4 mati:)

Value Chain & Processing Analysis & Consulting \

Consumers & Products Biotechnology & Biomolecules

.

Genetics & Aquaculture Food Safety & Environment

Gull 1 greipar Aqgis

Icelandic marine sources

Rdésa Jonsdottir
Patricia Hamaguchi
Gudrun Olafsdottir
Tao Wang

Lifteekni og lifefni

Skyrsla Matis 20-10
Mai 2010

ISSN 1670-7192



Gull i greipar Agis
Antioxidants from Icelandic marine sources

Résa Jonsdéttirt
Patricia Hamaguchi'
Gudran Olafsdéttir® 3

Tao Wang-%*

'Matis ohf.
Haskoli Islands
3Syni ehf.
*Dalian Fisheries University, Kina

/N SN HASKOLI |
Matis 37 HASKOLI iSLANDS
\_/ §$

rEwf#

Dalian Ocean Univeisity




Skyrsluagrip Matis ohf /
Icelandic Food and Biotech R&D \

Report summary

ISSN: 1670-7192

Titill / Title Gull i greipar Agis / Antioxidants from Icelandic marine
sources
Héfundar / Authors Résa Jonsdottir®, Patricia Hamaguchi®, Gudrin Olafsdéttir® 2, Tao

1,24

Wang

'Matis ohf., 2Haskdli islands, ®Syni ehf., “Dalian Fisheries University,
Kina

Skyrsla [ Report no.

20-10 Mai 2010

Utgdfudagur / Date:

Verknr. / project no.

4016-1785

Styrktaradilar / funding:

AVS R&D Fund of Ministry of Fisheries in Iceland

Agrip d islensku:

Tilgangur pessa verkefnis var ad skima fyrir praahindrandi efnum ar
islensku sjavarfangi eins og poérungum, lodnu og sviljum, til ad nota sem
aukefni i matveeli, markfeedi eda sem fedubdtarefni. Sérstaklega beindist
athyglin a0 mdogulegri notkun fjélfendla Gr pdrungum sem nattaruleg
andoxunarefni til ad hindra pranun i fiskafurdum og fiskvddvapréteinum
(is6lot). betta var gert med pvi ad skima fyrir andoxunarvirkni med nokkrum
tegundum af andoxunarpréfum. Venlegasta andoxunarefnid var valid til ad
rannsaka betur andoxunareiginleika pess i fedulikbnum, p.e. pvegnu
porskvodvakerfi, porskproteinkerfi og i fiskiborgurum. Nidurstédur syndu
medal annars ad fjolfendl ur bélupangi (Fucus vesiculosus) hafa mikla
andoxandi eiginleika og eru venleg til notkunar sem faedubdtarefni eda i

matveeli til ad studla ad auknum stddugleika, bragdgedum og naringargildi.

Lykilord a islensku:

Andoxunarefni, lifvirk efni, pérungar, vékvafasi lodnu, svil

Summary in English:

The aim of this project was to explore the natural antioxidant activity of
marine sources like seaweed, capelin and cod milt to use as food additives,
functional ingredients or nutritional supplements. The potential application
of algal polyphenols as novel natural antioxidants to prevent lipid oxidation
of fish muscle and fish protein based products was of special interest. This
was done by screening for antioxidant activity using different types of
antioxidant assays. The most promising antioxidants were selected and their
antioxidant properties studied further in fish model systems and fish patties.
The results showed that phlorotannins isolated from bladderwrack (Fucus
vesiculosus) had very high antioxidant properties and has a potential as
nutritional supplements or food additive to enhance oxidative stability,

flavor quality and nutritional value

English keywords:

