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Purpose: waste regeneration, efficient resource use, 
sustainable food production, human nutrition, renewable 

resources.



WASTE REGENERATION: 
.ƭǳŜ wŜǾƻƭǳǘƛƻƴ 5ƛǎŀǎǘŜǊ ƻŦ ǘƘŜ мфллΩǎ

ÅDestruction of coastal 
environments

ÅCarnivorous species deplete 
wild stocks

ÅEscapees

ÅSpreads disease

ÅNutrient pollution

ÅChemical pollution

ÅAntibiotic pollution



Efficient resource Use: 1998 IndiwaryAqua ςSri Lanka

Tiger Prawns

Sedimentation
& Tilapia

Algal Ropes
& Milkfish

Algal Ropes
& Mussels

Algal Ropes

Aeration



Where does the nitrogen go???? 
N20 = 280 x more potent greenhouse gas than CO2 AND it causes 

eutrophication

Seaweed 
is KEY!



If we plant 7% 

of the oceans 

with seaweed Pia, 

we can reverse 

climate change!

Reality check!

Who will pay 

for it 

Tim?????...

Go and 

take a cold 

e]®qÖÚ
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Seaweed is 
the biggest 
aquaculture 

crop by 
biomass

FAO: FISHSTAT 2021
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A $15B, 35Mt seafood industry that Australia is not doing much of
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Green seaweed

Brown Kelp

Red seaweeds

Dr Kathleen Drew Baker



ÅFood

ÅAnimal feed

ÅSupplements

ÅAgriculture and soil management

ÅE400 range ςicecream, toothpaste, 
printer ink, fire extinguishers, wall paint

ÅMedical devices

Mostly food but also ingredients 
We are already making so many 
ǘƘƛƴƎǎ ŦǊƻƳ ǎŜŀǿŜŜŘΧΦ



A resurgence of 
interest has driven 
product innovation ς
viable and otherwise
ÅWater balls

ÅClothing

ÅFootware

ÅBuilding materials

ÅMedical Devices



Species & 

Nutritional 

opportunities
2009

Target markets, 

Industry strategy &

coordination

2011

Australian networking

across engaged 

Industry partners2011

Culture trials with 

selected 

Australian species2013

Best practise towards 

standards for

Australian seaweed2017

Global Status &

Australian 

opportunity & position2011

Tracking a decade old strategy for Australia

RIRDC/AgriFutures research reports since 2009 can be sought at: 

http://www.agrifutures.com.au/publications -resources/publications/

http://www.agrifutures.com.au/publications-resources/publications/


2009 ςStrategic Industry Development

30 Industry and R&D contributors
- Industry Network ςSeaweeds Australia
- Regulatory issues
- Market focus ςhigher value products



Polysaccharide categories repeating units
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carageenans(galactans)

cellulose

mannans

xylans

glucose, mannose, 

xylose, galactopyranose, 

glucuronicacid, 

alginicacid

fucoidan

fucose, uronicacids, 

xylose, glucose, 

galactose, guluronic

acids

ulvans,

cellulose,

xyloglucan

rhamnose, glucose, 

galactose, mannose, 

xylan, uronicacids 

(glucuronic& iduronic

acids) 

Polysaccharide diversity in seaweeds offers a broad palette 
with diverse attributes

Winberg, P. C., J. H. Fitton, et al. (2014). Controlling seaweed biology, physiology and 
metabolic traits in production for commercially relevant bio-actives in glycobiology. Advances 
in Botanical Research. N. Bourgougnon, Elsevier. 71: 221-252.

RED SEAWEEDS

BROWN SEAWEEDS

GREEN SEAWEEDS



Even closely related 
species have 

different 
Glycocomposition

Kirkendale, L., et al. (2013). "A molecular survey of Ulva 
(Chlorophyta) in temperate Australia reveals enhanced levels of 
cosmopolitanism." Journal of Phycology 49(1): 69-81.



42% Manganese RDI 

65% of your Boron

10g of PhycoGreenin Phettucine
71% of Iodine RDI

33% of Magnesium RDI

40% of iron RDI

Seaweed elements 
and the importance 
for and health and 
ǎŀŦŜǘȅΧΦΦ

ΧΦ{ŜƭŜŎǘ ȅƻǳǊ 
species wisely

Micronutrients - IODINE!!!



