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Northern Australian Sharks — Liver Oils

1. NON-TECHNICAL SUMMARY

99/369 A pilot investigation of northern Australian shark liver oils: characterization
and value-adding

PRINCIPAL INVESTIGATOR Peter D. Nichols
ADDRESS CSIRO Marine Research
GPO Box 1538

Hobart, Tasmania7000
Ph: 03 62325279 Fax: 03 62325123

OBJECTIVES

Characterize liver oils from northern sharks (NT, WA, QId), including examining possible
changes with location, season and other factors. The key components to be examined will be
the omega-3 PUFA and vitamins.

Provide initid comment on the potentia commercid usefulness of the liver oils from northern
sharks.

OUTCOMESACHIEVED

Liver ail profiles were obtained for northern Australian sharks during this pilot sudy. The
profiles indicate new sources are available for omega- 3 and diacylglyceryl ether containing oils.
These two types of oils have been manufactured over the last 5 years in Audrdia from by-catch
and by-products of other fisheries. The by-products from the northern shark fishery offer a
potentia new source for these valuable ails.

The content and compodtion of liver oil from around twenty species of northern Audtrdian
sharks were examined. Oil content in the livers obtained from northern sharks ranged from
about 10-70% (percent of liver, wet weight bass). For livers with an oil content greater than
40%, it was possible to obtain the oils by a process involving the following: bresking the liver
up, heating, and separation. Species containing liver oil levels greater than 40% included
school, gummy, handle bar, spot-tail, milk shark, thick skin, slky, whiskery, tiger, whaer,
blacktip (about haf the specimens), blacktip/school and blue sharks. Species with less than
40% liver oil content were: blacktip (about haf the specimens), hammerhead, white cheek, and
pick handle sharks. Based on oil class composition, three groups of oils were apparent:

1. oailscontaining triacylglycerol (TAG) as the dominant class (>90% of totd oil);

2. oilscontaining intermediate levels of TAG (20-75% of tota ail);

3. oailscontaining diacylglyceryl ethers (DAGE) as the mgor class (>50% of tota oail).

Most species were in group 1; this group generdly contained high oil leves (>40% of liver).
Group 2 comprised selected specimens of blacktip, hammerhead, and pick handle shark; this

1 FRDC Final Report




Northern Australian Sharks — Liver Oils

group generdly corresponded to the low oil (<40% of liver) group. Group 3 was comprised of
one species, tiger hark. At thistime, DAGE derived from liver oils from Australian degp-sea
sharks are being marketed both nationaly and internationdly. The discovery of the occurrence
of high levels of DAGE in tiger shark liver oil provides a potentia new source of thisail for the
locd marine ailsindudry.

Previous interest in Audrdia in shark liver ails, principaly derived from degp-sea species, has
centered on the hydrocarbon squalene, and to a lesser extent DAGE. The wide range of
northern Audtralian shark species analysed do not contain appreciable levels of squaene.

The mgor fatty acids in liver oils from most species were: 16:0 (pamitic acid), 18:1w9c (oleic
acid), 22:6w3 (docosahexaenoic acid, DHA) and 18:0. Lower levels of 16:1w7c (pamitoleic
acid), 20:5w3 (eicosapentaenoic acid, EPA), 18:1w7c (vacennic acid), 14:0 (myrigtic acid),
204w6 (arachidonic acid, AA) and 22:5w3 (docosapentaenoic acid, DPA) were aso
observed. Liver oils were separated into two broad groups based on the combined leve of the
two mgor omega-3 PUFA, EPA and DHA.
The firgt group contained species with gppreciable (mean leve approximatdy 20%) levels
of EPA and DHA in the liver oil. Thisincluded whiskery (collected July 1999 from WA),
blacktip, hammerhead, spot tail, blue, whaler, Pacific white, pick handle, milk and handle
bar sharks.
The second group of species contained markedly lower levels of omega-3 PUFA (<5%)
and included blacktip/school, selected whiskery, school and gummy, silky, thick skin, pig
eye, and tiger sharks.

Regiond and seasond variation in oil compaosition were gpparent, but were not mgor factorsin
the between sample variaion, and may be expected to have little influence for any future
commercid operations targeting specific liver ails from northern Audrdian sharks. Rether, the
key factor resulting in differencesin liver oil compogtion is species make-up.

The discovery of PUFA-containing and DAGE:rich liver ails in northern Audrdian sharks
demondrates that suitable raw materid is avalable and the potentid exists with the research
capability and industry expertise in Audrdia for further products to be developed. With the
acknowledged problem that fish oil resources may be limiting in the near future, and that fish oils
from northern hemisphere waters may be contaminated by organochlorines and other
deleterious materids, the potentid for "clean and green” Audralian omega-3 productsis further
enhanced.

KEYWORDS: northern Audrdian sharks, liver ails, triacylglycerals, diacylglyceryl ethers,
omega-3 polyunsaturated fatty acids (PUFA), DHA, EPA
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2. ABBREVIATIONS

AA
AAQCCS
AGAL
CHD
CSIRO
DAGE
DHA
DPA
EPA
FAME
FID

FFA
FRDC
GC
GC-MS
HC

IS

LA
LC-PUFA
MUFA

Omega3

Omega:-6

PL
PUFA
SAT

ST

TAG
TLC-HD
T™MS
TSE

UN

WE

Arachidonic acid, 20:4w6, aso termed 20:4(n-6)

Austraasian Section of the American Oil Chemists Society

Australian Government Analytical Laboratories

Coronary heart disease

Commonwedlth Scientific and Industria Research Organisation
Diacylglyceryl ether

Docosahexaenoic acid, 22:6wa3, also termed 22:6(n-3)

Docosapentaenoic acid, 22:5w3, aso termed 22:5(n-3)

Ei cosapentaenoic acid, 20:5w3, also termed 20:5(n-3)

Fatty acid methyl ester

Flame ionization detector

Free fatty acid

Fisheries Research and Development Corporation

Gas chromatography

Gas chromatography- mass spectrometry

Hydrocarbon

Internal standard

Linoleic acid, 18:2w6, aso termed 18:2(n+-6)

Long-chain ¢ C,,) (see dso PUFA)

Monounsaturated fatty acids contaning one carbon-carbon olefinic centre,
genardly with cis configuraion. eg., oleic acid [18:1w9c, aso termed 18:1(n
9c]

Family of polyunsaturated acids with two or more cis-unsaturated centres,
separated from each other by one methylene group and having the first
unsaturated centre three carbons from the end methyl

Family of polyunsaturated acids with two or more cis-unsaturated centres,
separated from each other by one methylene group and having the first
unsaturated centre six carbons from the end methyl

Polar lipid (aso termed phosphalipid)

Polyunsaturated fatty acids

Saturated fatty acids without carbon-carbon unsaturation, e.g., myristic (14:0)
and pdmitic (16:0) acids

Sterol

Triacylglyceral, dso termed triglyceride

Thin layer chromatography-flame ionization detection

Trimethyl Syl (ether derivative)

Total solvent extract

Unidentified

Wax ester
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3. BACKGROUND

The FRDC-funded Fish Qil study (94/115) was completed in December 1997 (Nichols et al.
1997). Included in project 94/115 was the examination of liver oils from selected temperate,
deep-sea and shdlow water sharks and other fishes. Marine oil products (e.g., wax ester based
degreasers, squaene, DAGE-rich ails, omega-3 rich tuna oils) have now resulted from aspects of
the research. Flesh from fishes from the northwest shelf and Qld waters have been examined for
their beneficid omega-3 oil content (Belling et al.1997, Evans et al. 1986, Fogerty et al. 1986,
Gibson 1983, Sinclair et al. 1983) and during a recently completed wider CSIRO study (FRDC
95/122: " Seafood The Good Food", Nichols et al. 1998b&c). However, to our knowledge, only
very limited ressarch has been peformed on liver oils from sdected northern (induding
subtropical) sharks. The preliminary findings obtained as part of FRDC project 94/115, included
the presence of triglyceride containing omega-3 oils, rather than squalene associated with the
deep-sea shark species. Increasing interest in omega-3 oilsis occurring nationdly. For example,
the firda Audrdian omega3 oils deived from tuna waste are now being commercidly
manufactured, in part as an outcome of the earlier FRDC-funded research.

The Northern Shark Fishery is currently managed as three separate  Commonwedlth-
State/ Territory Joint Authorities across the top end of Austraia between 123°45'E and 141°20E.
However, fishing for northern shark species extends down both the WA and QId coasts. The
targeted current annual catch of northern shark is about 1600 tonnes live weight, with the
Audrdian blacktip Carcharhinus tilstoni and spot-tail shark C. sorrah dominating. The current
annud vaueis about $5 million.

With this background, the CSIRO Marine Research proposed to build on the preliminary
northern shark oils research conducted during FRDC project 94/115. Interest has been
received from companies and fishers in northern States (WA, NT, Qld) on the liver ail
composition of northern shark species. To our knowledge, there is presently no published data
on theliver oil content and composition of northern Audtrdian sharks.

Our hypothess was that the northern oils may contain omega-3 PUFA, together with other
vauable fatty acids and congtituents. Dependent on their profiles, the als may be suitable for
condderation of commercid exploitation. This pilot project amed to: characterise liver oils from
NT, WA and Qld sharks, including changes with location, season and other factors. The latter
would be dependent on appropriate sanples being avalable. The key components to be
determined would be the omega- 3 ails, with vitamins dso examined.

Should this pilot research project indicate potentiad commercid vaue of northern Augtrdian shark
liver ails, further research could be developed to vaue-add the ails, as undertaken with FRDC
project 94/115 for deep-sea shark and tuna oils. Future research beyond this pilot study should
be included as part of, or work in association with projects primarily aiming to assess the shark
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stocks in these regions. Any accompanying shark liver oil research would aim to transfer resultant
know-how and technologies to industry.
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4. NEED

To maximise the return to fishers and other aress of the Audrdian fishing indugtry, better use of
exiding resources is needed.  Southern fisheries have recently seen development of severa
marine oil based products. The potentid may exist for a smilar agpproach with northern
fisheries, in this case specificdly northern Audraian sharks.

Presently there isto our knowledge little information available on the oil composition of the livers
from northern Audrdian sharks. A prerequiste therefore in the congderation of the
development of possble marine oil products is the characterisation of the oil resource.  This
pilot project ams to address this key need. The research undertaken ams to assst the fishing
industry maximise the return on northern and other shark species at whatever cach levels are
determined to be sustainable.

5. OBJECTIVES
The project objectives were unchanged from those submitted in the origind proposal.

Characterise liver ails from northern sharks (NT, WA, Qld), including examining possible
changes with location, season and other factors. The key components to be examined will be
the omega-3 PUFA and vitamins.

Provide initid comment on the potentia commercid usefulness of the liver oils from northern
sharks.

6. METHODS

6.1 Samples

Specimens of livers, flesh, and liver oils from shark were obtained from commercid fishers. For
most samples analysed, identifications were provided by fishers and suppliers (Table 1). Some
species were identified from photographs supplied by fishers. For most species collected,
between 1 to 6 individud specimens were avallable, from which up to three specimens were
randomly selected for andyss. In a few cases, only 1 or 2 individuas were andysed as
replicate samples were not avallable. All tissues were ored a -20°C until andysed. A
representative image of a northern shark and liver is shown in Figure 1.

6.2 Sample preparation and analysis
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Anayticd protocols used were developed for marine oils during previous FRDC-funded
projects (91/77 and 94/115) performed by CSIRO Marine Research. Details of al procedures
are available in the FRDC find reports, the literature (e.g., Bakes and Nichols 1995; Bakes et
al. 1995; Nichols et al. 1994; Volkman and Nichols 1991) and laboratory manuas. A brief
description of the methods follows.