Antioxidants, bioactivity, seaweed, aqueous capelin phase, milt

© Copyright

Matis ohf / Matis - Food Research, Innovation & Safety




EXECUTIVE SUMMARY ..o 1

Lz LY=o SRR 1
(0T 1] 1T o [P U T UO T UP PR UPRP TR 2
(@0 o 1 0 11 1 SO USSR 3
FUTURE PERSPECTIVES ...t 4
MATERIAL & METHODS ...ttt sn e snne e 5
MAIN RESULTS ...ttt e bb e bb e e sab e e snb e e st e e snnee s 6
1. Antioxidant activity of Icelandic SEAWEEd............ccoviiiiniiiiiiie e 7
2. Antioxidant activity of aqueous capelin Phase .........ccccoveviiiiiiene i 8
3. Antioxidant activity of coOd Milt............cccoiiiiiinie 10
4.  Use of natural antioxidants in fish products...........cccccceveveiiieniniese e 10
ACKNOWLEDGEMENTS ... .ottt e e 11

LIST OF PUBLICATIONS AND PRESENTATIONS ......cccoiiiii s 11



EXECUTIVE SUMMARY

Novel preservation techniques including natural antioxidative and functional additives need
to be developed to maintain the prime quality of perishable seafood products. Natural
antioxidants can be used to increase oxidative stability, flavor and nutritional value of food
and can also be used as nutritional supplements to improve human health. The aim of this
project was to explore the natural antioxidant activity of marine sources like seaweed, capelin
and cod milt to be used as food additives, functional ingredients or nutritional supplements.
The potential application of algal polyphenols as novel natural antioxidants to prevent lipid
oxidation of fish muscle and fish protein based products was of special interest. This was
done by screening for antioxidant activity using different types of antioxidant assays. The
most promising antioxidants were selected and their antioxidant properties studied further in

fish model systems and fish patties.

Seaweed

Seaweed, as a source of functional compounds with potential health benefits, is gaining
worldwide interest. Results have shown that seaweeds are a rich source of various natural
antioxidants such as polyphenols, which play an important role in preventing oxidation in
foods and oxidative stress in humans. In our study, bladderwrack (Fucus vesiculosus) (i:
bolupang) was found to possess the highest total phlorotannin content and the greatest radical
scavenging activities among ten different seaweed species that were tested. Subfractions rich
in oligomeric and polymeric phlorotannins exhibited potent DPPH radical scavenging

activity, comparable to or higher than several commercial antioxidants.

Enzyme-assisted extraction by protease treatment enhanced the yield of polyphenols and
other hydrophilic antioxidant components from Palmaria palmata (i: s6l), but was not
effective for other species. The integrated use of in vitro antioxidant tests, monocyte-based
bioassay and fish model systems verified the complex mechanisms involved in the
antioxidant effect of algal polyphenols in different systems and gave a more comprehensive

antioxidant profile than a single test. Semi-purified phlorotannin subfractions from F.
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vesiculosus exhibited superior in vitro antioxidant activity, comparable to or higher than
several commercial antioxidants. In washed cod model system and in cod protein isolates, the
oligomeric subfractions were highly effective while polymeric subfractions only had slight
retarding effect. The studies provide valuable information on antioxidant properties of

phlorotannin fractions and first evidence of their antioxidant effects in fish model systems.

Collection of seaweeds in Hvassahraun

Capelin

The potential use of capelin (Mallotus villosus) into value added products is based on
antioxidant properties that have been linked to components in the aqueous fraction of
fishmeal from capelin, which undergoes heating during processing?. Characterization of
antioxidant capacities of different aqueous fractions related to the content of peptides, amino
acids or other components with antioxidant properties is therefore of interest to gain

information on possible further use into valuable products. Capelin protein hydrolysates are a

! Bragadéttir, Margrét, Judith Reichert, Résa Jonsdéttir and Gudrin Olafsdéttir. 2006. Characterisation and
antioxidant properties of aqueous extracts from capelin (Mallotus villosus), Rf-skyrsla 37/06. 26 bls.)

2 Gudran Olafsdottir, Résa Jonsdéttir, Margrét Bragadéttir, 2006. The role of volatile compounds in odor
development during haemoglobin-mediated oxidation of cod muscle membrane lipids. TAFT 2006, 2nd Joint
Trans Atlantic Technology Conference, Quebec City, Oct 29th —Nov 1st 2006



good candidate to help reduce oxidation in foods and to regulate blood pressure, especially
the smaller fractions. This study suggested that it is better to use the aqueous extract of
capelin muscle hydrolyzed with Protamex rather than Cryotin-F. Indeed, Protamex produces

a larger amount of the more bioactive smaller peptides, at the same degree of hydrolysis.

