) TCA was added and the mixture was
centrifuged at 1500xg for 10 min. Then, 2 mL of the supernatant were mixed with 2 mL
distilled water and 0.4 mL of 0.1 % ferric chloride. This mixture was incubated for 10 min at
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room temperature and their absorbance was measured at 700 nm. Reducing power was also
determined for the YE and CPH. A standard curve was prepared using ascorbic acid (20—
120 pg mL'l) as standard. The results were expressed as ascorbic acid equivalent (ug mL™).
This assay was made in quadruplicate.

Metal Ion Chelating Activity
Copper

Copper-chelating activity was measured according to the procedure described by Saiga et al.
[19], with some modifications as described by Torres-Fuentes et al. [20]. Solutions of
0.1 mg mL™" copper sulfate and 0.3 mM PV were prepared in sodium acetate buffer 50 mM
pH 6.0. One milliliter of FPH sample was added to 1 mL of the copper sulfate solution, and the
mixture was homogenized. Next, 250 puL of PV 50 mM solution were added and homoge-
nized. Copper-chelating activity was also determined for the YE and CPH. Absorbance was
measured at 626 nm and the chelating activity was calculated using the following formula:

Abs(PV + Cu®")—~Abs(PV + Cu*" 1
Chelating activity(%) = (PV -+ Cu™) ~Abs( —iz_ w o sample) x 100
Abs(PV + Cu®")

where Abs (PV+Cu”") is the absorbance of the PV+Cu®" complex in the absence of
hydrolysate (0.5 % sucrose) and Abs (PV+Cu®" + sample) is the absorbance of the PV+
Cu”" complex in the presence of hydrolysate. This assay was made in quadruplicate.

Iron

The chelating activity for iron was determined as mentioned by Decker and Welch [21]. One
milliliter of sample was mixed with 3.7 mL of distilled water and 100 pL of ferrous chloride
2 mM, followed by homogenization. Then, 200 pL of ferrozine 5 mM was added to the
mixture and it was vigorously shaken. Ten minutes later, the absorbance of samples was
measured at 562 nm. Iron-chelating activity of YE and CPH was also determined. Chelating
activity was estimated using the equation below:

AbsControl 'AbSSample

x 100
AbSConrol

Chelating activity(%) =

where AbSconrol is the absorbance of the control sample with 0.5 % sucrose and Absgampie 15
the absorbance of the FPH. This assay was made in quadruplicate.

Angiotensin-Converting Enzyme (ACE) Inhibitory Assays

ACE inhibitory activity of FPH was measured using N-[3-(2-furyl)acryloyl]-Phe-Gly-Gly
(FAPGQ) as substrate and expressed as percentage of ACE inhibition.

ACE activity against FAPGG was measured according to the spectrophotometric method as
described by Geirsdottir et al. [22]. Sample (100 uL, 1 mg mL™"; prepared in buffer 50 mM
Tris-HCI containing 300 mM NaCl at pH 7.5), buffer (100 uL, used as blank), or captopril
0.1 mM (100 puL, standard inhibitor) were mixed with 20 uL of 0.2 U mL™' ACE from rabbit
lung and the mixture solution was pre-incubated at 37 °C for 2 min. Subsequently, 900 pL of
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the substrate solution (0.5 mM N-[3-(2-furyl)acryloyl]-Phe-Gly-Gly prepared in buffer) was
added. The reaction was performed in a heated cuvette holder spectrophotometer set at 37 °C
and the absorbance was recorded at 340 nm for 5 min.

Slopecontroi=S1opegam
ACE Inhibition(%) — ——PeContro™>0Psample

SlopeControl

where slope is the absorbance decrease per minute of reaction.
Statistical Analysis

The results were tested using a general linear model, two-way ANOVA, followed by a multiple
comparisons test (Tukey’s honestly significant difference). To identify the differences between
the different FPH and CPH, the Dunnett’s test was used after one-way ANOVA. All statistical
analyses were tested at a 0.05 level of probability with the software STATISTICA® from
StatSoft Inc. (Tulsa, OK, USA, version 5.1, 1996).

