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A substantial quantity of solid fish by-products is generated during the fish processing. These by-
products offer an intriguing opportunity as a source of high added-value compounds, including
digestive proteases. Indeed, fish trypsin is one of the most beneficial and useful biomolecules that
can be recovered from fish wastes. Additionally, fish protein hydrolysates have emerged as a
valuable and abundant source of high-quality bioactive molecules, which can be efficiently
recovered through enzymatic hydrolysis. This study aims to provide valuable insights into the
extraction and utilization of fish trypsin, as well as protein hydrolysates derived from fish by-
products, specifically those from sardine (Sardina pilchardus). Firstly, trypsin from the viscera of
sardine was purified with an approximate fourteen-fold increase in specific activity using
ammonium sulfate precipitation, followed by DEAE-cellulose chromatography. SDS-PAGE
analysis revealed a single band of approximately 27 kDa. Interestingly, the purified enzyme
exhibited significant features, including an optimum temperature of 60 °C, and high stability at
low temperatures, retaining respectively 100% and 64% of its initial activity at 20 °C and 50 °C.
The enzyme also demonstrated excellent stability at pH range 5-10 with an optimum at pH 8.
Furthermore, it maintained 40% of its enzymatic activity at the pH 11. The purified enzyme was
inhibited by benzamidine and PMSF and partially inhibited by EDTA.

Subsequently, four protein hydrolysates (H1, H2, H3, and H4) were prepared from sardine, using
purified trypsin and other bacterial proteases. All hydrolysates exhibited noteworthy antioxidant
properties in vitro, indicating their promising potential for application in functional foods as
natural preservatives.

Keywords: Sardine by-products; Alkaline trypsin; Purification; Hydrolysates; Antioxidant
activity.

Introduction

Among the alkaline proteases in fish viscera, trypsin is one the key

The expansion of the fisheries and aquaculture industry has
resulted in the substantial generation of large amounts of by-products
that are underused, wasted, or discarded. *?2 According to Ghaly,* the
waste generated during processing can vary from 20 to 80%, depending
on the level of processing and the type of fish. In contrast to the
traditionally low value attributed to fishery by-products, several studies
have revealed that fish waste biomass holds immense potential as a rich
source of high-value biomolecules such as functional components,
nutraceuticals, and pharmaceuticals.>*2 In this context, implementing a
solid waste management strategy that involves recycling these by-
products into marketable products could be an effective solution.*?
Viscera, a significant by-product of the fisheries sector, possess
immense potentiality as a valuable and cost-effective natural source of
digestive proteases that display remarkable efficacy across a broad
spectrum of temperature and pH.**%°
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members, belonging to the serine-protease family (EC. 3.4.21).2°
Recently, special focus has been on the isolation of trypsins from fish
viscera as a value-added product with versatile applications in several
sectors.?? Trypsins are utilized as essential components in
detergents.’82324 Additionally, they play a crucial role in extracting
carotenoproteins  from shrimp waste, 22" contributing to the
production of protein hydrolysates that serve as valuable source of
biopeptides.?®2°30 Moreover, promoting the sustainable use of fish by-
products for human consumption stands as a top priority. Nowadays,
the formation of fish protein hydrolysates (FPH) stands as one of the
promising industrial applications of fish by-products.3-323 The
outstanding functional (emulsifier, foaming compounds) bioactive
activities (antioxidant, antihypertensive, antibacterial), and nutritional
properties of FPH broaden its range of applications. In fact, multiple
reviews have uncovered the diverse bioactivities of hydrolysates and
peptides derived from marine by-products, as well as their current and
potential applications.®344° The most efficient methods for obtaining
protein hydrolysates from fish waste are considered to be bioconversion
through enzymatic hydrolysis and fermentation. In fact, natural
antioxidants are favored over chemically synthesized ones due to their
GRAS statue (Generally Recognized As Safe).*#? Proteases from
animals, plants, bacteria, and fungi have been applied in addition to the
bacterial commercial protease Alcalase®.%%4%46 The primary species
captured along the Moroccan coast is the sardine (S. pilchardus), with
the majority of this harvest being employed in the production of canned
sardines.