Capelin (Mallotus villosus)

Cod milt

Furan fatty acids were first discovered in seed oil of Exocarpus cupressiformis by Morris and
others (1966)°. Two series of propyl- and pentyl-substituted furan fatty acids in the 5-position
of the furan ring have been described in fish, crayfish, soft coral and various plants and their
presence was more recently detected in mammals including man®. In fish, furan fatty acids
are found in liver cholesterol esters and in testis triglycerides, but are also present in
phospholipids. Shirasaka and others® have proposed that those detected in marine fish are
derived from marine plants and/or intestinal bacteria of fishes. Furan fatty acids have been
suggested to play an important role as radical scavengers in membranes®. In our study, cod

milt was studied as a possible source of furan fatty acids based antioxidant. The cod milt

® Morris, L.J., Marshall, M.O. and Kelly. W.1966. A Unique Furanoid Fatty Acid from Exocarpus Seed Oil,
Tetrahedron Lett. 36:4249-4253.
* Puchta, V., Spiteller, G. and Weidinger, H. 1988. F-acids — a new component of the phospholipids of human
blood. Liebigs Annalen Der Chemie, Vol 1988 (1), 25-28.
% Shirasaka, N., Nishi, K., and Shimizu, S. 1995. Occurrence of a furan fatty acid in marine bacteria. Biochimica
et Biophysica Acta 1258, 225-227.
® Spiteller G. 2005 Furan fatty acids: Occurrence, synthesis, and reactions. Are furan fatty acids responsible for
the card ioprotective effects of a fish diet?
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sample did not show high antioxidant activity although the metal chelating activity was rather
high. The cod milt did not show high ability to scavenge ROS compared to the control

sample.

Using natural antioxidants from marine source is an innovative alternative to enhance
oxidative stability, flavor quality and nutritional value of food products, as well as for
utilization in functional foods or nutritional supplements. The market for antioxidants is big
and the demand for natural antioxidants is increasing. The opportunity for niche products, for
example Icelandic seaweed extracts and purified polyphenols from seaweed with beneficial

health effects is therefore great interest.

In this final report of the project Gull i greipar Zgis, a summary is given of the overall work,
materials and methods and the main results. This three year project was initiated as part of
research activities in the area of lipid oxidation and antioxidants. The project provided an
opportunity for a challenging research that was part of a doctoral thesis from the University
of Iceland. The outcome of the studies have been published as scientific papers as part of the
thesis, as well as additional publications and chapters in scientific books. The expertise
gained has been invaluable to motivate further projects funded by national and Nordic

research funds’®.

FUTURE PERSPECTIVES

e Continue the screening of bioactive properties of seaweed and other underutilized marine
resources

e Test the antioxidant activities and other bioactivities in vivo

e Scale up the extraction, isolation and purification process of bioactives in seaweed

e Test the antioxidants from seaweed extracts in other food models like emulsions

e Assess the risk-benefit of consuming seaweed bioactives

e Marketing analysis for bioactives extracted from marine sources

" Teeknipréunarsjédur Rannis, Forverkefni no 081505008. islensk matarrmenning med pérungum og pléntum,
2008
8 Safefood ERA /Ranns6knasjédur Rannis. Safe transportation of marine bioactive’s from source to active site,
2008
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MATERIAL & METHODS

The project was divided into four main work packages (Figure 1). The first work package was
on screening the antioxidant activity of different types of Icelandic seaweed. Ten species of
seaweed were collected in Hvassahraun, total amount of polyphenols determined and
antioxidant activity tested using three different antioxidant assays. The efficiency of different
extraction technique, including enzyme hydrolysis, was evaluated and the antioxidative
activity in the different types of edible seaweed extracts was screened.

The second work package was on the antioxidant activity of cooked aqueous capelin phase,
with and without enzyme hydrolysis. The chemical content of the aqueous phase of capelin
mince was characterized, fractions of aqueous phase of different molecular size were
prepared by ultrafiltration and the antioxidative activity of aqueous phase and different

fractions screened.