Results and Discussion
Microbial Growth and Enzymatic Activity

As shown in Fig. 1 the three media containing 1, 2, and 4 % of CPH provided a biomass
production of around 8 log cfu mL™, after 24 h at 30 °C. Biomass production did not
significantly vary with the increase of fermentation period between 50 and 72 h, indicating
that the culture was in the stationary phase since biomass production of 4.5, 6.7, and
7.5 log cfu mL" were obtained after 3, 6, and 22 h, respectively. Similar biomass concentra-
tions were described for Bacillus species grown in liquid media containing cuttlefish by-
products powder or zebra blenny meat flour [8, 23].

The proteolytic activity recorded in the three trials after 24 h was significantly higher than
that measured at 50 and 72 h (Fig. 1) which may be associated to the late exponential phase or
to the early stationary phase of bacterial growth as mentioned by Priest [24]. Razak et al. [25]
also obtained high protease production by Bacillus sp. at this transition of phases. Sousa et al.
[26] and Cheng et al. [27] recorded a maximum of enzymatic activity after 24 h of incubation
of Bacillus cereus and Bacillus amyloliquefaciens, respectively.

After 24 h, the decline of proteolytic activity recorded in all experiments may result from
the lack of Ca®" in the culture medium. On the other hand, the reaction medium used in the
Twining method for the measurement of proteolytic activity had no calcium ions. It was
observed that the activity of the protease produced by Bacillus sp. is enhanced by this metal
ion (data not shown). Sousa et al. [26] reported that bacteria of the Bacillus genus secrete
extracellular metalloproteases which require metal ions, like Ca®*, in order to reach its optimal
activity.

The amount of nitrogen in the medium did not seem to affect the bacterial growth, but
influenced enzyme production. The differences recorded in the enzymatic activity among the
three assays may be related with their different carbon/nitrogen ratio which was 4.4, 4.0, and
3.6, respectively, for FPH_1, FPH_2, and FPH_4. In fact, Beg et al. [28] demonstrated that the
C/N ratio strongly influences the production of extracellular proteases by Bacillus mojavensis.
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Fig. 1 Effect of CPH concentration (1, 2, and 4 %) on growth and protease production by Bacillus sp. Different
letters denote significant differences between biomass (uppercase letters) and enzymatic activity (lowercase
letters) after 0, 24, 50, and 72 h

In the current work, it seems that the medium with 2 % CPH (FPH._2) had a better C/N ratio
for the enzyme production.

Protein Recovery and Degree of Hydrolysis

The evolution of protein recovery yield during the fermentation process is shown in Fig. 2. The
highest yield (58 %) was achieved in FPH_4 which may result from the higher initial amount
of CPH in the culture medium that was not consumed by bacteria. In the case of hydrolysates
FPH 1 and FPH_2, similar protein recovery was obtained. Having in mind that the concen-
tration of CPH in FPH_2 was the double in FPH 1, it indicates that a higher amount of
nitrogen was consumed in the preparation of FPH_2.

The extent of hydrolysis by Bacillus sp. was measured by assessing the degree of
hydrolysis (DH) and the data obtained during the fermentative process is shown in Table 1.
The initial DH of all FPH was higher than that of CPH due to the presence of YE which had a
high DH value (45.1+£0.6 %). In fact, a decreasing initial value of DH was recorded as the
proportion of YE decreased from FPH_1 to FPH_4. The decrease of DH in all FPH after 24 h
may result from the consumption of YE. After this period the increase of DH evidenced the
hydrolysis of CPH by the bacterial protease. The highest increase of DH was recorded in
FPH_2 after 72 h, which had an initial lower proportion of YE than FPH_1. This DH increase
is not evidenced in FPH_4, which may be due to the lower proportion of the new peptides
formed vs non-hydrolyzed peptides. Effectively, taking into consideration the gel filtration
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Fig. 2 Evolution of protein
recovery during the fermentation
process. Different letters indicates
values significantly different
(»<0.05), with 4, B and C
comparing the same fermentation
time and a, b, ¢, and d comparing
the same culture medium

Protein recovery (%)

0 12 24 36 48 60 72

Time (hours)

—-a---FPH_1 —=—FPH_2 —=—FPH_4

results, the highest ratio between the percentage of peptides with MW <200 Da and MW>
400 Da was recorded in FPH 2 (7.1) and the lowest (4.2) in FPH 4 as discussed below
(Table 2).