The processing of raw materials results in the production of by-products
such as heads, viscera, and muscle. Despite being an excellent source of
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proteins, these by-products are typically converted into products with
lower added value, like fish flour and agricultural supplements. In this
particular context, the primary objective was the purification and
biochemical characterization of trypsin extracted from the viscera of S.
pilchardus. To the best of our knowledge, in Morocco, no information
regarding the purification of sardine digestive proteases has been
reported. In this framework, the study aim to maximize the utilization
of all components of the fish, reducing waste and creating a sustainable
process. Furthermore, the research was conducted to examine the
antioxidative properties of sardine protein hydrolysates, aiming to
assess their potential as natural antioxidant or functional ingredients in
food products.

Material and Methods

Sample and crude extract preparation

Sardines (S. pilchardus) were collected in February 2020 from the fish
market in Fez City, Morocco (34° 2’ 13.74” N, 4° 59 59.27” W). The
samples were transported to the laboratory on ice. After removing the
viscera from sardines, they were thoroughly washed with distilled water
and packed into vacuum-sealed polyethylene bags. The samples were
stored at -20 °C until enzyme extraction. Enzymatic extract was
prepared from sardine viscera following the method outlined by
Bougatef et al.*” Approximately, 100 g of the viscera were thawed and
homogenized for 30 seconds with 200 mL Tris—HCI buffer (10 mM, pH
8.0) using a food homogenizing device. Subsequently, the homogenized
mixture was subjected to centrifugation at 5000 rpm for 40 minutes and
the lipid phase was discarded. The collected sample was designated as
crude enzyme preparation. Finally, protein concentration was
determined according to Kruger* using the Bradford reagent (Sigma
Aldrich®).

Protease assay

Enzyme activity was assessed spectrophotometrically using the method
outlined by Kembhavi et al.*® A volume of 0.5 mL of the enzyme
extract, appropriately diluted, was added to 0.5 mL of 1% casein(w/v)
prepared in Tris—HCI buffer (pH 8.0) (Sigma Aldrich®). The mixture
was incubated for 15 minutes at 60 °C. Thereafter, 0.5 mL of 20% (w/v)
trichloroacetic acid (Labbox, France) was added in order to stop the
reaction and kept 15 minutes at room temperature. Following
centrifugation for 15 minutes at 13,000 rpm, the sample was then
subjected to measurement at 280 nm. One unit (U) of enzymatic activity
was defined as the quantity of enzyme capable of generating 1 pg of
tyrosine per minute through the hydrolysis of casein under the specified
experimental conditions. A tyrosine standard (Merck KGaA,
Darmstadt, Germanyy), ranging from 5 to 100 pg/mL, was employed to
create a calibration curve.

Trypsin purification

The crude extract underwent saline precipitation through ammonium
sulfate fractionation (Merk, Darmstadt, Germany). The precipitate,
obtained within the 20-70% (w/v) saturation range, was collected by
centrifugation for 20 minutes at 5000 rpm and solubilized using the
same extraction buffer. The sample underwent liquid chromatography
using a DEAE-cellulose column (2 x 25 cm) (Bio-Rad Laboratories,
Inc, France) which had been pre-equilibrated with Tris-HCI buffer B
(25 mM, pH 8.0). After the washing step, elution was accomplished by
applying a gradient of NaCl in buffer B, with concentrations ranging
from 25 to 500 mM, and collecting 5 mL fractions. All purification
procedures were carried out at temperatures below 4 °C.

