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NOVEL BIOACTIVE SEAWEED BASED INGREDIENTS AND PRODUCTS

Marine seaweeds are a highly underutilized resource in the Nordic region with great
potential. Seaweeds are known to contain unique compounds that can find many uses
in consumer products. The Nordic countries have a unique position to create significant
value from its very abundant seaweed resources. Previous research has demonstrated
that the seaweed species bladderwrack (Fucus vesiculosus) contains extremely bioactive
antioxidants, more than any other seaweed researched. Bladderwrack was therefore the
focus of this project.

The overall objective of the project was to create new high value ingredients and
products from a highly underutilized Nordic resource, marine seaweeds. The project
period was from January 2012 to December 2014.

The specific objectives were:

Development of extraction, fractionation and concentration techniques to produce
high value bioactive ingredients from marine seaweeds (bladderwrack)

Characterize and define the bioactivity and properties of the extracted ingredients

Develop and produce new products containing the bioactive marine seaweed based
ingredients with active participation of target consumers and users

Investigate the market for the ingredients and products and establish a marketing
and sales plan

Scale-up production processes to produce bioactive marine seaweed based
ingredient on a large scale



EXECUTIVE SUMMARY

The ultimate objective of the project was a commercial production of novel bioactive
marine seaweed based ingredients and products, leading to a new industry and
significant value creation.

All the objectives of the project have been reached. Extraction, fractionation and
concentration techniques of bioactive ingredients have been performed resulting in a
scaled up process producing bioactive ingredients. The process techniques developed
are all environmental friendly and the seaweeds are collected in a sustainable manner.

The bioactivity and properties of the ingredients have been characterized and defined.
Results of the project have shown that the extracts are stable and keep their positive
properties through storage for over a year at room temperature, cold and frozen storage.
Characterisation techniques include HPLC and NMR analysis. Among bioactivities
that were measured was ORAC value, a method measuring the antioxidant capacities
in vitro, where the seaweed extracts showed excellent antioxidant activity in line with
other better known natural compounds like rosemary extracts and tea.

The extracts were shown to be very promising ingredients in food products by inhibiting
oxidation in different food models like coating of salmon fillets, milk enriched with fish
oil and mayonnaise.

Thorough investigation of the market for ingredients and products has been performed.
Based on this work a marketing and sales plan have been put in action for two types of
products, a line of marine bioactive ultra-rich skincare products named UNA skincare
and an extract Marinox™ to be used as ingredient in for example food products and
food supplements. Other types of products are in the pipeline for marketing. The project
has shown that there is a demand on the market for products with bioactive seaweed
ingredients and market potentials are good. This has resulted in a new industry in
the Nordic region and significant value creation has been reached beneficial for the
BioMarine industry.

The project participants recommend that research parties and companies should aim
at utilizing the ample marine areas surrounding the Nordic countries in a sustainable
manner. It is important that the utilization is built on thorough research and technology
of this natural resource where bioactivity is investigated. Furthermore, it is essential
that the work coming out of this project will be followed up with clinical trials as well
as more market and consumer based studies. Thereby a successful sustainable new
industry based on sound science and technology can be started up, beneficial for both
health and business of the Nordic countries.



NOVEL BIOACTIVE SEAWEED BASED INGREDIENTS AND PRODUCTS

Seaweeds are a significant global commodity, valued at about $15 billion annually as a
raw material. Research has clearly demonstrated that marine seaweeds contain highly
activeingredients which can find many different applicationsin the food, pharmaceutical
and cosmetic industry. Many countries outside Scandinavia have recognized the great
potential of seaweed based ingredients, including Ireland, France, China, Japan and
Korea to name some leading countries. At the same time the Nordic countries have
enormous seaweed resources, probably the most pristine in the world, without a real
effort to create value and value added products from the high value ingredients that
can be produced from seaweeds. Our preliminary R&D work has demonstrated that the
brown seaweed Fucus vesiculosus contains extremely bioactive antioxidants, more than
any other seaweed species the research group at Matis in collaboration with Marinox
have researched. F. vesiculosus was therefore the focus of this project.

The overall objective of the project was to create new high value ingredients and
products from a highly underutilized Nordic resource, marine seaweeds. The specific
objectives were to:

Development of extraction, fractionation and concentration techniques to produce
high value bioactive ingredients from F. vesiculosus.

