= Dr Peter Nichols from CSIRO Oceanography: making more o

Australia’s deep-sea catch,

Scientists and entrepreneurs are working together to

boost the value of south-east Australia’s deep-sea fisheries.

I the wheel were to be reinvented,
would it happen ar a small facrory in the
stburbs of Hobare?

Spend 10 minutes talking to Dan
Cudmore, marketing director of Tasmanian
company Beku Environmental Produces
Ltd, and you might believe ir possible

Cudmore will tell vou all abour the
products that have in four vears propelled
the company out of a home garage and
onto the export market, so successfully that
in 1995 Beku won best new exporter in the
lasmanian division of the Australian
Export Awards:.

Beku is one of a number of enterprising

Australian companies with their "F\ht“ 56l

12 Ecos 87 Autumn 1296

Gill Shannon reports.

on markets in China, Indonesia, Taiwan,

Japan and Vietnam, as well as Furope and

the United Srates in the long rerm. Whar is

the product they are banking on?

lake Codmore at his word, and you'd
think t|":1:} Were :i].u'krling in various forms
the elixir of life. Actually, their goods are
based on oils h.]J‘c':lélL'tl from the least
favoured parts of dead deep-sca fish,

Beku's product range falls into three cat-
c'g:nriL'.\; which, curiously, rn1|:_5h§_\' ,1||:_rn with
dictionary definitions for elixir, They are:

* an industrial degreaser and a meral
curring, tapping and drilling fluid (a
liquor once supposed to have the power
of transmuring, metals);

* an emollient that can be used as a base

for cosmencs such as skin creams and
lipsticks (a powder for wounds; a
panacea); and

* a general health tonic (a liquor onee
supposed to have the power of indef-
initely prolonging life).

Beku's first product, the degreaser, was
launched in 1991 following two vears of
rescarch and development led by CSIROYs
Division of Oceanography and company
founder, Bernd Kurzner, The resulting
processing technique has been partented
waorldwide.

he degreaser, a hand cleanser, and a
soluble cutting o1l due to debur this year,
are based on wax esters derived from areo

dory and orange roughy. Cudmore savs the



products contain properties much like the whale oils which were pur
to similar use unril Australia’s whaling industry was halted some 40
years ago. Mineral and vegerable oils have been used since, but
involve problems relating 1o biodegradation, toxicity and bacrerial
build-up

‘Our range represents a world-first alternative ro volatile,
petrochemical-based hand cleansers, degreasers and cutting oils,”
Cudmaore says, 'We're reinvenang the wheel with these marine-ail

products.”

Enriching the catch

Determining the chemical composition ol oils contained i various
fish wastes is crucial 1o the product-development process. This work
is done by scientists at CSIRO’s Division of Oceanography in
Hobarr as part of its Marine Products Project led by Dr Peter
Nichols. The oceanography scientists work closely with Dr Chris
Serauss and Michael Bakes ar the Division of Chemicals and
Polymers in Melbourne, and Dr Nick Elliott from CSIRO Fisheries
in Hobart.

CSIRO Oceanography's research and development on marine
oils, begun in the 1980s, involves scientists working with industry to
seck profitable uses for the by-carch and by-products of Austealia’s
south-castern fisheries (such as orange roughy, jack mackerel, blue
grenadier and deep-sea shark). Companies to benefit from this
collaboravion include Beku, Clover Corporation Pry Lid, Squalus
Pry Lid and Scales Fish and Bair Sales.

Manager of Scales, Richard Saul, says the company buys once
discarded waste products which are then converted 1o raw fish oil.
He says the marterial sourced by Scales is drawn from lower value by-
catch species which were previously of little or no worth,

Research into uses for the oils available from such species and
other discarded marerial is assisting industry to improve the
ulilization of these Australian marine resources,” Saul says. "CSIROs
Marine Oil Program is helping us to cstablish an indusiry with
benefits nor only for the fishing secror bur the broader communiry

One of the first produces studied by the research group was
orange roughy waste, Of the orange roughy carch, approximarely
W% is processed into fillets, the remainder being discarded as waste.
I'raditional low-value uses of fish waste include pet food, fertiliser,

l",ll[, '-|\|| I]It'.|| .II|I| ILiIl'l"inl'lt 1I.l|.‘|

Characterising oils from fish waste. In the laboratory the ol is first

extracted with a solvent which in turn is removed, leaving the oil.
Bacteria and microalgae (which produce the oils incorporated by the
fish) are also grown in cultures to obtain suitable amounts for analysis.
The oil is then analysed to the molecular level using various analytical
and instrumental techniques. In this picture, Dr Patti Yirtue examines

oil composition.

