High-value ingredients for
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SKINCARE
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Udvikling af kosmetik produkter / Development of skincare products
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About Seaweed (Macroalgae)

Seaweed

Sugar kelp is a multi-celled macroalgae that
lives in seawater. There are more than 300
different species of macroalgae in De n mark
and 10,000 species in the world. The many
species of macroalgae can vary in size from
smaller than 1 cm up to 60 metres and are
categorised into three main groups: brown
algae, green algae and red algae. Sugar
kelp is a brown algae.

as a new resource for
high-value products
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€5000/kg

Cosmetics/pharmaceuticals
Nutraceuticals/fine chemicals

€500/kg
Market value

I

n recent years,
researcher have
been
focusing
more and more
on seaweed for its high
variety of bioactive compounds, including polyphenolic compounds,
sulphated polysaccharides and carotenoids,
which can exhibit multiple functional activities, e.g. antioxidant and
anti-enzymatic activities.
Hence, the interest in
exploring the potential
of brown algae for the
production of valueadded commodities in
the food, pharmaceutical and skincare industries has increased.
In the Faeroe Islands,
off-shore cultivation of
brown algae is already
established and the scale
will be in excess of
100,000 tonnes of wet
weight per annum. In
Denmark, cultivation of
brown algae Saccharina
latissima is currently
being explored and will
be a reality in the near
future. The main opportunity in the short to medium term is to develop
high-value products to
improve the profitability
of brown algae biorefineries (Table 1).

Food/food ingredients

€100/kg

Protein (feed)
€10/kg

Fertilizer

€1/kg

Biofuel

Table 1: Compounds/
substances from brown
algae of variable value

Market size

Anti-enzymatic
activity

Antioxidant
activity

Anti-microbial
activity

Compounds and
functionalities which
can be extracted from

High in fibre,
vitamins and
Ca, Na, Fe

BROWN ALGAE

High in
alginate,
fucoidan and
laminarin

High in
carotenoids
(fucoxanthin)

High in
polyphenolic
compounds

Table 2: Overview of compounds and
functionalities
which can be
extracted from
brown algae
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Ageing of skin
The skin is composed of three layers: Epidermis,
Dermis, Hypodermis. Young skin has a healthy
protein fibre network and vascular tissue.
During the ageing process, the protein fibre
network becomes disorganised and lost and the
vascular tissue thins (elderly skin).
EXTRINSIC AGEING (premature ageing) – affected by outer factors, e.g. UV rays (photo-ageing),
air pollutants and smoking
INTRINSIC AGEING (natural ageing) – affected
by inner factors, e.g. genes, mutation, hormones

Seaweed-based
ingredients for the
cosmetics industry

B

rown algae Saccharina latissima is rich in bioactive compounds, such as polyphenolic compounds, polysaccharides, peptides, omega-3
fatty acids, carotenoids, vitamins and minerals. In skincare products, polyphenolic compounds, polysaccharides and carotenoids, in particular, have received
attention as these compound groups possess multiple functional activities. They are described in more detail in the
following.
The major group of polyphenolic compounds in brown
algae is the phlorotannins, which may contribute up to
25% of the dry weight of brown algae. The content of
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phlorotannins is highest in Fucus sp., e.g. F. vesiculosus and
F. serratus. Phlorotannins play a chemical role in protecting the seaweed against grazers and UV damage.
They occur in the physodes, where they can be biologically
bound to polysaccharides. Phlorotannins are oligo- or
polymers of phloroglucinol (1,3,5-trihydroxybenzene),
and their molecular weight varies from 0.126 to 650 kDa.
Phlorotannins are water soluble and can be extracted with
ethanol and/or water. Phlorotannins are known to possess
high antioxidant activity due to their structural complexity
and multiple OH groups. Furthermore, phlorotannins have
proven to have an anti-ageing effect by limiting enzymatic