Characterize and define the bioactivity and properties of the extracted ingredients.

Develop and produce new products containing the bioactive marine seaweed based
ingredients with active participation of target consumers and users.

Investigate the market for the ingredients and products and establish a marketing
and sales plan.

Scale-up production processes to produce bioactive marine seaweed based
ingredient on a large scale.

The ultimate objective of the project was to start a commercial production of novel
bioactive marine seaweed based ingredients and products which will lead to a new
industry and significant value creation.



Extraction and filtration processes were developed in the project with the aim to extract
bioactive ingredients. Different extraction methods were evaluated using extraction
media of different polarity, varying pH, time and temperature. Different filtration and
drying methods were also evaluated.

2.1.1 Extraction

Icelandic brown marine alga, F. vesiculosus, was collected four times in Hvassahraun
in southwest Iceland, during different times of the year. The algae was washed with
seawater to clean most of the sand from the seaweed and then transported to the
laboratory. At the laboratory the seaweed was washed with cold tap water and frozen at
-18°C until analysed. The polyphenols were extracted using different temperature, pH
and time in addition to seaweed/water ratio. For one group of collected samples, the
pre- treatment was the same except that the upper part of the seaweed was cut off and
collected instead of collecting the whole plant. This part of the project was performed by
Matis in collaboration with Marinox.

Different extraction media was tested and different pH, time, and temperature. The
extraction was evaluated by measuring the total polyphenol content (TPC) as gram
phloroglucinol equivalents per 100 grams seaweed extract (g PGE/100g dry weight
extract). Amount of polyphenols was different with extraction media and methods
used, ranging from 34 to 89 g PGE/100 g extract. Based on both yield and properties
aqueous extract media was selected for further trials and production. The amount of
polyphenols varied somewhat within the time of collection.

2.1.2 Fractionation/concentration

Filter fractionation

Several different fractionation fabrics/materials were tested to fractionate and separate
out molecules of interest from the seaweed. The suitability of the specific material used
depended on the properties of the seaweed extracts. Extracts from one season had low
viscosity while extracts from other seasons had high viscosity due to high polysaccharide



content. After fraction samples were frozen in portions and then subjected to different
concentration/drying methods. The following concentration methods were tested:
sieving using different mesh size screens, membrane filtration, using different molecular
size cut-offs. The following drying methods were tested: freeze-drying and spray drying.

Membrane fractionation

Work was undertaken to explore an even more advanced molecular filtration using
ceramic membrane filtration systems (from partner Due Miljo), where a single group of
molecules can be selectively separated from another. Experiments using gel filtration
columns and capillary electrophoresis at the Biomolecules laboratory in Matis were done
to identify which molecular weight cut-offs were select for the ceramic membranes. By
combining microfiltration, ultrafiltration and reverse osmosis the aim was to separate
polysaccharides, proteins and polyphenols from the brown algae extract.

Selected extracts produced were characterized with regards to chemical compositionand
antioxidant activity. The aim was to measure the trace elements, i.e. total and inorganic
arsenic (As), lead (Pb), cadmium (Cd) and mercury (Hg) in aqueous extract and the
different organic extracts and to develop a High-Performance Liquid Chromatography
(HPLC) method in order to characterize the highly active compounds. In addition, the
objective was to evaluate the antioxidant activity using chemical based in vitro assays
(oxygen radical absorbance capacity (ORAC), 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging capacity, reducing power and metal chelating ability) and food model
systems. The storage stability of selected extract was also studied.

2.2.1 Trace elements

The inorganic contaminants, i.e. mercury, cadmium and lead, were in very low
concentration in all extracts. The content of inorganic arsenic was very low or less than
0.18 mg/kg extract. According to the European Food Safety Authority (EFSA) Panel
the inorganic arsenic exposure has been estimated to range from 0.13 to 0.56 pg/kg
bodyweight (bw.) per day for average consumers (EFSA Journal 2009). The content of
inorganic arsenic is therefore well below acceptable limits.