SDS-polyacrylamide gel electrophoresis

The crude enzyme extract, along with ion exchange pooled fractions,
were loaded onto a 12.5% Sodium Dodecyl Sulfate Polyacrylamide gel
(Bio-Rad Laboratories, Inc, France) for electrophoresis. Following this,
the gels were stained using 0.25% Coomassie Brilliant Blue R250 (Bio-
Rad Laboratories, Inc., France) in a solution containing 40% ethanol
and 7% acetic acid. Subsequently, a solution of acetic acid (7.5%) and
ethanol (5%) was used for destaining gels.
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Biochemical Properties

Temperature and pH activity and stability

Optimal temperature was carried out across a temperature range of 20
to 80 °C as previously described by Manni et al., * with an interval of
10 °C, using 1% casein. Thermostability was assessed after 1h
incubation within the specified temperature range. The residual activity
was estimated following the established protocol, with the non-heated
enzyme serving as the reference. Trypsin activity was assessed using
casein evaluated over a wide pH range (3.0-12.0) at 60 °C. The enzyme
underwent pre-incubation at various buffer solutions for 1 h at 30 °C to
investigate its pH stability and the residual enzyme activity was
determined following the previously described method.

Effect of inhibitors and metal ions

To study the impact of different protease inhibitors, the enzyme
solutions were pre-incubated with PMSF, benzamidine, f-
mercaptoethanol, and EDTA (5 and 10 mM) for 30 min at 25°C. The
remaining activity was assayed under optimum conditions, and the
percentage of inhibition was calculated. Furthermore, to evaluate the
impact on stability, solutions of 5 mM monovalent and divalent metals,
including K*, Na*, Ca®, Cu®*, Fe?*, Mg?*, and Zn?*, were added to the
reaction mixture. Subsequently, the activities were then assayed and
compared with the control reaction in which no inhibitors or metal ions
were added.%°

Production of protein hydrolysates

Sardine heads and viscera (HV) hydrolysates (H1, H3, H4) and whole
sardine (WM) muscle (H2) were prepared following the procedure
outlined by Bougatef et al.5! with slight modifications. Inactivation of
endogenous enzymes was achieved by cooking samples for 20 minutes
at 90 °C in distilled water (1:2, w/v). Afterward, the resulting mixture
underwent homogenization for 5 minutes in a blender. The pH and
temperatures were adjusted to the optimal activity values for each
enzyme used: purified sardine trypsin (H1 from HV; H2 from SM),
crude extract from a bacterial isolate (H3 from HV) and alkaline
protease preparation®® (H4 from HV). The obtained mixtures were
allowed to equilibrate for approximately 30 minutes before adding the
enzyme at the same activity levels (10000 U). Throughout the reaction,
the mixture’s pH was regulated to the specified value through the
addition of a4 N NaOH. The reaction was terminated by subjecting the
diverse hydrolysates to a heat treatment at 90 °C for 20 minutes.
Subsequently, the protein hydrolysates were centrifuged at 5000 rpm
for 20 minutes and stored in at —20 °C until further experiments.

Antioxidant activity

DPPH free radical-scavenging assay

In the assessment of antioxidant activity of the protein hydrolysates,
DPPH (2, 2 diphenyl-1-picrylhydrazyl) assay is employed to estimate
the radical scavenging activity, while the FRAP (ferric reducing
antioxidant power) method is utilized for assessing ferric reductive
capacity. DPPH and potassium ferricyanide KsFe (CN) were purchased
from Sigma Aldrich®, (France).

DPPH assay was performed following a modified procedure as outlined
by Jeddi et al.52 700 L of a 0.004% DPPH solution was combined with
100 pL of protein hydrolysates (with varying concentrations), dissolved
in methanol, and incubated in darkness at room temperature for 25
minutes. Subsequently, the antioxidant capacity was measured at 517
nm by recording the reduction in absorbance. The experiment was
conducted in triplicate, and the ICso values were calculated from the
inhibition curves and presented as means + SD. The ICso value
represents the concentration needed to neutralize half of the DPPH
radicals. A lower ICso value corresponds to greater scavenging activity.
BHT (BHT butylated hydroxytoluene) and BHA (BHT butylated
hydroxyanisol) were used for reference.