activity. Consequently, phlorotannins have the potential
to reduce the breakdown of the protein fibre network in
the skin (dermis) and maintain skin elasticity. Phlorotannins
also demonstrate anti-bacterial activity, which is beneficial
for product quality.
Different types of polysaccharides are found in the cell
walls of brown algae. The main polysaccharides in brown
algae are laminarin, alginate, fucoidan and cellulose. The
brown algae Saccharina latissima, also known as sugar
kelp, is particularly high in polysaccharides, and has been
found to contribute up to 60% of the dry matter. Polysaccharides are highly water soluble and can be extracted
using water. Marine polysaccharides can play a variety of
roles in cosmetic products. Laminarin is reported to be antiinflammatory, anticoagulant and antioxidant. Laminarin
and alginate possess thickening and gelling properties
and can give skincare products the right physical properties. Fucoidan is a group of sulphated polysaccharides,
which are also known to have high anti-enzymatic activity.
Furthermore, fucoidan can be beneficial for inflammatory
pathologies or periodontitis in which uncontrolled extracellular matrix degradation takes place. Both fucoidan and
phlorotannins can protect the skin from UV radiation and

thereby work as a therapeutic agent to prevent and treat
photo-ageing. Cellulose can be oxidised and applied in
skincare for an anti-acne effect. Cellulose is also a known
thickener in skincare products.
Carotenoids are a group of pigments which play an
important role in the protection of plants against photooxidative processes. The most abundant carotenoid in brown
algae is fucoxanthin. Fucoxanthin has a very intense brown
colour, hence the name of this group of seaweed: brown
algae. Fucoxanthins are lipophilic molecules and can be
extracted using water, but more efficiently using methanol.
Brown algae contain approximately 1 mg/g fucoxanthin.
Fucoxanthin is known to possess antioxidant activity, and has
shown synergistic interactions with other antioxidants.
Moreover, seaweed extracts, rich in phlorotannins,
polysaccharides and carotenoids, can also be applied
in skincare formulations for preservation
to maintain the quality
For questions, please contact
of the products and to
Ditte Baun Hermund, PhD
protect other functional
Direct +45 93518863
dbala@food.dtu.dk
ingredients, such as unsaturated fatty acids.
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Extraction processes
E X T R A C T I O N A N D C H A R A C T E R I Z AT I O N
OF ANTIOXIDANT AND LAMINARIN EXTRACTS
AT D T I A N D D T U

Fresh seaweed

Extraction in
5-litre bottles

Extraction of
polyphenols at
DTI laboratory

Antioxidant properties and antiageing activity of seaweed extracts
can be calculated using in vitro
assays, where chemical reactions are
induced and determined spectrophotometrically

Pilot-scale
extraction
equipment
at project
partner DTU

S

eaweed is rich in bioactive compounds, including polyphenols, sulphated polysaccharides and
carotenoids, which can exhibit multiple functional
activities, e.g. antioxidant and anti-enzymatic activities. The Danish Technological Institute (DTI) in collaboration with the Technical University of Denmark (DTU) is developing an extraction processes to isolate and purify these
compounds while maintaining their bioactive functionality.
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The process is a cascade of multiple extraction and
separation processes using water, vegetable oils and
alcohol as solvents. The process results in multiple fractions
with different functionalities. In this case, we examined the
polyphenol fraction, which is then further purified at project
partner DTU and used as a functional ingredient in future
skincare products.

DTU Food receives the seaweed extracts from DTI, and
the characterisation proceeds. The antioxidant and
anti-ageing properties of the extracts are determined
using spectrophotometric methods. Furthermore, the
bioactive compounds, such as phenolic compounds
and pigments, are identified in order to verify which
compounds are responsible for the antioxidant and
anti-ageing properties.

After the characterisation of the extracts, a storage
trial is conducted, where different formulations of skincare products, to which the extracts have been added, are
tested. The antioxidant activity of the extracts is evaluated by determining the oxidative stability of the product
during storage. Hence, it is possible to determine the behaviour of the bioactive compounds from the extracts and
their stability in skincare products.
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About the MAB4 project
The objective of the project is to minimise the
distance between research, innovation and the
market in macroalgae. The goal is to established
seaweed cultivation as a new business area in
order to produce seaweed biomass for cosmetic
companies, such as Mellisa. The aim of MAB4 is
to cultivate the seaweed species sugar kelp as a
crop in Danish and Faroese waters with the help
of new and more efficient cultivation methods.
Special focus is placed on developing and retaining bioactive compounds during harvesting
and seasonal variation.