Oils from icy seas

Stlcrmsls at the Division of Oceanography, in addition to
their shark and orange roughy oil research, are studying the
potential of other manne organisms as sources of omega-3 oil,
These are Antarctic knll, algae and free-floating bactena.

The division is studying these ocean dwellers in-association
with the Antarctic Cooperative Research Centre, which in
1986 established the Australian Collection of Antarctic Micro-
organisms. The collection provides a foundation for the
potential commercial exploitation of microbes from Australia’s
cold, Antarctic waters,

In studhes complementing the division’s research into
manne oils from fin fish, bactena have been isolated that
produce polyunsaturated omega-3 fatty acids. This waork is
being conducted as part of the PhD program of David Nichols
at the University of Tasmania

MNichols says many organisms contain high levels of the
essential polyunsaturated fatty acids eicosapentaenoic acid
(EPA. 20:5(3) and docosahexaenoic acid (DHA, 22:6(3) at low
temperatures. New strains of bactena isolated from Antarctic
waters have therefore been examined.

Early results indicate that the proportion of Antarctic strains
that produce EPA is considerably higher than found for
temperate marine bacteria. Similarly, a number of strains that
produce DHA have also been isolated.

Future research in this area will focus on lifeforms from an
even colder environment: psychrophilic bacteria isolated from
the Antarctic sea-ice. In time, chemicals such as essential fatty
acids made by microalgae and bactena could be abtained and
purified by similar technology 1o that developed for the
production of value-added products from fish oils.

The Antarctic bacteria have been used successfully in
aquaculture feeding experiments with rotifers. Rotifers are
normally ennched with EPA and DHA with an algal diet prior
to feeding in aguaculture operations. The baclena may be an
alternative to algae as a feed for rotifers in future.

Ecos 87 Autumn 1888 13




Studies of orange roughy waste revealed
. 8% ol

ish 15 o

that some 18% of the
which exists in waste products: the swim
bladder, frame and skin. |'|w.\' also found
that orange roughy oil, unlike that of mos:
other commercial fish, is composed almost
-;').L|L|.\i\'i.'i} of wax esters, one of three L‘Li:s\c\
of lipids presently sought in marine oils.
I'he others are ac|||.|l1'||c-|ich oils (and
diacylglyeerol ethers) from shark livers and
[ri.n.\|5_'|}'r:-rc-] oils containing omega-3
polyunsaturated farry acids.

Beku forsees a great |.‘u.=tc|11|.l| for squa-

ene, which is a popular health tonic in

Asia. Cudmore says 1500-1800 tonnes of

squalene is used worldwide every year. The
company has r.||1|'u-.| a tiny portion of the
marker with its export of 40-70 tonnes
annually for encapsulation. In addition, i

ihle resource.

uses anly 1-2% of the avan

I'he squalene exported by Beku and
other companies is extracred and refined
from the livers of deep-sea sharks. These
sharks, as well as being fished in their own
right, are an under-unlised by-carch of
orange roughy and other deep-water
fisheries. Their livers are |'.1T§.',IL' fabout 20%
of the rotal shark’s weight). and can conrain
considerable quantities of oil. In the past,
Australian shark liver oil was sold
unprocessed to Japan for value-adding.

In a further process, called hydro

gcneration, '~L:|IL.l|L'I'If-.' can be I.'UIH'L'[I-;.'J o

squalane, which has a variety of uses in the
pharmac eurical and cosmetic industries,
particularly as a lubricant, rabler coanng
and cosmeric-base oil. The divisions of
Oceanography and Chemicals and
Palymers have developed a process 1o

produce '-l[l!l:L'.:Il:l.' from shark hiver oil and

Fatty acids essential for fish

R sing demand for marine oils to include in feeds
for the aquaculture industry is the driving force
behind CSIRO's Aquaculture Nutrition and
Biotechnology Project based at the Division of

Oiceanography.
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t leader, Dr John Volkman, says manne oils
twio long-chain polyunsaturated fatty acids

yentaenoic acid and docosahexaenoic acid)
species reared by the aguaculture industry, both in

ve feeds used in the aquaculture
e, the staple food for many
fish during their

ae are also an important foed

ity of vanous microalgae as feeds for

ly important species. Dunstan has analy
levels of polyuns:
fatty acids. These are now used in Australian ar
etary importance of lipids,
industry is feed. He has shown that the growth rates of
are directly affected by the amount and type of

& nch is polunsaturated

will be secking industry partners in 1996,
Omega-3 oils are also of interest o

Beku and the company is working closely

with CSIRO on their

characrerisation. Research into the health

chemical

benetits of omega-3 oils is being conducred
by CSIROY's Division of Human Nutrition
in Adelaide.