Oil was extracted from replicate specimens (up to N=3 for each species per sampling date) of
individuad species using the Bligh and Dyer (1959) one-phase methanol:chloroform:water
extraction (2:1:0.8 v/viv) procedure. Samples were extracted overnight and the phases were
separated the following day by the addition of chloroform and water (fina solvent ratio, 1:1:0.9
viviv methanol:chloroform:water). The total solvent extract (TSE) was concentrated (solvents
removed in vacuo) using rotary evaporation at 40°C. All samples were made up to a known
volume in chloroform and stored at -20°C. TSE samples were stored for up to three days
before oil anayses were commenced.

For many of the ail-rich (>40% oil, wet weight) samples andysed, it was possible to obtain oil
from the shark livers without using the solvent extraction procedure described above. Generdly
it was possible to obtain the ail in the laboratory by aprocessinvolving:

breaking up the liver usng a spatula

warming the mixture (to gpproximately 80°C)

separdion by centrifugation.

Using this procedure, it was possible to obtain liver oil free of other tissue materid.

An diquot of the TSE or totd oil was andyzed usng an latroscan MK V TH10 TLC-FID
andyzer to determine the abundance of individuad oil classes (Volkman and Nichols, 1991).
Each replicate TSE sample of individud species was andysed in duplicate using slica gd Sl
Chromarods (5 um particle size). Samples were gpplied using 1 pL disposable micropipettes.
Chromarods were developed in a glass tank lined with pre-extracted filter paper. The solvent
system used for the oil separation was hexane-diethyl ether-acetic acid (60:17:0.2 viviv), a
mobile phase resolving non-polar compounds such as wax esters (WE), triglycerides (TAG),
free fatty acids (FFA) and gerols (ST) from polar lipid (PL). A second nonpolar solvent
system of hexane-diethyl ether (96:4 v/v) was dso used for sdected samples to resolve
hydrocarbons (HC), WE and steryl esters (SE), and TAG and diacylglyceryl ethers (DAGE).
After development, the chromarods were oven dried and andyzed immediately to minimize
adsorption of atmospheric contaminants. The flame ionization detector (FID) was cdibrated for
each compound class [eg., phosphatidylcholine, cholesterol, cholesterol oleate, oleic acid,
squaene, TAG and DAGE (purified from fish and deep-sea shark liver ail respectively); 0.1-10
pg range for each oil dass]. The rdative level of each oil class determined by TLC-FID
represents the amount of each class divided by the sum of theindividua oil classes Peaks were
quantified on a persona computer usng DAPA software (Kalamunda, WA). latroscan results
are generdly reproducible to £10% or better for individua lipid classes (Volkman and Nichals,
1991; Nichols et al. unpublished data).
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An diquot of the TSE was treated with methanol hydrochloric acid-chloroform under nitrogen
(10:1:1 viviv; 80°C, 2 hr) to form fatty acid methyl esters (FAME). Following the addition of
water, FAME and free sterols were extracted into hexane/chloroform (4:1 viv, 3 x 1.5 ml),
transferred to vias, reduced under a stream of nitrogen and stored in chloroform. Samples were
then treated with N,O-Bigtrimethylsiyl)- trifluoroacetamide (BSTFA) to form TMS derivatives
(of free gerols) prior to instrumenta andyss.

Gas chromatographic (GC) andyses of FAME and sterols were performed with a Hewlett
Packard 5890A GC equipped with an HP-5 cross-linked methyl slicone fused slica capillary
column (50 mx 0.32 mmi.d.), an FID, a split/splitlessinjector and an HP 7673A auto sampler.
Hydrogen was the carier gas. Following addition of methyl tricosanoate and/or methyl
nonadecanoate internd sandard, samples were injected in plittess mode a an oven
temperature of 50°C. After 1 minute, the oven temperature was raised to 150°C at 30°C/min,
then to 250°C a 2°C/min and findly to 300°C a 5°C/min. Pesks were quantified with
Millennium Scientific Software (Waters, USA). A previoudy characterized laboratory FAME
standard was routingly run with sample batches to both assist with peak identification and assess
GC performance, particularly the response for PUFA.

Veificaion of the identification of individud components was peformed usng gas
chromatographic-mass spectrometric (GC-MS) data and by comparing retention time data with
those obtained for authentic and laboratory standards. GC results are subject to an error of
5% for individua components. GC-MS andyses were performed on a Thermoquest GCQ
GC-MS (Finnigan, USA) fitted with an onrcolumn injector. The GC-M S was operated in scan
mode, with an ionizing voltage of 70 eV. The GC was fitted with a column similar to that
described above.

6.3 Fatty acid nomenclature

Fatty acids are designated by total number of carbons: number of double bonds, followed by
the postion of the first double bond (unsaturated centre) from the methyl (w or n+) end of the
molecule. For example, the structure of docosahexaenoic acid (22:6w3) has 22 carbons, with
6 double bonds, the first double bond being 3 carbons from the methyl end of the molecule.
The auffixes ¢ and t indicate cis and trans geometry. The prefixes i and a indicate iso (2-
methyl) and anteiso (3-methyl) branching respectively.

The terem omega 3 fatty acid denotes PUFA with two or more cis-unsaturated centres,
separated from each other by one methylene group and having the first unsaturated centre three
cabons from the end methyl. Similarly, omega-6 denotes PUFA with two or more cis
unsaturated centres, separated from each other by one methylene group and having the first
unsaturated centre six carbons from the end methyl. Further definitions and abbreviations are
provided in section 2.
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6.4 Vitamins

Vitamin andyses were conducted by the Audrdian Government Andyticd Laboratories
(AGAL, Mebourne, Augtrdia) using standard procedures.
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7. RESULTSAND DISCUSSION

7.1 Selection of species

Communication with key fishers and State agencies, as undertaken in the formulation of the
project proposa, was expanded to include forma requesting of samples. A representative
letter sent to fishers, together with the sampling protocol, is appended (Appendix 3). A
sampling kit, including specimen bags, labels, esky and blue ice, and sampling and transportation
protocols, was sent to dl industry contacts. Specimens were obtained from southern WA
through northern Austrdia to northern NSW. A ligting of industry contacts together with species
supplied (and common and scientific names) is shown in Table 1. For some species, where
only regiond common names were supplied (with no accompanying photograph) it was not
possible to determine the scientific species name. A totd of around 100 specimens were
obtained from 19 species during the project. Severd fishers supplied shark livers on more than
one occasion in order to examine possible seasond changes occurring in liver oil compostion.
The provison of the same shark species from different regions aso provided an opportunity to
examineregiond differencesin liver oil compogtion.

7.2 Format of resultson oil and fatty acid content and compostion

The presentation of results in the literature on the oil and fatty acid content and composition of
Australian seafoods varies condderably. The uptake of dietary oil depends on the oil class
digribution; in many sudies to date on Audrdian sesfood, oil class compaosition including
cholesterol has not been reported. The measurement and presentation of the wider range of oil
parameters for marine oils is now possble due to developments in methodology and
ingrumenta procedures. The incluson in this sudy of additiond lipid dass parameters is dso
due to the recognition by nutritionists of the importance of such data to better understand the
nutritiona content and value of food items.

In this study, results presented for individua species are oil content (percent of wet weight of
liver), oil compostion including cholesterol (percent of totd oil), and fatty acid compostion
(percent of totd fatty acids).

7.3 Oil content

Qil content in the livers obtained from northern Austrdian sharks ranged from around 10% to
70% (wet weight basis, Table 2). We found that for species with aliver oil content of less than
40%, extraction of the liver using organic solvent (or other suitable processing) was often
required. For livers with an oil content greater than 40%, it generdly, dthough not dways, was
possible to easily obtain the ail in the laboratory by the process developed in this study (section
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6.2). Using this procedure, it was possible to obtain liver oil free of other tissue materid.
Fishers who supplied oils used a variety of procedures. The suitability of, yields achieved, and
oil quaity obtained for the various methods for oil recovery, would be worthy of discusson
between fishers.

Species containing liver oil levels greater than 40% induded the following: school, gummy,
handle bar, spot tail, milk shark, thick skin, silky, whiskery, tiger, whaler, blacktip (around half
the specimens), blacktip/shool and blue sharks (Table 2). Species with less than 40% liver ail
content were: blacktip (around haf the specimens), hammerhead, white cheek, and pick handle
sharks (Table 2).

7.4 Qil class composition

The percentage (rdative) abundance of oil classes present in the shark liver ails is shown in
Tables 2 to 4. Results obtained for liver oils produced and those supplied by industry are
presented in Tables 2 to 4. Three groups of oils were apparent:

1. oailscontaning triacylglycerol (TAG) asthe dominant class (generdly >90% of totd oil

2. oilscontaining intermediate levels of TAG (20-75% of totd oil)

3. oailscontaining diacylglyceryl ethers (DAGE) as the mgor class (>50% of totd oil).

Most species andysed in this study were placed in group 1; this group aso generdly
corresponded to the high ail (>40% of liver) group noted in Section 7.3. Group 2 comprised
selected specimens of blacktip, hammerhead, and the pick handle shark; this group generdly
corresponded to the low oil (<40% of liver) group noted in Section 7.3. Group 3 was
comprised of one species, tiger shark (Table 4).

Based on these findings, most northern Austrdian shark species represent good sources of
TAG-rich oils  The high levels of TAG are noteworthy, with many samples containing >98%
TAG, including those supplied by indugtry (Tables 2 and 3). TAG is the commonly used form
of marine ailsin nutraceutical products and aquaculture feeds. TAG is aso more stable than the
other mgjor fatty acid-containing oil classes (FFA and PL). The higher the levd of TAG in the
darting oil, the less processing is required to produce value-added products. For example, with
tuna and salmon waste oils, consderable levels of FFA, ST and PL may be present (in excess
of 10%), and multi-step purification is required of these oils for manufacturers to obtain oils with
acceptable specifications.  Oil with high levels of these or other impurities require more
processing, which is both time-consuming and codtly.

Previous interest in Audrdia in shark liver ails, principaly derived from deegp-sea species, has
centered on the isoprenoid hydrocarbon squalene, and to a lesser extent DAGE. None of the
wide range of northern shark species analysed in this study contained squaene, as dso shownin
our earlier research on school and gummy sharks obtained from temperate waters (Bakes et al.
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1995, Nichols et al. 19984). The occurrence of squaene-rich livers may be restricted to deep-
sea species and the plankton feeding basking shark.

Steral leves in the liver oils ranged from below detection (0.0%) up to 6.3%; the mean vadue
was 0.7%. In comparison, the level of ST in crude tuna oil used to manufacture vaue-added
products is around 0.5% (Nichols et al. unpublished data, may include some diglyceride). The
samples containing the highest levels of sterol were generdly those with the lowest oil yidd,
which aso corresponded to those oils containing eevated levels of PL. GC anadyss of the
transmethylated FAME fraction revealed that cholesterol was the predominant sterol present.

Nutraceutical products containing DAGE ae now available in Audtrdia and in other countries.
The results obtained during this study on tiger shark liver oil represents, to our knowledge, the
firs such report for this species. Tiger shark liver oil represents a new source of DAGE
available for use by industry. Further information on the faity acid and glyceryl ether diol (GED,
derived from DAGE) composition of tiger shark liver ail is presented in Sections 7.5 and 7.8.

7.5 Fatty acid composition

The fatty acid compogitions of liver oils from northern Austrdian sharks are shown in Tables 5
14. The mgor fatty acids in most species were: 16:0 (pamitic acid), 18:1w9c (oleic acid),
22:6w3 (docosahexaenoic, DHA) and 18:0. Lower levels of 16:1w7c (pdmitoleic acid),
20:5w3 (eicosapentaenoic acid, EPA), 18:1w7c (vacennic acid), 14:0 (myrigtic acid), 20:4w6
(arachidonic acid, AA) and 22:5w3 (docosapentaenoic acid, DPA) were aso observed.

