Production of bioactive peptides from salmon processing side-streams
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Introduction

The seafood value chain is of paramount importance in a world with an exponential population growth. In 2013,
fish accounted for about 17 % of the global population's intake of animal protein and the total food fish
consumption has risen a 122 % from 1990 to 2018. However, fish value chain side-streams account to up to 70 %
of the raw material, due the combination of policies (discard landings), processes inefficiencies and the inedible
part of fishes, such as backbones or heads.

The objective of the WaSeaBi project [1] is to unravel challenges that forestalls more sound exploitation of
the aquatic resources. This can be obtained by developing, sorting technologies, storage solutions and decision
tools that may secure an efficient, sustainable supply system for by-catches, additionally as for solid and liquid
side-streams from aquaculture, fisheries and therefore the aquatic processing industries to biorefining operations.
This can lead to valorisation of those raw materials into marketable products.

Backbones of salmon (Salmo salar) were use as model of fish transforming industry side-stream to produce
hydrolysates. These by-products, along with heads and guts, where previously used as raw material for the
production of fishmeal and fish oil. An improved handling, with the separation of fractions, allowed their use as a
food grade fraction unveiling their potential for more valuable uses.

In this work, the use of this fraction as a source of peptides with bioactive properties was evaluated.

Material and methods

The hydrolysis processes were performed at laboratory scale using a Symphony 7100 Bathless Dissolution Distek
equipment (Distek Inc., North Brunswick, NJ, USA), controlling and monitoring temperature, time and stir speed.
The pH of each run of the experimental design was controlled manually and adjusted with NaOH 1 M in a final
volume of 500 mL (250 g of side-stream + 250 g water). All the processes were carried out with 1 % enzyme
(protein based), for 3 h at 250 rpm and at the optimum pH and temperature of each enzyme or enzyme
combinations. After the hydrolysis process enzymes were inactivated by heat treatment at 95 °C during 15 min.
Then, the content of the reactor was sieved to separate the bones, and centrifugated (2650 g; 15 min; ambient
temperature) to separate 4 different layers, from the top to the bottom 1) the oil fraction, 2) an oil-water emulsion,
3) a water based fraction (the protein hydrolysate) and 4) a solid pellet.

Six enzymes, with different enzymatic activity, where tested to produce protein hydrolysates: a broad-
spectrum endo-proteases (P), an endo-protease of the serine type (A), a trypsin specific protease (T), a
chymotrypsin like protease (C), a blend of endo- and exo-peptidases (F) and a glutamic acid specific protease (G).

The protein hydrolysates were then freeze dried for their evaluation in the bioactivity test. Antioxidant
activity of the samples were assessed by ABTS method, the antihypertensive capacity was evaluated by the
angiotensin converting enzyme (ACE) inhibition method. The antimicrobial properties were assessed in a two-
step approach, a first screening with the agar diffusion method (ADM), and then the minimum inhibitory
concentration (MIC) analysis of promising samples. Antimicrobial activity was evaluated against the growth of:
Salmonella enterica (CECT 4156), Escherichia coli (CECT 516), Bacillus subtilis (CECT 39), Bacillus cereus
(CECT 131), Staphylococcus aureus (CECT 435), Aeromonas salmonicida (CECT 5173) and Vibrio vulnificus
(CECT 529).

Analytical characteristics of the protein hydrolysates were also evaluated: protein concentration (Kjeldahl
method), solid content (dry mater at 105 °C until constant weight), mineral content (solids matter at 700 °C until
constant weight) and molecular weight protein fingerprint (SEC-HPLC).

Results and discussion

Hydrolysis processes with the different enzymes yielded 7-10 % oil, 0.5-2.4 % emulsion or interphase, 55-70 %
liquid or protein hydrolysate (water based fraction), 10-23 % solid pellet and 11-14 % bone fraction (Figure 1).
The protein hydrolysate contained 6.1-7.5 % protein that implies a 40-65 % protein yield.
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the hydrolysates with F presented positive results.

These promising samples were analysed with the
MIC method to quantify their bioactivity resulting that
between 100 and 300 mg/ml were needed for the total
inhibition of bacteria growth. These values represent a first 0%
promising approach to a valuable ingredient taking into P A G C T P+ AHF PG
account that raw hydrolysates were tested, and usually Enzyme
results reported in literature are referred to fractionate
hydrolysate or even single peptides [2].

Regarding antioxidant activity, all the produced
hydrolysates showed high antioxidant capacity with 350 to
550 pmol Trolox /g protein, being the most active those

produce whit A+F and P+F (Figure 2). The inclusion of
the exopeptidase F clearly increases the antioxidant
activity of the hydrolysate that is related with the higher
obtained degree of hydrolysis and the presences of lower
molecular weight peptides [3].

Finally, the hydrolysates with positive results in the
antimicrobial tests were also evaluated for their 0
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antihypertensive activity. All the hydrolysates presented
activity with an IC50 value (concentration that inhibits
50 % of the ACE activity) at about 1.4-1.5 mg/ml that are
values similar to those reported in literature when talking
about crude hydrolysates [4].

Figure 1: Hydrolysis yields
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Figure 2: Antioxidant capacity results (ABTS)

Conclusions

A large number of hydrolysates, using different kinds of enzymes with different specific activities, were produced
and several positive results were obtained for tested bioactivities, however, the best values for each bioactivity
were obtained with different enzymes and enzyme combinations.

Taking into account that bioactivity tests were performed with raw hydrolysates, obtained results are of
great interest and will be further investigated within the WaSeaBi project in several ways, on the one hand by the
fractionation of the hydrolysates and, on the other hand, by scaling up the processes to better analyse yields and
characteristics.
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