2.2.2 Characterisation of seaweed extract

A separation method for HPLC was developed, using Dionex HPLC system Ultimate
3000 with UV-vis detector, and a semi-prep. Inertsil® HILIC column (5 p, 4.6 x 250
mm). Freeze dried F. vesiculosus was methodically extracted and the most bioactive
compounds (Table 1) in the seaweed extract were further analysed and structurally
characterised. The extract was fractionated on a Sephadex LH-20 column and the most
active fraction - using 75% MeOH - was collected. The ORAC value of the fraction was



RESULTS & DISCUSSION

very high or 17960 + 418 umol TE/g extract. This fraction was subjected to preparative
HPLC for further purification. Two peaks were collected to obtain sub-fractions and
their bioactivity was measured by ORAC. Other components were in too low amounts to
collect or analyse further. The more active peak was dissolved in deuterium oxide (D,0)
prior to 400 megahertz (MHz) Nuclear magnetic resonance (NMR) analysis that indicate
that the compound is Fucodiphlorethol E (Figure 1). Characterization of phlorotannins
in a diol-fraction of extract was also performed with Liquid chromatography-mass
spectrometry (LC-MS) and some phlorotannins was qualitatively identified.
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Figure 1. Fucodiphlorethol E.

2.2.3 In-vitro antioxidant acitivity

The main results of antioxidant trials were that the TPC of extracts and antioxidant
activity measured as ORAC, DPPH, and reducing power value corresponded well (Table
1). As in previous studies have showed the metal chelating ability corresponds neither
with ORAC, DPPH or TPC. Extracts with high TPC value have previously show lower
metal chelating ability and extracts with lower TPC value have higher metal chelating
ability.

Table 1. Chemical based in vitro antioxidant activity tests (ORAC value, trolox
equivalent (pmol TE/g extract), DPPH scavenging ability (%), Metal chelating
ability (%) and Reducing Power (Ascorbic acid equivalent mg/g extract) in four
different extracts.

Reducing Power
TPC ORAC DPPH Metal (Ascorbic acid
(g PGE/100 g (umol TE/g Scavenging Chelating equivalent mg/g
Extract extract) extract) ability (%) ability (%) extract)
1 34.5 2769 54.1 67.4 251
2 39.2 3925 60.2 57.2 293
3 88.9 4732 72.7 20.9 555
4 59.2 3904 54.1 49.5 377
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2.2.4 Food models
Antioxidant activity was measured in three different food models: different fish
products, in fish oil enriched milk and mayonnaise.

D) Evaluation of antioxidant activity of crude extracts from F. vesiculosus in fish
mince

Four different seaweed extracts were tested in different products (minced cod and
farmed salmon) in two different concentrations and stored at 4°C for up to 10 days.
The extract (0.5%) was blended to approximately 1080 g of minced cod and mixed
in a blender for 2 minutes. The control sample was mixed in a blender for 2 minutes
without added seaweed extract. Farmed salmon was filleted and deboned one day after
slaughter. The fillets were cut into approximately 100 g/pieces. For each group of the
salmon samples 600 mL of extract/water solution was added and mixed gently for 2
minutes and afterwards put in small zipper seal bags and stored at 4C.Samples were
taken every third day for colour measurement and kept at -80°C until analysed further
for oxidation stability (Thiobarbituric acid reactive substances (TBARS), peroxide value
(PV), tertiary oxidation compound using fluorescence and Fourier transform near
infrared (FT-NIR).

51 —=— Control

—=— Ethyl acetate 0.5%

Time {days)

Figure 2. Oxidation in minced cod measured with Fluorescence in samples with no
seaweed (blue line) and seaweed extract (red line) after up to 10 days cold storage
(4°C).

Figure 2 shows an example of the oxidation analysis done on the minced cod, a very
sensitive assay based on fluorescence. The samples treated with seaweed extract show
clearly lower oxidation values.

In another trial, extracts were applied to fresh skinless salmon fillet portions by dipping
into a solution of extract in water. In those experiments, the seaweed extracts tested
clearly reduced both primary and secondary lipid oxidation products. Figure 3 shows
the results for the development of secondary oxidation products in untreated salmon
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(control) and samples treated with seaweed extract. As expected, oxidation was
significantly higher in the dark muscle, which was effectively reduced by one of the
extract treatment. A simple sensory test (results not included) done on the samples
confirmed that the samples treated with seaweed extract had lower perceived lipid
oxidation (rancidity).
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Figure 3. Lipid oxidation in salmon regular and dark muscle at 2°C as assessed by
TBARS. Control represents samples with no treatment.
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1) Evaluation of antioxidant activity of crude extracts from F. vesiculosus in fish oil
enriched milk

Two different seaweed extracts were tested in milk enriched with 0.5% fish oil. Fish oil
enriched milk was produced by adding 0.5% fish oil to milk (1% fat) giving a total of 1.5%
fat. The dried extracts were added in four different concentrations and mixed into the
fish oil enriched milk. The milk was then homogenised (Niro Soavi table homogeniser)
at 25/250bar and recirculated 4 times.