The sharks examined in this study were separated into two broad groups based on the
combined relaive kevd of the two mgor omega3 PUFA, EPA and DHA. Group 1 species
contained gppreciable levels of EPA and DHA in the liver oil (mean level gpproximately 20%;
Tables 7-9 and 12-13; Figure 1). This included whiskery (collected July 1999 from WA),
blacktip, hammerhead (with the exception of NSL 41), spot-tail (except NSL 68), blue, whaler,
Pecific white, pick handle, milk and handle bar sharks.

The group 2 species contained markedly lower levels of omega-3 PUFA (<5%) intheliver ail,
and indluded blacktip/school, whiskery (collected June 2000 from WA), school and gummy
(with the exception of NSL 45), silky, thick skin, pig eye, and tiger sharks. Although containing
mainly DAGE, compared with TAG found in the other species examined, liver ail from the tiger
shark isincluded in this second low PUFA-containing group.

As noted above, the fatty acid profile of liver oil from tiger shark was generdly similar to thet of
other low PUFA-containing species. The average combined level of EPA, DHA and other
omega-3 PUFA in liver ail from tiger shark was 4.5%. This vaue isin the range observed for
liver oils obtained from DAGE- containing deep-sea species (Bakes et al. 1995).
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Long-chain polyunsaturated fetty acids (LC-PUFA, C,, and C,,) have received considerable
attention in recent years. In particular, the omega-3 (or n-3) PUFA, are increasingly recognized
for their role in the protection againgt coronary and ischemic heart disease, in the treatment of
mdaria, arthritis, as trestment for the lowering of blood pressure and reducing hypertension and
againg other disorders (Kinsella 1986, 1987). Studies on the dietary intake of these fatty acids
is ongoing in many laboratories. Omega-3 PUFA have dso received interest from aquaculture
and related industries, particularly in the rearing of larva fishes and crustaceans (Kanazawa
1985).

These findings have generdly enhanced the image of fish as a hedthy food for consumers.

Capaules of fish ails that contain high levels of the essentid PUFA, EPA and DHA, ae
marketed nationaly and internationdly (eg., MaxEPA and related products). There is an
increasing body of evidence suggesting that DHA plays an important role in infant development
and is active againgt a range of disorders. Anima studies conducted by the CSIRO Health
Sciences and Nutrition and elsewhere have demonstrated that, contrary to popular assumption,
DHA rather than EPA is likely to be a principa active omega-3 fatty acid for awide range of
cardiovascular effects, which could al contribute b reduced mortdity and improved hedlth.

CSIRO Hedth Sciences and Nutrition has proposed that further research needs to be
conducted in this area on Augtrdian DHA-rich ails. Qils rich in DHA would better find ready
markets when the greater potency of sich oils has been more widey demondrated in well

controlled |aboratory and clinicdl trids.

There has been wide-goread interest in Audrdia in the importation of omega-3 products, but
prior to the commencement of the precursor to this study (FRDC project 94/115), there had
been limited development towards the production of an Audtrdian-equivdent omega:3 oil or
product. During project 94/115, the high level of DHA in tuna oil was demondrated, with
uptake of this research by Audrdian indugtry resulting in DHA-rich products being developed
(Nichols et al. 1997, see aso: www.numegalipids.com.au and www.clovercorp.com.au).

With the above background, an objective of the current project was to provide research to
assg Audrdian industry to develop further marine omega-3 based products, and in the long
term to reduce the import of Smilar products from overseas. The findings of this sudy on the
liver oil compostion of northern sharks demondrate that raw materia is available and the
potentia now exists with the research and industry expertise in Augtrdia for further products to
be developed. With the acknowledged additiona problem that fish oils from northern
hemisphere waters may be contaminated by organochlorines and other deleterious materias, the
potentid for "clean and green” Audrdian omega- 3 productsis further enhanced.

There is increasing locd interest in direct use of the lower vadue or unrefined marine oils for
manufacture of new Audtralian products. Based on a predicted increasng market sze and
demand for omega-3 ailsin nutritiona products, the potential exists to add-va ue to the raw oils
that could be manufactured localy. The Audrdian-derived oils avalable, induding il from
northern sharks, do not match the 18:12 ratio (weight percent) for EPA to DHA found in most
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encgpsulated products (Figure 1). DHA is generdly more abundant than EPA in Audrdian oils.
The ratio of EPA to DHA dso varies between species (Figure 1). Smilarly, the ratio may aso
vary based on changes in diet, environment and other factors. In recent times it has been
recognized that EPA and DHA play different roles in human nutrition. Therefore precise
knowledge of the relaive leves of these two essentid faity acids will be important both when
targeting ails for further development and as a marketing feeture of future Austrdian products.

The present study showed low levels of EPA and DHA in liver oil from school (Galeorhinus
galeus) and gummy (Mustelus antarcticus) sharks (Table 11). In contrast, oil obtained from
the same species collected from Tasmanian waters contained elevated leves of these two
essentid fatty acids, in particular DHA (Nichols et al. 1998a). The reason(s) for the difference
in PUFA levels in these two species collected from WA (Table 11) and Tasmanian waters
(Nichols et al. 1998g) is presently unknown, but may be due to incorrect identification of the
WA specimens, or to changes in diet, environment and other factors.

High levels of AA have been previoudy reported for the flesh of tropicad Audrdian fishes
(Bdling et al. 1997, Evans et al. 1986, Fogerty et al. 1986, Gibson 1983, Sinclair et al. 1983,
Nichols et al. 1998b&c). Sources of both AA and DHA are needed for adding to infant
formula With unsupplemented bottle feeding, a deficiency of DHA content (up to 50%) exists
in erythrocyte lipid, phosphatidylcholine and phosphatidylethanolamine compared to breest-fed
infants (Putnam et al. 1982; Simopoulos 1989). DHA supplemented (fish oil source) formula-
fed infants exhibited a more rapid rate of development of visud acuity compared to control
formula-fed babies (Uauy 1990, Uauy et al. 1990). It is interesting to note that the
AA:EPA:DHA rdio in northern hemisphere fish il (commonly 0.2:2.1:1.0, Sngh and Ward
1997) differs markedly from human milk (2:0.2:1). The high levels of EPA in fish ails from
northern hemisphere species may act as an antagonist or an inhibitor of the infant's own
endogenous AA synthess. Therefore infant formulamay require AA co-supplementetion (Singh
and Ward 1997).

Levels of DHA in breast milk dso may be eevated by consumption of fresh fish. Of the species
examined during FRDC project 95/122, 108 contained in excess of 20% DHA, with 66
containing > 30% DHA (Nichols et al. 1998b&c). Audrdian fish are therefore generdly
consdered excellent sources of DHA. Most species containing high levels of AA dso
contained >20% DHA. Of the fish that showed elevated levels of both AA and DHA, asmaller
group contained lower levels of EPA, with EPA:DHA ratios of 04 or less. A ratio of
AA:EPA:DHA that is closer to that observed in breast milk (2:0.2:1) was observed for tuskfish
(blackspot tuskfish, 0.9:0.3:1; Venus tuskfish, 0.3:0.1:1), yellowspot boarfish (1.1:0.3:1), parrot
fish (0.8:0.2:1) and red throat emperor (1:0.2:1) (Nichols et al. 1998b& c).

With this background on the occurrence of devated levels of both DHA and AA in sdected
tropica fishes, we were interested to determine whether the atractive levels of DHA in the liver
als of northern Ausrdian sharks was accompanied by high levels of AA. AA leves ranged
from 0% to 8% (Table 5-14). Shark species containing around 5% AA in ther liver oil were:
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whiskery (Esperance, July 2000), seected hammerhead specimens, milk, whaler and blacktip
(Howard Springs and Townsville).

7.6 Effect of season on oil and fatty acid content and composition

The provison of a limited number of samples of the same species from the same location at
different times provided an opportunity to examine seasond changesin liver oil compaosition.

For the PUFA-rich ails, leves of the essentid PUFA, EPA and DHA varied for liver ails
collected on different dates (e.g., hammerhead DHA 13.5% July 1999, 23.3% and 12.9%
September 1999, Table 8; blacktip DHA 14.3% and 17.9% July 1999, 12% to 16.8%
September 1999, Table 7). From these limited results it can be seen that variation between
individua specimens of these two species collected on the same date was smilar to any
seasond variations occurring.  Similarly, the compostion of liver oil from the tiger shark
(sampled January 2000 and June 2000, Table 14) showed only smdl variations. However,
between specimen variation may account for most of this.

Liver ail from whiskery shark samples from Esperance WA showed marked variation from two
collections (July 1999 and June 2000, Table 6). Qilsfrom June 2000 contained lower levels of
EPA and DHA (0-2%) compared with the earlier sampling 1-20%, Table 6). Protein
fingerprinting of flesh for one of the dly 1999 samples reveded that the sample was almost
certainly not awhiskery shark.

Although a wide number of seasond samples have not been andysed, it is believed to be
unlikely that seasond variation is a mgor factor in the between sample variaion, and will have
limited influence for possible commerciad operations targeting specific liver oils from northern
Audrdian shaks. The key factor resulting in differences in liver oil compogtion is most
probably species make-up, with sex, size and age aso of likely importance.

7.7 Effect of sampling location on oil and fatty acid content and composition

The provison of the same species from different regions provided an opportunity to examine
regiond differencesin liver oil composition.

Liver al from tiger shark collected from NT and northern NSW was dominated by DAGE, and
aso showed similar fatty acid and GED profiles (Tables 4, 14 and 15). With the exception of
one sample (NSL 41), liver oil from hammerhead shark showed smilar lipid class and fatty
acid, including PUFA, compositions (Tables 2 and 8). Variation between specimens from the
same region was Smilar to variations observed between regions.
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For blacktip shark, consderable variation between regions was observed in PUFA leves for
selected liver oil samples. For example, samples from Hervey Bay contained very low levels of
PUFA, wheress liver oils from sharks from Townsville and NT showed higher levels (generdly
>30%). A number of different species are included under the common name blacktip; the
differences in oil compostion noted for this group are deemed more likely to be due to actud
species differences.

As noted for variations observed in oil and fatty acid composition with season, at this dageit is
believed to be unlik dy that regiond variation is the mgor factor in the between sample variation.
Regiond differences will have little influence for commercid operations targeting specific liver
oils from northern sea sharks. Raher, the key factor resulting in differences in liver oil
composition is again mogt likely to be species make-up, and other factors noted above (section
7.6).

7.8 Glyceryl ether diols (GED, derived from DAGE)

The latroscan TLC-FD andyser provides a rapid analysis for measuring DAGE without any
sample treatment and derivitization. The transmethylation process used in this study to prepare
FAME dso converts the DAGE present to the corresponding takyl glyceryl ether diols
(GED). The didls are then extracted with the FAME and converted to di-O-trimethyislyl
(TMS) ethers prior to anadlysis by GC. GC-MS andysis of the samples readily indentified the
GED components from their base pesk a m/z = 205.

DAGE were ether absent or present as minor congituents in liver oils from most species
analysed in this study, with the exception of tiger shark where they accounted for between 57%
to 63% of the totd oil (Table 4). The mgor GED (as percentage of the tota GED) were:

octadec-9-enylglyceryl ether [18:1(n-9)c, 42-52 %), hexa-decylglyceryl ether [16:0, 14-21 %,
hexadec- 7-enylglyceryl ether [16:1(n-7)c, 8-9 %), octadec-7-enylglyceryl ether [18:1(n+7)c, 3-
4 %, octadecylglyceryl ether [18:0, 7-9 %] and tetradecylglyceryl ether [14:0, 1-3 %] (Table
15). A number of other GED were aso present as minor components. The distribution of akyl
chainsin the GED is generdly smilar to the fatty acid profiles, with the exception of lower levels
of PUFA and C,,.,.

