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Sustainable Food



Developing Marine Crisis:
35% decrease in seafood harvest in 5 years.
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(ABARE 2010)

*The Food & Agriculture Organisation (FAO) predicts that global

consumer demand for seafood will almost double from 45 to 85
million tonnes by 2015.

e|t is estimated that aquaculture will increase from 42% to 58% of
global seafood production by 2020.

Fishery Yields Declining

MPA’s do not address supply issue
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http://en.wikipedia.org/wiki/Perna_canaliculus
http://en.wikipedia.org/wiki/Perna_canaliculus
http://en.wikipedia.org/wiki/Pacific_oyster
http://en.wikipedia.org/wiki/King_salmon
http://aquaculture.org.nz/wp-content/uploads/2011/05/value-graphs.jpg

New Targets for Marine Protein
Production



New
Targets
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Aquaculture

o .?
-b'&s a..'n.



The Larval Cycle of Panulirus omatus
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Possible new targets

High value
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Clam

Scallop

Oyster

Mussel

Spiny Lobster
European Lobster
Amer. Lobster
Mantis shrimp

Whiteleg shrimp

Rose shrimp
Black Tiger
Shrimp c/w
Octopus
Sepia
Squid

Carp

Nile Perch
Trout
Salmon

Eel

Misc
Mackerel
Sprat
Swordfish
Skipjack
Yellowfin
Bluefin
Sole
Turbot
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Sustainable Fuel



Future: Marine Biofuels
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Theory 280 tonnes dry blomass/ha/yr f
Lipid content of 40%o, therefore 115,000 L/halyr.
Now only 20,000L/ha/yr of oil

Compare Palm oil 6000L/ha/yr
Wijffels RH 2008

TRENDS in Biotechnology



Macro Algae have the highest
potential as a feedstock for biodiesel
with up to 24X more oil per acre than
palm

Use of algae for high value products

(eg ®3 PUFAs, carotenoids for
aquaculture and human health)




Marine Bioproducts



Medicines &
Enzymes Research tools

Personal care & .
nutrition

e »

Marine Marine
bacteria @& fungi
Marine
invertebrates




The natural non-drugs

Functional foods eg fatty acids, carotenoids ($US5b+/yr)
Food additives eg algal polysaccharides ($US6b+/yr)

Cosmetic ingredients eg anti-inflamatory, sunscreens (3US
7b+/yr) S T LT,
o el W

Research tools and lab reagents

REGULATORY HURDLES ARE LOWER (cf drugs)



Research Tools/Lab reagents
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| Aequorin — a bioluminescent dye from jelly fish
an Aequora victoria.
SigmaAldrich: 1mg $220

Calyculin A — a polyketide from sponge
Discodermia.

Used as molecular probe (selective
Inhibitor of protein phosphatase 1)

SigmaAldrich: 10ug $259



Agriculture Applications of Marine Products

Anather reason for wriling this paper 1s (0 1ncrease
our awareness of ecology.

relationships about living on the earth. A good example
of our ignorance is the increase of CO, we have allowed
our atmosphere. Th

reducing the carrying capacit
population requirements for food and fiber keep going
! s our bays,
and rivers with sediment, some of which was
£ sts of the north
coast and a rich agricultur: lley. Among other
causes, soil ero ¢ have Killed a run of chinook
salmon once n;

Authors’ addresses: B. Wyatl, University

Cooperative Extension, 2604 Ventura Ave.. Rm. 100P., Santa
Rosa, CA 95403-2894; G. M y s
Agricultural Center, Ukiah, CA 95482

Ecology is the study of

1

International By-Products Conference
April 1990. Anchorage, Alaska

ponge metabolites insecticidal
against Lepidopteran pests:
upto 95% growth inhibition of

‘to be an effective biopesticides against lepidopteran pests and larvae of C. guinguefa.