MAB4
P R O J E C T PA R T N E R S

The MAB4 project
L A R G E - S C A L E C U L T I V AT I O N O F
S E AW E E D F O R U S E I N F O O D S A N D
SKINC ARE PRODUCTS

A

s we run out of farmland, new opportunities
are arising for growing sea-crops in the oceans.
Many species of seaweed are highly nutritious
and rich in bioactive substances, making them
ideal as ingredients in foods and cosmetics.
In the Far East, longlines of seaweed – also known as
macroalgae – are a common sight at the surface of the sea.
However, seaweed cultivation is still at a modest level in
Denmark and Europe.
A project financed by Innovation Fund Denmark aims
at cultivating seaweed, in particular brown algae, in the
Danish and Faroese waters. Brown algae contains various
valuable substances, including antioxidants, protein, polysaccharides and minerals, that can be used as functional
ingredients in feed, foods and skincare products. For
example, the sugar component laminarin has proven antitumour, anti-coagulative and anti-inflammatory effects.
“It’s all about using seaweed components for feed,
food ingredients, and skin products. The substances in
seaweed need be refined to the degree of purity that is
required for the different applications,” explains AnneBelinda Bjerre, Adjunct Professor at Aalborg University
and Senior Consultant at the Danish Technological Institute. She adds: “In other cases, it may be an advantage to
harvest seaweed for feed or food products directly from
the strings at sea at the time when they have the highest
concentrations of the substances in an effort to avoid a refining process. We are therefore devoting a good deal of
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attention to the seasonal development of the bioactive
substances of the seaweeds so that nature can also refine
it for us.”
Seaweed has no roots, although it fixes to solid materials, for instance by attaching to stones. Currently, work
is being done to grow seaweed on ropes and other materials. For example, 2D textiles that look like metre-long
sheets can be used for growing seaweed and are wellsuited for large-scale production.
MAB4 is a project conducted by a consortium of
national and international experts on algae cultivation
and biorefinery from universities, GTS institutes, small
and medium-sized businesses as well as relevant industrial end-users. The results from MAB4 will be a beacon
for industry stakeholders and future seaweed cultivation.

POTENTIAL BENEFITS TO SOCIETY
Seaweed is a relatively new raw material in this part of the
world. The project aims to cultivate seaweed and extract its
chemical substances for eco-friendly production of animal
feed, food ingredients and skincare products. Furthermore,
the project can also
help to address the
need for farmland
For questions, please contact
Anne-Belinda Bjerre, Project Coordinator:
with little space
+45 7220 2912 or anbj@dti.dk
for growing more
crops.

Teknologisk Institut
2630 Taastrup
Professor Anne-Belinda Bjerre

Aarhus Universitet Institut for Bioscience
8600 Silkeborg
Forsker Annette Bruhn

Højmarks Group BHJ
6940 Lem
Direktør Greta Jakobsen

+45 7220 2912

+45 8715 8797

+45 9734 3366

DTU fødevareinstituttet
2800 Kgs. Lyngby
Professor Charlotte Munch Jacobsen

Aarhus Universitet
Institut for Miljøvidenskab, 4000 Roskilde
Seniorforsker Marianne Thomsen

Mellisa Organic Skincare ApS
2970 Hørsholm
Direktør Louise Mellisa Klinder

+45 2327 9075

+45 4630 1358

+45 45867499

DTU Kemiteknik
2800 Kgs. Lyngby
Professor Lene Lange

Ocean Rainforest (Færøerne)
180-FO Kaldbak, Faroe Islands
Managing Director, Olavur Gregersen

Nordisk Tang,8500 Grenaa
Development manager
Bjarne Græsbøll Ottesen

+45 24432040

+298 223978

+45 7568 9003

DTU Institut for Akvatiske Ressourcer
7900 Nykøbing Mors
Dr. Paula Canal-Vergés

Fermentation Experts
6622 Bække
Direktør Jens Legarth

Hortimare Ltd.
1703 DH Heerhughowaard, Netherlands
Managing Director Job Schipper

+ 45 6115 0160

+45 2334 9334

+31 6 29237845

Københavns Universitet
1870 Frederiksberg C
Professor MSO Mette Olaf Nielsen

AT-SEA
9600 Ronse, Belgium
Dr. Ir. Lambertus (‘Bert’) Groenedaal

Kattegatcentret
8500 Grenaa
Forskningsleder Lone Thybo Mouritsen

+45 3533 3065

+32 476 98 43 79

+45 20276553

9

Innovation Fund
Denmark
ON THE MAB4 PROJECT

About seaweed
Seaweed is a valuable
resource recognised
today as a nutrientrich ingredient in
food and feed. Seaweed contains a wide
array of essential fatty
acids, antioxidants,
vitamins, minerals,
proteins and fibre.
By cultivating and
harvesting seaweed
in Danish and Faroese
waters, we can reuse
some of the nutrients
that cause problems
in our marine environment. It also enables
us to reuse the nutrients in the food chain
on dry land.
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I