The GED prdfile of liver ail from the tiger shark is amilar to profiles reported for liver oilsfrom
deep-sea sharks (Bakes et al. 1995, and references therein). Since the 1960s, there has been
suggestions that DAGE are important in the trestment of haematopoiesis and radiation sickness
and other disorders (e.g., Blomstrand and Ahrens 1959, Brohult 1962, Brohult et al. 1977 and
1986). In the past 5 years, renewed interest in this area has resulted in a number of popular-
style books written on this subject (Croft 1998, Pugliese and Heinerman 1999, Solomon et al.
1997).
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At thistime, DAGE derived from liver oils from Audrdia degp-sea sharks are being marketed
both nationdly and internationaly. The discovery, in this study, of the occurrence of high levels
of DAGE in tiger shark liver oil with asmilar GED prdfile to oils found in deep-sea shark livers
provides anew potentiad source of this ail for the locd marine oils industry.

7.9 Vitamins

Levels of vitamin A (retinol) and E (@-tocopherol) were determined for seven representative
shark liver oil samples collected during the study (Table 16). Anayses were performed by
AGAL using standard methods. Vitamin A was in the range 4.3 to 61 mg per 100 g of ail for
sx of the ails examined (hammerhead, spot tail, whaer, blacktip (2 samples), and tiger sharks).
In contragt liver oil from blacktip/school shark contained markedly lower leves of vitamin A, a
0.03 mg per 100 g. Similar results were observed for vitamin E, which was measured at 10 to
45 mg per 100 g in dl liver oils except that from blacktip/school shark. Vitamin E was dso
markedly lower in liver ol from this species a 0.39 mg per 100 g. Liver il from the
blacktip/school shark contains only very low levels of PUFA (1.4-2%, Table 5), consstent with
the low levels of vitamins A and E in this species

Limited literature is available on the vitamin content of Audtrdian marine oils. In a previous
sudy of liver oils from gummy and school sharks collected from Tasmanian waters, Vitamin A
was 6.9 and 14 mg per 100 g respectively, with vitamin E 18 and 8.3 mg per 100 g of all
(Nichols et al. 1998). The white spotted spurdog contained vitamin E at 25 mg per 100 g of
ol (Sunaryaet al. 1996). Thus with the exception of the blacktip/school shark sample, vitamin
levels in the liver ails of northern Audrdian sharks is generdly in the range reported for other
shark species.

Vitamin E levesin fish oil capsulesis generdly in therange of 5to 20 mg per 1 g. Such vadues
are an order of magnitude higher than is naturaly present in the liver oils of northern Audraian
sharks based on our results.  For any future processing of liver oils from northern sharks,
addition of antioxidants, such as vitamin E, may be needed to ensure product sability.

7.10 Taxonomic consider ations

A number of species andysed showed consderable intra-species varidion in faty acid
composition (section 7.5 - 7.7). For example, the fatty acid compostion of liver oils of
whiskery shark collected from Esperance WA in July 1999 and June 2000 differed markedly,
with PUFA leveds markedly lower in the June 2000 samples. Protein fingerprinting of flesh of
one of the July 1999 samples reveded tha the sample was dmost certainly not a whiskery
shark.
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Smilar differences were dso noted for liver oils obtained from blacktip shark. Blacktip sherk
includes at least three species — Carcharhinus limbatus (common blacktip shark), C. tilstoni
(Audrdian blacktip shark) and C. melanopterus (blacktip reef shark). The levels of PUFA
varied markedly across the specimens of blacktip liver oils anaysed. Liver oil from samples of
C. limbatus obtained from Hervey Bay contained markedly lower levels of LC-PUFA (Table
5). Based on these findings, we propose that the two very smilar blacktip species,
Carcharhinus limbatus and C. tilstoni, may be digtinguished based on their liver oil profiles.

Should industry interest exist for exploiting liver oils derived from northern Audtrdian sharks, the
need to clearly identify and separate species will need to be factored into preparation of liver
materid for processing. Similarly, the need to characterize oil and fatty acid profiles will dso
exid.
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8. BENEFITS

The northern Audralian shark livers represent potentiad new sources of omega-3 PUFA-
containing and DAGE:rich cils. The principa benefactors will be the individuad companies
attempting to exploit the marine oil resources associated with the by-products and by-catch of
the Audrdian Fishing Industry. The community at large will benefit through more efficient use of
the resource and reduction in fisheries waste, as wdl as through the possibility of developing
locd sources of refined marine oil products. Findly, the Augtralian economy will benefit should
the production of vaue-added products occur. The study was designed to benefit Australian
consumers, seafood marketing authorities, scientits examining the beneficid  effects of
consumption of seafood and fish ails from marine species, hedth and medica bodies including
nutritionigts, and ultimately the wide range of catching sectors of the industry by increased
seafood sdlesin thisingtance of by-product species.

The responses from al States and other relevant organisations were very postive and
supportive of the project, and assstance with obtaining samples was provided by severd
organisations and many fishers. In addition to thisfind FRDC report, some of the results of the
study have been presented in reports provided directly to industry (Appendix 3). Results were
aso released in other forums including at nationd and internationa scientific presentations and
conferences (Appendix 3).

A related and recently completed FRDC-funded project (94/115) worked closely with industry
on the devdopment of Audrdian vaue-added shark liver oils (Nichols et al. 1997). The
edablishment and gppropriate archiving of a database on the oil compostion of northern
Audrdian shark species will be of wider benefit to the Audtrdian marine ailsindusdtry.

9. FURTHER DEVELOPMENT

Discussions and planning have occurred regarding future stock assessment research on northern
sharks as noted in Section 3. Should such research progress, it would be important to take
advantage of sampling and observer programs to expand on this pilot study on liver oils derived
from northern Audrdian sharks, induding pursuing areas for future research noted below.
Further assessment of the fisheries resource, including livers, will be needed.

With aguaculture becoming a larger source of seafood to the domestic market, research and
development on dternate non-fish based feeds is underway. Care must be taken to ensure that
the increesngly recognised hedth benefits of seafood, in paticular the omega-3 PUFA
provided via the marine food-chain, are not compromised. It would be useful to examine the
use of northern Australian shark liver oils as possible sources of PUFA-rich TAG for usein
agquaculture feeds. The use of the PUFA-rich TAG ails from northern sharks may therefore be
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an dternate source of these beneficid oils. Smilarly the use of DAGE-rich ails, as found in tiger
sharks, in aquaculture feeds is worthy of consderation. Research is recommended in these
aress.

The effect of season on the oil composition of northern sharks has been examined for a limited
number of species. Further studies to determine both spatid and tempord variation in oil
composition of commercia sharks are recommended.

Samples of oils obtained from this project, or obtained from industry, should be sent to nationa
nutraceutical companies to assess interest in their suitability for possible development of omega-
3 ail products. At the time of report preparation, selected oils have been sent to one company,
with initid positive feedback obtained.

Screening of shark liver oils obtained during this study for a range of bioactivities (eg., anti-

inflammeatory, anti-cancer, antibacterid, other) would aso be a particularly useful avenue to
pursue.
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10. CONCLUSION

Liver ail profiles have been obtained for 19 species of northern Audtradian sharks during this
pilot study. The profilesindicate new sources are available for omega- 3 PUFA and DAGE
containing oils. These two types of oils have been manufactured in recent yearsin Augrdia
from by-catch and potentid by-products of other fisheries. The scope may exit to utilize the
northern shark fishery as potentia new sources for these two vauable and increasingly sought-
after oils.
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Figurel. Representativeimage of northern Australian shark specimen and
liver. Image supplied by Kath Harris.
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Figure 2. EPA and DHA composition (as % of totd fatty acids) of selected oils
from Augtrdian species and imported fish ail capsules. Northern Audtrdian
shark data represents mean data for 41 specimens shown in Tables 7-9 and
12-13.
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Tablel. Samplelocation details and suppliersfor Northern Australian shark livers

Species Scientific name Sample Replicates (n) L ocation Date collected Supplier
Whiskery Furgaleus macki NSL 2-6 3 Esperance, WA 1-Jul-99 Lee Warner
School shark Galeorhinus galeus NSL 42-44 3 " 26-Jun-00 "
Gummy shark Mustelus antarcticus NSL 45-47 3 " "
Whiskery Furgaleus macki NSL 48-50 3
White cheek Carcharhinus dussumieri NSL 7 1 Townsville, Qld 27-Jul-99  John Ling
Spot-tail Carcharhinus sorrah NSL 9 1 " " "
Australian blacktip Carcharhinus tilstoni NSL 11-12 2
Scalloped hammerhead Sphyrna lewini NSL 15 1 " " "
Spot-tail Carcharhinus sorrah NSL 22,24 2 " 26-Sep-99 "
Scalloped hammerhead Sphyrna lewini NSL 25-26 2 "

NSL
Australian blacktip Carcharhinus tilstoni 27,28,30 3 " " "
Blue Prionace glauca NSL 18 1 Cairns, Qld 25-Aug-99  Kit Phua
Whaler NSL 19 1 " " "
Whaler NSL 20 1
Pacific white tip NSL 21 1
Australian blacktip Carcharhinus limbatus NSL 33 1 Hervey Bay, QId 30-Oct-99  Keith Harris
Scalloped hammerhead Sphyrna lewini NSL 34-35 2 " " "
Weasel Hemigaleus microstoma NSL 37 1
Blacktip/school C. limbatus/C. tilstoni NSL 38-40 3 " " "
Scalloped hammerhead  Sphyrna lewini NSL 41 1 " " "

South Headland,

Tiger Galeocerdo cuvier NSL 51 1 WA 15-Jul-00  Paul Hayler
Silky Carcharhinus falciformis NSL 52-54 3 " " "
Thick skin Carcharhinus plumbeus NSL 55-56 3
Unidentified NSL 58 1 " " "
Pig eye Carcharhinus amboinensis NSL 60-61 2 " " "
Milk shark Rhizoprionodon acutus NSL 62-63 2 Howard Springs, NT  10-Oct-00  Rob Ladlow
Whaler NSL 64-65 2 " " "
Spot-tail Carcharhinus sorrah NSL 68-69 2
Australian blacktip Carcharhinus tilstoni NSL 70-71 2
Scalloped hammerhead  Sphyrna lewini NSL 74-75 2 " " "
Handle bar NSL 76-77 2 " " "
Scalloped hammerhead Sphyrna lewini NSO 1 1 Esperance, WA 1-Jul-99 Lee Warner
Scalloped hammerhead Sphyrna lewini NSO 2 1 Townsville, Qld 27-3u-99  John Ling
Australian blacktip Carcharhinus tilstoni NSO 3 " " "

NSO 14,15,
Blacktip Carcharhinus spp. 17-20 6 " 20-Sep-99 "
Scalloped hammerhead Sphyrna lewini NSO 16 1 " " "
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Tiger shark Galeocerdo cuvier NSO 21,23 2 Ballina, NSW 15-Jan-00  David Woods
Whaler NSO 22 2 ' 22-Mar-00

Species identifications were provided by fishers, with some species identified from photographs supplied by
fishers (Hervey Bay samples). Where the scientific name is not shown, species identification requires confirmation.
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Table 2. Lipid class composition of liver oilsfrom northern Australian sharks