Seaweed protein: PhycoTeinTM development
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- CSIRO - Victoria
- PIRSA ςSouth Australia
- UQ - Queensland
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Histidine Isoleucine Leucine Lysine

Methionine Phenylalanine Threonine Tryptophan

Valine Arginine Cysteine Proline

Alanine Aspartic acid/Asparagine Glutamic acid / Glutamine Glycine

Serine Tyrosine Hydroxyproline

SEMI & 
ESSENTIAL

CULTIVATION METHOD 1

CULTIVATION METHOD 2

We can grow more protein on a hectare than a cattle farm.
.ǳǘ ȅƻǳ ƘŀǾŜ ǘƻ ƪƴƻǿ ƘƻǿΧΧ



Micronutrients - IRON

Just 1.4g of green 
seaweed per day can 
improve blood iron 
measures by up to 
25%.

Iron deficiency is the second of 6 global health targets of the WHO.

Banu and Mageswari(2015). Nutritional status and effect of seaweed chocolate on anemic adolescent girls. Food Science and Human Wellness, Volume 4(1)



Wound Healing PhycoDermTM

Artificial scratch in fibroblast cell 
culture

0 hours
24 hours

QUANTIFYEXTENT & TIME TO 
RECOVERY OF CELLS ACROSS 
SCRATCH

Fetchet, Skropeta, Ranson, McCauley and Winberg (2015 Honours research)

PhycoTrixTM

Control

More than 
just a moist 
media 



PhycoTrixTM BioInksdevelopment

Chen, X., et al. (2019). "Development of 

rhamnose-rich hydrogels based on sulfated

xylorhamno-uronic acid for wound healing 

application." Biomaterials Science.

Kang, L., et al. (2018). "Fabrication and In 

Vitro Characterization of 

Electrochemically Compacted 

Collagen/Sulfated

Xylorhamnoglycuronan Matrix for 

Wound Healing Applications." Polymers

10(4): 415.

Molino, P. J., et al. (2018). "PEDOT doped 

with algal, mammalian and synthetic 

dopants: polymer properties, protein and 

cell interactions, and influence of electrical 

stimulation on neuronal cell 

differentiation." Biomaterials Science 6(5): 

1250-1261.
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Macroalgal diets

COMPLEX NUTRIENTS - Benefits in diets of abalone

Mulvaney, W., et al. (2013). "Feeding rhodophycean and chlorophycean macroalgae 

improves growth and condition of a hybrid species of abalone ( Haliotis rubra Leach x 
Haliotis laevigata Leach)." Journal of Applied Phycology 25: 815-824.

Mulvaney, W. J., et al. (2015). "Recovery of seafood Omega-3 profiles of cultivated 
abalone by dietary seaweed supplementation." Journal of Applied Phycology 



Meyer, B. J., et al. (2015). "Baseline omega-3 

index correlates with aggressive and attention 

deficit disorder behaviours in adult prisoners." 

PLoSONE 10(3)

PEAK OMEGA-3 OIL - a challenge to World Peace



MAKING SEAWEED
PRODUCTION TO PRODUCTS



VSS industrial ecology process
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nutrient remediation 
service 

energy 
efficiencies

hǳǊ ŎǳǊǊŜƴǘ ǎƛǘŜ ǎȅǎǘŜƳ ƛƴ !ǳǎǘǊŀƭƛŀ ŎƻƴǾŜǊǘǎ ŎƭŜŀƴ ǿŀǎǘŜ ǎǘǊŜŀƳǎ ŦǊƻƳ !ǳǎǘǊŀƭƛŀΩǎ ƭŀǊƎŜǎǘ ǿƘŜŀǘ ǊŜŦƛƴŜǊȅΥ 



Industrial ecology



Miraculous Power of the 
Humble Seaweed



We had to 
build a factory
and then 
another 
factory



.Ŝ ŎŀǊŜŦǳƭ ǿƘŀǘ ȅƻǳ ǿƛǎƘ ŦƻǊΧ
you sometimes need skin in the 
game