The milk samples were stored in the dark at 5°C for 12 days. The oxidative stability of
the samples was analysed throughout the storage at 5 different time points (day O, 3,
6, 9 and 12) by determination of the peroxide value and secondary volatile oxidation
products by dynamic headspace, and by performing a simple sensory test in which
different off-odours, caused by lipid oxidation, were determined.

The results of this study showed that the formation of secondary oxidation products
increased throughout the storage, but the content of these compounds was lower
in milk containing the F. vesiculosus extract after 12 days of storage (Figure 4 and 5).
Especially the content of 2-butenal, 1-penten-3-one, 1-penten-3-ol, hexanal, heptanal,
24-heptadienal and heptanal was lower after 12 days of storage compared to the
reference milk with no extract added. The main conclusion was that the two crude
extracts did show antioxidant activity in the milk enriched with fish oil when studying
the development in lipid oxidation during 12 days of storage.

*—MilkREF
=== MilkWE1
== Milk\WE2

MilkWE3
—#—MilkEAE1
—*=MilkEAEZ

MilkEAE3

Amount 1-penten-3-one (ng)

0 2 4 [+ 8 10 12
Time (Days)
Figure 4. Oxidation measured as 1-penten-3-one in Fish-0il-Enriched milk without

seaweed extract (reference - light blue line on top) and with different F. vesiculosus
extracts after up to 12 days cold storage.
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Figure 5. Oxidation measured as development of hexanal in Fish-0il-Enriched milk
without seaweed extract (light blue line on top) or with different F. vesiculosus
extracts after up to 12 days cold storage.

III) Evaluation of antioxidant activity of extracts from F. vesiculosus in fish oil
enriched mayonnaise

The results from the first storage experiment with fish oil enriched milk gave rise to
new ideas of how to apply the extracts from F. vesiculosus in other food model systems.
Therefor the extracts were tested in mayonnaise as well, since mayonnaise is a different
system than milk - for example the fat content is higher, the pH is lower and there is a
higher content of pro oxidants, such as iron. Therefore, it would be interesting to look
at this food system and how the extracts would act in this type of food system. The aim
of the study was to evaluate the antioxidant activity of different concentrations of two
types of crude Icelandic F. vesiculosus extracts in mayonnaise enriched with fish oil.
Two separate trials were made.

Based on the concentration used to obtain the in vitro antioxidant assay results, four
different concentrations (0, 1, 1.5 and 2 g dried extract/kg mayonnaise) of the two extracts
was used in this study with 2 g/kg being the maximum concentration.

A storage experiment was performed where the two extracts from F. vesiculosus were
added to fish oil enriched mayonnaise in 3 different concentrations. At five time points
(day 0, 7,14, 21 and 28) samples were taken and analysed. Lipid oxidation during storage
was followed by determination of peroxide value (PV), tocopherol content, fatty acid
composition, and development of secondary oxidation products was determined
by dynamic headspace. Furthermore, simple sensory test was performed to detect
different off-odours, caused by lipid oxidation.

15
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Figure 6. Mayonnaise with water and ethyl acetate extracts (WE and EAF) in three
concentrations; 1.0 (1), 1.5 (2) and 2.0 (3) g dry extract/kg mayonnaise. Concentration
of peroxides measured as PV [meq. peroxides/kg oill (a) and development of
secondary oxidation product, 1-penten-3-ol [ng/g mayonnaise] Mayonnaise was
stored for up to 28 days at 20°C. Error bars indicate SD of the measurements (n =2
for PV and n = 3 for volatiles compounds).

The main conclusion of the task was that the extracts in some concentrations were found
to be able to inhibit the oxidation of docosahexaenoic acid (DHA) and eicosahexaenoic
acid (EPA)in mayonnaise, when compared to mayonnaise without added extract (Figure
6). Extracts in the highest concentration were able to decrease the formation of primary
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oxidation productsin fish oil enriched mayonnaise. Furthermore, the formation of some
secondary oxidation products was decreased when extracts were added. The highest
concentration was the most efficient to decrease the formation of secondary oxidation
products in fish oil enriched mayonnaise.