Molecular Weight Distribution

In Fig. 3 is shown the gel filtration chromatogram of FPH 2 obtained after different fermen-
tation periods. A clear change of the peptide profile of this hydrolysate over the fermentation
period may be observed. The progressive decrease of higher molecular weight peptides and the
increasing production of peptides with lower molecular weight are evidenced. The MW
distribution of FPH_1, FPH_2 and FPH_4 was very similar, showing a decrease of fractions
with a MW higher than 400 Da and the disappearance of peptides with molecular weight
between 400 and 200 Da after 24 h.

In Table 2 are shown the percentages of peptide fractions of the FPH samples. The different
percentages of peptides in the starting culture medium result from their different amounts of
CPH. This hydrolysate had about 70 % of peptides with MW lower than 200 Da (dipeptides
and free amino acids) whereas these peptides in YE represented about 45 %. After 72 h of
fermentation, a decrease of fractions with a MW higher than 400 Da in all hydrolysates is

Table 1 DH (%) values of FPH samples during the fermentation process

Sample Time (h)

0 24 50 72
FPH_1 26.13£0.54"2 20.92:+0.374° 23.68+0.63° 23.34+0.415°
FPH 2 20.49+0.395¢ 19.37+0.2254 22.16+0.54%° 26.76+0.24"%
FPH 4 17.21£0.12¢%° 16.29+0.24° 18.11+0.59<° 19.36+0.44
CPH 13.52+0.21%* - - -

Means with different letters indicate values significantly different (p<0.05)
*Not included in statistical analysis
A B. € Comparing the same fermentation period

a5 & d Comparing the same FPH sample
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Table 2 Peptide fractions of the
FPH samples (%) before and after Sample MW>400 Da (%) MW<200 Da (%)

72 h of fermentation

0h 72 h 0h 72 h
FHP_1 19.5 13.7 61.7 86.3
FPH_2 20.1 12.3 64.4 87.7
FPH_4 222 19.2 66.4 80.8

observed while all FPH samples showed an increase in the fraction of peptides with MW lower
than 200 Da.

The highest percentage of peptides with MW>400 Da in the FPH_4 hydrolysate indicates
the presence of non-hydrolyzed peptides which is in accordance with the higher protein
recovery achieved (Fig. 3) in the preparation of this hydrolysate. On the other hand, FPH_1
and FPH_2 had similar percentages of both peptide fractions and also identical percentages of
protein recovery.

Antioxidant Activity
DPPH Radical Scavenging Activity

The DPPH radical scavenging activity of all FPH as a function of concentration was evaluated
and their ECs, values are presented in Fig. 4a. The DPPH radical scavenging activity of the
starting culture medium resulted from the antiradicalar activity of CPH (EC50=3.9+0.2 mg
protein mL™") and YE (ECs,=0.7+0.0 mg protein mL™"). The differences between the ECs,
values of starting media result from the different proportions of CPH and YE. Thus, the lower
ECso of FPH_1 starting medium reflects the higher proportion of YE. The ECsy of FPH
obtained after 24 h of fermentation was higher or similar to the initial value. These changes
may result from a lower contribution of YE peptides which would have been consumed during
this period. The further decrease of ECsq recorded in FPH 1 and FPH_2 indicates the
formation of peptides with higher DPPH scavenging activity. The ECso of FPH_4 after 72 h
was not significantly different from the initial value but new peptides exhibiting higher DPPH
scavenging activity were formed because its ECso was considerably lower than that of CPH. It
is higher than those of FPH_1 and FPH_2 because of the dilution of the new peptides formed
in a matrix of non-hydrolyzed peptides.