Date Oil
Species Sample Location collected Per centage composition yield
HC WE DAGE TAG FFA Other ST PL  (%ww)
Blacktip/school NSL 38 Hervey Bay, QLD 30-Oct-99 0.0 00 00 995 00 0.0 0.0 0.5 71
NSL 39 " " 0.0 00 00 992 00 0.0 0.4 0.5 70
NSL 40 " " 00 04 00 914 36 00 1.1 3.6 68
Blacktip NSL 11# Townsville, QLD 27-ul-99 00 02 00 979 07 06 0.3 0.3 18
NSL 12 " " 00 02 00 977 08 0.0 0.9 0.3 56
NSL 27 " 29-Sep-99 00 03 00 983 07 00 0.4 0.2 63
NSL 28# " " 00 01 00 926 06 0.0 0.8 6.0 n/a
NSL 30 " " 00 28 00 91 04 00 0.6 0.1 A
NSL 33# 30-Oct-99 00 23 00 708 66 00 1.2 19.2 12
NSL 70# Howard Springs, NT ~ 10-Oct-00 00 09 00 92 00 00 0.4 25 28
NSL 71# " " 00 38 00 774 33 00 2.1 13.4 11
Whiskery NSL 2 Esperance, WA 1-dul-99 00 01 00 989 02 0.2 0.1 0.5 61
NSL 3 " " 00 01 00 988 03 0.3 0.2 0.3 57
NSL 6 00 02 00 991 01 0.0 0.4 0.1 63
NSL 48 26-Jun-00 0.0 00 00 947 33 0.2 1.2 0.6 37
NSL 49 " 00 00 00 987 07 03 0.2 0.2 60
NSL 50 00 00 00 95 16 0.6 0.3 0.8 33
Scalloped
hammerhead NSL 15 Townsville, QLD 27-Jul-99 00 01 00 985 04 0.0 0.4 0.6 43
NSL 25 " 26-Sep-99 00 09 00 984 03 00 0.3 0.1 30
NSL 26# " 00 15 00 644 29 00 1.7 29.5 9
NSL 34#  Harvey Bay, QLD 30-Oct-99 00 36 00 751 09 00 0.7 19.7 14
NSL 35# " " 00 69 00 700 23 00 1.7 19.0 12
NSL 41# 00 00 00 989 05 0.0 0.3 0.3 26
NSL 74#  Howard Springs, NT ~ 10-Oct-00 37 19 00 658 148 0.0 3.7 10.0 10
NSL 75# " " 00 1.7 00 911 06 0.0 0.7 5.8 21
White cheek NSL 7# Townsville, QLD 27-ul-99 00 05 00 906 45 0.0 2.0 2.4 15
Spot-tail NSL 9# " " 00 04 00 945 15 0.0 1.7 1.9 39
Blue NSL 18 Cairns, QLD 25-Aug-99 00 46 05 936 05 00 0.4 0.4 43
Whaler NSL 19# " " 00 30 00 892 40 00 1.4 2.4 56
Whaler NSL 20 " " 00 01 00 994 01 00 0.3 0.2 32
Pacific white tip NSL 21 00 03 04 977 00 00 0.8 0.8 40
Spot-tail NSL 22 Townsville, QLD 26-Sep-99 00 06 00 973 06 0.0 0.5 1.0 54
Spot-tail NSL 24# " " 00 10 00 918 08 0.0 0.7 5.6 33
Weasel NSL 37#  Harvey Bay, QLD 30-Oct-99 00 19 00 230 186 0.0 6.3 50.3 9
Silky NSL 52  South Headland, WA 15-Jul-00 00 00 00 985 06 0.0 0.0 0.9 59
NSL 53 " " 00 00 00 989 05 0.0 0.2 0.4 74
NSL 54 00 00 00 987 06 0.0 0.2 0.4 73
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Table 2 (continued). Lipid class composition of liver oilsfrom northern Australian sharks

Date Oil

Species Sample Location collected Per centage composition yield

HC WE DAGE TAG FFA Other ST PL  (%ww)

Thick skin NSL 55 " 15-Jul-00 00 00 00 989 05 0.0 0.3 0.3 46
NSL 56 00 00 00 984 07 00 0.4 0.5 47
NSL 58* 00 00 00 988 05 0.0 0.3 0.4 64
Pig eye NSL 60 15-Jul-00 00 32 00 893 19 22 2.0 14 26
NSL 61 " " 0.0 00 00 993 05 0.0 0.0 0.3 64
School Shark NSL 42 Esperance, WA 26-dun-00 00 00 00 975 12 06 0.2 0.5 46
NSL 43 " 00 00 00 996 00 0.0 0.0 0.4 68
NSL 44 00 00 00 93 15 05 0.4 1.3 43
Gummy Shark NSL 45 " 26-dun-00 00 00 00 996 00 0.0 0.0 0.4 53
NSL 46 00 00 00 981 05 0.0 0.6 0.8 46
NSL 47 00 00 00 983 08 0.3 0.3 0.3 61
Milk shark NSL 62# Howard Springs, NT 10-Oct-00 00 06 00 93 08 00 0.3 1.9 58
NSL 63# " " 22 09 00 90 10 00 0.5 0.4 61
Whaler NSL 64 10-Oct-00 16 07 00 9.8 03 00 0.5 1.0 A
NSL 65 00 08 00 981 00 0.0 0.3 0.8 59
Spot-tail NSL 68 " 10-Oct-00 00 00 04 986 00 0.0 0.4 0.5 46
NSL 69 " " 00 06 05 981 00 0.0 0.0 0.8 52
Handle bar NSL 76 10-Oct-00 00 35 00 952 01 00 0.3 0.9 46
NSL 77 " 00 00 00 978 12 0.0 0.1 0.9 55

ww denotes wet weight of liver; * NSL 58 unidentified; # denotes extracted using Bligh and Dyer (1959) method, all other samples obtained by
blending, heating and separation of oil. Abbreviations: HC, hydrocarbon; WE, wax ester; DAGE, diacylglycerol ether; TAG, triacylglycerol;

other, includes diacylglycerol; ST, sterol; PL, polar lipid; n/a, not available..
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Table 3. Lipid class composition of liver oilsfrom Northern Australian sharks- oils supplied by fishers.

Percentage

Species Sample L ocation Date collected composition

HC WE DAGE TAG FFA Othee ST PL
Hammerheed NSO 1 Esperance, WA 01-1ul-99 0.0 00 00 980 0.7 00 09 03
Hammerhead NSO 2 Townsville, QLD " 0.0 00 00 980 07 00 09 03
Blacktip NSO 3 " " 0.0 00 00 992 0.0 02 02 04
Blacktip NSO 14 " 20-Sep-99 0.0 04 00 978 08 00 0.0 09
Blacktip NSO 15 " " 0.0 00 00 995 0.0 00 00 05
Hammerheed NSO 16 " " 0.0 00 00 993 0.0 00 0.0 07
Blacktip NSO 17 " " 0.0 00 00 994 0.0 00 00 06
Blacktip NSO 18 " " 0.0 00 00 995 0.0 00 00 05
Blacktip NSO 19 " " 0.0 00 00 988 0.0 00 00 12
Blacktip NSO 20 " " 0.0 00 00 988 0.0 00 00 12
Whaer NSO 22 Bdlina, NSW 22-Mar-00 1.8 00 00 972 0.0 00 00 10

HC, hydrocarbon; WE, wax ester; DAGE, diacylglyceral ether; TAG, triacylglyceral; other, includes diacylglyceral; ST, seral;
PL, poler lipid.

Table4. Lipid class composition of liver oilsfrom tiger sharks

Species Sample L ocation Date collected Percentage composition

HC WE DAGE TAG FFA Other ST PL
Tiger NSL 51 South Headland, WA 15-2ul-00 00 0.0 63.4 355 0.7 00 00 04
Tiger NSO 21 Bdlina, NSW 22-Mar-00 00 00 59.6 40.4 0.0 00 0.0 0.0
Tiger NSO 23 Bdlina, NSW 31-May-00 00 0.0 57.0 29.6 0.0 00 0.0 134
Abbreviations asfor Table 3.
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Table5. Fatty acid composition of blacktip/school (C. tilstoni/C. limbatus) shark liver oils,
Harvey Bay, QLD

Percentage composition

Fatty acid NSL 38 NSL 39 NSL 40
14:0 1.0 0.9 1.2
15:.0 0.3 0.3 0.3
16:1w9 0.0 0.0 0.0
16:1w7 27.2 25.9 24.5
16:1w7t 0.2 0.1 0.0
16:0 334 33.8 37.3
i17:0 0.0 0.0 0.0
al7:0 0.7 0.7 0.6
17:1 1.2 11 0.9
17:0 04 0.5 0.5
18:4w3 1.1 1.2 1.3
i180 0.3 0.3 0.4
18:2w6 0.0 0.0 0.0
18:1w9 26.2 27.0 25.0
18:1w7c 1.3 11 1.2
18:0 4.7 5.2 5.0
20:4w6 0.0 0.0 0.0
20:5w3 0.3 0.3 0.3
20:4w3 0.0 0.0 0.0
20:2w6 0.0 0.1 0.3
20:1w1l 0.3 0.1 0.0
20:1w9 0.1 0.1 0.1
200 0.1 0.2 0.1
22:5w6 0.0 0.0 0.0
22:6w3 0.0 0.1 0.0
22:4w6 0.0 0.0 0.0
22:5w3 0.0 0.0 0.0
22:1w9 0.2 0.2 0.3
24:1 0.0 0.0 0.0
24.0 0.1 04 0.2
Other 0.5 04 0.5
Tota 100.0 100.0 100.0
Sum SAT 414 424 45.8
Sum MUFA 57.2 55.8 52.3
Sum PUFA 14 1.8 2.0
SIMmw3 PUFA 14 1.6 1.7
SImw6 PUFA 0.0 0.1 0.3
Ratio w3/w6 >100 11.1 5.8

Other: 12:0, 14:1, i15:0, a15:0, i116:0, 16:1w5, 18:1w5, 19:1, 20:1ws, C21& 23PUFA, 22:3w3, 22:0

28 FRDC Final Report



Northern Australian Sharks — Liver QOils

Table 6. Fatty acid composition of whiskery shark liver oils, Esperance, WA

Percentage composition

collection 1-Jul-99 collection 26-June-00
Fatty acid NSL2 NSL3 NSL6 NSL48 NSL49 NSL50
14:0 1.7 14 2.1 25 2.4 13
15.0 0.6 0.5 0.6 0.8 0.6 0.7
16:1w9 0.4 0.4 0.5 0.5 0.4 0.3
16:1w7 5.9 9.6 10.9 10.0 125 4.8
16:0 21.1 21.8 27.4 31.8 34.7 36.0
i&al7:0 0.5 0.5 0.5 0.9 0.6 13
17:1 1.0 0.9 11 15 11 1.0
17:.0 14 11 1.3 2.1 14 34
18:3w6 0.0 0.0 0.1 0.5 0.8 1.2
18:4w3 0.6 0.5 0.3 0.5 0.2 0.6
18:3w3 0.1 0.1 0.7 0.6 0.5 0.6
18:2w6 0.7 0.6 0.0 0.0 0.0 0.0
18:1w9 17.3 21.0 235 22.9 255 199
18:1w7c 3.7 3.3 3.7 54 4.1 5.0
18:0 4.4 3.8 4.8 6.9 6.0 12.6
20:4w6 7.0 6.0 3.8 15 1.0 0.0
20:5w3 6.4 6.1 31 0.8 0.3 0.0
20:4w3 0.5 0.3 0.2 1.2 1.6 4.5
20:2w6 0.8 0.6 0.8 0.7 0.4 0.4
20:1wllwolw7 3.4 2.9 3.2 45 3.1 49
20:0 0.2 0.2 0.2 0.2 0.2 0.3
22:5w6 0.7 0.6 0.3 0.0 0.0 0.0
22:6w3 13.9 12.1 59 0.8 0.1 0.0
22:4wW6 2.2 15 1.0 0.4 0.3 0.0
22:5w3 2.9 2.1 11 0.3 0.1 0.0
22:3w3 0.2 0.2 0.2 0.2 0.2 0.0
22:1w11/w9 0.5 0.5 11 0.9 0.5 0.7
24:1 0.2 0.2 0.5 0.4 0.2 0.3
Other 1.7 15 11 1.6 1.2 0.2
Total 100.0 100.0 100.0 100.0 100.0 100.0
Sum SAT 30.1 29.4 37.1 45.3 46.1 55.5
Sum MUFA 332 396 45.2 47.1 48.4 37.1
Sum PUFA 36.6 310 17.7 7.6 5.4 7.4