2.2.5 Stability

The storage stability of F. vesiculosus extracts from two different seasons were studied
at different storage temperatures (-80°C, -18°C, 4°C and room temperature) for 64 weeks
and stored for 64 weeks. Ascorbicacid was added to two samples at the level of 1000 mg/
kg and stored at -18°C with the aim to increase the storage stability. The samples were
stored in closed plastic containers and samples taken every 8-10 weeks and subject to
following in vitro bioactivity tests: ORAC and DPPH activity, iron chelation capacity and
reducing power. Furthermore, total polyphenol content of the seaweed extracts were
also measured. In addition, chemical (water, protein, fat, salt, and ash) and microbial
(Total viable count, E. coli, Salmonella and Staphylococcus aureus) analysis were only
performed at the beginning of the storage time (Table 2).

Table 2. Chemical composition and microbial analysis of seaweed extracts from
season 1 and 2.

SW1* Swa*
Water (%) 3.1% 5.1%
Protein (%) 6.5% 41%
Fat (%) 0.13% 0.22%
Ash (%) 31.4% 21.1%
NaCl (%) 16.24% 9.1%
Total viable count 40000 9000
Salmonella Negative Negative
E. coli <10 <10
Staphylococcus aureus <20 <20

* Seaweed from season 1
**Seaweed from season 2

The total polyphenol content of seaweed extract 2 was higher compared to seaweed
extract 1, indicating seasonal variations. Seaweed extract 2 had a higher antioxidant
power, measured as ORAC values and reducing power, compared to seaweed extract 1.

Neither temperature nor storage time did affect the antioxidant power except seaweed
extract 2, kept at room temperature, which had lower ORAC and reducing power after 64
weeks compared to samples kept at 4°C or -18°C. The antioxidant power was similar at
the initial stage of the study and after 64 weeks. No significant effect of adding ascorbic
acid to increase storage stability was seen in samples kept at -18°C.
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Product development was performed with four different tasks, i.e. (I) ingredient
production, (I) production of food supplement, (III) production of food antioxidant and
(IV) production of cosmetics products.

2.3.1 Ingredient production

The aim was to run a pilot scale in order to produce sizable amounts of ingredients for
food supplements, food antioxidants and cosmetics. The aim was also to verify their
activity and microbial status of the extracts was confirmed, chemical analysis was carried
out and bioactivity tests were performed to confirm the quality and bioactivity of the
seaweed extracts. The most suitable production processes for the production of seaweed
extract was selected based on results from the extraction development performed in
the project. Three different ways of the production have been performed; (I) small scale
production for cosmetic products, (II) pilot scale production of crude extract and (III)
pilot scale production of different fractions (phlorotannins and fucoidans).

(I) Small scale production

Seaweed extract, as bioactive ingredient in cosmetic products was produced on small
scales at Marinox facilities. Each batch produced for cosmetic products was measured
for total polyphenol content and ORAC value.

(Il) Pilot scale production of crude extract

Several pilot trials productions on crude extract were performed by Marinox in
collaboration with Matis in Iceland. Microbial status of the extracts was confirmed,
chemical analysis was carried out and bioactivity tests were performed to confirm the
quality and bioactivity of the seaweed extracts.

(IID) Pilot scale production of different fractions (Phlorotannins and fucoidans)

DUE MILJ@'s contractor performed one pilot scale production for food supplement and
food antioxidant applications. The main conclusion was that by combining microfiltra-
tion, ultrafiltration and reverse osmosis, an attempt to separate polysaccharides, pro-
teins and polyphenols from brown algae extract was performed. The sugars were main-
ly retained by microfiltration at 0.1um (equivalent to 500kDa) but the active polysac-
charides from F. vesiculosus are fucoidans, their molecular weight (MW) usually being
below 500kDa (maximum 100KkDa in literature, and average 20kDa). The ultrafiltration
steps at 50 then 8 kDa did not allowed segregation of specific MW sugars. As expected,



phlorotannins passed through the process completely and were retained by reverse os-
mosis (RO) membrane like mineral salts. This process was very efficient to concentrate
polyphenols. A simpler process was proposed including microfiltration (MF) and nano
filtration (NF) separation only which should allow the recovery of the same components
but without ultra filtration (UF) filtration steps. A detailed report with those results was
presented with status report at the end of year two of the project (Brown Algae Extract
Fractionation. Process development for DUE MILJOE/MARINOX by Stanislas Baudouin,
SEPROSYS, France, 2014).

