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Introduction

• Macroalgae/Seaweed

• High sugar, hydrocolloid, value-added mineral and protein 

content

• > 20,000 species worldwide

• 3 categories based on colour

• Green

• Red

• Brown



• Main Chemicals:

• Alginate

• Fucoidan

• Laminarin

• Mannitol

Chemicals in Macroalgae

Uses:

• Waterproofing

• Slimming aids

• Pharmaceutical preparations

• Thickener

Properties:

• Anticoagulant

• Anti-tumour

• Anti-thrombosis

• Anti-inflammatory

• Anti-viral

Most readily used in fermentation

Uses:

• Sweetener

• Range of medical 

treatments

Also readily fermented
• Due to its potential as a high value chemical, the focus of the rest of 

this presentation will be fucoidan.



Economics

Energy (methane, ethanol), 

Fertilisers

Global market: ~ €50 billion

Hydrocolloids, Food or feed 

ingredient

Global market: ~ €1 billion

Agar, pharmaceuticals, 

colourants

Global market: ~ €500 billion

Low value compounds

< €1/kg

High 

value 

compounds

< €10/kg

Mid value compounds

€1-10/kg



Heath Care Product

• Commercially available as a heath care product

• From €0.70 to €50/capsule depending on the purity:

• From 5 to 35% fucoidan content

• Also available as a powder or drink



Fucoidan - Background

• Molecular weight: 43 and 1600 kDa

• Sulphated polysaccharide

• Fucose backbone

• Contains galactose, xylose and uronic acids

• Biomedical properties:

• Anti-tumour

• Anti-coagulant

• Anti-virus

• Anti-oxidant 



Extraction Challenges

• Many challenges to fucoidan extraction due to its structural 

variation with:

• Species

• Harvest season

• Harvest location

• Maturity of the sample

• Only general analytical methods can be used:

• Colourimetric tests

• Size exclusion chromatography

• Methylene blue staining



Samples

Sample 

ID

Description

1 Saccharina latissima with unknown fucoidan concentration (repeat 1)

2 Saccharina latissima with unknown fucoidan concentration (repeat 2)

3 Saccharina latissima with unknown fucoidan concentration + 10%

standard fucoidan

4 Laminaria digitata with 4% fucoidan

5 Laminaria digitata with 4% fucoidan + 10% standard fucoidan

6 “Pseudo” seaweed with acid hydrolysis

7 “Pseudo” seaweed without acid hydrolysis

8 Fucoidan only



Methodology

Acid Extraction Fucoidan Quantification

Samples:
Laminaria digitata
Saccharina Latissima
“Pseudo seaweed”

• Fucoidan broken down with concentrated H2SO4

• Colour reaction between fucose and cysteine hydrochloride



Calibration

y = 0,0195x + 0,1803
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• Calibration is performed using fucose standard at varying concentrations

• A good correlation was achieved with 2 repeats



Effect of Glucose

ID Description

Expected 

fucoidan

Measured 

fucoidan

Proportion of 

total fucoidan

% (w/w) % (w/w) %

3
L.Sacc with unknown fucoidan + 10% 

fucoidan standard
9 1.60 17.7

5
L.Dig with 4% fucoidan + 10% fucoidan 

standard
13 5.66 43.5

7 "pseudo seaweed” 10 4.18 41.8

8 Fucoidan only 100 19.94 19.9

• Glucose has a strong colour reaction when boiled with H2SO4

Without 

glucose

With 50% 

glucoseLow glucose

(~ 7%)
High glucose 

(~50%)

• Important to account for the effect of glucose:

• Calibration curve assuming known glucose quantity

• Remove before analysis



Effect of Dialysis

Before Dialysis After Dialysis Reduction in 

fucoseID Description fucose fucose

mg mg %

3
L.Sacc with unknown fucoidan + 10% 

fucoidan standard
1.34 0.85 36.56

4 L.Dig with 4% fucoidan 3.56 2.61 26.69

5
L.Dig with 4% fucoidan + 10% fucoidan 

standard
4.69 3.56 24.09

6 "pseudo" seaweed 3.91 2.42 38.11

• Dialysis reduces fucose readings by 24 - 40%

• Difference is thought to be due to alginate content

High alginate 

content Low alginate 

content

• Hypothesised that sodium ions affect the colour reaction

• Further investigation HPLC/SEC is required to confirm



Effect of Sodium Chlorite

• Used to de-colour the extracts.

• Added ions caused osmosis in dialysis, which was now 

necessary due to the colour of sodium chlorite.

• The pale colour of the samples meant that this step was 

deemed unnecessary.

• Further investigation would be required for more coloured 

samples.



Conclusions

• Spectrophotometry provides a simple and robust method of 

quantifying fucoidan in brown macroalgae.

• The glucose content of the sample needs to be taken into 

account.

• Dialysis can improve the accuracy of the result.

• Treatment with sodium chlorite is unnecessary in the 

samples studied.



Future Work

• Further investigation into the effect of glucose:

• Calibration curve 

• Removal before analysis

• Further investigation into the effect of dialysis:

• Vary the amount of alginate

• Confirm hypothesis with HPLC/SEC
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