Omega-3 latty acids are poly-
unsaturated fats most readily found in fish
and fish oils, Small amounts, of a different

kind, are also Found in linseed oil, soya

bean and canola oil. The acids feed into
various |m|||u.1'.-. in the human bods
with widespread effects. They have been

shown to:

yeeride levels

* reduce blood rtrig
(trigylycerides are a type of blood far that

|_1]_1_'.'- some role in the ¢E|,'\:_'.|in|_||[1|;_'||1 of

heart disease);

An alga from the Antarctic sea ice. The Nile red stain highlights lipid (yellow)
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chloroplasts (red). Methods for extracting and purifying the essential
fatty acids contained in microalgae and bacteria are being developed.
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Marine oils: sources, markets and uses

lipids wax esters squalene-rich oils
and diacylglycerol
ethers (DAGE)
sources orange roughy etc. deep-sea shark livers
uses = industrial degreaser Squalene

(treatment for
industnial dermatitis)

= metal cutting,
tapping and drilling
Huid

* as an emollient in
cosmetics (face and
hand creams, sun
creams, lipsticks)

in capsule form as a
general health tonic
and anti-oxidant,
particularly in Asian
medicine

DAGE
bolsters immune
syslem

triacyglycerol oils
(omega-3 polyunsaturated

fatty acids:eicosapentaenoic

acid (EPA) and docosa
hexaenoic acid (DHA)

mackerel, tuna, sardines,
anchovies and other fish

» reduces the incidence
of coronary stroke
and heart disease
in humans

* lowers cholesterol

= DHA in particular a
vital component of
brain cell development
in infants

» wood and leather
treatment

markets United States, Europe,
Australia and Asia

# have ant-coagulant propernies, therehy
helping to prevent blood clots from
forming oo readily and so possible
reducing the risk of heart attack;

* reduce the effects of inflammation and
may therefore be useful in combating
arthritis and rheumarism; and

* reduce blood pressure and porentially
protect against heart rhythm disturbances.

Capsules of fish oils containing high
levels of the essenrial L'is.'n:-'.lpﬁ:nt.il.'lld.:fi.‘ :Iu'il.j
and docosahexaenoic acid (omega-3 farny
acids) are marketed aggressively in-
ternationally, and have caprured a small
marker in Australia. Cudmore says Japan
will be the major target market for Beku's

omega-3 oils in the next 18 months.

—

Korea, China, Taiwan,
Indonesia, Vietnam,
Japan and Thailand

Europe, United States,
Japan, Korea,
Taiwan and China

Shark liver oils also can contain
significant amounts of diacylglyeerol cthers
(DAGE). Australian i|‘rc||L.<;rr}' ]1rn'r\'um|_\'
imports these compounds from overseas, so
there is ;mtcmi.i] for import rr]1|.1c.'l.'n'|c.'n:.

and export markers are being developed

into Europe, the US and Asia. A range of

applications for the DAGLE oils are being
examined with particular emphasis on their
activity in bolstering the human body's
immune system and the implications of this

tor cancer rearment.

Above: A fish meal and oil processing factory.

Cudmore says Beku's close association
with CSIRO has been invaluable in the
company’s efforts to turn waste from rthe
fishing industry into high value-added
products, and in building a highly respected
business profile overseas.

Another facror working in Beku's
favour is its southern location. Auseralian
marine oils have a nawural advantage over
those produced in rthe Northern
Hemisphere, many of which contin traces
of organic contaminants such as organo
chlorines. A recent Greenpeace report
stated thar traces of contaminants have been
found in some health products deriving
their oils from the north sea region.

Luckily, the scas around Australia can
still be said to have a ‘clean green” image.
['his is parely because the circulation in the
Southern Ocean and adjoining seas helps
disperse any contaminants over a wide area.
Continued research by CSIRO will help
Australian industries to develop new
marine-oil proaducts that benefit from this

n.1t1|r.1l JLI'\.'.ll'l[ﬂl:_"g'_

More about marine oils

Davenport SK and Deprez PP (1989) Marker
opportuniries for shark liver oil. dwseraltan
Fishertes 48:8-110),

Kinsella JE (1987) Seafood u'uu"_.f.:u".' arle in hamn
Bealth and dsease. Marcel Diekker Ine

Nichols P} Nichals 128 and Bakes M] (19%94)

.l\!.l['lﬂli' I1l| [IIIII’Il'lI,I.'* mn I\|'|!‘|II',II'|.|_

INFORM-254-261. Amernican Q1] Chemises

Socicry.

Left: Through the Marine Products Project, Dr Patti
Yirtue, Dr Peter Nichols and Dr Nick Elliott are
applying their research skills to help develop a new

fishing by-products enterprise,
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