2.3.2 Food supplement

In the project the Marinox™ extract was developed and marketed as ingredient for
production of food supplements. The extract can be sealed in a capsule or worked into
atablet, and taken as a supplement. This would allow the consumer to gain the benefits
of the extract, while controlling the precise amount imbibed. Based on analysis on trace
elements and other results the maximum recommended daily dose is 6.75 g

2.3.3 Food antioxidant

Extracts are furthermore marketed as possible food ingredient due toits high antioxidant
values. Lyophilized Marinox™ extract may be added to recipes to increase the ORAC
value and health benefits of the food in question, and to increase food shelf-life. Table
3 shows the amount of extract needed based on estimated recommended daily intake
(RDI) (%) of ORAC in three examples of food categories.

Food category | Recommended RDI (%) of ORAC (2500)

examples portion size (g) 100% 50% 339% 25%
Cereals 60 2.1 1.0 0.7 0.5
Dairy 150 0.7 0.3 0.2 0.2
Seafood 250 0.5 0.3 0.2 0.1

When adding the extract to recipes it is both possible to add the lyophilized extract
directly, or to first dissolve the extract in water. If a very smooth consistency is required,
it may be better to dissolve the extract beforehand.
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2.3.4 Cosmetic products

The aim of the task was to develop cosmetic products using seaweed extract as a
bioactive ingredient. Based on first market information it was decided to develop two
types of facial crémes as a start-up. Different types of bases were tested and different
concentration of seaweed extracts in addition to other ingredients were tested and
number of stability tests (testing e.g. colour, texture and odour) testing of the efficacy
of antimicrobial preservation and consumer tests. Figure 7 shows a prototype of the day
créme (left) and sample preparation for storage stability test (right).

1

Figure 7. Prototype of the day créme (left) and sample preparation for storage
stability test (right).

A lot of effort was also put into the product design and early in the process, the brand
name UNA skincare was born. Finally, in June 2012, two types of skin care products
with seaweed extract as a bioactive ingredient were launched i.e. revitalizing day créme
and regenerating night créme. In 2013 an ultra-rich eye creme was launched. Detailed
information about the products are given on the company’s website www.unaskincare.
com and Facebook homepage. Below are several snapshots from the UNA skincare
homepage, Facebook, and from Duty Free at Keflavik airport (Figure 8 to Figure 11).

Figure 8 - UNA skincare homepage.
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Figure 11
- From Keflavik airport.
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2.4.1 Consumer tests and re-evaluation

Consumer testing and focus work was employed in the development of the first two
skincare products. The results provided valuable input into product development.
The results also showed very high customer satisfaction with more than 90% of users
claiming they would recommend the products to a friend (Figure 12). For the consumer
testing a considerable amount of day and night creams was produced, packaged with
non-descriptive labelling for separation purposes only. Introductory material and
questionnaires were prepared. Close to 60 participants, 30 years of age and older (average
age 47) were recruited for a 4 week testing of the skincare products, beginning in the
middle of January 2012. At the end of the period 41 of the participants returned their
completed questionnaires and participated in focus groups to improve the products
(Figure 13). The skincare products contain high levels of natural and organic ingredients
and instead of undesirable parabens only conservatives acceptable in natural products
are used. The products were subjected to challenge testing by inoculation with a
known quantity of different microbial germs and bacteria, e.g. Staphylococcus aureus,
to ascertain the viability of them in the products. The results showed without doubt a
concentration dependent antimicrobial effect of the seaweed extract (Figure 14).

During the developments of the facial crémes all feedbacks from trials and costumers
were used to improve the products.
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Figure 12. Consumer testing
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Figure 14. Dose dependent antimicrobial effect of seaweed extract on the survival on
S. aureus.
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Market analysis was performed within the project and based on the results a marketing
and promotional plan was formulated.

2.5.1 Market analysis
Market analysis was done via available market reports, targeted questionnaires and
direct communications with consumers/user focus groups.