FRAP assay

The reducing power was conducted based of EI Hachlafi et al. * method
with minor adjustments. In brief, 2.5 mL of phosphate buffer (0.2 M,
pH 6.6) and KsFe(CN)s (1%) were incorporated into the four fish
protein hydrolysates. Following 20 minutes incubation at 50 °C, the
reaction was terminated by adding 1.25 mL of trichloroacetic acid
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(10%). Subsequently, the tubes underwent 10 minutes centrifugation at
3000 rpm. Next, to 1.25 mL of the supernatant, 1.25 mL of distilled
water and 0.25 mL of 0.1% FeCls solution were added. The absorbance
at 700 nm was then assessed and plotted against the corresponding
sample concentrations to determine the effective concentration or
oxidation index resulting in a 50% decrease in absorbance (ECso). BHA
and BHT were used as positive controls. The experiment was replicated
three times, and the ECso values were presented as means + standard
deviation (SD).

Results and Discussion

Purification of trypsin from sardine viscera

As outlined in Table 1, the purification was achieved through two
purification steps. For the initial step, the ammonium sulfate fraction
was reconstituted in buffer B (25 mM Tris-HCI buffer, pH 8). The
precipitate showed 2.45-fold purification compared to the crude enzyme
extract, along with an increase in specific activity from 345.27 to 848.27
U/mg. In a recent review, ammonium sulfate precipitation was
highlighted as a commonly used initial step in the purification of
digestive proteases from marine resources.>* Subsequently, the
ammonium sulfate precipitate underwent DEAE-cellulose ion exchange
chromatography. The purification process yielded three distinct peaks
(1, 1, 111) showing trypsin activity and eluted at approximately 0.075,
0.25 and 0.4 M NaCl respectively (Figure 1). In the final step, trypsin
was purified 14.1-fold, resulting in a yield of 3.25% with 4866.66 U/mg
of specific activity. A similar elution profile was reported in an earlier
study®® where they describe the purification of two trypsin isoforms
from albacore tuna liver by using ion-exchange chromatography.

SDS-PAGE analysis

Fraction 11 (peak 1), 33 (peak Il) and 57 (peak Ill) from the final
purification step (DEAE-cellulose) were subjected to SDS-PAGE
analysis (Figure 2). Fraction 11 exhibited a distinct single band, while
fraction 33 and 57 contained several protein bands. The calculated
molecular weight for the purified enzyme in fraction 11 was determined
to be 27 kDa, which is consistent with those of fish trypsins. According
to previous reports, 1"/ fish trypsins typically exhibit sizes ranging from
20 to 28 kDa. As documented by Bougatef et al., the trypsin purified
from the viscera of Sardine (S. pilchardus) exhibited a molecular weight
of 25 kDa.*” While, the molecular weight of the trypsin from tuna was
approximately 30 kDa.?” Trypsin S. aurita displayed an estimate
molecular weight of 28.8 KDa.%® Two trypsin isoforms were also
purified from Thunnus alalunga liver with estimated molecular weights
of 21 and 24 kDa, respectively 5 This wide variation molecular weights
of trypsins from different sources may be attributed to various factors,
such as climate, diet and feeding habits and genetic variations.%’

Optimal pH and stability

The proteolytic activity of the trypsin from sardine viscera was tested
from pH to 12 (Figure 3). The results demonstrate that the enzyme
retains its activity across a broad pH spectrum of 6 to 10, with the
optimal pH being 8. At pH 7 and 9, the relative activities are 92.38%
and 97.85%, respectively. The proteolytic activity declines at pH 12,
reaching around 42%. Several fish enzymes, such as the trypsin from
the common sea bream (Lithognathus mormyrus),* sardine trypsin (S.
aurita),% and yellowtail pagrus trypsin (Acanthopagrus latus),> have
previously been reported to exhibit optimal activity between pH 8 and
10. Interestingly, at pH 4 and 5, the purified trypsin exhibits 44.33%
and 46.28% relative activity, respectively. However, no significant
activity was noticed at the same pH levels for trypsins from sardinelle
(S. aurita) viscera® and Luphiosilurus alexandri pyloric cecum.®