SIIMwW3PUFA 246 213 114 45 3.0 5.7

SImw6 PUFA 118 95 6.2 3.2 2.5 16

Ratio w3/w6 2.1 2.3 1.9 14 1.2 3.5
Other:12:0,14:1,i&al15:0,i16:0,16:1w5,18:1w5,19:1,20:1w5,20:3w6,C21& 23PUFA, 22:3w3, 22:0
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Table 7. Fatty acid composition of Australian blacktip shark livers, Townsville (NSL
11-30) and Hervey Bay (NSL33), QLD

Percentage composition

Fatty acid NSL11 NSL12 NSL27 NSL28 NSL30 NSL33
140 35 2.4 3.0 4.4 43 2.3
150 1.3 0.9 11 1.2 1.8 1.0
16:1w0 0.3 0.2 0.3 0.3 0.3 0.3
16:1w7 5.7 59 6.8 4.6 5.8 2.8
16.0 24.2 26.7 235 25.4 235 19.9
i17:0 0.6 0.4 0.5 0.5 0.5 0.5
al7:0 0.4 0.2 0.2 0.3 0.4 0.3
171 0.5 0.4 0.8 0.4 0.8 0.5
170 1.8 1.4 1.3 1.7 17 1.7
18:3w6 0.1 0.1 0.1 0.0 0.2 0.9
18:4w3 0.7 0.6 0.3 0.3 0.6 0.3
18:3w3 0.2 0.1 1.2 1.3 13 1.0
18:2w6 1.1 11 0.0 0.0 0.0 0.0
18:1w9 11.0 10.5 13.7 12.2 11.0 8.5
18:1wirc 3.7 4.8 35 4.0 3.9 3.7
180 8.8 7.8 7.1 9.8 9.0 11.4
20:4n6 3.9 35 3.8 3.8 4.2 45
20.5wW3 5.3 5.2 49 35 4.8 41
20.:3w6 0.3 0.2 0.2 0.3 0.3 0.3
20:4w3 0.6 0.4 0.5 0.5 0.5 0.6
20:2w6 0.4 0.3 0.4 0.4 0.4 0.4
2011wl 0.7 0.2 0.4 0.5 0.6 0.0
20:1w9 0.8 0.8 0.7 1.0 0.8 2.1
20:1w7 0.4 0.3 0.2 0.4 0.4 0.3
200 0.4 0.2 0.3 0.3 0.3 0.6
22:5wW6 19 2.3 2.1 2.6 2.4 1.7
22:6W3 14.3 17.9 16.3 13.3 12.0 16.8
22:406 16 1.0 1.3 1.8 2.1 1.7
22:5wW3 2.3 2.1 25 2.4 2.6 2.8
22:1w11 0.1 0.0 0.0 0.0 0.1 47
22:1w9 0.1 0.1 0.2 0.2 0.1 1.0
241 0.2 0.1 0.2 0.2 0.2 0.4
24.0 0.1 0.0 0.1 0.2 0.1 0.2
Other 2.7 1.8 2.2 2.0 2.9 2.6
Totd 100.0 100.0 100.0 100.0 100.0 100.0
Sum SAT 41.4 40.4 376 44.2 421 384
Sum MUFA 25.1 24.4 28.3 25.1 25.8 26.0
Sum PUFA 334 35.2 34.2 30.7 32.1 35.6
Sumw3 PUFA 234 26.3 25.8 21.3 21.8 25.6
Sum w6 PUFA 9.3 8.6 7.9 8.9 9.7 9.4
Ratio w3/wo 25 3.1 33 2.4 2.2 2.7

Other: 12:0,14:1,i&a15:0,i16:0,16:1w5,18:1w5,19:1,20:1w5,C21& 23PUFA, 22:3wW3, 22.0
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Table 8. Fatty acid composition of hammerhead shark livers, Townsville and Mooloolaba, QLD and NT

Percentage Composition

Townsville Mool oolaba Nth Territory

Fatty acid NSL15 NSL25 NSL26 NSL34 NSL35 NSL41 NSL74 NSL
75

14:.0 33 2.7 17 16 19 11 09 21
150 11 15 0.8 0.8 08 0.3 05 14
16:1n0 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2
16:1w7 6.7 39 37 2.7 4.8 218 21 45
16:.0 312 24.7 25 233 237 348 221 26.1
i17:.0 04 04 0.7 0.7 09 0.1 0.7 08
al7:.0 0.2 0.2 04 04 05 04 06 04
171 04 0.6 05 04 04 0.7 03 06
17.0 18 16 21 19 18 05 18 23
18:3w6 01 01 01 01 00 00 00 01
18403 04 03 03 03 05 18 00 0.2
i18.0 00 00 00 00 00 05 00 00
18206 11 11 0.7 13 11 01 06 10
18:3n3 00 00 04 00 00 00 0.2 00
18:1w9 108 86 9.6 74 100 237 9.6 59
18:1w7c 4.9 4.7 6.8 6.3 6.1 25 74 5.6
180 83 70 125 109 10.8 59 125 10.8
20:406 31 36 58 50 43 0.3 57 48
20:503 44 44 29 2.7 19 0.3 17 32
20:3w6 0.2 0.2 03 0.2 0.3 00 0.3 0.3
20:4n3 03 0.3 03 0.3 04 04 0.3 0.3
20:2n6 0.3 04 0.8 08 08 0.3 0.7 04
20:1w11 0.2 0.0 0.0 0.6 11 0.0 04 10
20:1w9 0.6 09 19 14 13 0.7 19 05
20:1w7 00 0.2 04 0.3 04 00 0.3 04
20,0 0.2 0.2 0.3 0.3 04 0.3 0.2 0.3
22:5w6 18 31 19 35 29 0.2 39 33
22:6wW3 135 233 129 178 133 10 14.0 147
22:406 0.7 12 28 29 31 0.1 51 26
22:5w3 15 22 40 36 37 0.2 40 32
22:1w11 00 00 0.3 0.1 0.1 00 00 01
22:1w9 01 01 01 0.2 02 04 0.2 01
24:1 01 01 01 0.1 0.1 01 03 0.2
24.0 00 00 01 0.1 02 01 00 0.2
Other 20 18 19 19 21 11 13 25
Total 100.0 100 1000 1000 1000 100.0 100.0 100.0
Sum SAT 46.8 384 416 404 413 448 39.7 448
Sum MUFA 251 198 239 20.0 251 429.7 230 195
Sum PUFA 277 404 34.0 39.2 332 47 370 3.1
Sumw3 PUFA 202 305 210 24.6 198 38 20.1 215
Sum w6 PUFA 7.2 9.6 125 139 125 09 163 127
Ratio wa/wb 28 32 17 18 16 40 12 17

Other: 12:0, 14:1,i&al5:0, 116:0, 16:1w5, 18:1w5, 19:1, 20:1ws, C21& CPUFA, 22:3w3, 22:.0

31 FRDC Final Report



Northern Australian Sharks — Liver QOils

Table9. Fatty acid composition of shark liversfrom the Townsville

and Cairnsregions, QLD

Percentage composition
Fatty acid NSL7 NSL9 NS.18a NSL18b NSL 19 NSL 20 NSL 21 NSL 22 NSL 24 NS 37
14:.0 31 29 32 38 34 25 25 35 30 25
15.0 12 12 08 10 11 0.8 11 12 12 0.7
16:1w9 03 0.2 06 06 04 05 04 03 0.2 0.2
16:1w7 48 4.6 30 31 35 42 52 52 53 21
16.0 249 254 183 193 24.8 220 258 233 254 20.3
i17.0 06 0.8 0.2 0.2 0.2 0.3 0.2 04 0.7 04
al7:0 03 04 04 04 03 0.2 05 0.2 04 0.2
171 06 05 0.6 0.6 05 0.7 11 05 05 03
17.0 18 18 09 10 15 09 18 15 17 26
18:306 0.1 00 00 00 0.2 00 01 0.2 0.1 0.2
18:403 05 05 04 04 0.7 05 0.2 04 03 0.2
18:3w3 02 0.2 05 0.6 16 0.9 10 16 11 0.6
18:206 11 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
18:1w9 122 83 140 137 117 303 188 104 80 49
18:1w7c 35 39 2.7 2.7 32 38 30 34 40 35
18.0 9.2 9.7 50 47 79 59 6.8 75 82 16.7
20:406 40 36 42 40 29 19 24 41 42 79
20:5n3 31 32 44 4.6 31 19 32 42 34 6.6
20:3n6 03 0.2 0.2 0.2 05 0.2 01 03 03 0.2
20:4n3 05 03 04 05 0.8 0.7 04 0.6 0.3 0.2
20:206 04 04 08 0.7 05 05 0.3 04 04 10
20:1w11 06 0.8 00 00 00 00 00 00 06 00
20:1w9 09 0.7 72 6.7 33 71 21 10 0.7 30
20:1w7 03 04 04 04 0.2 04 0.1 0.2 04 0.2
20.0 04 04 0.3 0.2 0.3 0.2 0.2 0.2 0.3 0.2
22:5n6 30 38 26 25 29 10 25 25 35 11
22:6W3 138 154 208 20.2 17.2 6.7 157 195 16.3 157
22:406 21 2.7 17 17 23 0.9 0.6 17 26 23
22:50/3 29 32 24 24 25 16 15 36 32 2.7
22:1w11 0.1 01 06 06 0.2 12 0.3 00 0.1 04
22:1w9 0.1 01 13 11 04 0.8 0.2 01 0.2 06
24:1 04 04 08 08 04 0.7 0.3 0.2 03 03
24.0 0.2 03 0.0 0.0 01 0.0 0.0 0.0 0.2 01
Other 26 26 13 13 15 0.7 15 19 26 20
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Sum SAT 421 433 291 305 399 328 39.2 382 416 4.1
Sum MUFA 254 215 322 314 248 503 P26 26 218 165
Sum PUFA 26 3H2 3B7 379 3H3 169 282 392 365 3P4
Sumw3 PUFA 209 28 290 28.7 258 124 220 29.8 24.6 26.1
Sumwe PUFA 109 11.7 95 9.1 9.3 45 6.1 9.1 112 126
Ratio wa/wé 19 19 31 3.2 2.8 2.7 3.6 3.3 2.2 21

* 7, white cheek; 9,22,24, spot-tail;18, blue; 19, whaler; 20, whaler; 21, Pacific white; 37, pick handle.
Other: 12:0,14:1,i&a15:0,i16:0,16:1w5,18:1w5,19:1,20:1w5,C21& 23PUFA ,22:303,22:0
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Table 10. Fatty acid composition of shark liver cilsfrom South Headland, WA