PwC (commissioned by project partner Nyland) in cooperation with Marinox performed
a comprehensive market analysis. The purpose was to provide a broad-scope vision of
the markets were seaweed products are already present or are not present but might be
sought after. In addition, to assess the most valuable market sectors for selling high value
consumer seaweed-based products or seaweed ingredients. Highest growth market
segments within desirable categories were also identified to recognize opportunities for
seaweed on the market.

Different ways of market entry were assessed and a plan formed for new Marinox
products. Through market analysis, a strategy was formed in product development and
business plans were revised based on new information.

The report from PwC includes comprehensive market analysis on (see an example of
data sheet in Figure 15):

Vitamins and Dietary Supplements
Cosmetics

Beauty and personal care

Home care

Health and Wellness

Natural and organic

Food and drink

Botanicals and bioactives
Preservatives/Antioxidants
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Figure 15. Example from the PwWC report.

2.5.2 Marketing plan

Distribution channels were explored and business partners identified and contacted.
Based on market analysis a pricing structure was created and a product portfolio with
information sheets put together, as well as Material Safety Data Sheet (MSDS) and
Technical Design Specification (TDS) for the products. Short and long presentations have
been created introducing the company and its products, with company values, vision
and mission statements, introduction of staff, research and development and unique
selling points of both company and products. Company and product brochures have
been designed, printed and distributed; a new company website has been designed and
aired. Also Twitter and Facebook pages have been created and are frequently updated.
See: www.marinox.is / www.unaskincare.com / www.facebook.com/UNAskincare and
https://twitter.com/Marinox_ehf

On the following pages snapshots of Marinox™ extract application notes and Marinox
information brochure can be seen.
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Marinox™ extract application notes

Fucusvesiculosus, orbladderwrack, is aseaweed which is commonly found on the coasts
of Iceland. The Icelandic coastline, famous for its black beaches and unspoiled nature,
is the ideal place to collect F. vesiculosus in its purest form. Icelandic F. vesiculosus is a
sustainable, natural resource which has been extensively studied for many years. The
research was led by the founders of Marinox, and has culminated in the creation of the
F. vesiculosus Marinox™ extract. The high bioactivity of the Marinox™ extract has been
studied and verified by several Universities and Research Institutes. The scientists at

Marinox use a proprietary and highly advanced process to obtain the natural, bioactive
extract.

Marinox™ extract Properties
Powerful antioxidant
Fights cancer cells
Anti-inflammatory
Anti-diabetic activity
Naturally increases food shelf-life
Antimicrobial
Stimulates collagen production
Prevents breakdown of the extracellular matrix

Due to the numerous properties of the Marinox™ extract, it has an array of potential
uses. Its applications can be sorted into three main categories.

Cosmetic ingredient
Food ingredient
Food supplement

Within these categories a vast amount of application possibilities exist.

Application of Marinox™ extract in cosmetics

Description: Marinox™ extract is derived from Fucus vesiculosus, a brown macro
algae. Does not contain preservatives. Light green/brown extract stabilized in in water
and glycerin. Characteristic fresh seaweed/beach odor (not transferable to product in
quantities used). Water soluble.

INCI Labelling: Glycerin, Aqua, Fucus vesiculosus extract
Properties: The Marinox™ extract solution can be added to skin creams and lotions to

serve as an antioxidant and for its anti-ageing and anti-inflammatory effect. It increases
collagen production in skin cells and prevents extracellular breakdown.



Use: Add to water phase of formulas. Stable when kept in a closed non-transparent
container at 3°- 5°C.

Application: Topical application. Skin lotions/creams, serums, hair care products, anti-
ageing products, masks, special skin treatments, sunscreen, and more.

Examples of product that successfully use the Marinox™ extract: UNA skincare
cosmetics (www.unaskincare.com).

The Marinox™ extract is a powerful, scientifically verified option for your cosmetics
with a proven track record in cosmetics products.

Food ingredient

Marinox™ extract has properties that are very attractive to health conscious consumers.
A powerful antioxidant with cancer-fighting qualities, it is anti-inflammatory and anti-
diabetic.

Lyophilized Marinox™ extract may be added to recipes to increase the ORAC value and
health benefits of the food in question, and also to increase food shelf-life.

The following table shows amount of extract needed based on different % RDI of ORAC
in three examples of food categories.