To assess pH stability, trypsin was pre-incubated for 1 h at 30 °C within
the same pH range. According to the results presented in Figure 3 b, the
trypsin enzyme exhibits high stability within a range of alkaline pH
values. It retains over 87% and 62% of its initial activity at pH 9 and pH
10, respectively. Similar findings have been documented in other fish
species including catfish (Luphiosilurus alexandri),  sardine (S.
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longiceps),® and Brazilian flounder (Paralichthys orbignyanus).5
Moreover the purified trypsin exhibits greater pH stability compared to
S. aurita trypsin as it remains stable in a broader pH range from 6 to
10.56

Optimal temperature and thermostability

As illustrated in Figure 4a, the purified trypsin exhibits significant
protease activity, reaching its peak at 60 °C, with activities at 50 °C and
80 °C of approximately 77% and 70%, respectively. These results are
consistent with those of sardinelle and Yellowfin Seabream.*”5°
However, this temperature is higher than that of common sea bream
trypsin®® (50 °C) and common dolphinfish (Coryphaena hippurus)
trypsin (40°C).5% Thermostability was also explored through the
incubation of the enzyme at various temperatures for 1 h, as depicted in
Figure 4b. The trypsin exhibited high stability between 20 to 40 °C,
retaining 100% and 77% of its residual activity, respectively.
Nonetheless, a noticeable decrease in trypsin activity was noticed above
60 °C with a remaining activity of approximately 27% at 70 °C.
Similarly, it was reported that S. pilchardus trypsin maintains
thermostability at temperatures below 40 °C.
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Figure 1: Elution profile of trypsin from the viscera of sardine
(S. pilchardus) on the DEAE-cellulose column. Elution was
performed with a linear gradient of 0-0.5 M NaCl.
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Figure 2: Polyacrylamide gel electrophoresis (SDS-PAGE) of
the purified trypsin from sardine (S. pilchardus) viscera: lane 1:
crude extract (CE); lane 2: purified trypsin (Fractions 11, peak
1); lane 3: fraction 33 (peak Il); lane 4: fraction 57 (peak IlI);
lane 5: standard protein markers (17 KDa; 26 KDa; 34 KDa; 42
KDa; 52 KDa; 72 KDa).
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Table 1: Purification steps of trypsin from the viscera of sardine

e Total activity . Specific activity  Yield Purity
Purification steps L) Total protein (mg) (U/mg protein) (%) (%)
Crude extract 1121454.55 3248 345.27 100 1
Ammonium sulfate 306327.27 361.12 848.27 27.31 2.45
DEAE-cellulose 36500 7.5 4866.66 3.25 14.1

However, at 60 °C, its thermal stability was 40%, surpassing that of
Coryphaena hippurus trypsin, which undergoes a complete loss of
proteolytic activity.5® The thermal stability of fish trypsin is a crucial
characteristic that enables its use in several applications requiring
tolerance to a broad spectrum of temperatures. Furthermore, the
properties of marine enzymes to maintain their activity at low
temperatures might highly advantageous in food industry, helping to
prevent undesirable chemical reactions.®* Based on the above
advantages, the purified trypsin from sardine viscera could be
effectively utilized in a wide array of bioengineering processes.

Effect of metal ions

Table 2 illustrates the impact of several metal ions on proteolytic
activity of sardine trypsin. The proteolytic activity is enhanced in the
presence of Ca?* (151.8%), Mg?* (127.42%), and Na* (123.48%) ions.
Nevertheless, a partial reduction in activity was noted when K*, Zn?",
Cu?*, and Fe? ions were present. These findings are common among
digestive enzymes from fish. In fact, studies have demonstrated that
calcium exerts a positive influence on trypsin activities in sardinelle (S.
pilchardus), 4’ albacore tuna (Thunnus alalunga) % and common
dolphinfish. % As mentioned by Ben Khaled et al. % and Villalba-
Villalba et al.,  Ca?* showed no impact on the proteolytic activity of
trypsins from sardinelle (S. aurita) and jumbo squid (Dosidicus gigas).
According to some researchers, the presence of a calcium-binding site
in trypsins from marine sources exerts a stabilizing effect on thermal
denaturation and autolysis processes. This effect is likely due to Ca?
enhancing intramolecular interactions, binding to autolysis sites, and
leading to a more compact protein structure, thus promoting optimal
catalytic activity. 176667 Several trypsins have shown reduced activity
when exposed to certain metals. For example, the common dolphinfish
trypsin showed 18% and 19% residual activities when exposed to Cu?*
and Zn2*, respectively. 8 Similarly, in the presence of Zn?", the trypsin
from zebra blenny viscera completely lost its activity. % As reported by
Bougatef, 7 the variation in inhibition could be associated with feeding
behaviors, diversity of species and other contributing factors.