nnovation Fund Denmark invests in entrepreneurs,
scientists and companies with knowledge and ideas
to solve societal challenges and create growth and
jobs in Denmark. The agricultural and food sector
has top priority for Denmark because we have unique
competencies and know-how, and because the agricultural and food sectors create jobs throughout Denmark.
While agricultural land is limited, there are good opportunities for growing more crops in the ocean. Ropes full of

seaweed plants are well-known, especially in the Far East,
but the cultivation of seaweed is still at a modest level in
Denmark and the rest of Europe. Many species of seaweed
are very rich in nutrients and several of the algae’s bioactive substances can be used with advantage in the manufacturing of food and cosmetics. In future, we hope to see
algae used for multiple purposes, including feed, food
ingredients and skincare products.
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Seaweed reduces CO 2
Seaweed, like sugar kelp, relies on
photosynthesis, just like plants on
dry land. Photosynthesis converts
energy from the sun, CO 2 and
water into carbon compounds and
oxygen. Like other algae, seaweed
absorbs nitrogen and phosphorus,
reducing both the amount of CO 2
in the atmosphere and the amount
of nitrogen and phosphorus in the
marine environment.

Ocean Rainforest

L

ocated in the Faroe Islands we find
Ocean Rainforest Sp/F – a limited company
engaged in the production of marine biomass
from macroalgae in open ocean cultivation
installations. Ocean Rainforest has approximately 20.000
metres of seaweed lines in the Faroe Islands, where continuous current and stable sea temperature provide the
perfect conditions for seaweed farming. Olavur Gregersen, Managing Director of Ocean Rainforest, says
they aim to become a leading supplier of sustainably
cultivated seaweed grown in pristine, open ocean envi-
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ronments. Their operation spans an unbroken chain from
seeding, cultivation, harvesting and pre-processing into a
storage-stable condition before final processing into
end-user products.
Ocean Rainforest is
proud to be the official
Contact:
supplier of the brown
Olavur Gregersen, Managing Director
seaweed Saccharina
of Ocean Rainforest Sp/F
Latissima for the brand
www.oceanrainforest.com
Mellisa Organic Skincare.
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Antioxidants in skincare
H O W S T R O N G , S TA B L E A N T I O X I D A N T S
I N YO U R S K I N C A R E R E G I M E C A N G I V E YO U
T H E B E S T S K I N O F YO U R L I F E

S

kincare plays an important role in our beauty
routines and helps our skin to be at its best. Now,
Mellisa Organic Skincare has developed an innovative new skincare series: BioOcean.
Mellisa Organic Skincare has been researching and developing organic products for 30 years. And with our latest
series, BioOcean, we take organic skincare into the realm
of cosmeceuticals to give you the best skin of your life.
People are different and so is their skin. Some have very
sensitive skin or acne, others have very dry skin. Sometimes
your skin changes and needs a helping hand from skincare
products. As you age, you may find your skin grows more
sensitive and becomes less tolerant of some ingredients.
Collagen production drops and wrinkles begin to appear.
This happens to everyone. The question is when, and what
you can do to keep your skin healthy and supple for as long
as possible.
This is where well-formulated and innovative skincare products come in. Effective emollients can help to
repair and maintain a healthy and strong skin barrier,
increasing your skin’s resilience and strengthening its ability
to keep out irritants.
Once your skin barrier is cared for, it is time to focus on
maintaining your skin’s health on a deeper level. Age also
causes your skin to gradually lose its elasticity. However, a
variety of factors can cause your skin to start ageing at an
accelerated rate. Known as free radicals, they cause oxidative stress in the skin – resulting in premature skin ageing.

OX I DAT I V E S T R E S S

Oxidative stress in skin plays a major role in the ageing
process. This is true of intrinsic ageing and even more so
of extrinsic ageing. Although the results are quite different
in the dermis and epidermis, extrinsic ageing is primarily
driven by oxidative stress caused by UV rays.
Free radicals are molecules produced by smoking,
environmental exposure and UV rays, all of which cause
oxidative stress in the skin. Antioxidants can neutralise free
radicals, thereby rendering them harmless to other cells.
Unfortunately, the antioxidants produced naturally by the
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body are not enough to neutralise all the free radicals.
Regular application of products containing antioxidants
should therefore be part of one’s daily skincare regimen to
reduce oxidative stress and related damage.