Marine Natural Products with
erbicidal and fungicidal activities:

* Novel chemistry

 Biodegradable

0 resistance to marine compounds

Key words: Marine sponge. Culex guinguefascia

INTRODUCTION
Increasing use of synthetics leads to serious proble
environmental pollution long term persistence. high
and insect resistance to insecticides. In recent yeay
has been increasing information on the use of alt:
methods (Blunt er ai., 200

exceptional reserviour of bioactive natural products
produce several novel structures with unique bio
properties which may not be found in terrestrial
products (Thakur and Muller, 2004; Venkatesward
2008). The present investigations were aimed at id:
newer drugs and other pharmaceutica it
whereas comparatively little attention has been pa
respect to the discovery of

al. 2006; Kim et al. 2006). Again Venkateswara &t ai
suggested that the secondary metabolites isolatef
the marine sponges may be an alternative source foy
control agents to replace the existing and highl]
synthetic insecticides and will play an important
future insecticide development programme. Prey
Bradford ef al. (1992) described the marine potential
products to serve as insect control agents via mech
of toxicity. interference with moulting of metamos
and feeding deterrence. Again Donia and Hamanm)
Blunt er al. (2005); Haefner (2005); Venkateshwa
(2008) demonstrated that the sponge co
sesquiterpenes and diterpen
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. . d cartap (5) are
probably the ocean’s only major agrochemical agents being used

insecticides in some parts of the world (10)

M e Natural Products as Insecticides, Herbicides, and
Fungicides: An Update. In our previous paper (11). the
insecticidal compounds of marine origin and their activities were
reviewed. In addition to developments summarized in our earlier
paper. a new sesquiterpene, hydroxycolorenone (6).
from the soft coral N vhich showed strong
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Aquaculture of drug leads

Taken from Paterson and Anderson, Science 21 October 2005

Bryostatin Analogue A
Total Synthesis

“T.
Safracin B, produced by
Pseudomonas fiuorescens ET-743 (Yondelis)
Phar ma Mar Yondelis (ET-743)
Soft Tissue Carcinoma active Hemi-Synthesis

Licensed Europe, September 2007
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Total world seaweed production 8.5 million tonnes

Sea Weed Industry uses 7.5-8 mill mt of wet sea weed /yr ($US5-6b
FAO 2004).

3 Important Phycocolloides:
« Alginates $US213m/yr, only Laminaria japonica grown in
China.
« Carrageenan production depends on wild Chondrus crispus.
« Agar-Agar from Gelldlum $U8132m/yr

PLate 45, Cy / e (p.123) With detached, fertile portion (above); C. congesta
T l — 3 small phn ( scalaris (p.123) — basal portion of a larger plant.




Artificial

Integrated Multi-
Trophic Aquaculture

(IMTA)

» INTEGRATED MULTI-TROPHIC AQUACULTURE (IMTA) : FED AQUACULTURE (SALMON)
WiseSource salmon uses an IMTA system in which the byproducts (wastes) mir (

of one crop (finfish, such as salmon) are converted into fertilizer, food and energy

for other crops (seaweed and shellfish), which can be sold on the market

SUSPENSION EXTRACTIVE
AOUACULTURE ~ ORGANIC (MUSSELS)
|

|

SUSPENSION EXTRACTIVE AQUACULTURE -~ INORGANIC (SEAWEEDS)

such as nifrogen and




FIGURE 1
Salmon (left), mussels (right foreground) and seaweeds (right background) integrated
multi-trophic aquaculture (IMTA) in the Bay of Fundy, Canada

Bay of Fundy
IMTA

FIGURE 2
Conceptual diagram of an integrated multi-trophic aquaculture (IMTA) operation
combining fed aquaculture (finfish) with organic extractive aquaculture (shellfish),
taking advantage of the enrichment in particulate organic matter (POM), and inorganic
extractive aquaculture (seaweeds), taking advantage of the enrichment in dissolved
inorganic nutrients (DIN)

Integrated Multi-Trophic Aquaculture
(IMTA)

Fed Aquaculture Extractive Aquaculture
(Finfish) L e Organic Inorganic
(Shelifish) (Seaweed)

Nutrient zone

Source: Chopin (2006).




Benefits:

* Enhanced growth of all species
Lower Environmental Impact
Better use of ‘sunk’ costs
Diversity of Industry Targets
Diversity of Value add potential

Risks:

* Introduction of fouling species
 Parasite/pathogen cross contamination
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Integrated aquaculture
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Relative Abundance

« More than 100 halogenated
compunds were identified
. ﬁa [ . ' for Asparagopsis
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Relative Economics

Harvest In Sea exSitu Synth
Avarol $.30/mg $.45/mg $.60/mg $.50/mg*
Hali B# No $100/mg $300/mg $1,000+/mg
Hali B spiked (100x) $1/mg

(Sipkema et al 2005, Battershill and Page 1996, Munro et al 1998)

Estimated
# 80 farms natural yield, 8 farms enhanced yield (10 longlines/farm inside existing!)