Effect of protease inhibitors

Both metalloprotease inhibitor (EDTA) and disulfide bond reducing
agent (B-mercaptoethanol) demonstrated a partial inhibitory effect on
trypsin activity (Table 3). The results obtained from EDTA suggest that
trypsin activity is highly dependent on divalent cations. "¢’ The serine
protease inhibitor (PMSF) and the trypsin specific inhibitor
Benzamidine, showed significant inhibitory effects, with 90 and 70%
inhibition (10 mM) respectively. The obtained result provided further
confirmation that the purified protease from the viscera of sardine was
most likely a trypsin-type serine-protease. Similar results have been
observed in various fish species. Indeed, Bougatef et al. 47 reported that
PMSF and Benzamidine strongly inhibited the activity of trypsin from
sardine. In addition, 80% inhibition was observed in the presence of
EDTA (10 mM) underscoring the significant role of Ca?* in stabilizing
the enzyme.

Antioxidant activity

Antioxidants primarily exert their inhibitory effects on oxidation
through several mechanisms. These include the inactivation of reactive
oxygen species, scavenging free radicals, chelating prooxidative
transition metals, and reducing hydroperoxides. ¢

Numerous synthetic antioxidants like propyl gallate (PG) and BHT have
been widely applied in the food and pharmaceutical industries to
prevent lipid oxidation. ** Nevertheless, the use of these synthetic
antioxidants requires rigorous regulation due to potential health

concerns. " As a result, researchers have shown a significant interest in
the development of natural antioxidants as viable alternatives to
synthetic counterparts with a particular focus on those derived from
food sources. These natural antioxidants offer potential health benefits
with minimal or no adverse effects. “>7* Consequently, the substitution
of synthetic chemicals with natural bioactive antioxidants has emerged
as a crucial area of study.

This study used two complementary in vitro methods to evaluate the
antioxidant ability of protein hydrolysates (H1, H2, H3, and H4) and
compare them with those of BHA and BHT, commonly used synthetic
antioxidants. These methods included DPPH radical scavenging and
ferric reductive power tests (FRAP).

DPPH free radical-scavenging assay

The data shown in Figure 5a clearly reveal that all tested protein
hydrolysates displayed remarkable antioxidant activity against DPPH.
Significant differences in the antioxidant effects of the four
hydrolysates and the standard antioxidants BHT and BHA (p < 0.05)
were observed. Among the four hydrolysates, H2 displayed the
strongest DPPH radical scavenging activity with ICso value of 1.14 +
0.08 mg/mL, followd by H1 (ICs0:1.72 + 0.053), both are generated with
the purified trypsin (current study). When hydrolyzed with crude extract
from A. veronii OB3, the I1Cso was 2.38+ 0.063 mg/mL

-~
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Figure 3: pH profile (a) and pH stability (b) of the purified
trypsin from sardine viscera.
Data are expressed as mean + SD of triplicate values.
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Figure 4: Optimum temperature (a) and thermostability (b) of
the purified trypsin from sardine viscera. Data are expressed as
mean + SD of triplicate values.
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Table 2: Effect of various metal ions (5 mM) on activity of the purified trypsin from sardine.