Antioxidant activity of Icelandic seaweed

Antioxidant activity of agueous capelin phase

Antioxidant activity of cod milt

Use of natural antioxidants in fish products

Figure 1. Overview of the work packages of the project.



The third work package involved the study of antioxidant activity of furan fatty acids. Due to
difficulties in getting standard compounds of furan fatty acids the goal of this work was
changed and decided to study the antioxidative activity of freeze dried cod milt that can

possibly contain relatively high amount of furan fatty acids.

Total polyphenol content (TPC) of the different seaweed species was measured. The in vitro
antioxidant assays used in these three work packages were oxygen radical absorbance
capacity (ORAC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging, reducing
power, and metal ion chelating activity assays. In some instances, the ability of the bioactives
to reduce blood pressure was evaluated by angiotensin converting enzyme inhibition (ACE)
assay. Ability of seaweed extracts and cod milt to scavenge reactive oxygen species (ROS)

generated by mononuclear cells was also studied.

Finally, the aim of the fourth work packages was to incorporate natural antioxidants into fish
model systems and fish product to study their influence on storage stability. The antioxidative
stability was tested using different methods, i.e. thiobarbituric acid reactive substances

(TBARYS), peroxide value (PV), sensory analysis and gas chromatography analysis.

Detailed description of materials and methods can be found in published peer reviewed

journals, scientific research manuscript and reports from this project. List of publications is

given in the chapter on main results.

MAIN RESULTS

The main results of each work package are given here below. For more detailed information,

see list of publications and presentations.



1. Antioxidant activity of Icelandic seaweed

Among the ten species screened by in vitro antioxidant tests, bladderwrack (Fucus
vesiculosus) was found to possess the TPC and the greatest radical scavenging activities
(Figure 2). Subfractions rich in oligomeric and polymeric phlorotannins exhibited potent
DPPH radical scavenging activity, comparable to or higher than several commercial
antioxidants. Ultra-filtration showed that phlorotannins in F. vesiculosus are mainly
composed of high molecular weight polymers. The oligomeric subfractions at 300 mg/kg
were highly effective in inhibiting lipid oxidation in fish model systems while polymeric
subfractions only had slight retarding effect. All the subfractions separated by Sephadex LH-
20 column and ultra-filtration showed potent in vitro reactive oxygen species (ROS)
scavenging ability in a mononuclear cell-based bioassay as well as high ACE inhibitory
activities, demonstrating the multiple bioactive properties of phlorotannins.

Different types of enzyme extractions were tested in order to extract polyphenols and other
antioxidant components from the different seaweed species. Protease treatment enhanced the
extraction of polyphenols and other hydrophilic antioxidant components from P. palmata but

negative effects were observed for F. vesiculosus and Laminaria hyperborea (i: storpari).



The effects of F. vesiculosus extract and fractions towards haemoglobin-catalyzed lipid
oxidation in washed cod muscle system and cod protein isolates during ice storage were
examined. Progression of oxidation was followed by determining rancid odor, TBARS,
redness and volatile oxidation compounds by gas chromatography (GC). In both washed cod
muscle and protein isolates, phlorotannin-enriched ethyl acetate (EtOAc) fraction showed
higher inhibitory effect than crude 80% ethanol (EtOH) extract. The addition of oligomeric
phlorotannin-rich subfraction (LH-2) separated by Sephadex LH-20 chromatography,
completely inhibited the initiation of lipid peroxidation in both systems throughout the entire
study period (8 days). Its effectiveness at 300 mg/kg level was comparable to that of 100
mg/kg propyl gallate (PG), a highly effective synthetic antioxidant in muscle foods. Although
polymeric phlorotannin-rich subfraction (LH-5) had similar level of TPC and chemical
antioxidant activities as oligomeric subfraction LH-2, it was far less efficient in model
systems. These results suggest that other factors rather than the intrinsic reactivity toward
radicals could be responsible for the inhibitory effect of phlorotannins on lipid oxidation in

fish muscle.