Food category | Recommended RDI (%) of ORAC (2500)

examples portion size (g) 100% 50% 339% 25%
Cereals 60 2.1 1.0 0.7 0.5
Dairy 150 0.7 0.3 0.2 0.2
Seafood 250 0.5 0.3 0.2 0.1

When adding the extract to recipes it is both possible to add the lyophilized extract
directly, or to first dissolve the extract in water. If a very smooth consistency is required
it may be better to dissolve the extract beforehand.

Food Supplement

Capsule or Tablet

The extract may also be sealed in a capsule, or worked into a tablet, and taken as a
supplement. This would allow the consumer to gain the benefits of the extract, while

controlling the precise amount imbibed.

Maximum Daily Dose: 6.75 g
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The scale up process was divided into two tasks handling ingredients and products:

1. Ingredients: Procedures in WP1 were scaled-up to be able to produce significant
volumes of bioactive ingredients. Activity and stability were verified and processes
adjusted as needed.

2. Products: Manufacturing of supplements and food antioxidants will be scaled up
with appropriate drying and packaging equipment while cosmetics will be scaled up
using appropriate blenders and packing dispensers.

2.6.1 Ingredients

Pilot plant processes were adjusted and rerun with good results and Marinox has now
established their seaweed extraction methods to be able to process ingredients in
sufficient quantity for their further production, UNA skincare products and Marinox™
Fucus vesiculosus extract.

2.6.2 Products

Production of UNA skincare products and the Marinox™ Fucus vesiculosus extract has
been scaled up in sufficient manner to meet their current market needs. In line with
their future increased market share - bigger productions lines will be necessary.



CONCLUSIONS

Based on the scientific work in the project extraction methods have been developed,
activity and composition of extracts and their stability has been analysied and tested.
This has resulted in a broad know how in manufacturing and use of the seaweeds.

Thorough investigation of the market for ingredients and products has been performed.
Based on this work a marketing and sales plan has been put in action for two types of
products, a line of marine bioactive ultra rich skincare products named UNA skincare
and Marinox™ extracts. Other types of products are in the pipeline waiting for marketing.
The project has shown that there is a demand on the market for products with bioactive
seaweed ingredients and market potentials are good.

In this way the project has resulted in a new industry in the Nordic and significant value
creation has been reached beneficial for the BioMarine industry.
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The consortium of the project consisted of the research companies Matis and DTU,
Due MILJ@ a company specialising in fractionation and separation of ingredients,
Marinox a marine bioactive ingredients producing and selling company, Nyland a
company specialising in marketing and possible end-users of a an antioxidant product
in fish processing the fish companies Thorfish and Sigurd Folland. In this manner, the
consortium covered the whole process from research and development to production,
end-use and marketing.

Matis performed the extraction trials in collaboration with Marinox, characterisation
of the extracts including the bioactivity tests and finally performed storage studies
of food models with added seaweed extracts. DTU tested the antioxidant activities
of the extracts in different matrices such as fish oil enriched mayonnaise and fish oil
enriched milk. The role of DUE MILJ@'s was to perform pilot scale production for food
supplement and food antioxidant applications. This work was done in collaboration
with their contractor, SEPROSYS. Marinox developed and launched the UNA skincare
productsin addition toleading the extraction trials. Nyland in cooperation with Marinox
performed a comprehensive market analysis. The fish companies participated in and
accommodated the trials on the application of the seaweed extract to different fish
products. They provided invaluable input into the practicality of applying the extract, as
well as participated in the quality evaluation of the products. Thorfish conducted trials
and application tests with the extract in different Icelandic seafood products, and the
quality and shelf-life of the treated products were then evaluated. Sigurd Folland A/S
tested the effect of the effect of the seaweed extract on Norwegian seafood products,
and studied the effect on the quality and shelf-life of those products.



CONCLUSIONS

The project has been a success for the partners. The R&D companies have deepen
their knowledge on extraction, characterisation and use of seaweed extracts and their
antioxidant properties. Due MILJ@ has acquired knowledge in how their methods and
extraction processes perform on the seaweed media, Nyland has increased their know
how in market analysis and market strategy planning for new markets. The project has
shown that the seaweed extracts are a promising ingredient for the fish producers to
increase their product shelf life.

Based on the experience of the project, new product lines have been launched, a line
of skincare products and seaweed extracts to be used in production of food ingredients
and food supplements. By being a part of this successful story, all the participants have
gained intensive experience on how research on molecular bases in a research lab are
a good foundation for increased value from the natural ingredients gathered from the
nature of the Nordic marine waters.
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