Percentage composition
Silky Silky Silky Thick Thick Unid* Pigeye  Pigeye

skin skin
Fatty acid NSL52 NSL53 NSL54 NSL55 NSL56 NSL58 NSL60 NSL61
14.0 13 6.1 6.4 37 29 40 38 39
15.0 0.0 0.7 0.9 13 11 13 11 13
16:1w9 0.0 04 04 0.6 0.6 05 05 0.7
16:1w7 6.8 10.0 0.9 0.6 05 72 44 83
16.0 213 30.2 35.6 339 313 295 29.9 31.9
i17:0 5.8 03 04 04 05 0.6 0.7 05
al7:0 0.0 02 03 0.2 03 0.2 03 0.2
171 0.0 04 0.6 0.9 10 0.8 05 0.8
17.0 12 12 17 22 19 20 22 18
18:3n6 0.0 03 04 0.7 02 0.2 02 03
18:4n3 0.0 04 0.2 04 01 0.1 03 01
18:2n6 09 12 0.9 0.7 10 12 09 11
18:1w9 230 20.7 244 272 29.0 215 19.1 220
18:1wi7c 6.6 56 6.7 54 51 55 55 51
18.0 9.3 83 100 13.2 110 10.8 155 9.7
20:406 2.2 16 11 0.2 14 17 09 15
20:5n3 19 25 15 0.0 0.6 0.7 04 11
20:306 0.0 02 0.2 0.0 03 0.3 03 0.2
20:403 12 13 0.7 26 08 0.6 09 0.9
20:2n6 0.0 02 0.2 0.3 04 05 04 03
20:1w11 57 05 0.0 04 12 11 16 0.6
2010 13 11 18 21 22 15 22 13
20:1w7 0.0 03 04 05 04 05 0.6 03
20.0 0.0 04 04 05 05 05 0.7 03
22:506 10 05 03 0.0 05 0.7 04 03
22:6n3 57 14 0.7 0.0 11 14 0.8 21
22:406 12 05 04 0.0 09 12 10 05
22:503 18 08 0.6 0.0 0.6 10 05 0.6
22:1w11 0.0 01 0.0 0.2 02 0.1 02 0.0
22:1n9 0.0 02 0.1 0.3 03 0.2 05 0.2
24:1 0.0 02 0.2 04 03 0.3 0.6 0.2
24.0 19 01 0.1 0.2 02 0.0 03 0.0
Other 0.0 23 13 0.9 15 22 2.7 18
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Sum SAT 40.6 480 56.3 55.8 50.1 493 55.1 499
Sum MUFA 434 409 36.4 39.2 415 406 37.2 409
Sum PUFA 159 111 73 51 84 10.1 78 9.2
SUmMwW3PUFA 106 6.7 38 34 32 40 33 49
SUmwe PUFA 53 45 35 19 48 58 42 42
Ratio w3/we 20 15 11 18 0.7 0.7 0.8 12

Other: 12:0,14:1,i&a15:0,i16:0,16:1w5,18:1w5,19:1,20: 1w5,C21& 23PUFA ,22:3w3,22:0
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Table 11. Fatty acid composition of shark liver oilsfrom school and gummy sharks, WA

Percentage composition

School School School Gumnmy Gummy Gumnmy
Fatty acid NSL42 NS 43 NSL 44 NSL 45 NSL 46 NSL47
14:0 26 32 36 10 29 15
15:.0 13 11 13 0.7 09 05
16:1w9 06 05 06 05 11 05
16:1w7 6.1 41 6.6 48 9.2 17.6
16:.0 28.2 215 26.0 154 26.8 24
i17.0 0.7 05 05 05 04 04
al7:0 04 03 03 04 03 04
171 08 05 10 09 10 10
17:0 17 11 14 08 12 05
18:306 04 02 0.2 03 04 05
18:403 0.2 04 04 04 03 01
18:206 13 13 15 18 13 05
18:1w9 219 217 254 145 25.2 223
18:1w7c 6.9 56 51 5.7 54 49
18:.0 82 54 6.5 38 53 34
20:406 10 0.7 12 25 13 13
20:5n3 10 11 18 21 13 10
20:3n6 0.2 00 01 0.2 01 01
20:403 14 13 11 05 12 0.7
20:2206 06 04 04 08 05 03
20:1w11 00 10 00 00 00 00
20:1w9 53 148 35 41 51 43
20:1w7 05 06 03 03 0.2 03
20.0 03 02 0.2 01 01 0.2
22:506 04 03 04 15 0.2 01
22:603 26 33 48 125 32 12
22:406 05 03 03 25 05 0.2
22:503 09 11 10 46 09 05
22:1w11 05 35 04 6.9 06 53
22:1w9 06 12 04 24 05 24
24:1 06 0.7 06 19 0.2 12
Other 23 20 29 54 21 45
Total 100.0 1000 1000 1000 100.0 1000
Sum SAT 115 86 125 126 144 24.7
Sum MUFA 482 39.3 429 331 419 35.8
Sum PUFA 380 49.2 409 533 406 379
Sumw3 PUFA 6.0 7.3 89 202 6.9 36
Sumwe PUFA 43 32 43 95 43 30
Ratio wa/wé 14 2.3 21 21 16 12

Other: 12:0,14:1,i&a15:0,i16:0,16:1w5,18:1w5,19:1,20: 1w5,C21& 23PUFA ,22:3w3,22:0

FRDC Final Report



Northern Australian Sharks — Liver QOils

Table 12. Fatty acid composition of shark liversoilsfrom the NT

Percentage composition

Blackti Handle Handle

Fatty Acid Milk Milk  Whaer  Whaler Spot-tail Spot-tail Blacktip p bar bar
NSL62 NSL63 NSL64 NSL65 NSL68 NSL69 NSL70 NSL71 NSL76 NSL77

14.0 3.0 37 4.6 38 4.4 2.8 4.0 25 33 29
15.0 10 12 1.0 15 16 0.9 15 0.8 14 11
16:1w9 0.3 0.3 0.4 0.4 05 0.3 0.3 0.3 0.3 0.3
16:1w7 41 6.1 6.2 6.5 6.8 5.8 5.0 29 53 44
16:.0 24.0 224 256 26.3 37.2 24.0 242 216 278 253
i17:0 0.5 0.8 0.6 0.5 0.8 0.5 0.5 0.5 0.6 0.8
al7z.0 0.2 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.4 0.3
17:1 0.3 0.6 0.4 0.6 0.7 05 05 0.3 0.5 0.4
17:0 2.0 19 16 18 2.6 1.7 19 18 1.7 19
18:3w6 0.0 0.2 0.2 0.0 0.5 0.1 0.2 0.0 0.2 0.0
18:4w3 0.2 0.0 0.2 0.3 0.0 0.3 0.4 0.0 0.3 0.2
18:2w6 1.1 14 14 1.3 1.1 1.3 1.2 1.0 1.3 1.1
18:1w9 1.7 9.6 121 11.1 134 11.0 9.5 10.2 8.9 7.1
18:1w7c 4.4 5.2 51 4.2 5.2 4.2 4.1 4.1 5.6 6.5
18.0 12.2 10.5 9.8 9.6 14.0 9.7 11.3 13.9 9.1 9.9
20:4w6 41 6.2 4.0 35 0.8 38 39 53 33 4.0
20:5w3 37 4.6 31 31 0.4 34 34 29 37 4.0
20:3w6 0.3 0.4 0.4 0.3 0.0 0.3 0.4 0.3 0.3 0.3
20:4w3 0.3 0.4 0.4 05 1.0 0.4 0.4 0.3 0.4 0.3
20:2w6 0.3 05 0.4 0.3 0.2 0.4 0.3 0.4 0.3 0.4
20:1w11 0.6 0.4 0.9 0.5 0.6 0.5 0.8 0.7 0.4 0.6
20:1w9 0.7 0.7 0.7 1.0 1.0 11 0.8 0.9 0.8 0.5
20:2w7 0.3 0.3 0.3 0.2 0.4 0.3 0.4 0.3 0.3 0.3
20:0 0.4 0.3 0.3 0.3 0.4 0.3 0.4 0.5 0.3 0.2
22:5w6 33 21 25 21 0.3 2.6 34 3.7 23 2.7
22:6W3 16.7 10.7 9.7 12.2 10 14.3 12.3 155 14.9 17.2
22:4w6 2.3 2.7 24 1.8 0.3 2.1 2.4 2.8 14 2.0
22:5w3 2.8 4.0 3.0 41 0.5 41 3.2 34 2.7 3.2
22:1w9 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.0 0.0
24:1 0.5 0.2 0.3 0.2 0.5 0.5 0.5 0.7 0.2 0.1
24.0 0.3 0.0 0.2 0.0 0.2 0.2 0.2 04 0.0 0.0
Other 2.2 2.2 19 15 34 2.4 2.1 1.6 21 2.0
Total 100.0 100.0 100.0 1000 100.0 100.0 100.0 100.0 100.0 100.0
Sum SAT 44.1 41.7 445 44.3 62.1 40.7 44.8 425 44.8 42.8
Sum MUFA 20.2 24.6 27.2 25.8 312 25.8 23.1 21.2 23.3 21.0
Sum PUFA 355 335 281 29.7 6.4 33.3 3.7 359 314 357
Sumw3 PUFA 10.1 11.6 9.6 7.7 19 8.8 10.3 121 7.5 9.0
Sum w6 PUFA 355 284 25.2 279 19.4 30.1 30.1 349 304 338
Ratio w3/wé 0.3 0.4 0.4 0.3 0.1 0.3 0.3 0.3 0.2 0.3

Other: 12:0,14:1,i&a15:0,i16:0,16:1w5,18:1w5,19:1,20:1w5,C21& 23PUFA,22:3w3,22:0
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Table 13. Fatty acid composition of liver oilsfrom northern Australian sharks-
oils supplied by fishers

Percentage composition

Hammer
Fatty acid Hammerhead  Blacktip Head Blacktip Whaler
NSO1 NSO2 NSO3 NSO NSO NSO NSO NSO NSO NSO NSO
16 14 15 17 18 19 20 2
14:0 28 32 31 21 39 40 31 36 29 33 44
150 10 12 11 12 14 15 11 12 11 13 11
16:1w9 04 04 05 0.0 03 03 04 04 03 04 05
16:1w7 32 45 4.6 43 44 44 55 58 6.3 70 17
16:.0 16.2 23 246 249 253 254 237 232 235 259 279
i17:0 0.2 05 05 0.9 00 03 04 04 04 04 03
alz:0 03 03 0.2 0.0 00 03 00 0.3 03 03 03
171 0.3 0.6 0.6 05 05 05 06 0.6 0.7 08 06
17.0 11 18 18 23 19 19 18 18 15 17 14
18:3w6 01 0.2 0.2 0.0 00 00 00 0.0 01 00 00
18:4w3 20 0.7 0.7 0.0 05 04 04 04 03 03 04
18:3w3 0.0 01 01 0.9 10 10 12 13 11 11 12
18:2n6 19 26 16 0.0 00 00 00 00 00 00 00
181w9 84 125 136 6.7 108 107 136 136 135 140 187
18:1wrc 35 36 36 6.0 31 30 37 39 35 36 43
180 53 84 9.3 94 93 92 91 86 75 81 69
20:4W6 14 41 36 51 40 40 39 39 37 32 22
20:503 75 37 39 38 48 47 A7 4.6 44 39 20
20:3n6 01 05 0.3 0.0 00 00 00 0.2 0.2 02 03
20:4w3 0.9 0.6 05 0.0 04 04 04 04 04 04 05
20:206 05 05 04 05 03 03 04 04 04 04 04
20:1w11 0.0 03 04 13 04 04 07 05 05 08 05
20:1w9 13 0.8 08 0.7 11 11 09 0.9 08 07 16
20:1w7 01 0.2 0.2 0.0 04 04 00 0.3 03 03 04
20.0 01 03 0.3 0.0 03 03 04 04 04 04 03
22:506 12 21 22 34 25 24 21 20 23 18 24
22:6W3 353 167 144 176 190 187 155 144 170 136 65
22:40W6 04 16 15 2.7 11 11 16 15 14 12 17
22:503 22 27 25 28 19 19 26 25 2.7 22 27
221wilw9 01 01 0.2 0.0 00 00 00 0.0 00 04 05
241 0.2 0.2 0.2 0.0 04 04 05 05 03 03 06
24.0 0.0 01 01 21 00 00 10 0.0 0.2 09 02
Other 19 27 21 0.7 09 09 07 23 20 13 13
Total 1000 1000 1000 100.0 1000 1000 1000 1000 1000 1000 100.0