2. Antioxidant activity of aqueous capelin phase

Two samples of capelin (Mallotus villosus) were obtained from the third (3wks) and seventh
week (7wks) of the year 2007 (Figure 3). The fat content of the 3wks and 7wks samples were
10.6 % and 5.7 %, respectively. Aqueous extracts were prepared from cooked capelin and the
aqueous phase centrifuged. Ultrafiltration of capelin broth, protein determination, ACE
inhibitory activity test and peptide analysis using capillary electrophoresis was done. The
results suggested that fractionated capelin broth has the potential to inhibit the ACE even at
low concentration of 1 mg/ml. It was concluded that hydrolysis in addition to ultra-filtration

might improve the bioactivity of the capelin aqueous extraction.



Figure 3. Lipid phases of broth and broth from head of capelin caught in 3 week and 7 week
of the year.

One year later, sample of capelin was obtained in February. The aim of that work was to
determine the in-vitro bioactive properties of aqueous extracts of capelin hydrolyzed with two
different enzymes and to investigate the effect of the best aqueous extract in fish product.
Headed and gutted capelin was cooked in a conventional oven, and then it was filtrated and
centrifuged. The supernatant was collected as an aqueous extract which was then subjected to
hydrolysis using cold adapted cod proteases (Cryotin®) and the enzyme mixture Protamex®.
The reaction was terminated when degree of hydrolysis (DH %) reached 8.0%. The
hydrolysate was then ultra-filtrated using membranes of different molecular weight cut-offs
(30 kDa, 10 kDa, and 5 kDa). The different hydrolysate fractions were subjected to oxygen
radical absorbance capacity (ORAC), DPPH radical scavenging, reducing power, ferrous-ion
chelating ability assays and ACE assay. The fractionated capelin protein hydrolysates showed
an increase in ORAC, DPPH radical scavenging, reducing power and ferrous-ion chelating
values with decreasing protein/peptide molecular size. All fractions however demonstrated
strong antioxidant activity based on these assays. All fractionated capelin hydrolysates
demonstrated good ACE inhibition. The highest ACE inhibitory activity was in fractions
having peptides with molecular weight lower than 5 kDa. This study suggests that
fractionated capelin may have the potential to regulate the blood pressure system and help

reduce oxidation.



3. Antioxidant activity of cod milt

Sample of cod milt was obtained for fatty acids analysis and evaluation of antioxidant
properties and monocytes. The milt was homogenized, freeze dried and kept as powder until
analyzed. The total amount of unknown fatty acids was 5.9% which is similar to cod liver oil.
Some of the unknown fatty acids can possibly be furan fatty acid but further identifications
are needed to confirm their existence in cod milt. The sample did not show high antioxidant
activity although the metal chelating activity was rather high. The cod milt did not show high
ability to scavenge ROS compared to the control sample.

4. Use of natural antioxidants in fish products

The effect of phlorotannin-enriched ethyl acetate (EtOAc) fraction isolated from F.
vesiculosus as natural antioxidant in fish products was studied. Fish patties produced form
cod was selected in this study. The fish was blended with 300 and 600 mg/kg of EtOAc
fraction. All the samples were cooked at 70°C for 30 min as patties and stored at refrigerated
temperature for 28 days. The fish patties were taken every 7 days for analysis. Lipid
oxidation during storage was analyzed by measuring PV and TBARS. The results suggested

that 300 or 600 mg/kg of EtOAc fraction added to fish patties can reduce lipid oxidation.

Hydrolyzed capelin fractions lower than 5 kDa were selected to apply in fish product. As
before fish patties produced form cod was selected in this study and lipid oxidation evaluated
using PV and TBARS. Hydrolysis with Protamex improved the capability of capelin aqueous
extract to inhibit the early stage lipid oxidation (formation of hydroperoxides) as well as
retard propagation of the oxidation process (degradation of hydroperoxides leading to
TBARS formation). However, hydrolysis with Cryotin-F had smaller effect on the
antioxidative activity of capelin agueous extract in the present study. This study suggests that
capelin aqueous extract hydrolyzed with Protamex may improve quality of fish products by

reducing oxidation.
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