mAU
0 500 1000 1500 500 1000 1500 O 500 1000 1500 500 1000 1500 2000 500 1000 1500
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Fig. 3 Gel filtration chromatogram of molecular weight distribution of CPH and YE and FPH_2 prepared with
different fermentation times
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Fig. 4 Evolution of DPPH (a) and ABTS (b) antiradicalar scavenging activity (ECs, values) of FPH samples
during fermentation period. Different letters indicates values significantly different (p<0.05), with 4, B and C
comparing the same fermentation time and a, b, ¢ and d the same FPH sample

The DPPH radical scavenging activity of fermented protein hydrolysates prepared from
different fish meat was reported by Jemil et al. [8] and also showed that their antioxidant
activities were dose-dependent. Fermentative protein hydrolysates from different raw materials
exhibiting DPPH radical scavenging activity were also reported [5, 6, 29].

ABTS" Radical Scavenging Activity

In Fig. 4b is shown the evolution of ECs( values of the ABTS radical scavenging activity of
each FPH during the fermentation. Similarly to the DPPH radical scavenging activity the ECs,
value of each starting culture medium reflects the relative proportions of YE and CPH whose
ECs values were 1.57+0.03 mg protein mL™' and 2.49+0.07 mg protein mL™', respectively,
i.e., the higher the proportion of YE in the culture medium, the higher activity will be
displayed.

A general decrease of ECs values during the fermentation period suggests the formation of
new peptides with higher ABTS" radical scavenging activity than the former peptides in CPH,
particularly FPH_2 and FPH_4.

According to ECs, values of DPPH and ABTS" it seems that hydrolysates after 72 h of
fermentation had a higher antiradicalar activity against DPPH than ABTS". This result may be
attributed to differences of the hydrophilicity and lipophilicity of FPH’s. Kim et al. [30]
referred that these properties are relevant because the ABTS assay is done in aqueous and
organic phases (i.e. hydrophilic and lipophilic antioxidant systems), whereas DPPH assay is
performed in organic media. For this reason, ABTS allows a more realistic evaluation of total
antiradical activity.

Reducing Power
The reducing power of all FPH obtained after each fermentation period increased linearly with

hydrolysate concentration (data not shown). In Fig. 5 is shown the evolution of the reducing
power of the three hydrolysates at a concentration of 10 mg mL™" during the fermentation period.
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The initial reducing power values of FPHs depend on the YE/CPH ratio of the starting
culture medium. Thus, the reducing power of FPH 4 is slightly higher than that of CPH
(459 ng mL") whereas that of FPH_1 is closer to that of YE (87.9 ug mL™"). As it can be
seen, the hydrolysates obtained after 72 h of fermentation exhibited higher reducing power
than the starting culture medium. It is also noticeable the decrease of this capacity after 24 h in
FPH_1 and FPH_2, which was probably caused by the disappearance of YE during the first
24 h of fermentation. This decrease was not observed in FPH_4, may be due to the lowest
initial percentage of YE in the culture medium. On the other hand, the increase observed at 50
and 72 h was due to the formation of new hydrolysates with improved reducing power. The
lower increase of reducing power recorded in FPH_4 after 72 h may be a result of the dilution
of the new peptides formed in the initial intact peptides.

Protein hydrolysates prepared from four fish species fermented by Bacillus subtilis also
exhibited a linear relation between reducing power and the concentration of hydrolysates and
the results were of the same order of magnitude of those obtained in the current study [8].