Ca?t Mgz+ Na* K* Zn?%* Cu?t Fe?t
Relative activity (%) 151.83 £ 0.58 12742 +0.29 12348+0.33 78.28+0.19 66.88 £0.62 69.23 +0.16 97.99 +0.10
.. a g . b
EIH] \ QHl
1 . d @H2
= e MER - @3
Eﬁ 5 OH4 “5“ a4
;f’ EBHT Ejz - BBHT
R MEHA o) OBHA
5 b b a
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Figure 5:Antioxidant activity of protein hydrolysates (a) ICs, of DPPH assay, (b) ECs of reducing power (FRAP).
Data with the same letter in the same test presents a non-significant difference by Tukey’s multiple range test (ANOVA, p < 0.05). The results are
expressed as means + SD of three separate replicates (n=3). BHT and BHA were used as standards.

Table 3: Effect of various inhibitors on the activity of the
purified trypsin from sardine viscera.

Inhibitors Concentration Inhibition (%)
(mM)

EDTA 5 18.02 + 0.69
10 257 £ 0.14

-mercaptoethanol 5 4.38 + 0.26
10 2442 + 0.11

PMSF 5 54.79 + 0.13
10 90.95 + 0.40

Benzamidine 5 39.8 + 0.17
10 69.50 + 0.05

PMSF Phenylmethylsulfonyl fluoride; EDTA Ethylene-
diaminetetraacetic acid.

Thus, the purified alkaline trypsin used to hydrolyze S. pilchardus
muscle (H2), yielded DPPH antioxidant activity with 1Cso value
surpassing those reported in earlier studies. Chi et al. > hydrolyzed
proteins of bluefin leatherjacket (Navodon septentrionalis) and the 1Cso
was 5.22 mg/mL. On the other hand, loach proteins (Misgurnus
anguillicaudatus) showed ICso value of 17.0 +0.54 mg/mL when
hydrolyzed with papain. . Additionally, Noman et al. ™ reported
Chinese sturgeon protein hydrolysate prepared with alcalase 2.4L with
ICso of 3.15 mg/mL. However, all tested hydrolysates showed ICso
values higher than the standards BHA (ICso = 0.213 % 0.013 mg/mL)
and BHT (ICs0=0.112 +0.004 mg/mL. This disparity between synthetic
scavengers and protein hydrolysates can be explained by the fact that
synthetic scavengers are composed of pure compounds, while
hydrolysates are typically a blend of proteins/peptides and non-protein
components.

Reducing ferric power assay (FRAP)

Figure 5b illustrates ferric reducing antioxidant power (FRAP) of the
four fish protein hydrolysates, along with the standards BHA and BHT.
The FRAP method for assessing antioxidant activity relies on the
antioxidant’s ability to reduce Fe®* through an electron transfer
mechanism. ™ Interestingly, the protein hydrolysate H2, demonstrated
also the best ferric reducing antioxidant power (ECso: 1.58 + 0.015
mg/mL). The hydrolysates H1, H3 and H4, also exhibit remarkable
reducing power with ECso values ranging from 3.38 + 0.07 to 4.04 £

0.033 mg/mL. Previous studies have also reported a similar trend, where
protein hydrolysates from various marine sources have shown the
presence of FRAP in sardine protein hydrolysates, 16 23 76-78

Conclusion

In this study, a more effective and sustainable approach was developed
for managing and utilizing fish by-products. An alkaline trypsin from
sardine viscera (S. pilchardus) was purified and characterized. Notably,
its stability at high pH levels and low temperatures suggests promising
applications of this enzyme in both the detergent and food industries.
Moreover, utilizing enzymes extracted from fish viscera, which is
typically considered as waste from fish processing, could prove
beneficial and productive within the food processing industry.
Additionally, sardine by-products were hydrolyzed using proteases
from different sources. The resulting hydrolysates exhibited noteworthy
antioxidant activity indicating their potential utility as functional food
ingredients or natural dietary supplements. This innovative approach
could lead to better utilization and valorization of fish by-products,
contributing to both environmental sustainability and the discovery of
valuable bioactive compounds for various applications.
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