I N F L A M M AT I O N

Ingredients that can reduce inflammation are also desirable
in well-formulated skincare products. Inflammation can
be caused by a variety of stimulants, including sunlight
(UV), pollution, bacteria and viruses, diet (foods that elevate blood sugar levels) and alcohol, just to mention a few.
These stimulants trigger free radicals, which in turn launch
an extremely destructive chain of events, called the inflammation cascade. This will also lead to premature ageing.

THE GOOD NEWS:
S K I N I S A L W AY S S U B J E C T T O
I N F L A M M AT I O N A N D O X I D AT I V E
STRESS, BECAUSE FREE RADICALS
ARE UNAVOIDABLE. BUT WE CAN
CONTROL THE EFFECTS.
T H E E A S I E S T W AY I S B Y M A K I N G
THE RIGHT CHOICES WHEN IT
C O M E S T O D I E T ( AV O I D E L E VA T I N G YO U R B LO O D S U G A R ) A N D
B Y C H O O S I N G TO P I C A L P R O D U C T S
T H AT A R E W E L L- F O R M U L AT E D A N D
BASED ON SOLID RESEARCH.
Mellisa Organic Skincare’s BioOcean products are rich
in antioxidants for better skin maintenance and protection on a cellular level (but please, wear sunscreen, too).
Experts at the Technical University of Denmark (DTU) and the
Danish Technological Institute (DTI) have contributed with
unbiased research on the algae-based ingredients, which
provide strong and stable antioxidants as well as antiinflammatory ingredients making the BioOcean skincare
series very effective as a topical product for fighting signs
of ageing.
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Antioxidant
Face Cream
INTRODUCING
THE VERY FIRST PRODUCT
IN THE BIOOCEAN SERIES:

B

ioOcean Antioxidant Face Cream is an exclusive skincare product comprising a unique
combination of antioxidants. This remarkable
product contains many beneficial ingredients.

•
Vitamin E with tocopherols, which protect the cell
membranes against oxidation and the early stages of
UV damage.
• Apricot oil, a fast-absorbing, emollient, nourishing and
moisturising oil which helps the skin retain its elasticity
and suppleness. It is rich in vitamins A, C and E – all
powerful antioxidants that can help stop skin ageing.
A / Carotenoids – beta-carotene, also called
pro-vitamin A – reduces damage to skin cells.
C / Ascorbic acid helps to stimulate the collagen
fibres in the skin.
E / Tocopherols boosts the skin’s defences and has
an anti-inflammatory effect on skin cells.
• ND Emulsifier, a combination of rice, soybean and shea
butter. Rich in ferulic acid, a natural antioxidant.
• Wheatgerm oil, rich in vitamin E, which protects the
skin from free radicals.
• Saccharina latissima which is high in polysaccharides,
laminarin, phlorotannins and fucoxanthin.
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About BioOcean

Louise Mellisa Klinder
CEO, Mellisa Organic Skincare

T

his innovative skincare series will feature a
variety of products that can be combined for
optimum care of various skin conditions and
types. The series is expected to reach market by
2020 and will comprise facial lotions, serums, creams and
similar products.
BioOcean, developed by skincare specialist Mellisa, is
an exciting, environmentally friendly and sustainable series
of luxury products based on seaweed, more specifically
sugar kelp from the pristine waters of the Faroe Islands.
BioOcean is made with care by Louise Mellisa Klinder and
developed in collaboration with DTI and DTU as part of the
MAB4 project – a ground-breaking and innovative research
project in the cultivation, harvest and use of seaweed. The
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MAB4 project has received DKK 11.08 million in funding
from Innovation Fund Denmark.

SOLID EXPERTISE AND NEW RESEARCH

The series is based on the latest research in active, effective and beneficial ingredients. BioOcean is for people who
are not willing to compromise on effectiveness and who
want skincare based on equal parts solid expertise in conventional wisdom and effective ingredients, cutting-edge
research and – last, but not least – a good conscience. The
production is sustainable and based on circular ecology.
Pamper and restore your skin and wellbeing with pure,
high-quality nutrients sourced from the secrets of the sea.
Enjoy!
Louise Mellisa Klinder
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The MAB4 project is partly funded by the Innovation Fund Denmark (IFD) under File No. 5157-00003