Cu**-Chelating Activity

As it can be seen in Fig. 6a, all FPH prepared after 72 h presented a significantly lower Cu®*-
chelating activity than its starting culture medium. The Cu?*-chelating activity of CPH and YE
(1 mg mL™") was, respectively, 27.5+0.4 % and 70.3+0.3 %. The Cu*"-chelating activity of
each starting culture medium once again depended on its relative proportions of CPH and YE.
The hydrolysates obtained after 72 h showed lower Cu**~chelating activity than the starting
culture medium suggesting that the new peptides formed had lower chelating activity than
those of CPH despite the higher activity of FPH_2. The reduction of Cu®*-binding capacity of
FPH may result from the decrease of effective sites capable of chelating this metal ion caused
by the differences in the structure and length of the peptides as mentioned by Saiga et al. [19]
and Ovissipour et al. [31]. It was also reported by Zhu et al. [32] that thiol and carboxylic
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groups are considered high-affinity metal binding sites, through electrostatic and ionic inter-
actions with copper. On the other hand, Torres-Fuentes et al. [20] stressed the importance of
histidine in the chelation of Cu®* and Carrasco-Castilla et al. [33] related the decrease of Cu**-
binding capacity with the content of negatively charged amino acids, like aspartate and
glutamic acid. The high Cu®’-chelating activity of starting culture medium may be related
with the level of glutamic acid in YE which was 11.6 g/100 g of sample. On the other hand,
glutamic acid was the carboxylic amino acid showing the highest reduction in FPHs after the
fermentative process.

Fe’" -Chelating Activity

The Fe**-chelating activity of FPH’s is presented in Fig. 6b. The chelating activity of the
starting culture medium also results from the chelating activity of CPH and the YE which were
32.6+1.7 % and 42.7+3.9 %, respectively. However, the Fe*'-chelating activity of each
culture medium was higher than the sum of the individual activity of each component, thus
suggesting a synergistic effect between YE and CPH. After 72 h of fermentation, the chelating
activity of all FPH obtained was lower than the initial activity. This decrease may be due to the
consumption of YE during fermentation and as a consequence a lower interaction between YE
constituents and CPH peptides occurs. Moreover, the new peptides formed seemed to exhibit
lower chelating activity. It should be highlighted, the higher chelating activity of FPH for Cu®"
than for Fe*". Kong and Xiong [34] also obtained lower F e2+-chelating activity when
compared to Cu®", which was related to its greater number coordination sites and requirement
of more chelators.

Amino Acids Composition

The amino acid composition of fermented hydrolysates, expressed as grams per 100 g of
sample, is presented in Table 3. The major amino acids of fermentative hydrolysates were
glycine, glutamic acid, alanine and aspartic acid which were also the same of CPH. As it can
be seen, a general decrease of leucine, isoleucine, valine, alanine, arginine, threonine, proline,
and glutamic acid was observed after the fermentative period. However, these differences were
less accentuated in FPH_4 than in FPH_1 due to a higher amount of CPH in the growth
medium. On the other hand, only small differences of the methionine, tyrosine, and
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hydroxyproline content were recorded. The decrease of amino acids content may be related to
the degradative reactions as decarboxylation and deamination [35]. The amino acids are also
used by microorganisms in their biosynthetic processes [36].

ACE Inhibitory Activity (%)

The ACE inhibitory activity of CPH was 30.0+8.8 % and that of three FPHs ranged between
24 and 39 %. However, no significant differences among them were observed. These results
suggest that the fermentative process did not lead to the formation of new peptides exhibiting
higher activity than those previously present in CPH. The inhibitory effect of captopril was
tested following the same methodology and an ACE inhibition of 91.6+0.2 % was obtained.

Conclusion

The utilization of Bacillus sp. to prepare fermentative hydrolysates allowed obtaining new
peptides which was evidenced by their peptide profile. The yields achieved were around 30 %
for FPH_1 and FPH_2 and 58 % for FPH_4. A decrease of some amino acids, particularly
proline, leucine, isoleucine, valine, alanine, arginine, threonine, and glutamic acid was record-
ed for FPHs after 72 h of fermentation. However, the amino acid profile of FPHs was similar to
that of the CPH. FPHs exhibited higher reducing power than the starting CPH. They also had
higher DPPH radical scavenging activity but similar ABTS radical scavenging activity. FPHs
had a lower Cu**-chelating activity than CPH but in the case of Fe*-chelating activity no clear
trend was observed in all FPHs. All FPHs showed an ACE inhibitory activity similar to that of
CPH.

The fermentative process of producing protein hydrolysates seems to be an alternative to
improve the biological activities of protein hydrolysates or produce hydrolysates directly from
native fish proteins.
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