Sum SAT 274 390 418 430 422 430 408 400 381 425 431

SumMUFA 292 416 446 390 409 405 448 450 422 450 500

Sum PUFA 540 364 322 36.8 3$B5 3HBO 327 322 A7 287 208

Sumw3 PUFA 46.0 238 214 251 212 267 244 233 257 213 129

Sumwe PUFA 7.6 121 104 117 83 83 83 85 83 72 75

Ratiowdwé 6.0 2.0 2.1 21 33 32 30 2.8 31 30 17
Other: 12:0,14:1,i&a15:0,i16:0,16:1w5,18:1w5,19:1,20: 1w5,C21& 23PUFA ,22:3w3,22:0
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Table 14. Fatty acid composition of tiger shark liver ail

Percentage composition

Fatty acids NSL51 NSO 21 NSO23
14.0 3.6 3.0 3.7
150 0.7 0.6 0.8
16:1w9 0.7 1.0 1.2
16:1wW7 0.6 8.1 7.3
16.0 27.1 249 24.1
i17:0 0.8 0.8 1.1
al7.o 0.4 0.4 0.4
171 0.7 0.6 0.7
170 1.4 15 1.1
18:3w6 0.0 0.1 0.0
184w3 0.6 0.8 0.2
18:2w6 1.9 1.6 15
181w 30.1 23.6 23.1
18:1wrc 10.0 6.8 6.6
180 6.7 5.9 54
20406 1.0 0.7 0.8
205wW3 0.4 1.6 0.7
20:3n6 0.2 0.2 0.1
20:4n3 0.3 0.4 0.3
20:2n6 0.0 0.0 0.2
20:1w11 1.9 0.6 1.0
2019 0.0 2.7 3.3
20:1w7 0.3 0.3 0.3
20.0 0.0 0.2 0.2
22:5nW6 0.2 0.4 0.4
22:6W3 0.7 2.6 2.6
22:406 0.6 0.6 0.8
22:5n3 0.4 1.0 0.9
22:1w11/wo 0.4 1.2 14
24:1 1.9 15 2.3
24.0 0.0 0.0 0.5
Other 6.3 6.5 7.3
Total 100.0 100.0 100.0
Sum SAT 415 37.9 38.1
Sum MUFA 51.3 51.6 52.7
Sum PUFA 7.6 134 104
Sumw3 PUFA 2.5 6.4 47
Sum we PUFA 39 3.6 3.8
Ratio w3/w6 0.6 1.8 1.2

Cther: 12:0,14:1,i&a15:0,i116:0,16:1w5,18:1w5,19:1,20:1w5,C21& 23PUFA, 22:3wW3,22.0
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Table 16. Vitamin composition of selected shark livers oils

Table 15. Glyceryl ether diol composition of tiger

shark liver (tissue and oil)

Percentage composition

NSL51 NSO21 NSO23
Glyceryl
ether diol
14:0 29 22 14
br 15:0 03 0.8 03
150 0.9 16 0.7
i16:0 17 12 28
16:19c 12 11 15
16:177c 88 88 7.7
16:175¢ 12 30 25
160 17.0 20.7 144
i17:0 0.8 11 10
al7:.0/17:1 19 29 21
17.0 0.8 12 12
i18:0 04 10 10
18:19c 518 419 504
18:177c 30 34 39
180 72 838 89
20.0 01 0.2 03
Total 100.0 100.0 100.0

Sample Species Retinol (mg/100g) a-Tocopherol (mg/100g)
NSL 15 Hammer head 372 14
NSL 20 Whaler 60.9 16
NSL 21 Pacific whitetip 43 10
NSL 22 Spot-tail 236 45
NSL 27 Blacktip 103 23
NSL 30 Blacktip 43 22
NSL 39 Blacktip/School 0.03 04
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13. Appendices
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APPENDIX 1:

INTELLECTUAL PROPERTY

The project has generated interest from various client groups. During the project, we received
numerous requests for data on shark species that to our knowledge had not been previoudy
anaysed.

Theintellectud property generated during the project includes detailed oil compostiond dataon
shark liver derived ails. Without specific details being provided, some of these data dready have
been reported at nationd and internationa conferences, and provided to clientsin report form

(Appendix 3).

Interpretation of the oil compositiona results has included examination of possible rdationships
between various biologica and other parameters asindicated in Section 7. Further intellectua
property will be generated through similar use of the results from Project 99/369 by CSIRO and
other researchers as the data set becomes more widely available. At this stage, no commercia
return is envisaged from other users of the project database. However, it may be appropriate to at
least recover cogsincurred for the provision of these data to other users.

APPENDIX 2:

STAFF

Dr. Peter Nichols Shr. Prin. Res. Sci. BSc (Hons), PhD 10%
Dr. John Stevens Shr. Prin. Res. Sai. BSc (Hons), PhD 5%
Mr. Mark Rayner Exp. Sai. Cert Chem Tech 25%
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APPENDIX 3:

CSIRO Marine Research

GPO Box 1538 Hobart TAS 7001 Australia

Castray Esplanade Hobart Tasmania

Telephone (03) 6232 5222 Int +61 3 6232 5222

Facsimile (03) 6232 5090 Int +61 3 6232 5090
Web site: http://www.marine.csiro.au
Chief: Dr Nan Bray

CSIRO

20 July 1999

Paul Hayler
PO Box 2425
SOUTH HEDLAND WA 6722

Dear Paul

Further to our phone discussion, | will put together a sampling parcd for you to send to Hobart
when ready. We are keen for liver and oil samplesfrom all the species you have accessto. We
would appreciate separate liver and flesh samples from 3-4 specimens of each species.

With the sampling gear, the larger bags will be for livers, the small bags for flesh muscle, and the
tubes arefor the ail — if you are able to produce an ail. It isimportant for the specimensto be
identified and other details provided (date of collection, sex, length, etc). The bags and tubes
should be labelled to distinguish species. We have put water in one of the bags to demonstrate their
use after you tear off the top.

For species availablein “commercid” quantities year round, we are keen to look at seasond
changes. For thiswe would collect samples every 2-3 months and will send you further sample
containersin the future,

We look forward to working with you on this new FRDC funded initiative on northern Audtrdian
sharks. Please contact either myself (03 6232 5279) or Mark Rayner (03 6232 5290) should you
have any questions or comments.

Thanks in advance for your help.

Yours sncerey

Peter Nichols
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Samples— Summary of Requirements

All species, if possible 3 — 4 specimens in separate bags, fill bag.
Details needed: species name, collection location and date, length, sex

Liver in larger bag, fill bag
Liver ail in tubes fill tube
Musdle (for species confirmation), in smaler bag — 1 e’ isenough

Transport to Hobart
Return by air courier, address label supplied

Freeze samples and blue ice and send in esky
If possible, provide Mark Rayner or Peter Nichols notice of shipment. Do not send on Fridays.
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Reports Prepared for Industry

Nichals, P., Stevens, J. and Rayner, M. (2000) A pilot investigation of northern shark liver ails:
characterization and vaue-adding. Milestone Report prepared for FRDC, January 2000.

Rayner, M. and Nichals, P. D. (2000) Oil composition of anorthern shark liver ail. Internal Report
2000-CMR1.

Rayner, M. and Nichals, P. D. (2000) Oil composition of anorthern shark liver ail. II. Internd
Report 2000-CMRS.

Nichols, P. and Stevens, J. (2001) A Pilot Investigation of Northern Shark Liver Oils:
Characterization and Vaue-Adding. Summary flier prepared for digtribution at industry mestings.
FRDC 99/369: Cairns and Darwin, November, 2001 (see p 44).

Publications, Presentations and M edia Contact

October 1999. Sci-Files 99-10. “Hedth giving ailsfrom fish waste’ Interview produced by
CSIRO and Pegasus Media and distributed to ABC radio.

Nichols, P. (1999) Recent developments with Austraian marine ails. Invited 12" G. 1. Feutrill
Memorid Lecture, Mebourne University Chemistry Department, August, Melbourne.

Nichols, P. (1999) The good ail. Invited lecture to AMRAD Pharmaceuticas, August, Melbourne.

Nichols, P., Lewis, T., Elliott, N., Virtue, P. (2001) Marine souces of omega- 3 polyunsaturated
oils. Omegaworkshop. Wollongong, February, Abstracts.

Nichols, P. Thegood ail. (2001) Tasmanian Aquaculture and Fisheries Indtitute. Invited lecture,
March.

Nichals, P. D., Mooney, B. D. and Elliott, N. G. (2001) Vaue-adding to Audrdian Marine Qils.
More Efficent Utilization of Fish and Fish Products, Kyoto, Japan, October, Abstracts
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FRDC 99/369: A Pilot Investigation of Northern Shark Liver Oils:
Characterization and Value-Adding

PROJECT LEADERS: Peter Nichols and John Stevens
CSIRO Marine Research, Hobart, Ph 03 62325279
OBJECTIVES
- Characterise liver ails from northern sharks (NT, WA, QId), including examining changes with
location, season and other factors. The key components to be examined will be the omega-3
PUFA and vitamins.
Provide initial comment on the potential commercial usefulness of these liver
oils.

OUTCOMES

Liver ail profiles were obtained for northern sharks. The profiles indicate new sources are available
for omega-3 and diacylglyceryl ether oils. These two types of dils have been manufactured over the
last 5 years in Audrdia from fisheries by-catch and by-products. The scope may exidt to utilize the
northern shark fishery as a new source for these vauable ails.

FURTHER DETAILS

The content and compostion of liver oil from around twenty species of northern Audtrdian sharks
were examined. The discovery of PUFA-containing and DAGE-rich liver ails in northern sharks
demondrate that suitable raw materid is avalable and the potentia exists with the research
cagpability and industry expertise avalable in Audtralia for products to be developed. With the
acknowledged problem that fish oil resources may be limiting in the near future, and that fish ails
from northern hemisphere waters may be contaminated by organochlorines and other deleterious
materids, the potentid for "clean and green" Audrdian omega-3 products is further enhanced.
Possble agpplications for omega-3 oils include in nutraceuticals (hedth products) and feeds
(aquaculture and livestock), with DAGE aso used in nutraceuticals.  Industry needs include co-
ordination of collections and preparation of oil from livers, and forming links to marine oil producers.

KEYWORDS

northern sharks, Carcharhinus tilsoni, Carcharhinus sorrah, Galeocerdo cuvier, liver ails,
triacylglycerals, diacylglyceryl ethers (DAGE), omega-3 polyunsaturated fatty acids (PUFA),
purification, health gpplications, aquaculture feeds

Fisheries Waste & By-catch
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Opportunities: new source(s) of oilsfor use in aguaculture feeds and other headlth product

goplications

Distribution list of final report 99/369

CSIRO Marine Research library (2 copies)

National library

State Libraries of WA, NT and QLD (3 copies)

AMC library

Environment Australia (2 copies)

National Oceans Office (2 copies)

CSIRO Marine Research staff (6 copies)

Key fishers (7 copies, as listed in Section 11)

WA, NT and QLD Fishing Industry Bodies (6 copies)
Authors (3 copies)
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